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Supplementary tables
Table S1. Summary of the reaction conditions used to estimate enzyme activities.
	Enzyme activity
	Buffer
(100 mM; pH 7.0±0.1)
	Substrate
	Reaction mixture
	Culture supernatant
(ml)
	Incubation time
(min)

	
	
	
	Buffer
(ml)
	Substrate
(mg)
	
	

	CMCase
	Sodium phosphate
	CMC
	0.15
	1.5
	0.05
	30

	Avicelase
	Sodium phosphate
	Avicel
	0.10
	1
	0.10
	60

	Xylanase
	Sodium phosphate
	Xylan
	0.15
	1.5
	0.05
	30

	[bookmark: _Hlk1391120]β-glucosidase
	Sodium phosphate
	ρ-Nitrophenyl
β-D-glucopyranoside
	0.15
	0.45
	0.05
	10

	Acetyl esterase
	Sodium phosphate
	ρ-Nitrophenyl acetate
	1.9
	0.36
	0.10
	10

	ρ-coumaroyl esterase
	3-Morpholinopropanesulfonic acid
	De-starched wheat bran
	0.5
	50
	0.50
	30

	Feruloyl esterase
	3-Morpholinopropanesulfonic acid
	De-starched wheat bran
	0.5
	50
	0.50
	30




[bookmark: _Hlk156920130]Table S2. Summary of the geographical location and physicochemical characteristics of different hot springs.
	Name of hot spring
	State
	Co-ordinates
	pH
(±0.2)
	Temperature
(±2°C)
	Conductivity
(±10 µS)
	Anions
(mg/Kg)

	
	
	Latitude
	Longitude
	
	
	
	

	Aravali
	Maharashtra
	17°18'58.6"N
	73°31'19.8"E
	9.1
	42
	2131
	188 (c), 62 (s)

	Chopada
	Maharashtra
	21°15'57.6"N
	75°25'53.7"E
	8.8
	41
	421
	496 (c)

	Chumathang
	Ladakh
	33°21'37.1"N
	78°19'23.7"E
	8.3
	85
	1601
	95 (c), 137 (s)

	Jakrem
	Meghalaya
	25°24'26.0"N
	91°32'27.5"E
	8.9
	45
	1230
	15 (c), 18 (s)

	Puga
	Ladakh
	33°13'21.6"N
	78°19'06.0"E
	8.8
	82
	2765
	108 (c), 138 (s)

	Rajwadi
	Maharashtra
	17°14'12.4"N
	73°33'50.0"E
	8.0
	51
	1614
	78 (c), 11 (s)

	Shahada
	Maharashtra
	21°43'45.0"N
	74°26'36.9"E
	8.2
	25
	384
	67 (c), 138 (n)

	Tural
	Maharashtra
	17°14'57.6"N
	73°33'15.4"E
	7.9
	61
	1674
	89 (c)

	Unhavare
	Maharashtra
	17°36'11.2"N
	73°19'10.7"E
	7.8
	78
	3999
	294 (c), 18 (s)

	Unkeshwar
	Maharashtra
	19°51'21.7"N
	78°15'01.6"E
	7.7
	30
	1254
	45 (p)


Legends: nd, not determined; c, chloride; n, nitrate; p, phosphate; s, sulphate
Permissible limit by World Health Organization (2017): Chloride, 250 mg/Kg; Nitrate, 50 mg/Kg; Sulphate, 250 mg/Kg


Table S3. Summary of positive enrichments (based on turbidity and ≥10% hydrogen) obtained from different hot springs grown under varying culture conditions.
	Substrate
	Incubation temperature (℃)
	Name of the hot spring

	
	
	Aravali
	Chopada
	Chumathang
	Jakrem
	Puga
	Rajwadi
	Shahada
	Tural
	Unhavare
	Unkeshwar

	Cellulose
	40
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–

	
	55
	–
	+
	–
	–
	–
	+
	–
	+
	+
	–

	
	70
	–
	–
	–
	–
	–
	–
	–
	+
	+
	–

	
	85
	–
	+
	–
	–
	+
	–
	–
	–
	+
	–

	Xylan
	40
	+
	–
	–
	–
	–
	–
	–
	–
	–
	–

	
	55
	–
	+
	+
	–
	+
	+
	–
	+
	+
	–

	
	70
	–
	+
	+
	–
	–
	–
	–
	+
	+
	–

	
	85
	–
	+
	+
	–
	–
	–
	–
	–
	+
	–

	NDF
	40
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–

	
	55
	–
	+
	–
	–
	–
	–
	+
	–
	–
	–

	
	70
	–
	+
	–
	–
	–
	–
	–
	–
	–
	–

	
	85
	–
	+
	+
	–
	+
	–
	–
	–
	–
	–

	Lignin
	40
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–

	
	55
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–

	
	70
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–

	
	85
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–


Legends: +, positive enrichment; –, negative enrichment



Supplementary Figures
Figure S1. Representative phase contrast images of Sporanaerobium hydrogeniformans XHS1971T (a), Caloramator proteoclasticus strain AMU5567-5 (b), Caloramator coolhaasii strain XMT5567-6 (c), Thermoanaerobacter wiegelii strain XMU7067-6 (d), Bacillus thermozeamaize strain XMU8567-5 (e) and Caldicoprobacter guelmensis strain CMU5567-1 (f). Gram staining images of Caldibacillus thermoamylovorans XLC5596-1 (g), Thermoanaerobacterium aotearoense strain AMT5567-1 (h), Seramator thermalis strain XHS2771 (i), Pseudoclostridium thermosuccinogenes strain CUCP55106-1 (j), Limnochordaceae bacterium strain XUCP55106-1 (k) and Lacrimispora indolis strain XHS1791 (l)
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Figure S2. Representative RFLP gel images of cultures isolated from different hot springs. (A) Cultures isolated from cellulose-based enrichments and (B) Cultures isolated from xylan-based enrichments. The initial and last wells of each row in both pictures contain 100 bp and 50 bp ladders, respectively.
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Figure S3. Phylogenetic tree based on 16S rRNA gene sequences showing the phylogenetic position of Bacillus thermozeamaize strain XMU8567-5 (in blue) among the closest type strain and non-type strain sequences. Relatedness was inferred using the maximum-likelihood method in W-IQ-TREE and rooted with Staphylococcus aureus ATCC 12600T. The GenBank accession number of each strain is listed in parentheses. The habitat of the sequence is written in orange. The scale bar indicates 0.02 nucleotide substitutions per site.
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Figure S4. Phylogenetic tree based on 16S rRNA gene sequences showing the phylogenetic position of Caldibacillus thermoamylovorans strains (in blue) among the closest type strain and non-type strain sequences. Relatedness was inferred using the maximum-likelihood method in W-IQ-TREE and rooted with Corynebacterium glutamicum ATCC 13032T. The GenBank accession number of each strain is listed in parentheses. The habitat of the sequence is written in orange. The scale bar indicates 0.02 nucleotide substitutions per site.
[image: A screenshot of a computer code

AI-generated content may be incorrect.]


Figure S5. Phylogenetic tree based on 16S rRNA gene sequences showing the phylogenetic position of Caldicoprobacteraceae bacterium strains (in blue) among the closest type strain and non-type strain sequences. Relatedness was inferred using the maximum-likelihood method in W-IQ-TREE and rooted with Corynebacterium glutamicum ATCC 13032T. The GenBank accession number of each strain is listed in parentheses. The habitat of the sequence is written in orange. The scale bar indicates 0.05 nucleotide substitutions per site.
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Figure S6. Phylogenetic tree based on 16S rRNA gene sequences showing the phylogenetic position of Caloramator coolhaasii, Caloramator proteoclasticus, and Caloramator viterbiensis strains (in blue) among the closest type strain and non-type strain sequences. Relatedness was inferred using the maximum-likelihood method in W-IQ-TREE and rooted with Corynebacterium glutamicum ATCC 13032T. The GenBank accession number of each strain is listed in parentheses. The habitat of the sequence is written in orange. The scale bar indicates 0.05 nucleotide substitutions per site.
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Figure S7. Phylogenetic tree based on 16S rRNA gene sequences showing the phylogenetic position of Clostridium thermobutyricum strain XMR5567-3 (in blue) among the closest type strain and non-type strain sequences. Relatedness was inferred using the maximum-likelihood method in W-IQ-TREE and rooted with Sporohalobacter salinus DSM 26781T. The GenBank accession number of each strain is listed in parentheses. The habitat of the sequence is written in orange. The scale bar indicates 0.05 nucleotide substitutions per site.
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Figure S8. Phylogenetic tree based on 16S rRNA gene sequences showing the phylogenetic position of Lacrimispora indolis and Lacrimispora celerecrescens strains (in blue) among the closest type strain and non-type strain sequences. Relatedness was inferred using the maximum-likelihood method in W-IQ-TREE and rooted with Caldicoprobacter algeriensis DSM 22661T. The GenBank accession number of each strain is listed in parentheses. The habitat of the sequence is written in orange. The scale bar indicates 0.05 nucleotide substitutions per site.
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Figure S9. Phylogenetic tree based on 16S rRNA gene sequences showing the phylogenetic position of Limnochordaceae bacterium strain XUCP55106-1 (in blue) among the closest type strain and non-type strain sequences. Relatedness was inferred using the maximum-likelihood method in W-IQ-TREE and rooted with Acetivibrio thermocellus ATCC 27405T. The GenBank accession number of each strain is listed in parentheses. The habitat of the sequence is written in orange. The scale bar indicates 0.02 nucleotide substitutions per site.
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Figure S10. Phylogenetic tree based on 16S rRNA gene sequences showing the phylogenetic position of Pseudoclostridium thermosuccinogenes strains (in blue) among the closest type strain and non-type strain sequences. Relatedness was inferred using the maximum-likelihood method in W-IQ-TREE and rooted with Sporohalobacter salinus DSM 26781T. The GenBank accession number of each strain is listed in parentheses. The habitat of the sequence is written in orange. The scale bar indicates 0.1 nucleotide substitutions per site.
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Figure S11. Phylogenetic tree based on 16S rRNA gene sequences showing the phylogenetic position of Seramator thermalis strain XHS2771 (in blue) among the closest type strain and non-type strain sequences. Relatedness was inferred using the maximum-likelihood method in W-IQ-TREE and rooted with Prevotella herbatica DSM 112534T. The GenBank accession number of each strain is listed in parentheses. The habitat of the sequence is written in orange. The scale bar indicates 0.02 nucleotide substitutions per site.
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Figure S12. Phylogenetic tree based on 16S rRNA gene sequences showing the phylogenetic position of Sporanaerobium hydrogeniformans strain XHS1771T (in blue) among the closest type strain and non-type strain sequences. Relatedness was inferred using the maximum-likelihood method in W-IQ-TREE and rooted with Thermoanaerobacter ethanolicus ATCC 31550T. The GenBank accession number of each strain is listed in parentheses. The habitat of the sequence is written in orange. The scale bar indicates 0.1 nucleotide substitutions per site.
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Figure S13. Phylogenetic tree based on 16S rRNA gene sequences showing the phylogenetic position of Tepidimicrobium ferriphilum strains (in blue) among the closest type strain and non-type strain sequences. Relatedness was inferred using the maximum-likelihood method in W-IQ-TREE and rooted with Anaerosalibacter massiliensis DSM 27308T. The GenBank accession number of each strain is listed in parentheses. The habitat of the sequence is written in orange. The scale bar indicates 0.02 nucleotide substitutions per site.
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Figure S14. Phylogenetic tree based on 16S rRNA gene sequences showing the phylogenetic position of Thermoanaerobacter wiegelii strain XMU7067-6 (in blue) among the closest type strain and non-type strain sequences. Relatedness was inferred using the maximum-likelihood method in W-IQ-TREE and rooted with Pelotomaculum propionicicum DSM 15578T. The GenBank accession number of each strain is listed in parentheses. The habitat of the sequence is written in orange. The scale bar indicates 0.02 nucleotide substitutions per site.
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Figure S15. Phylogenetic tree based on 16S rRNA gene sequences showing the phylogenetic position of Thermoanaerobacterium aotearoense, Thermoanaerobacterium butyriciformans, and Thermoanaerobacterium thermostercoris strains (in blue) among the closest type strain and non-type strain sequences. Relatedness was inferred using the maximum-likelihood method in W-IQ-TREE and rooted with Thermoanaerobacter brockii DSM 1457T. The GenBank accession number of each strain is listed in parentheses. The habitat of the sequence is written in orange. The scale bar indicates 0.02 nucleotide substitutions per site.
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Uncultured prokaryote clone D26 Baijiu CHINA (KJ734848)

Caloramator viterbiensis strain AMTS567-11 Tural Hot-spring INDIA (OR960439)
Uncultured bacterium clone bac46 Hot-spring CHINA (HM184954)

Uncultured bacterium clone S6053f03 Obsidian pool USA (KJ480066)
Caloramator australicus strain RC3T Microbial mat AUSTRALIA (NR_044489)
Caloramator mitchellensis strain VFO8T Geothermal water AUSTRALIA (NR_117542)
Caloramator fervidus strain Rt4.B1™ Hot-spring NEW ZEALAND (NR_025899)
————————————————————————————————— Corynebacterium glutamicum ATCC 13032T (NR_041817)
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Clostridium thermobutyricum strain XMRS5567-3 Rajwadi Hot-spring INDIA (OR960436)
Uncultured bacterium isolate G40-1h Soil GERMANY (FN868399)
Clostridium thermopalmarium isolate Neud Biogas plant GERMANY (LN881579)
Clostridium thermopalmarium strain KU-M1 Anaerobic sludge THAILAND (HM756303)
Clostridium thermopalmarium strain AGIS-9 Solvent factory CHINA (OR775682)
Uncultured bacterium clone 624_TC8_65 Biochemical reactor CANADA (KM251139)
Uncultured Clostridium sp. clone De329 Leachate sediment CHINA (HQ183773)
Clostridium thermobutyricum strain JW171KT Horse manure USA (NR_044849)
Clostridium thermopalmarium strain BVPT Palm wine SENEGAL (NR_026112)
Uncultured bacterium clone PS2480 Compost FINLAND (FN667342)
Clostridium sp. enrichment culture clone tpsrb007 Taptapani Hot-spring INDIA (GQ503835)
Clostridium bovifaecis strain BXXT Cow manure CHINA (NR_179076)
Ilyobacter delafieldii strain 10cr1™ Estuarine sediment NEW ZEALAND (NR_104743)
Clostridium homopropionicum DSM 58477 Sewage sludge GERMANY (NR_026148)
Clostridium bovifaecis strain CBA7539 River sediment SOUTH KOREA (MN647002)
Uncultured bacterium clone HDBW-WB51 Fault-bordered Aquifers JAPAN (AB237714)
Uncultured bacterium clone EMIRGE_OTU_s4t2e 496 Sub-surface Aquifers USA (JX222986)
Clostridium pascui DSM 10365T Donkey pasture PAKISTAN (NR_026322)
- - - Clostridium subterminale DSM 6970T unknown source (NR_041795)
---------- Clostridium sp. SN-1 Sediment CHINA (JF504704)
fffffffffffffff Clostridium sp. MH18 Vegetable garden soil CHINA (JF504706)
fffffffffffffff Uncultured bacterium clone PLLA-17 Activated sludge JAPAN (AB596965)
fffffffffffff Uncultured bacterium clone LGH02-B-083 Mud volcano TAIWAN (HQ916621)
fffffffffffff Uncultured Clostridium sp. clone OP1_16 1 F06 Pitch lake CANADA (GU120563)
Clostridium haemolyticum ATCC 9650T Bovine JAPAN (NR_024749)
Clostridium novyi JCM 1406™ unknown source (NR_040855)
Clostridium massiliodielmoense strain MT26™ Human feces USA (NR_144739)
Uncultured bacterium clone WB130 Soil CHINA (JX133664)
Clostridium sp. LZLJO09 Pit mud CHINA (KR018742)
Clostridium sp. 14AAG2-ana7-2 Mineral deposits GERMANY (KJ722496)
Clostridium sp. enrichment culture clone DhR'2/LM-GO01 Dechlorination enrichment USA (HQ012837)
Clostridium ganghwense strain HY-42-06™ Tidal flat sediment SOUTH KOREA (AY903294)
Clostridium grantii strain A1™ Mullet gut NEW ZEALAND (NR_026131)

777777777777777777777777 Sporohalobacter salinus DSM 267817 (KJ477328)
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- - Lacrimispora indolis strain XHS2773 Aravali Hot-spring INDIA (OR960467)

- Lacrimispora indolis strain XHS29132 Aravali Hot-spring INDIA (MF806588)

- - Lacrimispora indolis strain XHS2751 Aravali Hot-spring INDIA (OR960469)

- - Lacrimispora indolis strain XHS1791 Aravali Hot-spring INDIA (MF806587)

- - Lacrimispora indolis strain XHS2774 Aravali Hot-spring INDIA (OR960468)

- - Lacrimispora indolis JCM 1380™ unknown source (AB971794)

- - Lacrimispora indolis strain X-44c Cow rumen INDIA (MF960869)

- -Uncultured Clostridium sp. clone NSBacl Bioelectrochemical reactor JAPAN (JX462519)

- - Unidentified bacterium strain ZF1 Dechlorinating enrichment GERMANY (AJ404679)

- - Uncultured bacterium clone ALM-360-41 Anaerobic digestor CHINA (MH734891)

- - [Clostridium] methoxybenzovorans strain SR3T Methanogenic digestor TUNISIA (NR 024917)
Uncultured Clostridium sp. clone U4 Abandoned Uranium mine PORTUGAL (GU255482)

- Lacrimispora xylanolytica DSM 6555™ Decayed wood chips SOUTH AFRICA (NR_037068)
- Lacrimispora aerotolerans DSM 5434T Sheep rumen SOUTH AFRICA (NR_119068)
Lacrimispora algidixylanolytica strain SPL73T Lamb NEW ZEALAND (NR_028726)

- Lacrimispora defluvii strain PI-S10-B5SAT Industrial effluent INDIA (MT228050)

- - Clostridium indicum strain PI-S10-A1BT Effluent treatment plant INDIA (NR_180048)

- - Lacrimispora amygdalina strain BR-10T Wastewater treatment plant NETHERLANDS (NR_115211)
- - Clostridium saccharolyticum strain Marseille-P2456 Human feces FRANCE (LT223653)

- - Lacrimispora saccharolytica strain WMIT Sludge CANADA (NR_102852)

- - Clostridium sp. strain NkU-1 Termite gut JAPAN (AB673451)

------ Lacrimispora celerecrescens strain XHS19111 Aravali Hot-spring INDIA (MF806589)
----- Lacrimispora celerecrescens strain AFMT-0%NaCI-C07 Mealworms feces CHINA (0Q147133)
----- Uncultured bacterium clone GP45 Hydrogen fermentor TAIWAN (GQ167176)

----- Clostridium sp. strain LAR-3 Ferric reducing enrichment CHINA (KC211016)

----- Clostridium sp. strain CSIGBYEI2 Coal seam gas bore wells AUSTRALIA (KY621471)
----- Lacrimispora sp. strain BAD-7 Activated sludge CHINA (OM827057)

----- Lacrimispora celerecrescens strain 02PIK1-ana4 Mineral deposits GREECE (KJ722492)
fffff Lacrimispora celerecrescens strain 18A™ Cow manure SPAIN (NR_026100)

fffff Lacrimispora sphenoides strain MB2-A35 Onion waste ARGENTINA (KT935667)

ffffff Clostridium celerecrescens strain AIP 148.09 Human leg wound FRANCE (JQ246092)

- - - - Clostridium sp. strain ZP3 Pesticide firm wastewater CHINA (GU195653)

ffffff Uncultured bacterium clone 36 Corroding gas pipeline MEXICO (EU118950)

ffffff Clostridium celerecrescens clone Ir'T-JG1-12 Uranium mining waste GERMANY (AJ295659)
fffff Clostridium sp. strain CITR8 Dechlorinating enrichment USA (AY221993)

fffff Bacterium strain Te63R Dry smoked sausages DENMARK (AY587830)

ffffff Desulfotomaculum sp. GY-2 Coal mine CHINA (HQ827821)

ffffff Clostridium sp. strain ArC5 Termite gut FRANCE (AF443594)

ffffff Lachnospiraceae bacterium strain Mi011536 Termite gut GERMANY (MN524589)

fffff Desulfotomaculum sp. strain Gecl-7ana4-1 Geneva lake SWITZERLAND (KJ722506)

ffffff Desulfotomaculum sp. strain IRF8 Petroleum contaminated soil SOUTH KOREA (KF601944)
ffffff Bacterium strain NLAE-zI-P541 Pig feces USA (JQ607351)

------ Lacrimispora celerecrescens strain WB02_MRS01 Wild Boar feces CANADA (MN537490)
ffffff Lacrimispora sphenoides strain 11KRI3ana3-2 Mineral deposits GREECE (KJ722494)

ffffff Lacrimispora sphenoides DSM 40247 Freshwater mud RUSSIA (NR_026409)

- - - - Lacrimispora celerecrescens strain VPTENO3 Volcanic steam vent MEXICO (MH553048)
------ Lacrimispora sphenoides JCM 1415 Human gas gangrene USA (NR_119035)

------ Desulfotomaculum sp. strain CYP1 Peat soil USA (DQ479411)
----- Desulfotomaculum sp. strain Iso-W2 Esturary sediment NETHERLANDS (DQ677019)
.rj ------- Hungatella effluvii strain UB-B.2T Industry effluent INDIA (NR_133762)

Hungatella hominis strain NSJ-66 Human gut CHINA (MT905188)
---------- Hungatella hathewayi strain 1313 Human feces UK (NR_036928)

------------- Caldicoprobacter algeriensis DSM 22661T (NR_117466)
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Uncultured Limnochordaceae bacterium clone 10 Methanogenic enrichment SWEDEN (MN816750)
Uncultured Limnochordaceae bacterium clone 11 Methanogenic enrichment SWEDEN (MN816751)
Uncultured Limnochordaceae bacterium clone 17 Methanogenic enrichment SWEDEN (MN816752)

Tree scale: 0.02 ————

Uncultured Limnochordaceae bacterium clone 19 Methanogenic enrichment SWEDEN (MN816753)

bootstrap Uncultured Limnochordaceae bacterium clone 9 Methanogenic enrichment SWEDEN (MN816749)
o 28 - Limnochorda pilosa strain HC45T Meromictic lake sediment JAPAN (NR_136767)
o 46 - Uncultured bacterium clone LSH_cB02 Deep Aquifers JAPAN (LC179574)
----- Uncultured bacterium clone 15 Thermophilic microbial fuel cell CHINA (KY313616)
© 64 - - - - Bacillota bacterium strain AMB_79 Thermophilic biogas digestor SWEDEN (MT626721)
® 82 a@llr-- Uncultured bacterium clone OTU8 Cow manure CHINA (KJ639906)
@ w0 & | T Uncultured bacterium clone OTU10 Cow manure CHINA (KJ639907)

***** Uncultured bacterium clone FS1689 Municipal waste compost FINLAND (FN667168)
"""""""" Uncultured bacterium clone SMG3 Swine manure compost CHINA (AM930272)
ffffffffffffffff Limnochordaceae bacterium strain XUCp55106-1 Chopada Hot-spring INDIA (OR960434)
ffffffffffffffff Uncultured bacterium clone SMQ8 Swine manure compost CHINA (AM930322)
ffffffffffffffff Uncultured bacterium clone FS1639 Municipal waste compost FINLAND (FN667155)
""""""""" Uncultured bacterium clone SMQ31 Swine manure compost CHINA (AM930328)
—_— Uncultured bacterium clone SMG130 Swine manure compost CHINA (AM930312)
********************************* Moorella humiferrea strain 64-FGQ™ Hydrothermal vent RUSSIA (NR_108634)

ffffffffffffffffffffffffffffff Moorella glycerini strain JW/AS-Y6T YNP Hot-spring USA (NR_029198)
fffffffffffffffffffffffffffffff Thermanaeromonas burensis strain IA 106 Subterranean clay environment FRANCE (NR_147776)
****************************************** Lihuaxuella thermophila strain YIM 778317 Geothermal soil CHINA (NR_126241)

R Acetivibrio thermocellus ATCC 27405™ (NR_074629)
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- - Clostridium sp. FG4 Cellulolytic enrichment JAPAN (AB207248)

- - Clostridium sp. C4 Cow manure TAIWAN (EU371591)

- -Uncultured Clostridium sp. clone H2TBiocatB 1 Thermophilic microbial fuel cell JAPAN (KC594797)
- - Clostridium sp. 6-22 Compost USA (FJ808606)

- Pseudoclostridium thermosuccinogenes DSM 5807T Beet pulp NETHERLANDS (NR_119284)

- -Uncultured bacterium isolate G40_4i Soil GERMANY (FN868421)

- - Uncultured bacterium isolate G40 4e Soil GERMANY (FN868419)

- -Uncultured Clostridium sp. clone TA2 B4 Thermophilic microbial fuel cell JAPAN (JQ993887)

- - Clostridium sp. 6-12 Compost USA (FJ808612)

Pseudoclostridium thermosuccinogenes strain CUCpS55106-1 Chopada Hot-spring INDIA (OR960433)
Pseudoclostridium thermosuccinogenes strain CMT5567-11 Tural Hot-spring INDIA (OR960446)

- -Uncultured bacterium isolate G40 3h Soil GERMANY (FN868413)

- - Uncultured bacterium isolate G40-33 Soil GERMANY (FN868431)

- -Uncultured bacterium clone G55_D5_H B _C02 Thermophilic bioreactor FRANCE (DQ887918)
- -Uncultured Clostridium sp. clone 114 Thermophilic biocompost CHINA (EU250934)

- - Uncultured bacterium clone HYD-BR-B09 Bioreactor JAPAN (AB910326)

- - Ruminococcaceae bacterium strain HZ254R Paddy soil CHINA (JN656278)

- - Uncultured bacterium clone TSCOR003_G14 Paddy soil JAPAN (AB486913)

- - Uncultured bacterium clone MPB1-157 Aquatic moss pillars ANTARCTICA (AB630539)

_c- Ruminiclostridium cellulolyticum strain H10T Decayed grass compost FRANCE (NR_102768)
X Ruminiclostridium Jjosui strain FERM P-9684™ Compost THAILAND (NR_112037)

A= -Uncultured bacterium clone SHUX726 Poplar wood chips USA (JQ625038)

‘ [ - Ruminiclostridium herbifermentans strain MA 18T Biogas fermenter GERMANY (MK935571)

Ruminiclostridium sufflavum strain CDT-1T Methanogenic reactor JAPAN (NR_041497)

- - Ruminiclostridium cellobioparum DSM 1351T Bovine rumen USA (NR_113360)
- Ruminiclostridium cellobioparum subsp. termitidis DSM 5398T Termite gut CONGO (NR_117111)
- - Clostridium sp. P1-2-1 Peat soil CHINA (FJ848366)
|- - - Clostridium sp. CJT-3 Soil CHINA (EU057605)
L - Ruminiclostridium hungatei DSM 144277 Soil USA (NR_117165)
- - Uncultured bacterium clone T4ACLN7 Soil CHINA (AB696437)
- - Uncultured bacterium clone KOZ_tB09 Deep Aquifers JAPAN (LC198571)
- -Uncultured Clostridiaceae bacterium clone NJFU_SLX S139 Slime from paper machine CHINA (KJ128002)

Uncultured Firmicutes bacterium clone D2B09 Dry stromatolite SPAIN (EU753621)

- -Uncultured bacterium clone 58 TC22 155 Biochemical reactor CANADA (KM251122)

Uncultured bacterium clone 12-2B-102 Hot-spring CHINA (KM221296)
Sporohalobacter salinus DSM 267817 (KJ477328)
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Uncultured Bacteroidetes bacterium clone QEDP1DF04 Mesophilic anaerobic digestor FRANCE (CU924408)
Uncultured Bacteroidetes bacterium clone D004022F04 Oil reservoir fluids USA (EU721793)
Seramator thermalis strain XHS2771 Aravali Hot-spring INDIA (KX553979)

Uncultured bacterium Wastewater treatment plant DENMARK (LR634939)

Uncultured bacterium clone 061G06_B_SD_P93 Wastewater treatment plant FRANCE (CT574101)
Uncultured bacterium clone EUB_27 Anaerobic digester sludge CHINA (FJ189548)

Bacteroides sp. SA-7 Gold mine USA (AY695838)

Bacterium enrichment culture clone ecb22 Oil reservoir fluids AUSTRALIA (HQ395216)
Uncultured Bacteroides sp. clone IPL 21 Pesticides contaminated soil INDIA (EU037943)
Uncultured bacterium clone Eb6 Methanogenic granular sludge SPAIN (EF063616)

Seramator thermalis strain SYSU GA16112T Hot-spring CHINA (NR_175501)

Uncultured bacterium clone POMEbac33 Food waste digester SINGAPORE (KT167031)
Uncultured bacterium clone HNBC-05 Oil reservoir fluids JAPAN (AB511026)

Uncultured Bacteroidetes bacterium clone DWAA2 Drinking water USA (JQ346770)
Proteiniphilum sp. 128 Abandoned coal mine SOUTH KOREA (KP262056)

Uncultured bacterium clone 30all Anaerobic digester sludge USA (EF515551)

Uncultured bacterium clone B17Sof3_8toy Undamaged walls UKRAINE (MK372588)

Uncultured bacterium clone OYD_cB01 Deep subterrestial environment JAPAN (LC123707)
Uncultured bacterium clone 2F4_cons Wastewater treatment plant NETHERLANDS (EF688168)
Uncultured bacterium clone FP_B11 Munipal waste digester USA (FJ769439)

Uncultured bacterium clone BYND-5-14 Biogas slurry CHINA (JF834129)

Proteiniphilum sp. S2 Anaerobic digester sludge NETHERLANDS (KP178480)

Uncultured Bacteroidetes bacterium clone RII-ANO70 Oil polluted subtidal sediments SPAIN (JQ580449)
Uncultured bacterium clone A35_D28 L_B_B10 Mesophilic anaerobic digestor FRANCE (EF559201)
Proteiniphilum sp. strain BPX-3 Soil CHINA (MG696669)

Uncultured Porphyromonadaceae bacterium clone H-170 Heavy-metal contaminated soil CHINA (HQ132399)
Uncultured Bacteroidetes bacterium clone NRB41 Oil reservoir fluids JAPAN (HM041958)

Uncultured bacterium clone TERI-KL14 Oil contaminated soil INDIA (JN217153)

- Petrimonas mucosa strain ING2-ESAT Mesophilic anaerobic digestor GERMANY (NR_148808)

Petrimonas sulfuriphila strain BN3T Biodegraded oil reservior FRANCE (NR_042987)

Uncultured bacterium clone N-06 Poly-aromatic contaminated soil SPAIN (HQ218450)

Uncultured bacterium clone SPN0-300day-17 Poly-aromatic contaminated soil CHINA (MF085084)
Fermentimonas caenicola strain ING2-E5B™ Mesophilic anaerobic digestor GERMANY (NR_148809)
Lascolabacillus massiliensis strain SIT8T Human feces FRANCE (NR_144720)

Proteiniphilum acetatigenes strain TB107T Wastewater treatment plant sludge CHINA (NR_043154)

- - Proteiniphilum saccharofermentans strain M3/6™ Mesophilic anaerobic digestor GERMANY (NR_148807)

Prevotella herbatica DSM 112534T (NR_178237)

Uncultured bacterium clone HAW-RM37-2-B-1209d-A7 Mesophilic anaerobic digester GERMANY (FN563273)

% $9'86 < : Aprenius 2dudnbag




image14.jpeg
Tree scale: 0.1 ————

bootstrap
o 40
® 55
70
85

100

- Cellulosilyticum lentocellum strain Cell0 Giant Panda feces CHINA (KR063284)
R Bacterium sp. strain NLAE-zI-C611 Cow feces USA (JQ608302)
S Uncultured bacterium clone SITU_F_11_91 Human feces CHINA (EF399596)
—————— Uncultured bacterium clone WF16S 181 Pygmy Loris feces CHINA (EU939422)
——————— Cellulosilyticum sp. strain WCF-2 Cow feces SOUTH KOREA (MN336168)
- Uncultured bacterium clone ELU0126-T312-S-NI 000147 Human gut USA (HQ792222)
) SR Uncultured bacterium clone ELU0040-T218-S-NIPCRAMgANa_000140 Human gut USA (HQ757444)
e ------ Cellulosilyticum lentocellum DSM 54277 River sediment UK (NR_074536)
i Uncultured Cellulosilyticum sp. clone RMLI91 Cattle rumen INDIA (KU161441)
ffffff Uncultured bacterium clone ZX1-B03 Fish gut SAUDI ARABIA (KT952871)
- -Uncultured bacterium clone J308-40 River sediment CHINA (KM823704)
- -Uncultured bacterium clone SMR71 Compost CHINA (AM930368)
- - -Uncultured bacterium clone D1-26 Dog gut USA (DQ113748)
- - -Bacterium sp. strain PS7 Hystrix Cristata KENYA (AF087643)
Uncultured Clostridia bacterium clone dgD-197 Dugong feces JAPAN (AB264084)
————— Uncultured Cellulosilyticum sp. clone FecD054 Pigs feces TANZANIA (KM244791)
[T v Cellulosilyticum ruminicola JCM 148227 Yak rumen TIBET (NR_116001)
L Uncultured bacterium Wastewater treatment plant DENMARK (LR649386)
ffffff Uncultured bacterium clone E6 Compost CHINA (AMS500767)
oo Uncultured bacterium clone SHCB0594 Rice root PHILIPPINES (JN697826)
- - - -Sporanaerobium hydrogeniformans strain XHS1971T Aravali Hot-spring INDIA (KX553978)
{ - - - - Cellulosilyticum sp. strain XS-14 Uranium deposit CHINA (MT000019)
@ — Uncultured bacterium clone SV79-4 Hot-springs CHINA (JQ316685)
®[ ------ Lachnospiraceae bacterium strain 115G10I2 Coal seam gas AUSTRALIA (KY621472)
——————— Uncultured bacterium clone SSB0301-06 Taipei Spring Pit TATWAN (JN397967)

fffffffff Uncultured Clostridium sp. clone Bv_36 Wastewater treatment plant PORTUGAL (KM494497)
= s e ses Uncultured bacterium clone NT4 _C114 Fish gut USA (HM630230)
S Uncultured Lachnospiraceae bacterium clone 0307 BHT1 52 Star Coral USA (JQ515703)
@ Bacterium enrichment culture clone KWE30-49 Hot-spring INDONESIA (JQ670721)

---------- Uncultured bacterium clone NT2_C23 Fish gut USA (HM630161)
——————— Epulopiscium sp. N.I._1 clone 89 Orangespine Unicorn fish gut USA (AY 844980)
g e Uncultured Epulopiscium sp. clone B_Asoh14 Acanthurus Soha fish gut SAUDI ARABIA (KT952566)

---------- Uncultured bacterium clone IC76 Yellow Catfish gut CHINA (GQ359998)
Uncultured bacterium clone ALM-360-42 Anaerobic digestor CHINA (MH734892)
Uncultured bacterium clone 13 Fermentation reactor CHINA (KY285280)

Uncultured bacterium clone 6 Fermentation reactor CHINA (KY285273)
Uncultured bacterium clone ALM-360-28 Anaerobic digester CHINA (MH734883)
—imim m = e Uncultured bacterium clone 15C06 Sea Coral SAUDI ARABIA (KC669122)
fffffffffff Lachnospiraceae bacterium strain PCK003 Chicken gut FRANCE (MN913775)
——————————— Zhenhengia yiwuensis strain NSJ-12T Human feces CHINA (MT905139)

@ e Uncultured bacterium clone LU0124-T310-S-NI_000269 Human gut USA (HQ791488)
——————————— Niameybacter massiliensis strain Mt14T Human feces FRANCE (NR_179415)
------------- Thermoanaerobacter ethanolicus ATCC 31550 (NR_044619)
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Tepidimicrobium sp. strain 1244 Cow feces RUSSIA (OP432079)

Tepidimicrobium ferriphilum strain SB91T Hot-spring RUSSIA (NR_043077)

Uncultured bacterium clone EBR-02E-0442 Thermophilic anaerobic digester JAPAN (AB221362)
Tepidimicrobium ferriphilum strain CMT5567-12 Tural Hot-spring INDIA (OR960445)
Tepidimicrobium ferriphilum strain CMT5567-9 Tural Hot-spring INDIA (OR960444)
Tepidimicrobium sp. isolate GRCS Biogas plant GERMANY (LN881575)

Uncultured bacterium tbr1-9 Thermophilic anaerobic digester USA (AF280824)
Tepidimicrobium sp. isolate GRM1 Biogas plant GERMANY (LN881570)

Clostridiaceae bacterium Aso2-CS333 Thermophilic compost JAPAN (EU178830)
Clostridiales bacterium NS4-2 Thermophilic compost SOUTH KOREA (AY466713)
Tepidimicrobium sp. strain Z2-16 Thermophilic anaerobic digester GERMANY (KT351637)
Clostridiaceae bacterium Aso2-CS323 Thermophilic compost JAPAN (EU178826)

- Clostridiales bacterium NS5-3 Thermophilic compost SOUTH KOREA (AY466716)
- - Tepidimicrobium sp. strain GRC3 Biogas plant GERMANY (LN890940)

- -Uncultured bacterium clone Bac-TPT-102 Anacrobic digester CHINA (KX608555)

- - Tepidimicrobium xylanilyticum clone CHEM1 Cow feces INDIA (MH180813)

- - Tepidimicrobium xylanilyticum strain CS-3-1 Decayed corn stalk CHINA (JQ690275)
- - Uncultured bacterium isolate G40 1 Soil GERMANY (FN868400)

- - Tepidimicrobium sp. strain Ui044 Wood chips JAPAN (AB740267)

Uncultured bacterium clone thermophilic-alkaline-16 Activated sludge CHINA (GU455256)
Clostridium sp. strain AAN13 Thermophilic methanogenic sludge JAPAN (AB436741)
Tepidimicrobium sp. strain ET1 Thermophilic compost JAPAN (MH316127)

Uncultured bacterium clone thermophilic-alkaline-53 Activated sludge CHINA (GU455293)
Uncultured bacterium clone M55_D15_L_B_A12 Solid waste digester FRANCE (EF586041)
Tepidimicrobium xylanilyticum strain PML14T Thermophilic anaerobic digester CHINA (NR_116042)

Schnuerera ultunensis strain BST Methanogenic co-culture GERMANY (NR_026531)
Keratinibaculum paraultunense strain KD-1T Grassy marshland FINLAND (NR_118544)
Anaerosalibacter massiliensis DSM 27308T (NR_144694)

Uncultured bacterium clone C55_D6_L_B_B09 Thermophilic anaerobic digester FRANCE (EF559008)
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-Uncultured bacterium clone KCL70b_02_02 Hot-spring TAIWAN (FJ638531)

-Uncultured Thermoanaerobacter sp. clone H2TBiocatB_12 Thermophilic microbial fuel cell JAPAN (KC594808)
- Thermoanaerobacter ethanolicus isolate 4 clone CCSD_DF2450_M1_68 Drilling fluid CHINA (DQ128181)

- Thermoanaerobacter sp. strain S1.1 Oil reservoir fluid SUDAN (KC994642)

-Uncultured bacterium clone SMD-tB10 Deep Aquifers JAPAN (LC198551)

- Thermoanaerobacter pseudethanolicus strain 3LC Oil reservoir fluid MEXICO (JF754961)

- Thermoanaerobacter pseudethanolicus strain DF3 Oil reservoir fluid CHINA (HM228408)

- Thermoanaerobacter pseudethanolicus strain 39E™ Hot-spring USA (NR_118662)

- Thermoanaerobacter brockii strain HTDAT YNP Hot-spring USA (NR_027577)

-Uncultured bacterium clone P2B1 Ricinus communis seeds BRAZIL (JQ612532)

-Uncultured Thermoanaerobacter sp. clone E675_6 Oil reservoir fluid USA (HM994870)

- Thermoanaerobacter sp. strain X514 Core hole Piceance Basin USA (KY283131)

- Thermoanaerobacter brockii subsp. lactiethylicus strain SEBR 5268T Oil reservoir fluid FRANCE (NR_025956)
- Thermoanaerobacter brockii subsp. finnii strain Ako-1T Lake sediment SOUTH AFRICA (NR_075060)

- Thermoanaerobacter sulfurophilus strain L-64T Cyanobacterial mat RUSSIA (NR_026458)
- Thermoanaerobacter wiegelii strain Rt8.B1T Geothermal heat exchanger NEW ZEALAND (NR_029301)
-Uncultured bacterium isolate DGGE gel band clone 14 Thermophilic fermentation reactor CHINA (KR027989)
- Thermoanaerobacter ethanolicus strain JW-200T YNP Hot-spring USA (NR_044619)
- Thermoanaerobacter acetoethylicus strain HTB2™ YNP Hot-spring USA (NR_044620)
ffffffffff Thermoanaerobacter siderophilus strain SR4T Hydrothermal vents RUSSIA (NR_028743)
fffffffffffff Thermoanaerobacter sp. strain NA1 Paddy soil JAPAN (AB193319)
************ Thermoanaerobacter wiegelii strain XMU7067-6 Unhavare Hot-spring INDIA (OR960464)
fffffffffff Thermoanaerobacter sp. strain KB4 Paddy soil JAPAN (AB193322)
~~~~~~~~~~~~ Thermoanaerobacter thermohydrosulfuricus strain E100-69T Beet sugar factory AUSTRIA (NR_044618)
——— conacannns £ 2 Thermoanaerobacter kivui strain LKT-17 Lake mud CONGO (NR_044617)

Thermoanaerobacter pentosaceus strain DTUO1™ Household solid waste DENMARK (NR_117447)
Thermoanaerobacter italicus strain Ab9™ Thermal spa mud [TALY (NR_075057)

Thermoanaerobacter mathranii subsp. mathranii strain A3™ Hot-spring ICELAND (NR_074681)
Thermoanaerobacter mathranii subsp. alimentarius strain AIP 505.99 Canned foods FRANCE (NR_043132)
Thermoanaerobacter thermocopriae strain JT-3T Composted cattle manure JAPAN (NR_025898)
Thermoanaerobacter uzonensis strain JW/IW_T515_41 Hot-spring RUSSIA (HM182232)
Thermoanaerobacter uzonensis strain JW/IW010T Hot-spring RUSSIA (NR_044266)

Thermoanaerobacter inferii strain AK15 Hot-spring ICELAND (EU262599)

Thermoanaerobacter sulfurigignens strain JW/SL-NZ826T Acidic volcanic steam outlet NEW ZEALAND (NR_041792)
Thermoanaerobacter keratinophilus strain 2KXI* Geothermal vents PORTUGAL (NR_115188)
Pelotomaculum propionicicum DSM 15578 (NR_041000)
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—————— Thermoanaerobacterium thermostercoris strain CMTS5567-13 Tural Hot-spring INDIA (OR960447)
fffff Thermoanaerobacterium aotearoense strain CMT5567-6 Tural Hot-spring INDIA (OR960443)
fffff Thermoanaerobacterium aotearoense strain AMTS5567-1 Tural Hot-spring INDIA (OR960437)

------ Thermoanaerobacterium aotearoense strain CMT5567-10 Tural Hot-spring INDIA (OR960441)

—————— Thermoanaerobacterium butyriciformans strain AMTS5567-15 Tural Hot-spring INDIA (OR960440)

—————— Thermoanaerobacterium aotearoense strain CMTS567-5 Tural Hot-spring INDIA (OR960442)

bootstrap ||\ Thermoanaerobacterium aotearoense strain AMTS567-2 Tural Hot-spring INDIA (OR960438)

- - - Thermoanaerobacterium sp. strain K162C Oil reservoir fluids INDIA (HQ840649)

Tree scale: 0.02 ———

e  E— Thermoanaerobacterium thermosaccharolyticum strain KKU19 Hot-spring THAILAND (JN020648)
e 55 e Thermoanaerobacterium thermostercoris strain Buff * Buffalo feces ITALY (NR_122103)
o0 & Uncultured bacterium clone VKW-TB-6 Thermophilic hydrogen reactor TATWAN (GQ849507)
—————— Uncultured bacterium clone VKW-TB-1.2 Thermophilic hydrogen reactor TATWAN (GQ849514)
®ss Thermoanaerobacterium sp. strain J-THO5 Cassava pulp residue THAILAND (MZ798225)
o 1w e Thermoanaerobacterium sp. strain JCA-5623 Canned food JAPAN (LC127107)

————————— Thermoanaerobacterium thermostercoris strain XMT5567-1 Tural Hot-spring INDIA (OR960448)

————————— Thermoanaerobacterium thermostercoris strain XMT5567-10 Tural Hot-spring INDIA (OR960450)

fffffffff Thermoanaerobacterium thermostercoris strain XMTS5567-8 Tural Hot-spring INDIA (OR960449)
ffffffffff Thermoanaerobacterium thermosaccharolyticum strain F6 Compost CHINA (KY421592)

--------- Thermoanaerobacterium aotearoense strain JW/SL-NZ613T Hot-spring NEW ZEALAND (NR_026296)
Uncultured bacterium clone EBR-02E-0447 Thermophilic methanogenic reactor JAPAN (AB221367)
Thermoanaerobacterium thermosaccharolyticum strain WC13 Decaying wood compost CANADA (HM585225)
Thermoanaerobacterium thermosaccharolyticum strain SP-H2 Sewage treatment plant RUSSIA (OK326926)
Uncultured bacterium clone OTU7 Cow waste JAPAN (AB286977)

Thermohydrogenium kirishiense DSM 110557 Yeast biomass RUSSIA (NR_117161)

Uncultured bacterium clone C26 Wastewater treatment plant CHINA (EU234223)

Uncultured bacterium isolate DGGE gel band clone 2 Thermophilic fermentation reactor CHINA (KT185027)
Uncultured Thermoanaerobacteriaceae bacterium clone THPB-12 Thermophilic hydrogen reactor THAILAND (AM408572)
Uncultured bacterium clone HG6 Thermophilic hydrogen reactor PORTUGAL (GU296468)
Thermoanaerobacterium thermosaccharolyticum DSM 5717 unknown source (NR_074419)
Thermoanaerobacterium thermosaccharolyticum strain Y-1 Paddy soil CHINA (KM036188)
Thermoanaerobacterium thermosaccharolyticum strain M2 Rotten wood crumb CHINA (KJ162237)
Uncultured bacterium tbr1-8 Thermophilic bioreactor USA (AF280823)

Thermoanaerobacterium sp. strain TG57 Soil SINGAPORE (KT368982)

Uncultured bacterium clone VKW-TB-2.2 Thermophilic hydrogen reactor TATWAN (GQ849501)
s Uncultured bacterium clone S_a5 Hot-spring ICELAND (HM595386)

Thermoanaerobacterium calidifontis strain Rx1™ Hot-spring CHINA (NR_113051)
Thermoanaerobacterium sp. strain PSU2 Thermophilic hydrogen reactor THAILAND (KY407568)
Thermoanaerobacterium islandicum strain AK17* Hot-spring ICELAND (EF088330)
Thermoanaerobacterium aciditolerans strain 761-119T Hot-spring RUSSIA (NR_042856)
Thermoanaerobacterium xylanolyticum strain LX-11T Hot-spring USA (NR_102771)
Thermoanaerobacterium thermosulfurigenes strain 4BT YNP Hot-spring USA (NR_044622)
Thermoanaerobacterium saccharolyticum strain B6A-RIT YNP Hot-spring USA (NR_044621)
Thermoanaerobacterium saccharolyticum strain NTOU1 Hydrothermal vents TAIWAN (JF923654)
——————————————— Uncultured bacterium clone X6009d05 Obsidian Pool USA (KJ480384)

777777777777777777 Thermoanaerobacterium aotearoense strain SCUT27 Hot-spring CHINA (FN823049)
Aceticella autotrophica strain 3443-3Ac™ Hot-spring RUSSIA (MH843651)

————————————————————————— Thermoanaerobacter brockii DSM 1457T (NR_117608)

% $9°86 < : AyLrerrus dduanbag




image1.png
o





image2.svg
                      a  b  c  d  e      f  g  h  i  j  k  l


image3.jpeg




