Supplementary data:

Table S1
Details of the physicochemical conditions recorded on site in different hot springs.

	Sr. no.
	Location
	pH
(±0.2)
	Temp. (°C; ±2)

	1
	Chopda 1
	8.8
	40

	2
	Chopda 2
	7.8
	50

	3
	Chumathang 
	8.3
	75

	4
	Puga 
	8.8
	80

	5
	Rajawadi 
	8.0
	50

	6
	Tattapani
	8.2
	75

	7
	Tural 
	7.9
	65

	8
	Unhavare 
	7.8
	60

	9
	Unkeshwar 
	7.7
	40





Table S2 
Summary of positive enrichments obtained from different hot springs grown under different culture conditions.

	Medium
	Substrate 
	Temperature in ℃
	Location of hot springs

	
	
	
	Chumatang
	Puga
	Chopda 1
	Chopda 2
	Unkeshwar
	Unhavare
	Rajawadi
	Tural
	Tattapani

	BY
	H2:CO2
	40
	+
	-
	+
	-
	+
	+
	+
	+
	-

	
	
	55
	-
	-
	-
	-
	-
	+
	+
	+
	-

	
	
	70
	-
	-
	-
	-
	-
	+
	-
	+
	-

	
	
	85
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	Sodium acetate
	40
	-
	-
	-
	+
	-
	-
	+
	-
	-

	
	
	55
	-
	-
	-
	-
	-
	+
	-
	+
	-

	
	
	70
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	
	85
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	TMA+ME
	40
	-
	-
	+
	-
	+
	+
	+
	-
	-

	
	
	55
	-
	-
	-
	-
	-
	+
	+
	+
	-

	
	
	70
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	
	85
	-
	-
	-
	-
	-
	-
	-
	-
	-

	BCYT
	H2:CO2
	40
	+
	+
	+
	+
	+
	+
	+
	+
	-

	
	
	55
	+
	+
	-
	+
	-
	+
	+
	+
	-

	
	
	70
	-
	-
	-
	-
	-
	+
	-
	-
	-

	
	
	85
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	Sodium acetate
	40
	-
	-
	-
	+
	+
	-
	+
	-
	-

	
	
	55
	-
	-
	-
	+
	-
	-
	+
	+
	-

	
	
	70
	-
	-
	-
	-
	-
	+
	-
	+
	-

	
	
	85
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	TMA+ME
	40
	-
	-
	+
	+
	+
	+
	+
	-
	-

	
	
	55
	+
	-
	-
	+
	-
	-
	+
	+
	-

	
	
	70
	-
	-
	-
	-
	-
	+
	-
	+
	-

	
	
	85
	-
	-
	-
	-
	-
	-
	-
	-
	-











Table S3 
Fragment sizes predicted after in silico restriction digestion of the 16S rRNA gene of different methanogens with different restriction enzymes

	Sr. No.
	Methanogens
	Alu I
	BamH I
	Cla I
	EcoR 1
	Hind III
	Hinf I
	Sma I
	Xho1

	1.
	Methanocaldococcus jannaschii strain JCM 1004
	580, 459, 419
	1458
	1458
	1458
	1458
	856,248,182,67,60,45
	730,728
	
1458

	2.
	Methanobacterium formicicum strain DSM 1535
	384,307,274,168,137,41,28,22,15
	1030,346
	1376
	1376
	994,382
	867,249,246,14
	680,580,89,27
	1376

	3.
	Methanothermobacter marburgensis strain Marburg
	428, 276, 196, 168, 123, 79, 75, 56, 31, 28, 22
	1482
	1482
	1482
	1056,426
	593,319,251,246,73
	741,608,133
	887,595

	4.
	Methanobacterium bryantii strain MOH
	338, 274, 232, 168, 75, 67, 41, 28, 22, 15
	984,276
	1260
	1260
	924,336
	821,249,190
	650,610
	1260

	5.
	Methanothermobacter thermautotrophicus strain delta H
	340, 276, 168, 123, 110, 75, 67, 56, 28, 22
	1265
	1265
	1265
	927,338
	505,319,251,190
	612,607,46
	758,507

	6.
	Methanomethylovorans thermophila strain L2FAW
	516, 323, 248, 168, 85, 23
	1363
	1363
	1363
	1363
	596,214,184,164,127,65,13
	603,428,283,49
	1363

	7.
	Methanosarcina thermophila TM-1
	709, 571, 147
	1427
	1427
	1427
	1427
	972,245,143,54,13
	606,428,262,131
	1427

	8.
	Methanobrevibacter filiformis strain RFM-3
	281, 276, 254, 168, 148, 78, 42, 40, 33, 28, 15
	1363
	1363
	1363
	1006,357
	841,251,246,25
	693,670
	1363

	9.
	Methanocaldococcus vulcanius M7
	580, 467, 231, 192
	1470
	1470
	1470
	1470
	852,248,190,67,60,53
	736,734
	1470

	10.
	Methanothermus fervidus DSM 2088
	450, 427, 196, 163, 131, 113
	1480
	1480
	1480
	1480
	910,497,73

	430,311,304,187,132,89,27
	785,695

	11.
	Methanoculleus hydrogenitrophicus strain HC1459
	512,302,215,186,165,54
	1434
	1434
	1434
	1434
	470,321,240,122,118,55,52,43,13
	726,708
	798,373,165,98

	12.
	Methanocorpusculum aggregans strain DSM 3027
	514,490,232,164,37,22
	1459
	1459
	1459
	1459
	592,369,240,94,54,50,24,16,13,7
	1330,129
	821,473,165

	13.
	Methanosarcina mazei strain S-6
	553,323,248,153,143
	1420
	1420
	1420
	1420
	596,184,139,135,127,107,65,54,13
	606,428,258,128
	1420



[image: ]
Fig. S1 PCR-RFLP based differentiation of various strains of methanogens (A-J) obtained from different hot springs digested using Hinf I. A, Lane 1-18 (R40N1, R40N2, R40N3, R40N4, R40N5, R40N6, R40N7, R40H8, R40H9, R40H10, R40N13, R40H12, R40H13, R40H14, R40N8, R40N9, R40N10, R40N11); B, Lane 1-12 (R40N12, R40H20, T40N1, T40N2, T40N3, T40N4, T40N5, T40N6, T40N7, T40N8, T40N9, T40N10); C, Lane 1-13 (UCB40M1, UCB40M5, T40UC2, T40UC9, UCB55M1, UCB55M2, UCB55M7, UCB55N2, T40UC5, T40UC1, T40UC3, T40UC4, UCB40N1); D, Lane 1-13 (UCB40T3, UCB40T10, UCB40H6, UCB40H4, UCB40T6, UCB40H1, T40UC1, UC40H1, UC40H4, UP40H1, UP40H2, UP40H5, UP40H6); E, Lane 1-11 (T40H9, T40H8, T55H12, T55H10, T55H15, BLANK, T55H21, T70H10, T70H15, T70H16, U40H1); F, Lane 1-11 (U40H3, U40H8, U40H13, U55H21, U55H7, U55H15, U55H5, U55H18, U55H19, U55H20, U55H22); G, Lane 1-11 (P55H1, P55H2, P55H3, P55H4, P55H5, P55H6, P55H7, P55H8, P55H9, P55H10, P55H11); H, Lane 1-11 (T40H1, T40H4, T40H3, T40H2, UCB40T1, UCB40T3, UCB40T2, T40UC6, T40UC7, R40H5, R40H4); I, Lane 1-11 (UCB40T9, R40H16, R55H1, R55H2, R55H3, R55H4, R55H6, R55H7, R55H8, R55H9, R55H10); J, Lane 1-10 (C55H1, C55H9, C55H7, C55H2, C55H3, C70H1, C70H2, C70H5, C70H6, C70H7); M1, 100 bp marker; M2, 50 bp marker
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Fig. S2 The plot of linear regression implicating the decrease in diversity with an increase in temperature
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Fig. S3 A 16S rRNA gene based maximum-likelihood tree of genus Methanobacterium using Kimura 2-parameter model showing the phylogenetic position of obtained strains (in red) with nearest cultured (type strains in blue) and uncultured matches. Bootstrap values (>50%) based on 500 replicates are indicated at branching points. The GenBank accession number of each strain is listed in parentheses. Scale bar: 0.005 substitutions per site
[image: ]

Fig. S4 A 16S rRNA gene based maximum-likelihood tree of genus Methanothermobacter using General time reversal parameter model showing the phylogenetic position of obtained strains (in red) with nearest cultured (type strains in blue) and uncultured matches. Bootstrap values (>50%) based on 500 replicates are indicated at branching points. The GenBank accession number of each strain is listed in parentheses. Scale bar: 0.1 substitutions per site
[image: ]
Fig. S5 A 16S rRNA gene based maximum-likelihood tree of genus Methanoculleus using Tamura 3 parameter model showing the phylogenetic position of obtained strains (in red) with nearest cultured (type strains in blue) and uncultured matches. Bootstrap values (>50%) based on 500 replicates are indicated at branching points. The GenBank accession number of each strain is listed in parentheses. Scale bar: 0.01 substitutions per site
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Fig. S6 A 16S rRNA gene based maximum-likelihood tree of genus Methanomethylovorans using Hasegawa-Kishino-Yano parameter model showing the phylogenetic position of obtained strains (in red) with nearest cultured (type strains in blue) and uncultured matches. Bootstrap values (>50%) based on 500 replicates are indicated at branching points. The GenBank accession number of each strain is listed in parentheses. Scale bar: 0.2 substitutions per site
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Fig. S7 A 16S rRNA gene based maximum-likelihood tree of genus Methanosarcina using Tamura Nei parameter model showing the phylogenetic position of obtained strains (in red) with nearest cultured (type strains in blue) and uncultured matches. Bootstrap values (>50%) based on 500 replicates are indicated at branching points. The GenBank accession number of each strain is listed in parentheses. Scale bar: 0.1 substitutions per site
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Methanosarcina thermophila strain UCBS5M2 Chopda hot spring 2, India (OQ457562)

\— Methanosarcina thermophila strain UCB4ON1 Chopda hot spring 2, India (OQ457564)
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Methanosarcina mazei strain TAOUCB10 Chopda hot spring 2, India (OQ457556)
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Methanosarcina mazei strain UCB40T9 Chopda hot spring 2, India (ON107501)
[— Methanosarcina mazei strain CYW2 Deep sea marine sediment, Taiwan (KM111597)

'— Methanosarcina mazei strain LM5 Lonar lake, India (DQ987528)
[ Methanosarcina mazei strain MS2311 KG methane hydrate, India (MK734109)

— Methanosarcina mazei strain MT Cold terresrial habitat, Germany (AY260432)
[ Methanosarcina mazei strain MB1717 KG methane hydrate, India (MK680231)
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[— Methanosarcina mazei strain S-67 Sewage sludge plant, USA (CP009512)

— Methanosarcina mazei strain PY-15 Permafrost, China (JQ268009)
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Uncultured archaeon clone: N2 CO2A34 Oil fields, Japan (AB710373)
Uncultured archaeon clone: 21ARA12 Oil reservoir, Japan (ABG68484)

Uncultured archaeon clone: ARBOASS Oil fields, Japan (AB539926)

Uncultured archaeon clone TP 120 Phenol degrading consortia, Singapore (EF 198051)

Uncuitured archaeon clone NAK2-a2 Natural gas field, Japan (DQ867043)

Methanothermobacter thermautotrophicus strain MCM B-618 Oil wells, India (JX878363)

Uncultured Methanothermobacter sp. clone NRA13 Petroleum reservoir, Japan (HM041914)
Methanothermobacter thermautotrophicus strain JZTM Jiaozhou Bay sediment, China (EF100758)
Methanothermobacter thermautotrophicus strain KZ3-1 High temperature Dagang ol field, Russia (DQ657903)
Uncultured archaeon clone: N2 CO2A34 Oil reservoir, Japan (AB710373)

Uncultured archaeon clone: 21ARA12 Hgh temperature oil reservoir, Japan (AB668484)
Methanothermobacter sp. strain EMTCatA1 Metagenome of a thermophilic electromethanogenic biocathode, Japan (AP018336)
Methanothermobacter thermautotrophicus strain Z-245 Power to gas reactor, Germany (CP064337)
Methanothermobacter thermautotrophicus strain C55H2 Chumathang hot spring, India (OQ457567)
Methanothermobacter thermautotrophicus strain C55H3 Chumathang hot spring, India (OQ4,57568)
Methanothermobacter thermautotrophicus strain PSSHS Puga hot spring, India (OQ457573)
Methanothermobacter thermautotrophicus strain PS5H10 Puga hot spring, India (0Q457575)
Methanothermobacter thermautotrophicus strain PSSH9 Puga hot spring, India (OQ457574)
Methanothermobacter thermautotrophicus strain C55H7 Chumathang hot spring, India (ON107522)
Methanothermobacter thermautotrophicus strain C70H1 Chumathang hot spring, India (OQ457570)
Methanothermobacter thermautotrophicus strain PSSH1 Puga hot spring, India (ON107517)
Methanothermobacter thermautotrophicus strain P55H4 Puga hot spring, India (OQ457572)
Methanothermobacter thermautotrophicus strain C70HS Chumathang hot spring, India (ON107512)
Methanothermobacter thermautotrophicus strain C70H2 Chumathang hot spring, India (OQ457569)
Methanothermobacter thermautotrophicus strain US5H21 Unhavare hot spring, India (0Q600610)
Methanothermobacter thermautotrophicus strain US5H22 Unhavare hot spring, India (0Q457592)

82| Methanothermobacter thermautotrophicus strain US5H20 Unhavare hot spring, India (OQ457591)
Methanothermobacter thermautotrophicus strain US5H19 Unhavare hot spring, India (0Q457590)
Methanothermobacter thermautotrophicus strain US5H18 Unhavare hot spring, India (OQ457589)
Methanothermobacter thermautotrophicus strain US5H15 Unhavare hot spring, India (ON107511)
Methanothermobacter thermautotrophicus strain USSHS Unhavare hot spring, India (OQ457588)
Methanothermobacter thermautotrophicus strain Delha H Sewage sludge waste digster, USA (NR074260)
Methanothermobacter thermophilus strain M” Methane tank, USSR (NR028250)

Methanothermobacter defluvi strain ADZ" Sludge waste digester, Russia (NR028248)
Methanothermobacter thermofiexus strain IDZ” Sludge waste digester, Russia USA (NR028249)
Methanothermobacter marburgensis strain TAOH8 Tural hot spring, India (ON107499)

74 Methanothermobacter marburgensis strain Marburg” Anaerobic sewage digester, Germany (NR102881)
Uncultured Methanothermobacter sp. clone BAR Anoxic Sediment of a Sub-saline Shallow Lake, Spain (HQ003704)
Methanothermobacter sp. strain K4 Deep thermal qauifer, Russia (OM456264)

Methanothermobacter marburgensis strain DX01 Hot spring, China (EU807735)

Methanothermobacter marburgensis strain Viersen-HAW Themophilic biogas plant, Germany (KUS67127)
Methanothermobacter marburgensis strain C55H1 Chumathang hot spring, India (0Q457571)
Methanothermobacter marburgensis strain C55H9 Chumathang hot spring, India (ON107498)

&3 Methanothermobacter marburgensis strain U4OH3 Unhavare hot spring, India (0Q457584)
Methanothermobacter marburgensis strain U4OHS Unhavare hot spring, India (OQ457585)

Methanothermobacter marburgensis strain U4OH2 Unhavare hot spring, India (ON107497)
Methanothermobacter marburgensis strain U40H13 Unhavare hot spring, India (0Q457586)
Methanothermobacter marburgensis strain R4OH16 Rajawadi hot spring, India (ON107500)
Methanothermobacter marburgensis stain TAOH9 Tural hot spring, India (0Q457580)
Methanothermobacter marburgensis strain R55H4 Rejawadi hot spring, India (OQ457577)
Methanothermobacter marburgensis strain RS5H Rajawadi hot spring, India (OQ457579)
Methanothermobacter marburgensis strain RS5HG Rejawadi hot spring, India (OQ457578)
Methanothermobacter marburgensis strain R55H3 Rajawadi hot spring, India (OQ457576)
Methanothermobacter marburgensis strain R55H20 Rajawadi hot spring, India (ON107510)
Methanothermobacter marburgensis strain TS5H10 Tural hot spring, India (OQ457581)
Methanothermobacter marburgensis strain TS5H12 Tural hot spring, India (OQ457582)
Methanothermobacter marburgensis strain TS5H15 Tural hot spring, India (OQ457583)
Methanothermobacter marburgensis strain TT0H15 Tural hot spring, India (OQ457583)
Methanothermobacter marburgensis strain HS34 Hot spring, India (KY684738)
Methanothermobacter marburgensis strain TT0H10 Tural hot spring, India (ON107513)
Methanothermobacter marburgensis strain US5H? Unhavare hot spring, India (ON107515)
Methanothermobacter marburgensis strain T55H21 Tural hot spring, India (ON107508)
Methanothermobacter marburgensis strain R55H12 Rajawadi hot spring, India (ON107509)
Methanothermobacter wolfeii strain DSM 29707 paddy field soil, USA (NRO40964)

[ Methanothermobacter crinale strain Tm2" Shengli oil fields, China (NR117968)
99! Methanothermobacter tenebrarum strain RMAST Natural gas filed, Japan (NR113002)
| Methanothermobacter sp. strain KEPCO-1 Pressurised biogas reactor, Korea (CP042937)

96 Uncultured archaeon lone 09 Thermophili sludge of Bioreactor, The Netherlands (AY526518)
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image5.png
Uncultured Methanomassilicoccales archaeon 216 Rumen Flid, China (LC497811)
Uncultured archaeon clone: K08 21 17 Catfle manure compost, Japan (AB541636)
Uncultured archaeon clone: HDBW-WAO2 Groundwater from sedimentary rock, Japan (AB237735)
Uncultured Methanomicrobiaceae archagon clone:NRP-Pro-A Rice paddy soi, Japan (AB236111)
™ Methanoculleus hycrogenitrophicus siain HC™ Wetland soil, USA (NR 116881)
Methanoculleus hydrogenitrophicus strain YN a NCMR, India (MZ773642)

Uncultured archaeon clone A34 Mesophilic biogas plant, Germany (FJ205767)
9%

Methanoculleus hydrogenitrophiucs strain H40UCBG Chopda 2 hot spring, India (0Q807805)

Methanoculleus hydrogenitrophiucs strain H40UCB4 Chopda 2 hot spring, India (ON107520)
55 100

Methanoculleus hydrogenitrophiucs strain UCB40T6 Chopda 2 hot spring, India (OQ607807)

— Methanoculleus thermophilus strain CR-1" Paddy field soil, Japan (NR028156)
- Methanoculleus chikugoensis strain MG62" Paddy field soil, Japan (NR028152)

~ Methanoculleus sediminis strain S3Fa” Mud volcano sediment , Taiwan (NR136474)
9J/\/remm.ocuueus marisnigri strain JR1 Anoxic sediment, Black sea (M59134)

Methanoculleus submarinus strain Nankai-1" deep marine sediment, Japan (NR028856)

Methanoculleus taiwanensis strain CYW4™ Deep marine sediment, Taiwan (KM111599)

— Methanoculleus receptaculi strain ZC-2" Shengli il fields, China (NR043961)

94| — Methanoculleus palmolei strain INSLUZ Palm oil digester, Indonesia (NR028253)
55! Methanoculleus bourgensis strain KOR-2T Rumen of holstein cattle, South korea (JQ973736)
-
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