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A. Supplementary tables
Table S1. GTDB annotations of 11 MAGs belonging to methanogens and ANME. (GTDB: Genome Taxonomy Database; MAG: metagenome-assembled genome; ANME: anaerobic methanotrophic archaea).
	MAGs
	Completeness
	Contamination
	GTDB_classification

	bin1
	52.23
	7.66
	d__Archaea;p__Halobacteriota;c__Syntropharchaeia;o__Alkanophagales;f__Methanospirareceae;g__JACGMN01;s__

	bin2
	59.67
	3.66
	d__Archaea;p__Halobacteriota;c__Syntropharchaeia;o__Alkanophagales;f__Methanospirareceae;g__JACGMN01;s__

	bin3
	62.36
	0.3
	d__Archaea;p__Halobacteriota;c__Syntropharchaeia;o__Alkanophagales;f__Methanospirareceae;g__QENH01;s__

	bin4
	71.55
	0.19
	d__Archaea;p__Halobacteriota;c__Methanomicrobia;o__Methanomicrobiales;f__Methanomicrobiaceae;g__;s__

	bin5
	73.89
	0.34
	d__Archaea;p__Halobacteriota;c__Methanomicrobia;o__Methanomicrobiales;f__Methanomicrobiaceae;g__;s__

	bin6
	88.2
	1.55
	d__Archaea;p__Halobacteriota;c__Methanomicrobia;o__Methanomicrobiales;f__Methanomicrobiaceae;g__Methanolacinia;s_

	bin7
	86.05
	0.09
	d__Archaea;p__Halobacteriota;c__Methanomicrobia;o__Methanomicrobiales;f__Methanomicrobiaceae;g__;s__

	bin8
	77.58
	1.8
	d__Archaea;p__Halobacteriota;c__Methanomicrobia;o__Methanomicrobiales;f__Methanomicrobiaceae;g__;s__

	bin9
	66.96
	0.57
	d__Archaea;p__Halobacteriota;c__Methanomicrobia;o__Methanomicrobiales;f__Methanomicrobiaceae;g__;s__

	bin10
	59.14
	2.72
	d__Archaea;p__Halobacteriota;c__Methanomicrobia;o__Methanomicrobiales;f__Methanospirillaceae;g__SD8;s__

	bin11
	59.01
	0.4
	d__Archaea;p__Halobacteriota;c__Methanosarcinia;o__Methanosarcinales;f__Methanosarcinaceae;g__JAFGQV01;s_



Table S2. GTDB annotations of 48 MAGs involved in sulfate reduction.
	MAGs
	Completeness
	Contamination
	GTDB_classification

	bin12
	53.7
	4.1
	d__Bacteria;p__Bacteroidota;c__Bacteroidia;o__Bacteroidales;f__VadinHA17;g__UBA9300;s__

	bin13
	82.72
	5.02
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__HGW-15;g__JAAZBV01;s__

	bin14
	86.21
	4.58
	d__Bacteria;p__Pseudomonadota;c__Gammaproteobacteria;o__BMS3Bbin11;f__BMS3Bbin11;g__BMS3Bbin11;s__

	bin15
	79.19
	8.54
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__B25-G16;g__B33-G16;s__

	bin16
	74.41
	1.8
	d__Bacteria;p__Pseudomonadota;c__Gammaproteobacteria;o__BMS3Bbin11;f__BMS3Bbin11;g__BMS3Bbin11;s__

	bin17
	83.46
	8.31
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__B25-G16;g__B33-G16;s__

	bin18
	65.83
	0.83
	d__Bacteria;p__Pseudomonadota;c__Gammaproteobacteria;o__BMS3Bbin11;f__BMS3Bbin11;g__BMS3Bbin11;s__

	bin19
	58.2
	1.7
	d__Bacteria;p__Desulfobacterota;c__Desulfobacteria;o__Desulfobacterales;f__UBA11574;g__S5133MH16;s__

	bin20
	59.36
	4.47
	d__Bacteria;p__Pseudomonadota;c__Gammaproteobacteria;o__UBA6429;f__UBA6429;g__JAHEIJ01;s__

	bin21
	68.9
	4.49
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__HGW-15;g__JAAZBV01;s__

	bin22
	86.08
	3.96
	d__Bacteria;p__Desulfobacterota;c__Syntrophobacteria;o__BM002;f__BM002;g__BM002;s__

	bin23
	81.93
	8.9
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__B25-G16;g__B33-G16;s__

	bin24
	61.89
	0.11
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__HGW-15;g__JAAZBV01;s__

	bin25
	73.03
	8.32
	d__Bacteria;p__Pseudomonadota;c__Gammaproteobacteria;o__BMS3Bbin11;f__BMS3Bbin11;g__BMS3Bbin11;s__

	bin26
	90.12
	1.44
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__HGW-15;g__JAAZBV01;s__

	bin27
	72.65
	7.27
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__B25-G16;g__B33-G16;s__

	bin28
	70.28
	0.85
	d__Bacteria;p__Desulfobacterota;c__Syntrophobacteria;o__BM002;f__BM002;g__BM002;s__

	bin29
	57.95
	4.23
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__HGW-15;g__JAAZBV01;s__

	bin30
	89.55
	4.55
	d__Bacteria;p__Desulfobacterota;c__Syntrophobacteria;o__BM002;f__BM002;g__BM002;s__

	bin31
	58.37
	3.41
	d__Bacteria;p__Pseudomonadota;c__Gammaproteobacteria;o__UBA6429;f__UBA6429;g__JAHEIJ01;s__

	bin32
	82.58
	9.3
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__B25-G16;g__B33-G16;s__

	bin33
	65.45
	2.28
	d__Bacteria;p__Desulfobacterota;c__Syntrophobacteria;o__BM002;f__BM002;g__BM002;s__

	bin34
	75.32
	1.72
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__HGW-15;g__JAAZBV01;s__

	bin35
	93.99
	6.68
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__HGW-15;g__;s__

	bin36
	61.91
	2.76
	d__Bacteria;p__Desulfobacterota;c__Syntrophobacteria;o__BM002;f__BM002;g__BM002;s__

	bin37
	78.11
	2.65
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__HGW-15;g__JAFGFY01;s__

	bin38
	64.78
	7.85
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__Desulfatiglandaceae;g__4484-190-2;s__

	bin39
	58.06
	2.48
	d__Bacteria;p__Desulfobacterota;c__Syntrophobacteria;o__BM002;f__BM002;g__BM002;s__

	bin40
	70.65
	4.16
	d__Bacteria;p__Desulfobacterota;c__Syntrophobacteria;o__BM002;f__BM002;g__BM002;s__

	bin41
	85.41
	3.94
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__HGW-15;g__JAFGFY01;s__

	bin42
	62.25
	5.84
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__B25-G16;g__B33-G16;s__

	bin43
	76.38
	6.43
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__HGW-15;g__JAFGFY01;s__

	bin44
	66.7
	7.74
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__B25-G16;g__B33-G16;s__

	bin45
	80.34
	3.05
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__HGW-15;g__JAAZBV01;s__

	bin46
	78.13
	4.74
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__HGW-15;g__JAFGFY01;s__

	bin47
	67.23
	1.67
	d__Bacteria;p__Desulfobacterota;c__Syntrophobacteria;o__BM002;f__BM002;g__BM002;s__

	bin48
	88.66
	2.15
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__HGW-15;g__JAFGFY01;s__

	bin49
	55.96
	5.93
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__B25-G16;g__B33-G16;s__

	bin50
	82.17
	5.43
	d__Bacteria;p__Pseudomonadota;c__Gammaproteobacteria;o__UBA6429;f__UBA6429;g__Thiohalophilus;s__

	bin51
	82.38
	2.55
	d__Bacteria;p__Pseudomonadota;c__Alphaproteobacteria;o__UBA8366;f__JADFVY01;g__;s__

	bin52
	94.86
	0.79
	d__Bacteria;p__Desulfobacterota;c__Desulfobacteria;o__Desulfobacterales;f__Desulfosarcinaceae;g__;s__

	bin53
	73.14
	2.81
	d__Bacteria;p__Pseudomonadota;c__Alphaproteobacteria;o__UBA8366;f__JADFVY01;g__;s__

	bin54
	54.78
	6.21
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__B25-G16;g__B33-G16;s__

	bin55
	77.18
	4
	d__Bacteria;p__Desulfobacterota;c__DSM-4660;o__Desulfatiglandales;f__HGW-15;g__JAFGFY01;s__

	bin56
	75.35
	5.29
	d__Bacteria;p__Pseudomonadota;c__Alphaproteobacteria;o__UBA8366;f__JADFVY01;g__;s__

	bin57
	99.78
	1.9
	d__Bacteria;p__Pseudomonadota;c__Gammaproteobacteria;o__Thiohalomonadales;f__Thiohalomonadaceae;g__;s__

	bin58
	58.83
	0.71
	d__Bacteria;p__Pseudomonadota;c__Gammaproteobacteria;o__UBA6429;f__UBA6429;g__JAHEIJ01;s__

	bin59
	95.1
	4.73
	d__Bacteria;p__Desulfobacterota;c__Desulfobacteria;o__Desulfobacterales;f__Desulfosarcinaceae;g__UBA2230;s__



Table S3. The list of genes involved in methanogenesis.
	KO
	Symbol
	Name

	K00399
	mcrA
	methyl-coenzyme M reductase alpha subunit [EC:2.8.4.1]

	K00401
	mcrB
	methyl-coenzyme M reductase beta subunit [EC:2.8.4.1]

	K00402
	mcrG
	methyl-coenzyme M reductase gamma subunit [EC:2.8.4.1]

	K03421
	mcrC
	methyl-coenzyme M reductase subunit C [EC:2.8.4.1]

	K03422
	mcrD
	methyl-coenzyme M reductase subunit D [EC:2.8.4.1]

	K00577
	mtrA
	tetrahydromethanopterin S-methyltransferase subunit A [EC:7.2.1.4]

	K00578
	mtrB
	tetrahydromethanopterin S-methyltransferase subunit B [EC:7.2.1.4]

	K00579
	mtrC
	tetrahydromethanopterin S-methyltransferase subunit C [EC:7.2.1.4]

	K00580
	mtrD
	tetrahydromethanopterin S-methyltransferase subunit D [EC:7.2.1.4]

	K00581
	mtrE
	tetrahydromethanopterin S-methyltransferase subunit E [EC:7.2.1.4]

	K00582
	mtrF
	tetrahydromethanopterin S-methyltransferase subunit F [EC:7.2.1.4]

	K00583
	mtrG
	tetrahydromethanopterin S-methyltransferase subunit G [EC:7.2.1.4]

	K00584
	mtrH
	tetrahydromethanopterin S-methyltransferase subunit H [EC:7.2.1.4]

	K00320
	mer
	5,10-methylenetetrahydromethanopterin reductase [EC:1.5.98.2]

	K00297
	metF/MTHFR
	methylenetetrahydrofolate reductase (NADH) [EC:1.5.1.54]

	K00319
	mtd
	methylenetetrahydromethanopterin dehydrogenase [EC:1.5.98.1]

	K00300
	mtdA
	methylenetetrahydrofolate/methylenetetrahydromethanopterin dehydrogenase (NADP+) [EC:1.5.1.5 1.5.1.-]

	K10714
	mtdB
	methylene-tetrahydromethanopterin dehydrogenase [EC:1.5.1.-]

	K13942
	hmd
	5,10-methenyltetrahydromethanopterin hydrogenase [EC:1.12.98.2]

	K01499
	mch
	methenyltetrahydromethanopterin cyclohydrolase [EC:3.5.4.27]

	K00672
	ftr
	formylmethanofuran--tetrahydromethanopterin N-formyltransferase [EC:2.3.1.101]

	K00200
	fwdA/fmdA
	formylmethanofuran dehydrogenase subunit A [EC:1.2.7.12]

	K00201
	fwdB/fmdB
	formylmethanofuran dehydrogenase subunit B [EC:1.2.7.12]

	K00202
	fwdC/fmdC
	formylmethanofuran dehydrogenase subunit C [EC:1.2.7.12]

	K00203
	fwdD/fmdD
	formylmethanofuran dehydrogenase subunit D [EC:1.2.7.12]

	K00204
	fwdH
	4Fe-4S ferredoxin

	K00205
	fwdF/fmdF
	4Fe-4S ferredoxin

	K11260
	fwdG
	4Fe-4S ferredoxin

	K11261
	fwdE/fmdE
	formylmethanofuran dehydrogenase subunit E [EC:1.2.7.12]

	K10713
	fae
	5,6,7,8-tetrahydromethanopterin hydro-lyase [EC:4.2.1.147]

	K13812
	fae-hps
	bifunctional enzyme Fae/Hps [EC:4.2.1.147 4.1.2.43]

	K22516
	fdhA
	formate dehydrogenase (coenzyme F420) alpha subunit [EC:1.17.98.3 1.8.98.6]

	K00125
	fdhB
	formate dehydrogenase (coenzyme F420) beta subunit [EC:1.17.98.3 1.8.98.6]

	K00123
	fdoG/fdhF/fdwA
	formate dehydrogenase major subunit [EC:1.17.1.9]

	K00124
	fdoH/fdsB
	formate dehydrogenase iron-sulfur subunit

	K00127
	fdoI/fdsG
	formate dehydrogenase subunit gamma

	K00440
	frhA
	coenzyme F420 hydrogenase subunit alpha [EC:1.12.98.1]

	K00441
	frhB
	coenzyme F420 hydrogenase subunit beta [EC:1.12.98.1]

	K00442
	frhD
	coenzyme F420 hydrogenase subunit delta

	K00443
	frhG
	coenzyme F420 hydrogenase subunit gamma [EC:1.12.98.1]

	K14126
	mvhA/vhuA/vhcA
	F420-non-reducing hydrogenase large subunit [EC:1.12.99.- 1.8.98.5]

	K14127
	mvhD/vhuD/vhcD
	F420-non-reducing hydrogenase iron-sulfur subunit [EC:1.12.99.- 1.8.98.5 1.8.98.6]

	K14128
	mvhG/vhuG/vhcG
	F420-non-reducing hydrogenase small subunit [EC:1.12.99.- 1.8.98.5]

	K22480
	hdrA1
	heterodisulfide reductase subunit A1 [EC:1.8.7.3]

	K22481
	hdrB1
	heterodisulfide reductase subunit B1 [EC:1.8.7.3]

	K22482
	hdrC1
	heterodisulfide reductase subunit C1 [EC:1.8.7.3]

	K08264
	hdrD
	heterodisulfide reductase subunit D [EC:1.8.98.1]

	K08265
	hdrE
	heterodisulfide reductase subunit E [EC:1.8.98.1]

	K03388
	hdrA2
	heterodisulfide reductase subunit A2 [EC:1.8.7.3 1.8.98.4 1.8.98.5 1.8.98.6]

	K03389
	hdrB2
	heterodisulfide reductase subunit B2 [EC:1.8.7.3 1.8.98.4 1.8.98.5 1.8.98.6]

	K03390
	hdrC2
	heterodisulfide reductase subunit C2 [EC:1.8.7.3 1.8.98.4 1.8.98.5 1.8.98.6]

	K00192
	cdhA
	anaerobic carbon-monoxide dehydrogenase, CODH/ACS complex subunit alpha [EC:1.2.7.4]

	K00195
	cdhB
	anaerobic carbon-monoxide dehydrogenase, CODH/ACS complex subunit epsilon

	K00196
	cooF
	anaerobic carbon-monoxide dehydrogenase iron sulfur subunit

	K00198
	cooS/acsA
	anaerobic carbon-monoxide dehydrogenase catalytic subunit [EC:1.2.7.4]

	K00193
	cdhC
	acetyl-CoA decarbonylase/synthase, CODH/ACS complex subunit beta [EC:2.3.1.169]

	K00194
	cdhD/acsD
	acetyl-CoA decarbonylase/synthase, CODH/ACS complex subunit delta [EC:2.1.1.245]

	K00197
	cdhE/acsC
	acetyl-CoA decarbonylase/synthase, CODH/ACS complex subunit gamma [EC:2.1.1.245]

	K01895
	ACSS1_2/acs
	acetyl-CoA synthetase [EC:6.2.1.1]

	K00925
	ackA
	acetate kinase [EC:2.7.2.1]

	K13788
	pta
	phosphate acetyltransferase [EC:2.3.1.8]

	K14082
	mtbA
	[methyl-Co(III) methylamine-specific corrinoid protein]:coenzyme M methyltransferase [EC:2.1.1.247]

	K16178
	mtbB
	dimethylamine---corrinoid protein Co-methyltransferase [EC:2.1.1.249]

	K16179
	mtbC
	dimethylamine corrinoid protein

	K14083
	mttB
	trimethylamine---corrinoid protein Co-methyltransferase [EC:2.1.1.250]

	K14084
	mttC
	trimethylamine corrinoid protein

	K16176
	mtmB
	methylamine---corrinoid protein Co-methyltransferase [EC:2.1.1.248]

	K16177
	mtmC
	monomethylamine corrinoid protein

	K14080
	mtaA
	[methyl-Co(III) methanol/glycine betaine-specific corrinoid protein]:coenzyme M methyltransferase [EC:2.1.1.246 2.1.1.377]

	K14081
	mtaC
	methanol corrinoid protein

	K04480
	mtaB
	methanol---5-hydroxybenzimidazolylcobamide Co-methyltransferase [EC:2.1.1.90]



Table S4. The list of genes involved in sulfate reduction.
	[bookmark: _Hlk200388519]KO
	Symbol
	Name

	K00958
	sat/met3
	sulfate adenylyltransferase [EC:2.7.7.4]

	K00955
	cysNC
	bifunctional enzyme CysN/CysC [EC:2.7.7.4 2.7.1.25]

	K00956
	cysN
	sulfate adenylyltransferase subunit 1 [EC:2.7.7.4]

	K00957
	cysD
	sulfate adenylyltransferase subunit 2 [EC:2.7.7.4]

	K00860
	cysC
	adenylylsulfate kinase [EC:2.7.1.25]

	K00390
	cysH
	phosphoadenosine phosphosulfate reductase [EC:1.8.4.8 1.8.4.10]

	K00394
	aprA
	adenylylsulfate reductase, subunit A [EC:1.8.99.2]

	K00395
	aprB
	adenylylsulfate reductase, subunit B [EC:1.8.99.2]

	K11180
	dsrA
	dissimilatory sulfite reductase alpha subunit [EC:1.8.1.22]

	K11181
	dsrB
	dissimilatory sulfite reductase beta subunit [EC:1.8.1.22]

	K23077
	dsrC
	dissimilatory sulfite reductase related protein

	K27187
	dsrM
	[DsrC]-trisulfide reductase subunit M [EC:1.8.5.10]

	K27188
	dsrK
	[DsrC]-trisulfide reductase subunit K [EC:1.8.5.10]

	K27189
	dsrJ
	[DsrC]-trisulfide reductase subunit J

	K27190
	dsrO
	[DsrC]-trisulfide reductase subunit O

	K27191
	dsrP
	[DsrC]-trisulfide reductase subunit P

	K21816
	fsr
	sulfite reductase (coenzyme F420) [EC:1.8.98.3]

	K17216
	mccA
	cystathionine beta-synthase (O-acetyl-L-serine) [EC:2.5.1.134]

	K27196
	dsrL
	dissimilatory sulfite reductase flavoprotein subunit

	K16950
	asrA
	anaerobic sulfite reductase subunit A

	K16951
	asrB
	anaerobic sulfite reductase subunit B

	K00385
	asrC
	anaerobic sulfite reductase subunit C

	K00380
	cysJ
	sulfite reductase (NADPH) flavoprotein alpha-component [EC:1.8.1.2]

	K00381
	cysI
	sulfite reductase (NADPH) hemoprotein beta-component [EC:1.8.1.2]

	K00392
	sir
	sulfite reductase (ferredoxin) [EC:1.8.7.1]

	K01738
	cysK
	cysteine synthase [EC:2.5.1.47]

	K12339
	cysM
	S-sulfo-L-cysteine synthase (O-acetyl-L-serine-dependent) [EC:2.5.1.144]



Table S5. The list of genes encoding pili and flagella proteins.
	KO
	Symbol
	Name

	K02650
	pilA
	type IV pilus assembly protein PilA

	K02651
	flp/pilA
	pilus assembly protein Flp/PilA

	K02652
	pilB
	type IV pilus assembly protein PilB

	K02653
	pilC
	type IV pilus assembly protein PilC

	K02654
	pilD
	pppA; leader peptidase (prepilin peptidase) / N-methyltransferase [EC:3.4.23.43 2.1.1.-]

	K02655
	pilE
	type IV pilus assembly protein PilE

	K02656
	pilF
	type IV pilus assembly protein PilF

	K02657
	pilG
	twitching motility two-component system response regulator PilG

	K02658
	pilH
	twitching motility two-component system response regulator PilH

	K02659
	pilI
	twitching motility protein PilI

	K02660
	pilJ
	twitching motility protein PilJ

	K02661
	pilK
	type IV pilus assembly protein PilK

	K02662
	pilM
	type IV pilus assembly protein PilM

	K02663
	pilN
	type IV pilus assembly protein PilN

	K02664
	pilO
	type IV pilus assembly protein PilO

	K02665
	pilP
	type IV pilus assembly protein PilP

	K02666
	pilQ
	type IV pilus assembly protein PilQ

	K07324
	flaA
	archaeal flagellin FlaA

	K07325
	flaB
	archaeal flagellin FlaB

	K07327
	flaD
	archaeal flagellar protein FlaD

	K07328
	flaE
	archaeal flagellar protein FlaE

	K07329
	flaF
	archaeal flagellar protein FlaF

	K07330
	flaG
	archaeal flagellar protein FlaG

	K07331
	flaH
	archaeal flagellar protein FlaH

	K07332
	flaI
	archaeal flagellar protein FlaI

	K07333
	flaJ
	archaeal flagellar protein FlaJ

	K07991
	flaK
	archaeal preflagellin peptidase FlaK [EC:3.4.23.52]

	K02386
	flgA
	flagellar basal body P-ring formation protein FlgA

	K02387
	flgB
	flagellar basal-body rod protein FlgB

	K02388
	flgC
	flagellar basal-body rod protein FlgC

	K02389
	flgD
	flagellar basal-body rod modification protein FlgD

	K02390
	flgE
	flagellar hook protein FlgE

	K02391
	flgF
	flagellar basal-body rod protein FlgF

	K02392
	flgG
	flagellar basal-body rod protein FlgG

	K02393
	flgH
	flagellar L-ring protein FlgH

	K02394
	flgI
	flagellar P-ring protein FlgI

	K02395
	flgJ
	peptidoglycan hydrolase FlgJ

	K02396
	flgK
	flagellar hook-associated protein 1

	K02397
	flgL
	flagellar hook-associated protein 3 FlgL

	K02398
	flgM
	negative regulator of flagellin synthesis FlgM

	K02399
	flgN
	flagellar biosynthesis protein FlgN

	K02481
	flgR
	two-component system, NtrC family, response regulator

	K02482
	flgS
	two-component system, NtrC family, sensor kinase [EC:2.7.13.3]

	K09860
	flgP
	outer membrane protein FlgP

	K24343
	flgT
	flagellar H-ring protein FlgT

	K24344
	flgO
	flagellar H-ring protein FlgO

	K24346
	flgQ
	flagellar motility protein FlgQ

	K02400
	flhA
	flagellar biosynthesis protein FlhA

	K02401
	flhB
	flagellar biosynthesis protein FlhB

	K02402
	flhC
	flagellar transcriptional activator FlhC

	K02403
	flhD
	flagellar transcriptional activator FlhD

	K02404
	flhF
	flagellar biosynthesis protein FlhF

	K02405
	fliA/whiG
	RNA polymerase sigma factor FliA

	K02406
	fliC/hag
	flagellin

	K02407
	fliD
	flagellar hook-associated protein 2

	K02408
	fliE
	flagellar hook-basal body complex protein FliE

	K02409
	fliF
	flagellar M-ring protein FliF

	K02410
	fliG
	flagellar motor switch protein FliG

	K02411
	fliH
	flagellar assembly protein FliH

	K02412
	fliI
	flagellum-specific ATP synthase [EC:7.4.2.8]

	K02413
	fliJ
	flagellar protein FliJ

	K02414
	fliK
	flagellar hook-length control protein FliK

	K02415
	fliL
	flagellar protein FliL

	K02416
	fliM
	flagellar motor switch protein FliM

	K02417
	fliN
	flagellar motor switch protein FliN

	K02418
	fliO/fliZ
	flagellar protein FliO/FliZ

	K02419
	fliP
	flagellar biosynthesis protein FliP

	K02420
	fliQ
	flagellar biosynthesis protein FliQ

	K02421
	fliR
	flagellar biosynthesis protein FliR

	K02422
	fliS
	flagellar secretion chaperone FliS

	K02423
	fliT
	flagellar protein FliT

	K02424
	tcyA/tcyJ/fliY
	L-cystine transport system substrate-binding protein

	K02425
	fliZ
	regulator of sigma S factor FliZ

	K13626
	fliW
	flagellar assembly factor FliW

	K03516
	flhE
	flagellar protein FlhE

	K04061
	flhB2
	flagellar biosynthesis protein

	K04562
	flhG/fleN
	flagellar biosynthesis protein FlhG

	K13820
	fliR-flhB
	flagellar biosynthesis protein FliR/FlhB

	K02556
	motA
	chemotaxis protein MotA

	K02557
	motB
	chemotaxis protein MotB

	K10564
	motC
	chemotaxis protein MotC

	K10565
	motD
	chemotaxis protein MotD

	K21217
	motX
	sodium-type polar flagellar protein MotX

	K21218
	motY
	sodium-type flagellar protein MotY

	K10943
	flrC/fleR/flaM
	two-component system, response regulator FlrC

	K03092
	rpoN
	RNA polymerase sigma-54 factor

	K03086
	rpoD
	RNA polymerase primary sigma factor

	K10941
	flrA/fleQ/flaK
	sigma-54 dependent transcriptional regulator, flagellar regulatory protein



Table S6. Vertical distributions of physicochemical properties along the mangrove sediment depth. (mean ± SD).
	Depth (cm)
	0-5
	5-10
	10-15
	15-20
	20-30
	30-40
	40-50
	50-60
	60-80

	CH4 (µM）
	4.35±2.66
	2.94±2.37
	5.30±2.19
	3.35±4.44
	7.37±5.13
	7.70±13.31
	5.69±1.10
	2.11±3.19
	7.53±5.40

	moisture content
	0.63±0.03
	0.65±0.04
	0.63±0.04
	0.61±0.04
	0.57±0.07
	0.51±0.06
	0.37±0.11
	0.35±0.06
	0.27±0.03

	TS (g/kg)
	8.35±0.98
	8.83±1.31
	8.86±0.77
	9.93±1.35
	10.46±0.67
	11.79±1.31
	12.14±1.56
	13.98±2.40
	13.00±2.15

	S0 (ppm)
	4.46±4.10
	2.92±3.65
	0.37±0.43
	0.40±0.52
	0.37±0.15
	0.40±0.30
	0.66±0.92
	0.66±0.79
	0.28±0.15

	TC (g/kg)
	32.39±6.38
	29.69±3.52
	28.30±3.02
	28.19±5.05
	27.45±4.28
	28.03±3.03
	33.11±4.56
	37.37±4.40
	40.43±4.40

	TN (g/kg)
	1.63±0.13
	1.52±0.14
	1.50±0.22
	1.54±0.23
	1.40±0.19
	1.40±0.24
	1.12±0.26
	1.29±0.26
	0.89±0.15

	NH4+ (mg/kg)
	9.29±1.22
	11.51±4.23
	14.89±7.63
	13.43±4.35
	20.39±9.03
	16.93±5.16
	13.82±5.09
	14.45±13.99
	6.96±2.38

	NO2- (mg/kg)
	0.64±0.08
	0.60±0.03
	0.58±0.03
	0.52±0.03
	0.55±0.02
	0.52±0.02
	0.55±0.05
	0.52±0.06
	0.51±0.03

	NO3- (mg/kg)
	0.39±0.12
	0.73±0.11
	0.47±0.11
	0.98±0.77
	0.56±0.40
	0.77±0.43
	0.59±0.35
	0.49±0.50
	0.72±0.33

	SO42- (mg/g)
	0.57±0.29
	0.46±0.18
	0.37±0.21
	0.33±0.25
	0.18±0.15
	0.12±0.12
	0.12±0.08
	0.17±0.07
	0.19±0.07

	pH
	7.55±0.21
	7.69±0.13
	7.74±0.22
	7.70±0.19
	7.73±0.26
	7.72±0.36
	7.61±0.32
	7.53±0.38
	7.71±0.19

	Temperature (℃)
	33.82±1.59
	33.44±1.38
	33.02±1.80
	32.86±1.74
	32.62±1.49
	32.30±0.65
	32.28±1.10
	32.64±1.66
	32.16±1.16

	Salinity (‰)
	13.52±0.90
	13.38±1.20
	12.33±1.32
	11.49±1.10
	10.01±1.95
	6.19±3.69
	4.26±2.10
	3.66±0.90
	2.30±0.39


Note: TC: total carbon; TN: total nitrogen; TS: total sulfur.


B. Supplementary figures
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[bookmark: _Hlk221212577]Fig. S1 The taxonomical diversity of sediment microbial communities. The alpha-diversity of CH4 cycling communities (a), and S cycling communities (b) across the 80-cm mangrove sediment depth. (c) The beta-diversity of microbial communities across nine sediment depths, showing a stratification pattern.
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Fig. S2 The relationships between functional diversity and sediment depths. The functional diversity of CH4 cycling (a), and S cycling (b) across the 80-cm mangrove sediment depth.
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Fig. S3 Correlation analysis of functional genes involved in aerobic methane oxidation, methanogenesis, sulfate reduction and S oxidation. The pmoABC and mmoX genes were detected in only 50% of the depth samples and at low abundance levels. Significance levels are denoted with * (0. 01 < P < 0.05), ** (0.001 < P < 0.01), and *** (P < 0.001).
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Fig. S4 Gene abundances of mcrA (a), dsrA (b), sqr (c), and soxB (d) across mangrove sediment depths.
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[bookmark: _Hlk219564796]Fig. S5 Taxonomic annotations of functional genes for mcrA (a), dsrA (b), sqr (c) and soxB (d) related with methanogenesis, sulfate reduction and S oxidation pathways. The top 10 most abundant taxonomic groups are shown in distinct colors, while all remaining taxa are grouped into an "Others" category.
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Fig. S6 Distribution of genes involved in central methanogenic pathway, methanogenesis, and S metabolism in eight methanogen MAGs. The presence-absence map indicates gene presence using purple.


[image: ]
[bookmark: _Hlk180175652]Fig. S7 Phylogenetic tree of all MAGs containing dsrAB genes and their genomic information. The presence-absence map indicates gene presence using purple. Taxonomic affiliations of the MAGs are indicated by different colors, with the histogram displaying completeness and contamination of each MAG.
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Fig. S8 Distribution of genes involved in anaerobic oxidation of methane, methanogenesis, and S metabolism in three ANME-1 MAGs. The presence-absence map indicates gene presence using purple.
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