Supplementary
Table S1. Detailed primer sets, PCR components, and thermal cycling conditions used for amplicon sequencing
	Parameter
	16S rRNA (Bacteria)
	18S rRNA (Eukaryotes)
	ITS1 (Fungi)

	Target region
	V4-V5
	V4
	ITS1

	Forward primer sequence (5'→3'）
	515F: GTGCCAGCMGCCGCGG
	TAReuk454FWD1: CCAGCASCYGCGGTAATTCC
	ITS1F: CTTGGTCATTTAGAGGAAGTAA

	Reverse primer sequence (5'→3'）
	907R: CCGTCAATTCMTTTRAGTTT-3
	TAReukREV3: ACTTTCGTTCTTGATYRA
	ITS2R: GCTGCGTTCTTCATCGATGC

	Reference
	(Biddle et al., 2008)
	(Stoeck et al., 2010)
	(Adams et al., 2013)

	Reaction mixture (20 μl)

	5 × TransStart® FastPfu Buffer
	4.0 μl
	4.0 μl
	-

	10 × Buffer
	-
	-
	2.0 μl

	2.5 mM dNTPs
	2.0 μl
	2.0 μl
	2.0 μl

	Forward primer (5 μM)
	0.8 μl
	0.8 μl
	0.8 μl

	Reverse primer (5 μM)
	0.8 μl
	0.8 μl
	0.8 μl

	 TransStart® FastPfu Polymerase
	0.4 μl
	0.4 μl
	-

	TaKaRa® rTaq Polymerase
	-
	-
	0.2 μl

	BSA (2 mg mL⁻¹)
	0.2 μl
	0.2 μl
	0.2 μl

	Template DNA (10 ng μL⁻¹)
	2.0 μl
	2.0 μl
	2.0 μl

	Sterilized ddH₂O
	to 20 μl
	to 20 μl
	to 20 μl

	Thermal cycling profile

	 Initial denaturation
	95 °C for 5 min
	95 °C for 5 min
	95 °C for 5 min

	Cycles 
	27
	35
	35

	 Denaturation
	95 °C for 30 s
	95 °C for 30 s
	95 °C for 30 s

	Annealing
	55 °C for 30 s
	55 °C for 30 s
	55 °C for 30 s

	Extension
	72 °C for 45 s
	72 °C for 45 s
	72 °C for 45 s

	 Final extension
	72 °C for 10 min
	72 °C for 10 min
	72 °C for 10 min

	Hold
	4 °C
	4 °C
	4 °C


























Table S2. List of carbon, nitrogen, phosphorus and sulfur functional genes
	Functional Category	
	Pathway
	KEGG Orthology ID (KO ID)
	KO Description

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K01679
	fumarate hydratase, class II [EC:4.2.1.2]

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K00239
	succinate dehydrogenase / fumarate reductase, flavoprotein subunit [EC:1.3.5.1 1.3.5.4]

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K00240
	succinate dehydrogenase / fumarate reductase, iron-sulfur subunit [EC:1.3.5.1 1.3.5.4]

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K00241
	succinate dehydrogenase / fumarate reductase, cytochrome b subunit

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K02160
	acetyl-CoA carboxylase biotin carboxyl carrier protein

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K01961
	acetyl-CoA carboxylase, biotin carboxylase subunit [EC:6.4.1.2 6.3.4.14]

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K01962
	acetyl-CoA carboxylase carboxyl transferase subunit alpha [EC:6.4.1.2 2.1.3.15]

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K01963
	acetyl-CoA carboxylase carboxyl transferase subunit beta [EC:6.4.1.2 2.1.3.15]

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K14468
	malonyl-CoA reductase / 3-hydroxypropionate dehydrogenase (NADP+) [EC:1.2.1.75 1.1.1.298]

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K14469
	acrylyl-CoA reductase (NADPH) / 3-hydroxypropionyl-CoA dehydratase / 3-hydroxypropionyl-CoA synthetase [EC:1.3.1.84 4.2.1.116 6.2.1.36]

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K15052
	propionyl-CoA carboxylase [EC:6.4.1.3 2.1.3.15]

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K05606
	methylmalonyl-CoA/ethylmalonyl-CoA epimerase [EC:5.1.99.1]

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K01847
	methylmalonyl-CoA mutase [EC:5.4.99.2]

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K01848, K01849
	methylmalonyl-CoA mutase [EC:5.4.99.2]

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K14471
	succinyl-CoA:(S)-malate CoA-transferase subunit A [EC:2.8.3.22]

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K14472
	succinyl-CoA:(S)-malate CoA-transferase subunit B [EC:2.8.3.22]

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K08691
	malyl-CoA/(S)-citramalyl-CoA lyase [EC:4.1.3.24 4.1.3.25]

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K14449
	2-methylfumaryl-CoA hydratase [EC:4.2.1.148]

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K14470
	2-methylfumaryl-CoA isomerase [EC:5.4.1.3]

	Carbon fixation
	3-Hydroxypropionate bi-cycle
	K09709
	3-methylfumaryl-CoA hydratase [EC:4.2.1.153]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K00169
	pyruvate ferredoxin oxidoreductase alpha subunit [EC:1.2.7.1]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K00170
	pyruvate ferredoxin oxidoreductase beta subunit [EC:1.2.7.1]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K00171
	pyruvate ferredoxin oxidoreductase delta subunit [EC:1.2.7.1]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K00172
	pyruvate ferredoxin oxidoreductase gamma subunit [EC:1.2.7.1]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K01007
	pyruvate, water dikinase [EC:2.7.9.2]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K01595
	phosphoenolpyruvate carboxylase [EC:4.1.1.31]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K00024
	malate dehydrogenase [EC:1.1.1.37]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K01677
	fumarate hydratase subunit alpha [EC:4.2.1.2]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K01678
	fumarate hydratase subunit beta [EC:4.2.1.2]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K00239
	succinate dehydrogenase / fumarate reductase, flavoprotein subunit [EC:1.3.5.1 1.3.5.4]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K00240
	succinate dehydrogenase / fumarate reductase, iron-sulfur subunit [EC:1.3.5.1 1.3.5.4]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K00241
	succinate dehydrogenase / fumarate reductase, cytochrome b subunit

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K01902
	succinyl-CoA synthetase alpha subunit [EC:6.2.1.5]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K01903
	succinyl-CoA synthetase beta subunit [EC:6.2.1.5]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K15038
	succinyl-CoA reductase [EC:1.2.1.76]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K14465
	succinate semialdehyde reductase (NADPH) [EC:1.1.1.-]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K14534
	4-hydroxybutyryl-CoA dehydratase / vinylacetyl-CoA-Delta-isomerase [EC:4.2.1.120 5.3.3.3]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K15016
	enoyl-CoA hydratase / 3-hydroxyacyl-CoA dehydrogenase [EC:4.2.1.17 1.1.1.35]

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	K00626
	acetyl-CoA C-acetyltransferase [EC:2.3.1.9]

	Carbon fixation
	Hydroxypropionate-hydroxybutylate cycle
	K05606
	methylmalonyl-CoA/ethylmalonyl-CoA epimerase [EC:5.1.99.1]

	Carbon fixation
	Hydroxypropionate-hydroxybutylate cycle
	K01848,K01849
	methylmalonyl-CoA mutase [EC:5.4.99.2]

	Carbon fixation
	Hydroxypropionate-hydroxybutylate cycle
	K15036
	acetyl-CoA/propionyl-CoA carboxylase [EC:6.4.1.2 6.4.1.3 2.1.3.15]

	Carbon fixation
	Hydroxypropionate-hydroxybutylate cycle
	K15039
	3-hydroxypropionate dehydrogenase (NADP+) [EC:1.1.1.298]

	Carbon fixation
	Hydroxypropionate-hydroxybutylate cycle
	K15019
	3-hydroxypropionyl-coenzyme A dehydratase [EC:4.2.1.116]

	Carbon fixation
	Hydroxypropionate-hydroxybutylate cycle
	K15020
	acryloyl-coenzyme A reductase [EC:1.3.1.84]

	Carbon fixation
	Hydroxypropionate-hydroxybutylate cycle
	K15038
	succinyl-CoA reductase [EC:1.2.1.76]

	Carbon fixation
	Hydroxypropionate-hydroxybutylate cycle
	K14465
	succinate semialdehyde reductase (NADPH) [EC:1.1.1.-]

	Carbon fixation
	Hydroxypropionate-hydroxybutylate cycle
	K14466
	4-hydroxybutyrate---CoA ligase (AMP-forming) [EC:6.2.1.40]

	Carbon fixation
	Hydroxypropionate-hydroxybutylate cycle
	K14534
	4-hydroxybutyryl-CoA dehydratase / vinylacetyl-CoA-Delta-isomerase [EC:4.2.1.120 5.3.3.3]

	Carbon fixation
	Hydroxypropionate-hydroxybutylate cycle
	K15016
	enoyl-CoA hydratase / 3-hydroxyacyl-CoA dehydrogenase [EC:4.2.1.17 1.1.1.35]

	Carbon fixation
	Hydroxypropionate-hydroxybutylate cycle
	K00626
	acetyl-CoA C-acetyltransferase [EC:2.3.1.9]

	Carbon fixation
	Incomplete reductive citrate cycle
	K00169
	pyruvate ferredoxin oxidoreductase alpha subunit [EC:1.2.7.1]

	Carbon fixation
	Incomplete reductive citrate cycle
	K00170
	pyruvate ferredoxin oxidoreductase beta subunit [EC:1.2.7.1]

	Carbon fixation
	Incomplete reductive citrate cycle
	K00171
	pyruvate ferredoxin oxidoreductase delta subunit [EC:1.2.7.1]

	Carbon fixation
	Incomplete reductive citrate cycle
	K00172
	pyruvate ferredoxin oxidoreductase gamma subunit [EC:1.2.7.1]

	Carbon fixation
	Incomplete reductive citrate cycle
	K01959
	pyruvate carboxylase subunit A [EC:6.4.1.1]

	Carbon fixation
	Incomplete reductive citrate cycle
	K01960
	pyruvate carboxylase subunit B [EC:6.4.1.1]

	Carbon fixation
	Incomplete reductive citrate cycle
	K00024
	malate dehydrogenase [EC:1.1.1.37]

	Carbon fixation
	Incomplete reductive citrate cycle
	K01677
	fumarate hydratase subunit alpha [EC:4.2.1.2]

	Carbon fixation
	Incomplete reductive citrate cycle
	K01678
	fumarate hydratase subunit beta [EC:4.2.1.2]

	Carbon fixation
	Incomplete reductive citrate cycle
	K01902
	succinyl-CoA synthetase alpha subunit [EC:6.2.1.5]

	Carbon fixation
	Incomplete reductive citrate cycle
	K01903
	succinyl-CoA synthetase beta subunit [EC:6.2.1.5]

	Carbon fixation
	Incomplete reductive citrate cycle
	K00174
	2-oxoglutarate/2-oxoacid ferredoxin oxidoreductase subunit alpha [EC:1.2.7.3 1.2.7.11]

	Carbon fixation
	Incomplete reductive citrate cycle
	K00175
	2-oxoglutarate/2-oxoacid ferredoxin oxidoreductase subunit beta [EC:1.2.7.3 1.2.7.11]

	Carbon fixation
	Incomplete reductive citrate cycle
	K00177
	2-oxoglutarate ferredoxin oxidoreductase subunit gamma [EC:1.2.7.3]

	Carbon fixation
	Incomplete reductive citrate cycle
	K00176
	2-oxoglutarate ferredoxin oxidoreductase subunit delta [EC:1.2.7.3]

	Carbon fixation
	Incomplete reductive citrate cycle
	K18209
	fumarate reductase (CoM/CoB) subunit A [EC:1.3.4.1]

	Carbon fixation
	Incomplete reductive citrate cycle
	K18210
	fumarate reductase (CoM/CoB) subunit B [EC:1.3.4.1]

	Carbon fixation
	Reductive acetyl-CoA pathway (Wood-Ljungdahl pathway)
	K00198
	anaerobic carbon-monoxide dehydrogenase catalytic subunit [EC:1.2.7.4]

	Carbon fixation
	Reductive acetyl-CoA pathway (Wood-Ljungdahl pathway)
	K05299
	formate dehydrogenase (NADP+) alpha subunit [EC:1.17.1.10]

	Carbon fixation
	Reductive acetyl-CoA pathway (Wood-Ljungdahl pathway)
	K15022
	formate dehydrogenase (NADP+) beta subunit [EC:1.17.1.10]

	Carbon fixation
	Reductive acetyl-CoA pathway (Wood-Ljungdahl pathway)
	K22015
	formate dehydrogenase (hydrogenase) [EC:1.17.98.4 1.17.98.-]

	Carbon fixation
	Reductive acetyl-CoA pathway (Wood-Ljungdahl pathway)
	K01938
	formate--tetrahydrofolate ligase [EC:6.3.4.3]

	Carbon fixation
	Reductive acetyl-CoA pathway (Wood-Ljungdahl pathway)
	K01491
	methylenetetrahydrofolate dehydrogenase (NADP+) / methenyltetrahydrofolate cyclohydrolase [EC:1.5.1.5 3.5.4.9]

	Carbon fixation
	Reductive acetyl-CoA pathway (Wood-Ljungdahl pathway)
	K01500
	methenyltetrahydrofolate cyclohydrolase [EC:3.5.4.9]

	Carbon fixation
	Reductive acetyl-CoA pathway (Wood-Ljungdahl pathway)
	K00297
	methylenetetrahydrofolate reductase (NADH) [EC:1.5.1.54]

	Carbon fixation
	Reductive acetyl-CoA pathway (Wood-Ljungdahl pathway)
	K15023
	5-methyltetrahydrofolate corrinoid/iron sulfur protein methyltransferase [EC:2.1.1.258]

	Carbon fixation
	Reductive acetyl-CoA pathway (Wood-Ljungdahl pathway)
	K14138
	acetyl-CoA synthase [EC:2.3.1.169]

	Carbon fixation
	Reductive acetyl-CoA pathway (Wood-Ljungdahl pathway)
	K00197
	acetyl-CoA decarbonylase/synthase, CODH/ACS complex subunit gamma [EC:2.1.1.245]

	Carbon fixation
	Reductive acetyl-CoA pathway (Wood-Ljungdahl pathway)
	K00194
	acetyl-CoA decarbonylase/synthase, CODH/ACS complex subunit delta [EC:2.1.1.245]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00169
	pyruvate ferredoxin oxidoreductase alpha subunit [EC:1.2.7.1]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00170
	pyruvate ferredoxin oxidoreductase beta subunit [EC:1.2.7.1]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00171
	pyruvate ferredoxin oxidoreductase delta subunit [EC:1.2.7.1]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00172
	pyruvate ferredoxin oxidoreductase gamma subunit [EC:1.2.7.1]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K03737
	pyruvate-ferredoxin/flavodoxin oxidoreductase [EC:1.2.7.1 1.2.7.-]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K01007
	pyruvate, water dikinase [EC:2.7.9.2]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K01006
	orthophosphate dikinase [EC:2.7.9.1]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K01595
	phosphoenolpyruvate carboxylase [EC:4.1.1.31]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K01959
	pyruvate carboxylase subunit A [EC:6.4.1.1]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K01960
	pyruvate carboxylase subunit B [EC:6.4.1.1]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K01958
	pyruvate carboxylase [EC:6.4.1.1]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00024
	malate dehydrogenase [EC:1.1.1.37]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K01676
	fumarate hydratase, class I [EC:4.2.1.2]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K01679
	fumarate hydratase, class II [EC:4.2.1.2]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K01677
	fumarate hydratase subunit alpha [EC:4.2.1.2]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K01678
	fumarate hydratase subunit beta [EC:4.2.1.2]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00239
	succinate dehydrogenase / fumarate reductase, flavoprotein subunit [EC:1.3.5.1 1.3.5.4]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00240
	succinate dehydrogenase / fumarate reductase, iron-sulfur subunit [EC:1.3.5.1 1.3.5.4]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00241
	succinate dehydrogenase / fumarate reductase, cytochrome b subunit

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00242
	succinate dehydrogenase / fumarate reductase, membrane anchor subunit

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00244
	fumarate reductase flavoprotein subunit [EC:1.3.5.4]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00245
	fumarate reductase iron-sulfur subunit [EC:1.3.5.4]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00246
	fumarate reductase subunit C

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00247
	fumarate reductase subunit D

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K18560
	NADH-dependent fumarate reductase subunit E

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K01902
	succinyl-CoA synthetase alpha subunit [EC:6.2.1.5]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K01903
	succinyl-CoA synthetase beta subunit [EC:6.2.1.5]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00174
	2-oxoglutarate/2-oxoacid ferredoxin oxidoreductase subunit alpha [EC:1.2.7.3 1.2.7.11]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00175
	2-oxoglutarate/2-oxoacid ferredoxin oxidoreductase subunit beta [EC:1.2.7.3 1.2.7.11]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00177
	2-oxoglutarate ferredoxin oxidoreductase subunit gamma [EC:1.2.7.3]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00176
	2-oxoglutarate ferredoxin oxidoreductase subunit delta [EC:1.2.7.3]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K00031
	isocitrate dehydrogenase [EC:1.1.1.42]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K01681
	aconitate hydratase [EC:4.2.1.3]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K01682
	aconitate hydratase 2 / 2-methylisocitrate dehydratase [EC:4.2.1.3 4.2.1.99]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K15230
	ATP-citrate lyase alpha-subunit [EC:2.3.3.8]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K15231
	ATP-citrate lyase beta-subunit [EC:2.3.3.8]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K15232
	citryl-CoA synthetase large subunit [EC:6.2.1.18]

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	K15234
	citryl-CoA lyase [EC:4.1.3.34]

	Carbon fixation
	Reductive pentose phosphate cycle (Calvin cycle)
	K01601
	ribulose-bisphosphate carboxylase large chain [EC:4.1.1.39]

	Carbon fixation
	Reductive pentose phosphate cycle (Calvin cycle)
	K01602
	ribulose-bisphosphate carboxylase small chain [EC:4.1.1.39]

	Carbon fixation
	Reductive pentose phosphate cycle (Calvin cycle)
	K05298
	glyceraldehyde-3-phosphate dehydrogenase (NADP+) (phosphorylating) [EC:1.2.1.13]

	Carbon fixation
	Reductive pentose phosphate cycle (Calvin cycle)
	K00150
	glyceraldehyde-3-phosphate dehydrogenase (NAD(P)) [EC:1.2.1.59]

	Carbon fixation
	Reductive pentose phosphate cycle (Calvin cycle)
	K00134
	glyceraldehyde 3-phosphate dehydrogenase (phosphorylating) [EC:1.2.1.12]

	Carbon fixation
	Reductive pentose phosphate cycle (Calvin cycle)
	K01623
	fructose-bisphosphate aldolase, class I [EC:4.1.2.13]

	Carbon fixation
	Reductive pentose phosphate cycle (Calvin cycle)
	K01624
	fructose-bisphosphate aldolase, class II [EC:4.1.2.13]

	Carbon fixation
	Reductive pentose phosphate cycle (Calvin cycle)
	K03841
	fructose-1,6-bisphosphatase I [EC:3.1.3.11]

	Carbon fixation
	Reductive pentose phosphate cycle (Calvin cycle)
	K02446
	fructose-1,6-bisphosphatase II [EC:3.1.3.11]

	Carbon fixation
	Reductive pentose phosphate cycle (Calvin cycle)
	K11532
	fructose-1,6-bisphosphatase II / sedoheptulose-1,7-bisphosphatase [EC:3.1.3.11 3.1.3.37]

	Carbon fixation
	Reductive pentose phosphate cycle (Calvin cycle)
	K01086
	fructose-1,6-bisphosphatase I / sedoheptulose-1,7-bisphosphatase [EC:3.1.3.11 3.1.3.37]

	Carbon fixation
	Reductive pentose phosphate cycle (Calvin cycle)
	K00615
	transketolase [EC:2.2.1.1]

	Carbon fixation
	Reductive pentose phosphate cycle (Calvin cycle)
	K01807
	ribose 5-phosphate isomerase A [EC:5.3.1.6]

	Carbon fixation
	Reductive pentose phosphate cycle (Calvin cycle)
	K01808
	ribose 5-phosphate isomerase B [EC:5.3.1.6]

	Carbon decomposition 
	Aromatic
	K03417
	methylisocitrate lyase [EC:4.1.3.30]

	Carbon decomposition
	Aromatic
	K01637
	isocitrate lyase [EC:4.1.3.1]

	Carbon decomposition
	Aromatic
	K01638
	malate synthase [EC:2.3.3.9]

	Carbon decomposition
	Aromatic
	K01649
	2-isopropylmalate synthase [EC:2.3.3.13]

	Carbon decomposition
	Aromatic
	K10533
	limonene-1,2-epoxide hydrolase [EC:3.3.2.8]

	Carbon decomposition
	Aromatic
	K03862
	vanillate monooxygenase [EC:1.14.13.82]

	Carbon decomposition
	Aromatic
	K21802
	vanillin dehydrogenase [EC:1.2.1.67]

	Carbon decomposition
	Cellulose
	K01188
	beta-glucosidase [EC:3.2.1.21]

	Carbon decomposition
	Cellulose
	K05349
	beta-glucosidase [EC:3.2.1.21]

	Carbon decomposition
	Cellulose
	K05350
	beta-glucosidase [EC:3.2.1.21]

	Carbon decomposition
	Cellulose
	K01179
	endoglucanase [EC:3.2.1.4]

	Carbon decomposition
	Cellulose
	K20542
	endoglucanase [EC:3.2.1.4]

	Carbon decomposition
	Cellulose
	K00702
	cellobiose phosphorylase [EC:2.4.1.20]

	Carbon decomposition
	Cellulose
	K01222
	6-phospho-beta-glucosidase [EC:3.2.1.86]

	Carbon decomposition
	Cellulose
	K01223
	6-phospho-beta-glucosidase [EC:3.2.1.86]

	Carbon decomposition
	Cellulose
	K01210
	glucan 1,3-beta-glucosidase [EC:3.2.1.58]

	Carbon decomposition
	Cellulose
	K01199
	glucan endo-1,3-beta-D-glucosidase [EC:3.2.1.39]

	Carbon decomposition
	Cellulose
	K19893
	glucan endo-1,3-beta-glucosidase 5/6 [EC:3.2.1.39]

	Carbon decomposition
	Cellulose
	K22276
	glucan endo-1,6-beta-glucosidase [EC:3.2.1.75]

	Carbon decomposition
	Cellulose
	K22277
	glucan endo-1,6-beta-glucosidase [EC:3.2.1.75]

	Carbon decomposition
	Cellulose
	K01220
	6-phospho-beta-galactosidase [EC:3.2.1.85]

	Carbon decomposition
	Cellulose
	K18579
	galactan endo-1,6-beta-galactosidase [EC:3.2.1.164]

	Carbon decomposition
	Cellulose
	K01225
	cellulose 1,4-beta-cellobiosidase [EC:3.2.1.91]

	Carbon decomposition
	Cellulose
	K19668
	cellulose 1,4-beta-cellobiosidase [EC:3.2.1.91]

	Carbon decomposition
	Cellulose
	K18651
	oligoxyloglucan reducing-end-specific cellobiohydrolase [EC:3.2.1.150]

	Carbon decomposition
	Cellulose
	K19356
	lytic cellulose monooxygenase (C1-hydroxylating) [EC:1.14.99.54]

	Carbon decomposition
	Cellulose
	K22033
	lytic cellulose monooxygenase (C4-dehydrogenating) [EC:1.14.99.56]

	Carbon decomposition
	Chitin
	K01205
	alpha-N-acetylglucosaminidase [EC:3.2.1.50]

	Carbon decomposition
	Chitin
	K01183
	chitinase [EC:3.2.1.14]

	Carbon decomposition
	Chitin
	K13381
	bifunctional chitinase/lysozyme [EC:3.2.1.14 3.2.1.17]

	Carbon decomposition
	Chitin
	K20547
	basic endochitinase B [EC:3.2.1.14]

	Carbon decomposition
	Chitin
	K00698
	chitin synthase [EC:2.4.1.16]

	Carbon decomposition
	Chitin
	K03478
	chitin disaccharide deacetylase [EC:3.5.1.105]

	Carbon decomposition
	Chitin
	K01227
	mannosyl-glycoprotein endo-beta-N-acetylglucosaminidase [EC:3.2.1.96]

	Carbon decomposition
	Chitin
	K23989
	mannosyl-glycoprotein endo-beta-N-acetylglucosaminidase [EC:3.2.1.96]

	Carbon decomposition
	Chitin
	K01207
	beta-N-acetylhexosaminidase [EC:3.2.1.52]

	Carbon decomposition
	Chitin
	K12373
	hexosaminidase [EC:3.2.1.52]

	Carbon decomposition
	Chitin
	K18675
	N,N'-diacetylchitobiose phosphorylase [EC:2.4.1.280]

	Carbon decomposition
	Chitin
	K01452
	chitin deacetylase [EC:3.5.1.41]

	Carbon decomposition
	Hemicellulose
	K20844
	non-reducing end alpha-L-arabinofuranosidase [EC:3.2.1.55]

	Carbon decomposition
	Hemicellulose
	K01209
	alpha-L-arabinofuranosidase [EC:3.2.1.55]

	Carbon decomposition
	Hemicellulose
	K01805
	xylose isomerase [EC:5.3.1.5]

	Carbon decomposition
	Hemicellulose
	K01181
	endo-1,4-beta-xylanase [EC:3.2.1.8]

	Carbon decomposition
	Hemicellulose
	K15921
	arabinoxylan arabinofuranohydrolase [EC:3.2.1.55]

	Carbon decomposition
	Hemicellulose
	K06113
	arabinan endo-1,5-alpha-L-arabinosidase [EC:3.2.1.99]

	Carbon decomposition
	Hemicellulose
	K08257
	mannan endo-1,6-alpha-mannosidase [EC:3.2.1.101]

	Carbon decomposition
	Hemicellulose
	K01192
	beta-mannosidase [EC:3.2.1.25]

	Carbon decomposition
	Hemicellulose
	K01230
	mannosyl-oligosaccharide alpha-1,2-mannosidase [EC:3.2.1.113]

	Carbon decomposition
	Hemicellulose
	K01191
	alpha-mannosidase [EC:3.2.1.24]

	Carbon decomposition
	Hemicellulose
	K01231
	alpha-mannosidase II [EC:3.2.1.114]

	Carbon decomposition
	Hemicellulose
	K21065
	beta-1,2-mannosidase [EC:3.2.1.197]

	Carbon decomposition
	Hemicellulose
	K01218
	mannan endo-1,4-beta-mannosidase [EC:3.2.1.78]

	Carbon decomposition
	Hemicellulose
	K19355
	mannan endo-1,4-beta-mannosidase [EC:3.2.1.78]

	Carbon decomposition
	Hemicellulose
	K21132
	alpha-mannan endo-1,2-alpha-mannanase / glycoprotein endo-alpha-1,2-mannosidase [EC:3.2.1.198 3.2.1.130]

	Carbon decomposition
	Hemicellulose
	K01198
	xylan 1,4-beta-xylosidase [EC:3.2.1.37]

	Carbon decomposition
	Hemicellulose
	K15920
	xylan 1,4-beta-xylosidase [EC:3.2.1.37]

	Carbon decomposition
	Hemicellulose
	K22268
	xylan 1,4-beta-xylosidase [EC:3.2.1.37]

	Carbon decomposition
	Hemicellulose
	K01195
	beta-glucuronidase [EC:3.2.1.31]

	Carbon decomposition
	Hemicellulose
	K13379
	reversibly glycosylated polypeptide / UDP-arabinopyranose mutase [EC:2.4.1.- 5.4.99.30]

	Carbon decomposition
	Hemicellulose
	K05972
	acetylxylan esterase [EC:3.1.1.72]

	Carbon decomposition
	Hemicellulose
	K18576
	xyloglucan-specific endo-beta-1,4-glucanase [EC:3.2.1.151]

	Carbon decomposition
	Hemicellulose
	K01189
	alpha-galactosidase [EC:3.2.1.22]

	Carbon decomposition
	Hemicellulose
	K07406
	alpha-galactosidase [EC:3.2.1.22]

	Carbon decomposition
	Hemicellulose
	K07407
	alpha-galactosidase [EC:3.2.1.22]

	Carbon decomposition
	Hemicellulose
	K01190
	beta-galactosidase [EC:3.2.1.23]

	Carbon decomposition
	Hemicellulose
	K12308
	beta-galactosidase [EC:3.2.1.23]

	Carbon decomposition
	Hemicellulose
	K09252
	feruloyl esterase [EC:3.1.1.73]

	Carbon decomposition
	Hemicellulose
	K01235
	alpha-glucuronidase [EC:3.2.1.139]

	Carbon decomposition
	Hemicellulose
	K01206
	alpha-L-fucosidase [EC:3.2.1.51]

	Carbon decomposition
	Hemicellulose
	K15923
	alpha-L-fucosidase 2 [EC:3.2.1.51]

	Carbon decomposition
	Hemicellulose
	K01811
	alpha-D-xyloside xylohydrolase [EC:3.2.1.177]

	Carbon decomposition
	Hemicellulose
	K01224
	arabinogalactan endo-1,4-beta-galactosidase [EC:3.2.1.89]

	Carbon decomposition
	Hemicellulose
	K03928
	carboxylesterase [EC:3.1.1.1]

	Carbon decomposition
	Hemicellulose
	K15743
	carboxylesterase 3/5 [EC:3.1.1.1]

	Carbon decomposition
	Hemicellulose
	K03927
	carboxylesterase 2 [EC:3.1.1.1 3.1.1.84 3.1.1.56]

	Carbon decomposition
	Hemicellulose
	K01180
	endo-1,3(4)-beta-glucanase [EC:3.2.1.6]

	Carbon decomposition
	Hemicellulose
	K01212
	levanase [EC:3.2.1.65]

	Carbon decomposition
	Lignin
	K04618
	galactose oxidase [EC:1.1.3.9]

	Carbon decomposition
	Lignin
	K05909
	laccase [EC:1.10.3.2]

	Carbon decomposition
	Lignin
	K22552
	multicopper oxidase [EC:1.16.3.1]

	Carbon decomposition
	Lignin
	K00422
	polyphenol oxidase [EC:1.10.3.1]

	Carbon decomposition
	Lignin
	K00505
	tyrosinase [EC:1.14.18.1]

	Carbon decomposition
	Lignin
	K03781
	catalase [EC:1.11.1.6]

	Carbon decomposition
	Lignin
	K03782
	catalase-peroxidase [EC:1.11.1.21]

	Carbon decomposition
	Lignin
	K00433
	non-heme chloroperoxidase [EC:1.11.1.10]

	Carbon decomposition
	Lignin
	K00428
	cytochrome c peroxidase [EC:1.11.1.5]

	Carbon decomposition
	Lignin
	K00432
	glutathione peroxidase [EC:1.11.1.9]

	Carbon decomposition
	Lignin
	K00344
	NADPH:quinone reductase [EC:1.6.5.5]

	Carbon decomposition
	Lignin
	K00359
	NADPH:quinone reductase [EC:1.6.5.5]

	Carbon decomposition
	Lignin
	K19069
	cellobiose dehydrogenase (acceptor) [EC:1.1.99.18]

	Carbon decomposition
	Lignin
	K00383
	glutathione reductase (NADPH) [EC:1.8.1.7]

	Carbon decomposition
	Pectin
	K01728
	pectate lyase [EC:4.2.2.2]

	Carbon decomposition
	Pectin
	K19551
	pectate lyase C [EC:4.2.2.2 4.2.2.10]

	Carbon decomposition
	Pectin
	K22539
	pectate lyase [EC:4.2.2.2]

	Carbon decomposition
	Pectin
	K01732
	pectin lyase [EC:4.2.2.10]

	Carbon decomposition
	Pectin
	K01051
	pectinesterase [EC:3.1.1.11]

	Carbon decomposition
	Pectin
	K01184
	polygalacturonase [EC:3.2.1.15]

	Carbon decomposition
	Pectin
	K22933
	galacturan 1,4-alpha-galacturonidase [EC:3.2.1.67]

	Carbon decomposition
	Pectin
	K18580
	rhamnogalacturonan hydrolase [EC:3.2.1.171]

	Carbon decomposition
	Pectin
	K05989
	alpha-L-rhamnosidase [EC:3.2.1.40]

	Carbon decomposition
	Pectin
	K22994
	pectate disaccharide-lyase [EC:4.2.2.9]

	Carbon decomposition
	Pectin
	K18195
	rhamnogalacturonan endolyase [EC:4.2.2.23]

	Carbon decomposition
	Pectin
	K18197
	rhamnogalacturonan endolyase [EC:4.2.2.23]

	Carbon decomposition
	Pectin
	K15532
	unsaturated rhamnogalacturonyl hydrolase [EC:3.2.1.172]

	Carbon decomposition
	Starch
	K01176
	alpha-amylase [EC:3.2.1.1]

	Carbon decomposition
	Starch
	K07405
	alpha-amylase [EC:3.2.1.1]

	Carbon decomposition
	Starch
	K05343
	alpha-amylase [EC:3.2.1.1]

	Carbon decomposition
	Starch
	K01200
	pullulanase [EC:3.2.1.41]

	Carbon decomposition
	Starch
	K01208
	neopullulanase [EC:3.2.1.135]

	Carbon decomposition
	Starch
	K21575
	neopullulanase [EC:3.2.1.135]

	Carbon decomposition
	Starch
	K01178
	glucoamylase [EC:3.2.1.3]

	Carbon decomposition
	Starch
	K21574
	glucan 1,4-alpha-glucosidase [EC:3.2.1.3]

	Carbon decomposition
	Starch
	K08254
	glucan endo-1,3-alpha-glucosidase [EC:3.2.1.59]

	Carbon decomposition
	Starch
	K12316
	lysosomal alpha-glucosidase [EC:3.2.1.20]

	Carbon decomposition
	Starch
	K01187
	alpha-glucosidase [EC:3.2.1.20]

	Carbon decomposition
	Starch
	K01214
	isoamylase [EC:3.2.1.68]

	Carbon decomposition
	Starch
	K00700
	1,4-alpha-glucan branching enzyme [EC:2.4.1.18]

	Carbon decomposition
	Starch
	K02438
	glycogen debranching enzyme [EC:3.2.1.196]

	Carbon decomposition
	Starch
	K00688
	glycogen phosphorylase [EC:2.4.1.1]

	Carbon decomposition
	Starch
	K16153
	glycogen phosphorylase/synthase [EC:2.4.1.1 2.4.1.11]

	Carbon decomposition
	Starch
	K00705
	4-alpha-glucanotransferase [EC:2.4.1.25]

	Carbon decomposition
	Starch
	K22451
	4-alpha-glucanotransferase [EC:2.4.1.25]

	Carbon decomposition
	Starch
	K01182
	oligo-1,6-glucosidase [EC:3.2.1.10]

	Methanogenesis
	Acetoclastic methanogenesis
	K00925
	acetate kinase [EC:2.7.2.1]

	Methanogenesis
	Acetoclastic methanogenesis
	K00625
	phosphate acetyltransferase [EC:2.3.1.8]

	Methanogenesis
	Acetoclastic methanogenesis
	K01895
	acetyl-CoA synthetase [EC:6.2.1.1]

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

	Methanogenesis
	Acetoclastic methanogenesis
	K00197
	acetyl-CoA decarbonylase/synthase, CODH/ACS complex subunit gamma [EC:2.1.1.245]

	Methanogenesis
	Acetoclastic methanogenesis
	K00194
	acetyl-CoA decarbonylase/synthase, CODH/ACS complex subunit delta [EC:2.1.1.245]

	Methanogenesis
	Acetoclastic methanogenesis
	K00577
	tetrahydromethanopterin S-methyltransferase subunit A [EC:2.1.1.86]

	Methanogenesis
	Acetoclastic methanogenesis
	K00578
	tetrahydromethanopterin S-methyltransferase subunit B [EC:2.1.1.86]

	Methanogenesis
	Acetoclastic methanogenesis
	K00579
	tetrahydromethanopterin S-methyltransferase subunit C [EC:2.1.1.86]

	Methanogenesis
	Acetoclastic methanogenesis
	K00580
	tetrahydromethanopterin S-methyltransferase subunit D [EC:2.1.1.86]

	Methanogenesis
	Acetoclastic methanogenesis
	K00581
	tetrahydromethanopterin S-methyltransferase subunit E [EC:2.1.1.86]

	Methanogenesis
	Acetoclastic methanogenesis
	K00583
	tetrahydromethanopterin S-methyltransferase subunit G [EC:2.1.1.86]

	Methanogenesis
	Acetoclastic methanogenesis
	K00584
	tetrahydromethanopterin S-methyltransferase subunit H [EC:2.1.1.86]

	Methanogenesis
	Acetoclastic methanogenesis
	K00399
	methyl-coenzyme M reductase alpha subunit [EC:2.8.4.1]

	Methanogenesis
	Acetoclastic methanogenesis
	K00401
	methyl-coenzyme M reductase beta subunit [EC:2.8.4.1]

	Methanogenesis
	Acetoclastic methanogenesis
	K00402
	methyl-coenzyme M reductase gamma subunit [EC:2.8.4.1]

	Methanogenesis
	Acetoclastic methanogenesis
	K03421
	methyl-coenzyme M reductase subunit C

	Methanogenesis
	Acetoclastic methanogenesis
	K03422
	methyl-coenzyme M reductase subunit D

	Methanogenesis
	Acetoclastic methanogenesis
	K22480
	heterodisulfide reductase subunit A1 [EC:1.8.7.3]

	Methanogenesis
	Acetoclastic methanogenesis
	K22481
	heterodisulfide reductase subunit B1 [EC:1.8.7.3]

	Methanogenesis
	Acetoclastic methanogenesis
	K22482
	heterodisulfide reductase subunit C1 [EC:1.8.7.3]

	Methanogenesis
	Acetoclastic methanogenesis
	K03388
	heterodisulfide reductase subunit A2 [EC:1.8.7.3 1.8.98.4 1.8.98.5 1.8.98.6]

	Methanogenesis
	Acetoclastic methanogenesis
	K03389
	heterodisulfide reductase subunit B2 [EC:1.8.7.3 1.8.98.4 1.8.98.5 1.8.98.6]

	Methanogenesis
	Acetoclastic methanogenesis
	K03390
	heterodisulfide reductase subunit C2 [EC:1.8.7.3 1.8.98.4 1.8.98.5 1.8.98.6]

	Methanogenesis
	Acetoclastic methanogenesis
	K08264
	heterodisulfide reductase subunit D [EC:1.8.98.1]

	Methanogenesis
	Acetoclastic methanogenesis
	K14126
	F420-non-reducing hydrogenase large subunit [EC:1.12.99.- 1.8.98.5]

	Methanogenesis
	Acetoclastic methanogenesis
	K14128
	F420-non-reducing hydrogenase small subunit [EC:1.12.99.- 1.8.98.5]

	Methanogenesis
	Acetoclastic methanogenesis
	K14127
	F420-non-reducing hydrogenase iron-sulfur subunit [EC:1.12.99.- 1.8.98.5 1.8.98.6]

	Methanogenesis
	Acetoclastic methanogenesis
	K22516
	formate dehydrogenase (coenzyme F420) alpha subunit [EC:1.17.98.3 1.8.98.6]

	Methanogenesis
	Acetoclastic methanogenesis
	K00125
	formate dehydrogenase (coenzyme F420) beta subunit [EC:1.17.98.3 1.8.98.6]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00200
	formylmethanofuran dehydrogenase subunit A [EC:1.2.7.12]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00201
	formylmethanofuran dehydrogenase subunit B [EC:1.2.7.12]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00202
	formylmethanofuran dehydrogenase subunit C [EC:1.2.7.12]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00203
	formylmethanofuran dehydrogenase subunit D [EC:1.2.7.12]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K11261
	formylmethanofuran dehydrogenase subunit E [EC:1.2.7.12]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00205
	4Fe-4S ferredoxin

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K11260
	4Fe-4S ferredoxin

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00672
	formylmethanofuran--tetrahydromethanopterin N-formyltransferase [EC:2.3.1.101]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K01499
	methenyltetrahydromethanopterin cyclohydrolase [EC:3.5.4.27]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00319
	methylenetetrahydromethanopterin dehydrogenase [EC:1.5.98.1]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00320
	5,10-methylenetetrahydromethanopterin reductase [EC:1.5.98.2]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00441
	coenzyme F420 hydrogenase subunit beta [EC:1.12.98.1]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00442
	coenzyme F420 hydrogenase subunit delta

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00577
	tetrahydromethanopterin S-methyltransferase subunit A [EC:2.1.1.86]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00578
	tetrahydromethanopterin S-methyltransferase subunit B [EC:2.1.1.86]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00579
	tetrahydromethanopterin S-methyltransferase subunit C [EC:2.1.1.86]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00580
	tetrahydromethanopterin S-methyltransferase subunit D [EC:2.1.1.86]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00581
	tetrahydromethanopterin S-methyltransferase subunit E [EC:2.1.1.86]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00583
	tetrahydromethanopterin S-methyltransferase subunit G [EC:2.1.1.86]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00584
	tetrahydromethanopterin S-methyltransferase subunit H [EC:2.1.1.86]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00399
	methyl-coenzyme M reductase alpha subunit [EC:2.8.4.1]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00401
	methyl-coenzyme M reductase beta subunit [EC:2.8.4.1]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00402
	methyl-coenzyme M reductase gamma subunit [EC:2.8.4.1]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K03421
	methyl-coenzyme M reductase subunit C

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K03422
	methyl-coenzyme M reductase subunit D

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K22480
	heterodisulfide reductase subunit A1 [EC:1.8.7.3]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K22481
	heterodisulfide reductase subunit B1 [EC:1.8.7.3]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K22482
	heterodisulfide reductase subunit C1 [EC:1.8.7.3]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K03388
	heterodisulfide reductase subunit A2 [EC:1.8.7.3 1.8.98.4 1.8.98.5 1.8.98.6]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K03389
	heterodisulfide reductase subunit B2 [EC:1.8.7.3 1.8.98.4 1.8.98.5 1.8.98.6]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K03390
	heterodisulfide reductase subunit C2 [EC:1.8.7.3 1.8.98.4 1.8.98.5 1.8.98.6]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K08264
	heterodisulfide reductase subunit D [EC:1.8.98.1]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K14126
	F420-non-reducing hydrogenase large subunit [EC:1.12.99.- 1.8.98.5]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K14128
	F420-non-reducing hydrogenase small subunit [EC:1.12.99.- 1.8.98.5]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K14127
	F420-non-reducing hydrogenase iron-sulfur subunit [EC:1.12.99.- 1.8.98.5 1.8.98.6]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K22516
	formate dehydrogenase (coenzyme F420) alpha subunit [EC:1.17.98.3 1.8.98.6]

	Methanogenesis
	Hydrogenotrophic methanogenesis
	K00125
	formate dehydrogenase (coenzyme F420) beta subunit [EC:1.17.98.3 1.8.98.6]

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

	Methanogenesis
	Methylotrophic methanogenesis
	K04480
	methanol---5-hydroxybenzimidazolylcobamide Co-methyltransferase [EC:2.1.1.90]

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

	Methanogenesis
	Methylotrophic methanogenesis
	K16176
	methylamine---corrinoid protein Co-methyltransferase [EC:2.1.1.248]

	Methanogenesis
	Methylotrophic methanogenesis
	K16177
	monomethylamine corrinoid protein

	Methanogenesis
	Methylotrophic methanogenesis
	K16178
	dimethylamine---corrinoid protein Co-methyltransferase [EC:2.1.1.249]

	Methanogenesis
	Methylotrophic methanogenesis
	K16179
	dimethylamine corrinoid protein

	Methanogenesis
	Methylotrophic methanogenesis
	K14083
	trimethylamine---corrinoid protein Co-methyltransferase [EC:2.1.1.250]

	Methanogenesis
	Methylotrophic methanogenesis
	K14084
	trimethylamine corrinoid protein

	Methanogenesis
	Methylotrophic methanogenesis
	K00399
	methyl-coenzyme M reductase alpha subunit [EC:2.8.4.1]

	Methanogenesis
	Methylotrophic methanogenesis
	K00401
	methyl-coenzyme M reductase beta subunit [EC:2.8.4.1]

	Methanogenesis
	Methylotrophic methanogenesis
	K00402
	methyl-coenzyme M reductase gamma subunit [EC:2.8.4.1]

	Methanogenesis
	Methylotrophic methanogenesis
	K22480
	heterodisulfide reductase subunit A1 [EC:1.8.7.3]

	Methanogenesis
	Methylotrophic methanogenesis
	K22481
	heterodisulfide reductase subunit B1 [EC:1.8.7.3]

	Methanogenesis
	Methylotrophic methanogenesis
	K22482
	heterodisulfide reductase subunit C1 [EC:1.8.7.3]

	Methanogenesis
	Methylotrophic methanogenesis
	K03388
	heterodisulfide reductase subunit A2 [EC:1.8.7.3 1.8.98.4 1.8.98.5 1.8.98.6]

	Methanogenesis
	Methylotrophic methanogenesis
	K03389
	heterodisulfide reductase subunit B2 [EC:1.8.7.3 1.8.98.4 1.8.98.5 1.8.98.6]

	Methanogenesis
	Methylotrophic methanogenesis
	K03390
	heterodisulfide reductase subunit C2 [EC:1.8.7.3 1.8.98.4 1.8.98.5 1.8.98.6]

	Methanogenesis
	Methylotrophic methanogenesis
	K08264
	heterodisulfide reductase subunit D [EC:1.8.98.1]

	Methanogenesis
	Methylotrophic methanogenesis
	K14126
	F420-non-reducing hydrogenase large subunit [EC:1.12.99.- 1.8.98.5]

	Methanogenesis
	Methylotrophic methanogenesis
	K14128
	F420-non-reducing hydrogenase small subunit [EC:1.12.99.- 1.8.98.5]

	Methanogenesis
	Methylotrophic methanogenesis
	K14127
	F420-non-reducing hydrogenase iron-sulfur subunit [EC:1.12.99.- 1.8.98.5 1.8.98.6]

	Methanogenesis
	Methylotrophic methanogenesis
	K22516
	formate dehydrogenase (coenzyme F420) alpha subunit [EC:1.17.98.3 1.8.98.6]

	Methanogenesis
	Methylotrophic methanogenesis
	K00125
	formate dehydrogenase (coenzyme F420) beta subunit [EC:1.17.98.3 1.8.98.6]

	Oxidation_of_methane
	Aerobic oxidation of methane
	K10944
	methane/ammonia monooxygenase subunit A [EC:1.14.18.3 1.14.99.39]

	Oxidation_of_methane
	Aerobic oxidation of methane
	K10945
	methane/ammonia monooxygenase subunit B

	Oxidation_of_methane
	Aerobic oxidation of methane
	K10946
	methane/ammonia monooxygenase subunit C

	Oxidation_of_methane
	Aerobic oxidation of methane
	K16157
	methane monooxygenase component A alpha chain [EC:1.14.13.25]

	Oxidation_of_methane
	Aerobic oxidation of methane
	K16158
	methane monooxygenase component A beta chain [EC:1.14.13.25]

	Oxidation_of_methane
	Aerobic oxidation of methane
	K16159
	methane monooxygenase component A gamma chain [EC:1.14.13.25]

	Oxidation_of_methane
	Aerobic oxidation of methane
	K16160
	methane monooxygenase regulatory protein B

	Oxidation_of_methane
	Aerobic oxidation of methane
	K14028
	methanol dehydrogenase (cytochrome c) subunit 1 [EC:1.1.2.7]

	Oxidation_of_methane
	Aerobic oxidation of methane
	K23995
	lanthanide-dependent methanol dehydrogenase [EC:1.1.2.10]

	Oxidation_of_methane
	Aerobic oxidation of methane
	K16254
	mxaJ protein

	Oxidation_of_methane
	Aerobic oxidation of methane
	K16255
	cytochrome c-L

	Oxidation_of_methane
	Aerobic oxidation of methane
	K16256
	mxaA protein

	Oxidation_of_methane
	Aerobic oxidation of methane
	K16257
	mxaC protein

	Oxidation_of_methane
	Aerobic oxidation of methane
	K16258
	mxaK protein

	Oxidation_of_methane
	Aerobic oxidation of methane
	K16259
	mxaL protein

	Oxidation_of_methane
	Aerobic oxidation of methane
	K16260
	mxaD protein

	Oxidation_of_methane
	Aerobic oxidation of methane
	K10713
	5,6,7,8-tetrahydromethanopterin hydro-lyase [EC:4.2.1.147]

	Oxidation_of_methane
	Aerobic oxidation of methane
	K10714
	methylene-tetrahydromethanopterin dehydrogenase [EC:1.5.1.-]

	Oxidation_of_methane
	Aerobic oxidation of methane
	K01499
	methenyltetrahydromethanopterin cyclohydrolase [EC:3.5.4.27]

	Oxidation_of_methane
	Aerobic oxidation of methane
	K00200
	Formyltransferase/hydrolase complex Fhc subunit A;formylmethanofuran dehydrogenase subunit A [EC:1.2.7.12]

	Oxidation_of_methane
	Aerobic oxidation of methane
	K00201
	Formyltransferase/hydrolase complex Fhc subunit B;formylmethanofuran dehydrogenase subunit B [EC:1.2.7.12]

	Oxidation_of_methane
	Aerobic oxidation of methane
	K00202
	Formyltransferase/hydrolase complex Fhc subunit C;formylmethanofuran dehydrogenase subunit C [EC:1.2.7.12];

	Oxidation_of_methane
	Aerobic oxidation of methane
	K00672
	formyltransferase/hydrolase complex Fhc subunit D;formylmethanofuran--tetrahydromethanopterin N-formyltransferase [EC:2.3.1.101]

	Oxidation_of_methane
	Aerobic oxidation of methane
	K22516
	formate dehydrogenase (coenzyme F420) alpha subunit [EC:1.17.98.3 1.8.98.6]

	Oxidation_of_methane
	Aerobic oxidation of methane
	K00125
	formate dehydrogenase (coenzyme F420) beta subunit [EC:1.17.98.3 1.8.98.6]

	Oxidation_of_methane
	Aerobic oxidation of methane
	K00122
	formate dehydrogenase [EC:1.17.1.9]

	Oxidation_of_methane
	Aerobic oxidation of methane
	K00123
	formate dehydrogenase major subunit [EC:1.17.1.9]

	Oxidation_of_methane
	Aerobic oxidation of methane
	K00124
	formate dehydrogenase iron-sulfur subunit

	Oxidation_of_methane
	Aerobic oxidation of methane
	K00127
	formate dehydrogenase subunit gamma

	Oxidation_of_methane
	Aerobic oxidation of methane
	K22515
	formate dehydrogenase beta subunit [EC:1.17.1.9]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K22480
	heterodisulfide reductase subunit A1 [EC:1.8.7.3]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K22481
	heterodisulfide reductase subunit B1 [EC:1.8.7.3]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K22482
	heterodisulfide reductase subunit C1 [EC:1.8.7.3]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K03388
	heterodisulfide reductase subunit A2 [EC:1.8.7.3 1.8.98.4 1.8.98.5 1.8.98.6]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K03389
	heterodisulfide reductase subunit B2 [EC:1.8.7.3 1.8.98.4 1.8.98.5 1.8.98.6]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K03390
	heterodisulfide reductase subunit C2 [EC:1.8.7.3 1.8.98.4 1.8.98.5 1.8.98.6]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K08264
	heterodisulfide reductase subunit D [EC:1.8.98.1]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K14126
	F420-non-reducing hydrogenase large subunit [EC:1.12.99.- 1.8.98.5]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K14128
	F420-non-reducing hydrogenase small subunit [EC:1.12.99.- 1.8.98.5]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K14127
	F420-non-reducing hydrogenase iron-sulfur subunit [EC:1.12.99.- 1.8.98.5 1.8.98.6]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K22516
	formate dehydrogenase (coenzyme F420) alpha subunit [EC:1.17.98.3 1.8.98.6]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00125
	formate dehydrogenase (coenzyme F420) beta subunit [EC:1.17.98.3 1.8.98.6]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00399
	methyl-coenzyme M reductase alpha subunit [EC:2.8.4.1]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00401
	methyl-coenzyme M reductase beta subunit [EC:2.8.4.1]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00402
	methyl-coenzyme M reductase gamma subunit [EC:2.8.4.1]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K03421
	methyl-coenzyme M reductase subunit C

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K03422
	methyl-coenzyme M reductase subunit D

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00577
	tetrahydromethanopterin S-methyltransferase subunit A [EC:2.1.1.86]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00578
	tetrahydromethanopterin S-methyltransferase subunit B [EC:2.1.1.86]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00579
	tetrahydromethanopterin S-methyltransferase subunit C [EC:2.1.1.86]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00580
	tetrahydromethanopterin S-methyltransferase subunit D [EC:2.1.1.86]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00581
	tetrahydromethanopterin S-methyltransferase subunit E [EC:2.1.1.86]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00583
	tetrahydromethanopterin S-methyltransferase subunit G [EC:2.1.1.86]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00584
	tetrahydromethanopterin S-methyltransferase subunit H [EC:2.1.1.86]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00320
	5,10-methylenetetrahydromethanopterin reductase [EC:1.5.98.2]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00319
	methylenetetrahydromethanopterin dehydrogenase [EC:1.5.98.1]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K01499
	methenyltetrahydromethanopterin cyclohydrolase [EC:3.5.4.27]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00441
	coenzyme F420 hydrogenase subunit beta [EC:1.12.98.1]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00442
	coenzyme F420 hydrogenase subunit delta

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00672
	formylmethanofuran--tetrahydromethanopterin N-formyltransferase [EC:2.3.1.101]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00200
	formylmethanofuran dehydrogenase subunit A [EC:1.2.7.12]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00201
	formylmethanofuran dehydrogenase subunit B [EC:1.2.7.12]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00202
	formylmethanofuran dehydrogenase subunit C [EC:1.2.7.12]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00203
	formylmethanofuran dehydrogenase subunit D [EC:1.2.7.12]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K11261
	formylmethanofuran dehydrogenase subunit E [EC:1.2.7.12]

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K00205
	4Fe-4S ferredoxin

	Oxidation_of_methane
	Anaerobic oxidation of methane
	K11260
	4Fe-4S ferredoxin

	Nitrogen_cycling
	ANRA
	K00372
	assimilatory nitrate reductase catalytic subunit [EC:1.7.99.-]

	Nitrogen_cycling
	ANRA
	K00360
	assimilatory nitrate reductase electron transfer subunit [EC:1.7.99.-]

	Nitrogen_cycling
	ANRA
	K00367
	ferredoxin-nitrate reductase [EC:1.7.7.2]

	Nitrogen_cycling
	ANRA
	K00366
	ferredoxin-nitrite reductase [EC:1.7.7.1]

	Nitrogen_cycling
	ANRA
	K10534
	nitrate reductase (NAD(P)H) [EC:1.7.1.1 1.7.1.2 1.7.1.3]

	Nitrogen_cycling
	ANRA
	K17877
	nitrite reductase (NAD(P)H) [EC:1.7.1.4]

	Nitrogen_cycling
	Denitrification
	K15864
	nitrite reductase (NO-forming) / hydroxylamine reductase [EC:1.7.2.1 1.7.99.1]

	Nitrogen_cycling
	Denitrification
	K00368
	nitrite reductase (NO-forming) [EC:1.7.2.1]

	Nitrogen_cycling
	Denitrification
	K04561
	nitric oxide reductase subunit B [EC:1.7.2.5]

	Nitrogen_cycling
	Denitrification
	K02305
	nitric oxide reductase subunit C

	Nitrogen_cycling
	Denitrification
	K00376
	nitrous-oxide reductase [EC:1.7.2.4]

	Nitrogen_cycling
	Denitrification
	K00370
	nitrate reductase / nitrite oxidoreductase, alpha subunit [EC:1.7.5.1 1.7.99.-]

	Nitrogen_cycling
	Denitrification
	K00371
	nitrate reductase / nitrite oxidoreductase, beta subunit [EC:1.7.5.1 1.7.99.-]

	Nitrogen_cycling
	Denitrification
	K00374
	nitrate reductase gamma subunit [EC:1.7.5.1 1.7.99.-]

	Nitrogen_cycling
	Denitrification
	K02567
	nitrate reductase (cytochrome) [EC:1.9.6.1]

	Nitrogen_cycling
	Denitrification
	K02568
	nitrate reductase (cytochrome), electron transfer subunit

	Nitrogen_cycling
	Denitrification
	K02569
	cytochrome c-type protein NapC

	Nitrogen_cycling
	DNRA
	K03385
	nitrite reductase (cytochrome c-552) [EC:1.7.2.2]

	Nitrogen_cycling
	DNRA
	K15876
	cytochrome c nitrite reductase small subunit

	Nitrogen_cycling
	DNRA
	K00362
	nitrite reductase (NADH) large subunit [EC:1.7.1.15]

	Nitrogen_cycling
	DNRA
	K00363
	nitrite reductase (NADH) small subunit [EC:1.7.1.15]

	Nitrogen_cycling
	Nitrification
	K10944
	methane/ammonia monooxygenase subunit A [EC:1.14.18.3 1.14.99.39]

	Nitrogen_cycling
	Nitrification
	K10945
	methane/ammonia monooxygenase subunit B

	Nitrogen_cycling
	Nitrification
	K10946
	methane/ammonia monooxygenase subunit C

	Nitrogen_cycling
	Nitrification
	K10535
	hydroxylamine dehydrogenase [EC:1.7.2.6]

	Nitrogen_cycling
	Nitrogen fixation
	K02586
	nitrogenase molybdenum-iron protein alpha chain [EC:1.18.6.1]

	Nitrogen_cycling
	Nitrogen fixation
	K02588
	nitrogenase iron protein NifH

	Nitrogen_cycling
	Nitrogen fixation
	K02591
	nitrogenase molybdenum-iron protein beta chain [EC:1.18.6.1]

	Nitrogen_cycling
	Nitrogen fixation
	K22896
	vanadium-dependent nitrogenase alpha chain [EC:1.18.6.2]

	Nitrogen_cycling
	Nitrogen fixation
	K22897
	vanadium-dependent nitrogenase beta chain [EC:1.18.6.2]

	Nitrogen_cycling
	Nitrogen transport
	K02575
	MFS transporter, NNP family, nitrate/nitrite transporter

	Nitrogen_cycling
	Nitrogen transport
	K15576
	nitrate/nitrite transport system substrate-binding protein

	Nitrogen_cycling
	Nitrogen transport
	K15577
	nitrate/nitrite transport system permease protein

	Nitrogen_cycling
	Nitrogen transport
	K15578
	nitrate/nitrite transport system ATP-binding protein [EC:7.3.2.4]

	Nitrogen_cycling
	Nitrogen transport
	K15579
	nitrate/nitrite transport system ATP-binding protein [EC:7.3.2.4]

	Nitrogen_cycling
	Organic N metabolism
	K00265
	glutamate synthase (NADPH) large chain [EC:1.4.1.13]

	Nitrogen_cycling
	Organic N metabolism
	K00266
	glutamate synthase (NADPH) small chain [EC:1.4.1.13]

	Nitrogen_cycling
	Organic N metabolism
	K00261
	glutamate dehydrogenase (NAD(P)+) [EC:1.4.1.3]

	Nitrogen_cycling
	Organic N metabolism
	K00262
	glutamate dehydrogenase (NADP+) [EC:1.4.1.4]

	Nitrogen_cycling
	Organic N metabolism
	K01915
	glutamine synthetase [EC:6.3.1.2]

	Nitrogen_cycling
	Organic N metabolism
	K01429
	urease subunit beta [EC:3.5.1.5]

	Nitrogen_cycling
	Organic N metabolism
	K01428
	urease subunit alpha [EC:3.5.1.5]

	Nitrogen_cycling
	Organic N metabolism
	K01430
	urease subunit gamma [EC:3.5.1.5]

	Phosphorus_cycling
	Inorganic P solubilization
	K00117
	quinoprotein glucose dehydrogenase [EC:1.1.5.2]

	Phosphorus_cycling
	Inorganic P solubilization
	K01507
	inorganic pyrophosphatase [EC:3.6.1.1]

	Phosphorus_cycling
	Inorganic P solubilization
	K06137
	pyrroloquinoline-quinone synthase [EC:1.3.3.11]

	Phosphorus_cycling
	Inorganic P solubilization
	K01524
	exopolyphosphatase / guanosine-5'-triphosphate,3'-diphosphate pyrophosphatase [EC:3.6.1.11 3.6.1.40]

	Phosphorus_cycling
	Organic P mineralization
	K01078
	acid phosphatase [EC:3.1.3.2]

	Phosphorus_cycling
	Organic P mineralization
	K05306
	phosphonoacetaldehyde hydrolase [EC:3.11.1.1]

	Phosphorus_cycling
	Organic P mineralization
	K03430
	2-aminoethylphosphonate-pyruvate transaminase [EC:2.6.1.37]

	Phosphorus_cycling
	Organic P mineralization
	K01077
	alkaline phosphatase [EC:3.1.3.1]

	Phosphorus_cycling
	Organic P mineralization
	K01113
	alkaline phosphatase D [EC:3.1.3.1]

	Phosphorus_cycling
	Organic P mineralization
	K01093
	4-phytase / acid phosphatase [EC:3.1.3.26 3.1.3.2]

	Phosphorus_cycling
	Organic P mineralization
	K01083
	3-phytase [EC:3.1.3.8]

	Phosphorus_cycling
	Organic P mineralization
	K06166
	alpha-D-ribose 1-methylphosphonate 5-triphosphate synthase subunit PhnG [EC:2.7.8.37]

	Phosphorus_cycling
	Organic P mineralization
	K06165
	alpha-D-ribose 1-methylphosphonate 5-triphosphate synthase subunit PhnH [EC:2.7.8.37]

	Phosphorus_cycling
	Organic P mineralization
	K06164
	alpha-D-ribose 1-methylphosphonate 5-triphosphate synthase subunit PhnI [EC:2.7.8.37]

	Phosphorus_cycling
	Organic P mineralization
	K06163
	alpha-D-ribose 1-methylphosphonate 5-phosphate C-P lyase [EC:4.7.1.1]

	Phosphorus_cycling
	Organic P mineralization
	K05780
	alpha-D-ribose 1-methylphosphonate 5-triphosphate synthase subunit PhnL [EC:2.7.8.37]

	Phosphorus_cycling
	Organic P mineralization
	K06162
	alpha-D-ribose 1-methylphosphonate 5-triphosphate diphosphatase [EC:3.6.1.63]

	Phosphorus_cycling
	Organic P mineralization
	K05774
	ribose 1,5-bisphosphokinase [EC:2.7.4.23]

	Phosphorus_cycling
	Organic P mineralization
	K09994
	(aminoalkyl)phosphonate N-acetyltransferase [EC:2.3.1.280]

	Phosphorus_cycling
	Organic P mineralization
	K06167
	phosphoribosyl 1,2-cyclic phosphate phosphodiesterase [EC:3.1.4.55]

	Phosphorus_cycling
	Organic P mineralization
	K09474
	acid phosphatase (class A) [EC:3.1.3.2]

	Phosphorus_cycling
	Organic P mineralization
	K19670
	phosphonoacetate hydrolase [EC:3.11.1.2]

	Phosphorus_cycling
	Polyphosphate degradation
	K22468
	polyphosphate kinase [EC:2.7.4.34]

	Phosphorus_cycling
	Polyphosphate degradation
	K03787
	5'/3'-nucleotidase [EC:3.1.3.5 3.1.3.6]

	Phosphorus_cycling
	Polyphosphate degradation
	K23753
	AMP-polyphosphate phosphotransferase [EC:2.7.4.33]

	Phosphorus_cycling
	Polyphosphate degradation
	K00858
	NAD+ kinase [EC:2.7.1.23]

	Phosphorus_cycling
	Polyphosphate degradation
	K00886
	polyphosphate glucokinase [EC:2.7.1.63]

	Phosphorus_cycling
	Polyphosphate degradation
	K00951
	GTP pyrophosphokinase [EC:2.7.6.5]

	Phosphorus_cycling
	Polyphosphate degradation
	K01139
	GTP diphosphokinase / guanosine-3',5'-bis(diphosphate) 3'-diphosphatase [EC:2.7.6.5 3.1.7.2]

	Phosphorus_cycling
	Polyphosphate degradation
	K21138
	guanosine-3',5'-bis(diphosphate) 3'-pyrophosphohydrolase [EC:3.1.7.2]

	Phosphorus_cycling
	Polyphosphate degradation
	K00940
	nucleoside-diphosphate kinase [EC:2.7.4.6]

	Phosphorus_cycling
	Polyphosphate degradation
	K00873
	pyruvate kinase [EC:2.7.1.40]

	Phosphorus_cycling
	Polyphosphate synthesis
	K00937
	polyphosphate kinase [EC:2.7.4.1]

	Phosphorus_cycling
	Polyphosphate synthesis
	K15986
	manganese-dependent inorganic pyrophosphatase [EC:3.6.1.1]

	Phosphorus_cycling
	Regulatory
	K07657
	two-component system, OmpR family, phosphate regulon response regulator PhoB

	Phosphorus_cycling
	Regulatory
	K07636
	two-component system, OmpR family, phosphate regulon sensor histidine kinase PhoR [EC:2.7.13.3]

	Phosphorus_cycling
	Regulatory
	K07660
	two-component system, OmpR family, response regulator PhoP

	Phosphorus_cycling
	Regulatory
	K02039
	phosphate transport system protein

	Phosphorus_cycling
	Transporters
	K02041
	phosphonate transport system ATP-binding protein [EC:7.3.2.2]

	Phosphorus_cycling
	Transporters
	K02044
	phosphonate transport system substrate-binding protein

	Phosphorus_cycling
	Transporters
	K02042
	phosphonate transport system permease protein

	Phosphorus_cycling
	Transporters
	K02038
	phosphate transport system permease protein

	Phosphorus_cycling
	Transporters
	K02036
	phosphate transport system ATP-binding protein [EC:7.3.2.1]

	Phosphorus_cycling
	Transporters
	K02037
	phosphate transport system permease protein

	Phosphorus_cycling
	Transporters
	K02040
	phosphate transport system substrate-binding protein

	Phosphorus_cycling
	Transporters
	K05781
	putative phosphonate transport system ATP-binding protein

	Phosphorus_cycling
	Transporters
	K02043
	GntR family transcriptional regulator, phosphonate transport system regulatory protein

	Phosphorus_cycling
	Transporters
	K03306
	inorganic phosphate transporter, PiT family

	Phosphorus_cycling
	Transporters
	K05814
	sn-glycerol 3-phosphate transport system permease protein

	Phosphorus_cycling
	Transporters
	K05813
	sn-glycerol 3-phosphate transport system substrate-binding protein

	Phosphorus_cycling
	Transporters
	K05816
	sn-glycerol 3-phosphate transport system ATP-binding protein [EC:7.6.2.10]

	Phosphorus_cycling
	Transporters
	K05815
	sn-glycerol 3-phosphate transport system permease protein

	Phosphorus_cycling
	Transporters
	K01126
	glycerophosphoryl diester phosphodiesterase [EC:3.1.4.46]

	Phosphorus_cycling
	Transporters
	K16322
	low-affinity inorganic phosphate transporter

	Sulfur_cycling
	Dissimilatory sulfate reduction and oxidation
	K00395
	adenylylsulfate reductase, subunit B [EC:1.8.99.2]

	Sulfur_cycling
	Dissimilatory sulfate reduction and oxidation
	K00394
	adenylylsulfate reductase, subunit A [EC:1.8.99.2]

	Sulfur_cycling
	Dissimilatory sulfate reduction and oxidation
	K11180
	dissimilatory sulfite reductase alpha subunit [EC:1.8.1.22]

	Sulfur_cycling
	Dissimilatory sulfate reduction and oxidation
	K11181
	dissimilatory sulfite reductase beta subunit [EC:1.8.1.22]

	Sulfur_cycling
	Dissimilatory sulfate reduction and oxidation
	K23077
	dissimilatory sulfite reductase related protein

	Sulfur_cycling
	Dissimilatory sulfate reduction and oxidation
	K00958
	sulfate adenylyltransferase [EC:2.7.7.4]

	Sulfur_cycling
	Organic S mineralization
	K16968
	methanesulfonate monooxygenase subunit alpha [EC:1.14.13.111]

	Sulfur_cycling
	Organic S mineralization
	K16969
	methanesulfonate monooxygenase subunit beta [EC:1.14.13.111]

	Sulfur_cycling
	Organic S mineralization
	K17285
	methanethiol oxidase [EC:1.8.3.4]

	Sulfur_cycling
	Organic S mineralization
	K15553
	sulfonate transport system substrate-binding protein

	Sulfur_cycling
	Organic S mineralization
	K15555
	sulfonate transport system ATP-binding protein [EC:7.6.2.14]

	Sulfur_cycling
	Organic S mineralization
	K15554
	sulfonate transport system permease protein

	Sulfur_cycling
	Organic S mineralization
	K04091
	alkanesulfonate monooxygenase [EC:1.14.14.5 1.14.14.34]

	Sulfur_cycling
	Organic S mineralization
	K00299
	FMN reductase [EC:1.5.1.38]

	Sulfur_cycling
	Organic S mineralization
	K15551
	taurine transport system substrate-binding protein

	Sulfur_cycling
	Organic S mineralization
	K10831
	taurine transport system ATP-binding protein [EC:7.6.2.7]

	Sulfur_cycling
	Organic S mineralization
	K15552
	taurine transport system permease protein

	Sulfur_cycling
	Organic S mineralization
	K03119
	taurine dioxygenase [EC:1.14.11.17]

	Sulfur_cycling
	Organic S mineralization
	K15762
	toluene monooxygenase system ferredoxin subunit

	Sulfur_cycling
	Organic S mineralization
	K15765
	oluene monooxygenase electron transfer component [EC:1.18.1.3]

	Sulfur_cycling
	Sulfate reduction
	K16950
	anaerobic sulfite reductase subunit A

	Sulfur_cycling
	Sulfate reduction
	K16951
	anaerobic sulfite reductase subunit B

	Sulfur_cycling
	Sulfate reduction
	K00385
	anaerobic sulfite reductase subunit C

	Sulfur_cycling
	Sulfate reduction
	K00860
	adenylylsulfate kinase [EC:2.7.1.25]

	Sulfur_cycling
	Sulfate reduction
	K00957
	sulfate adenylyltransferase subunit 2 [EC:2.7.7.4]

	Sulfur_cycling
	Sulfate reduction
	K00390
	phosphoadenosine phosphosulfate reductase [EC:1.8.4.8 1.8.4.10]

	Sulfur_cycling
	Sulfate reduction
	K00381
	sulfite reductase (NADPH) hemoprotein beta-component [EC:1.8.1.2]

	Sulfur_cycling
	Sulfate reduction
	K00380
	sulfite reductase (NADPH) flavoprotein alpha-component [EC:1.8.1.2]

	Sulfur_cycling
	Sulfate reduction
	K00956
	sulfate adenylyltransferase subunit 1 [EC:2.7.7.4]

	Sulfur_cycling
	Sulfate reduction
	K00955
	bifunctional enzyme CysN/CysC [EC:2.7.7.4 2.7.1.25]

	Sulfur_cycling
	Sulfate reduction
	K13811
	3'-phosphoadenosine 5'-phosphosulfate synthase [EC:2.7.7.4 2.7.1.25]

	Sulfur_cycling
	Sulfate reduction
	K00392
	sulfite reductase (ferredoxin) [EC:1.8.7.1]

	Sulfur_cycling
	Sulfate transport
	K02045
	sulfate/thiosulfate transport system ATP-binding protein [EC:7.3.2.3]

	Sulfur_cycling
	Sulfate transport
	K02048
	sulfate/thiosulfate transport system substrate-binding protein

	Sulfur_cycling
	Sulfate transport
	K02046
	sulfate/thiosulfate transport system permease protein

	Sulfur_cycling
	Sulfate transport
	K02047
	sulfate/thiosulfate transport system permease protein

	Sulfur_cycling
	Sulfate transport
	K23163
	sulfate/thiosulfate transport system substrate-binding protein

	Sulfur_cycling
	Sulfide oxidation
	K17230
	cytochrome subunit of sulfide dehydrogenase

	Sulfur_cycling
	Sulfide oxidation
	K17229
	sulfide dehydrogenase [flavocytochrome c] flavoprotein chain [EC:1.8.2.3]

	Sulfur_cycling
	Sulfide oxidation
	K17218
	sulfide:quinone oxidoreductase [EC:1.8.5.4]

	Sulfur_cycling
	Sulfite oxidation
	K21307
	sulfite dehydrogenase (quinone) subunit SoeA [EC:1.8.5.6]

	Sulfur_cycling
	Sulfite oxidation
	K21308
	sulfite dehydrogenase (quinone) subunit SoeB

	Sulfur_cycling
	Sulfite oxidation
	K21309
	sulfite dehydrogenase (quinone) subunit SoeC

	Sulfur_cycling
	Sulfite oxidation
	K05301
	sulfite dehydrogenase (cytochrome) subunit A [EC:1.8.2.1]

	Sulfur_cycling
	Sulfite oxidation
	K00386
	sulfite dehydrogenase (cytochrome) subunit B [EC:1.8.2.1]

	Sulfur_cycling
	Sulfite oxidation
	K00387
	sulfite oxidase [EC:1.8.3.1]

	Sulfur_cycling
	Sulfur disproportionation
	K17725
	sulfur dioxygenase [EC:1.13.11.18]

	Sulfur_cycling
	Sulfur disproportionation
	K17993
	sulfhydrogenase subunit alpha [EC:1.12.1.3 1.12.1.5]

	Sulfur_cycling
	Sulfur disproportionation
	K17996
	sulfhydrogenase subunit beta (sulfur reductase) [EC:1.12.98.4]

	Sulfur_cycling
	Sulfur disproportionation
	K17994
	sulfhydrogenase subunit delta [EC:1.12.1.3 1.12.1.5]

	Sulfur_cycling
	Sulfur disproportionation
	K17995
	sulfhydrogenase subunit gamma (sulfur reductase) [EC:1.12.98.4]

	Sulfur_cycling
	Tetrathionate to thiosulfate
	K08357
	tetrathionate reductase subunit A

	Sulfur_cycling
	Tetrathionate to thiosulfate
	K08358
	tetrathionate reductase subunit B

	Sulfur_cycling
	Tetrathionate to thiosulfate
	K08359
	tetrathionate reductase subunit C

	Sulfur_cycling
	Thiosulfate disproportionation
	K02439
	thiosulfate sulfurtransferase [EC:2.8.1.1] rhodanese

	Sulfur_cycling
	Thiosulfate disproportionation
	K08352
	thiosulfate reductase / polysulfide reductase chain A [EC:1.8.5.5]

	Sulfur_cycling
	Thiosulfate disproportionation
	K08354
	thiosulfate reductase cytochrome b subunit

	Sulfur_cycling
	Thiosulfate disproportionation
	K01011
	thiosulfate/3-mercaptopyruvate sulfurtransferase [EC:2.8.1.1 2.8.1.2]

	Sulfur_cycling
	Thiosulfate oxidation by SOX complex
	K17222
	L-cysteine S-thiosulfotransferase [EC:2.8.5.2]

	Sulfur_cycling
	Thiosulfate oxidation by SOX complex
	K17224
	S-sulfosulfanyl-L-cysteine sulfohydrolase [EC:3.1.6.20]

	Sulfur_cycling
	Thiosulfate oxidation by SOX complex
	K17225
	sulfane dehydrogenase subunit SoxC

	Sulfur_cycling
	Thiosulfate oxidation by SOX complex
	K22622
	S-disulfanyl-L-cysteine oxidoreductase SoxD [EC:1.8.2.6]

	Sulfur_cycling
	Thiosulfate oxidation by SOX complex
	K17223
	L-cysteine S-thiosulfotransferase [EC:2.8.5.2]

	Sulfur_cycling
	Thiosulfate oxidation by SOX complex
	K17226
	sulfur-oxidizing protein SoxY

	Sulfur_cycling
	Thiosulfate oxidation by SOX complex
	K17227
	sulfur-oxidizing protein SoxZ

	Sulfur_cycling
	Thiosulfate to tetrathionate
	K16936
	thiosulfate dehydrogenase (quinone) small subunit [EC:1.8.5.2]

	Sulfur_cycling
	Thiosulfate to tetrathionate
	K16937
	thiosulfate dehydrogenase (quinone) large subunit [EC:1.8.5.2]

	Sulfur_cycling
	Thiosulfate to tetrathionate
	K05908
	thiosulfate dehydrogenase (quinone) [EC:1.8.5.2]



















Table S3. List of trophic groups of nematodes
	
	Genus/Taxa
	Trophic Group

	Nematode
	Acrobeloides
	[bookmark: OLE_LINK82]Bacterivore functional guilds

	Nematode
	Acrostichus
	Bacterivore functional guilds

	Nematode
	Alaimus
	Bacterivore functional guilds

	Nematode
	Bunonema
	Bacterivore functional guilds

	Nematode
	Cephalobus
	Bacterivore functional guilds

	Nematode
	Chronogaster
	Bacterivore functional guilds

	Nematode
	Cryptonchus
	Bacterivore functional guilds

	Nematode
	Diploscapter
	Bacterivore functional guilds

	Nematode
	Eumonhystera
	Bacterivore functional guilds

	Nematode
	Geomonhystera
	Bacterivore functional guilds

	Nematode
	Halicephalobus
	Bacterivore functional guilds

	Nematode
	Mesorhabditis
	Bacterivore functional guilds

	Nematode
	Odontolaimus
	Bacterivore functional guilds

	Nematode
	Panagrolaimus
	Bacterivore functional guilds

	Nematode
	Prismatolaimus
	Bacterivore functional guilds

	Nematode
	Prodesmodora
	Bacterivore functional guilds

	Nematode
	Rhabditella
	Bacterivore functional guilds

	Nematode
	Rhabdolaimus
	Bacterivore functional guilds

	Nematode
	Zeldia
	Bacterivore functional guilds

	Nematode
	Aphelenchus
	Bacterivore functional guilds

	Nematode
	Filenchus
	Bacterivore functional guilds

	Nematode
	Aphelenchoides
	Herbivore functional guilds

	Nematode
	Basiria
	Herbivore functional guilds

	Nematode
	Ditylenchus
	Herbivore functional guilds

	Nematode
	Helicotylenchus
	Herbivore functional guilds

	Nematode
	Longidorus
	Herbivore functional guilds

	Nematode
	Malenchus
	Herbivore functional guilds

	Nematode
	Meloidogyne
	Herbivore functional guilds

	Nematode
	Mesocriconema
	Herbivore functional guilds

	Nematode
	Paratrichodorus
	Herbivore functional guilds

	Nematode
	Pratylenchus
	Herbivore functional guilds

	Nematode
	Tylenchorhynchus
	Herbivore functional guilds

	Nematode
	Achromadora
	Generalist and Specialist Predators

	Nematode
	Aquatides
	Generalist and Specialist Predators

	Nematode
	Clavicaudoides
	Generalist and Specialist Predators

	Nematode
	Epitobrilus
	Generalist and Specialist Predators

	Nematode
	Mylonchulus
	Generalist and Specialist Predators

	Nematode
	Paractinolaimus
	Generalist and Specialist Predators

	Nematode
	Tripylina
	Generalist and Specialist Predators

	Nematode
	Trischistoma
	Generalist and Specialist Predators








































Table S4. Effect sizes of Shannon diversity across bacterial, fungal, protistan (phyla), and nematode (trophic groups) communities. The effect sizes (lnRR) were calculated using meta-analysis with a random-effects model. The significance of each overall effect size was tested using a Z-test, and the corresponding P-values are reported. Significance codes: ***: P < 0.001, **: P < 0.01, *: P < 0.05.
	
	Phylum/Trophic group
	Estimate
	SE
	P-value（z-test）

	Bacteria
	Abditibacteriota
	-6.2621
	6.1104
	0.3054

	Bacteria
	Acidobacteriota
	-0.0283
	0.0505
	0.575

	Bacteria
	Actinobacteriota
	0.047
	0.0595
	0.4293

	Bacteria
	Armatimonadota
	0.0601
	0.0805
	0.4551

	Bacteria
	Bacteroidota
	0.1312
	0.0757
	0.083

	Bacteria
	Bdellovibrionota
	0.1147
	0.0354
	0.0012***

	Bacteria
	Campilobacterota
	-10.6134
	5.343
	0.047*

	Bacteria
	Chloroflexi
	0.0528
	0.0373
	0.1574

	Bacteria
	Cyanobacteria
	0.1411
	0.1017
	0.1652

	Bacteria
	Dadabacteria
	-9.1361
	5.451
	0.0937

	Bacteria
	Deinococcota
	-0.0561
	0.5113
	0.9126

	Bacteria
	Dependentiae
	0.1879
	0.0381
	0.0001***

	Bacteria
	Desulfobacterota
	-0.2573
	0.1477
	0.0816

	Bacteria
	Elusimicrobiota
	0.1073
	0.0283
	0.0001***

	Bacteria
	Entotheonellaeota
	-6.1582
	6.021
	0.3064

	Bacteria
	FCPU426
	5.6157
	5.6288
	0.3184

	Bacteria
	Fibrobacterota
	0.4037
	0.2045
	0.0484*

	Bacteria
	Firmicutes
	0.0435
	0.049
	0.3744

	Bacteria
	GAL15
	-0.2706
	0.2403
	0.26

	Bacteria
	Gemmatimonadota
	0.1959
	0.0277
	0.0001***

	Bacteria
	Hydrogenedentes
	-5.2883
	5.3065
	0.319

	Bacteria
	Latescibacterota
	-0.0062
	0.2423
	0.9796

	Bacteria
	MBNT15
	0.1814
	0.0962
	0.0593

	Bacteria
	Methylomirabilota
	-0.2204
	0.1061
	0.0377*

	Bacteria
	Myxococcota
	0.031
	0.08
	0.6982

	Bacteria
	NB1-j
	-5.6552
	6.1232
	0.3557

	Bacteria
	Nitrospirota
	-0.4853
	0.1377
	0.0004***

	Bacteria
	Patescibacteria
	-0.1341
	0.0917
	0.1438

	Bacteria
	Planctomycetota
	0.0438
	0.0529
	0.4069

	Bacteria
	Proteobacteria
	0.058
	0.0283
	0.04*

	Bacteria
	RCP2-54
	0.1475
	0.1254
	0.2397

	Bacteria
	SAR324_cladeMarine_group_B
	-11.4373
	6.5076
	0.0788

	Bacteria
	Spirochaetota
	0.2968
	0.1641
	0.0705

	Bacteria
	Sumerlaeota
	0.4676
	0.2341
	0.0458*

	Bacteria
	Sva0485
	-16.2314
	0.5965
	0.0001***

	Bacteria
	unclassified_k__norank_d__Bacteria
	-0.0509
	0.0337
	0.1311

	Bacteria
	Verrucomicrobiota
	0.0745
	0.0385
	0.0527

	Bacteria
	WPS-2
	0.2096
	0.1787
	0.2409

	Bacteria
	WS2
	-5.2597
	5.278
	0.319

	Bacteria
	WS4
	-5.8348
	11.6152
	0.6154

	Fungi
	Ascomycota
	0.0013
	0.0923
	0.9887

	Fungi
	Basidiomycota
	0.2658
	0.0989
	0.0072***

	Fungi
	Blastocladiomycota
	-11.5869
	5.8019
	0.0458*

	Fungi
	Calcarisporiellomycota
	1.1313
	0.3609
	0.0017***

	Fungi
	Chytridiomycota
	-0.0119
	0.0725
	0.8698

	Fungi
	Entorrhizomycota
	-10.8549
	5.457
	0.0467*

	Fungi
	Glomeromycota
	0.0294
	0.2739
	0.9146

	Fungi
	Kickxellomycota
	0.5312
	0.5316
	0.3177

	Fungi
	Mortierellomycota
	0.0054
	0.159
	0.9729

	Fungi
	Mucoromycota
	0.2403
	0.5438
	0.6586

	Fungi
	Rozellomycota
	0.2204
	0.0954
	0.0209*

	Fungi
	unclassified_k__Fungi
	0.1087
	0.2021
	0.5907

	Fungi
	Zoopagomycota
	-10.8649
	5.4743
	0.0472*

	Protist
	Amoebozoa_X
	5.6247
	5.6378
	0.3184

	Protist
	Apicomplexa
	-0.3739
	0.9679
	0.6993

	Protist
	Apusomonadidae
	-16.7531
	0.6057
	0.0001***

	Protist
	Breviatea
	-5.6001
	5.6064
	0.3179

	Protist
	Centroheliozoa
	0.275
	0.1033
	0.0077***

	Protist
	Cercozoa
	0.0378
	0.0621
	0.543

	Protist
	Chlorophyta
	0.0626
	0.1138
	0.5821

	Protist
	Choanoflagellida
	-0.092
	0.1982
	0.6425

	Protist
	Ciliophora
	0.0229
	0.085
	0.7872

	Protist
	Conosa
	-0.051
	0.025
	0.0418*

	Protist
	Cryptophyta
	6.3365
	11.1032
	0.5682

	Protist
	Dinophyta
	0.2065
	0.748
	0.7824

	Protist
	Discoba
	0.2435
	0.3784
	0.5199

	Protist
	Haptophyta
	-10.4683
	5.2724
	0.0471*

	Protist
	Lobosa
	0.1591
	0.0957
	0.0962

	Protist
	Malawimonadidae
	-0.9771
	0.5997
	0.1033

	Protist
	Mesomycetozoa
	-6.8751
	5.3918
	0.2023

	Protist
	Ochrophyta
	-0.0798
	0.0899
	0.3745

	Protist
	Perkinsea
	-5.598
	5.6051
	0.3179

	Protist
	Rhodophyta
	-0.2977
	0.3878
	0.4427

	Protist
	Stramenopiles_X
	-0.1772
	0.1094
	0.1054

	Protist
	Streptophyta
	-0.2071
	0.5407
	0.7017

	Protist
	unclassified_d__Eukaryota
	0.0782
	0.0463
	0.0915

	Protist
	unclassified_k__Alveolata
	0.8273
	9.5124
	0.9307

	Protist
	unclassified_k__Amoebozoa
	-4.8132
	5.5952
	0.3897

	Protist
	unclassified_k__Opisthokonta
	0.1097
	0.0922
	0.2342

	Protist
	unclassified_k__Rhizaria
	-0.2595
	0.4587
	0.5715

	Nematode
	Bacterivores
	-0.0613
	0.1082
	0.571

	Nematode
	Fungivores
	5.9987
	5.8103
	0.3019

	Nematode
	Herbivores
	-0.0825
	0.3158
	0.7938

	Nematode
	Generalist and Specialist Predators
	1.1879
	9.5037
	0.9005





















Table S5. Effect sizes of the relative abundances of the top 10 most abundant phyla/groups across bacterial, fungal, protistan, and nematode communities. The effect sizes (lnRR) were calculated using meta-analysis with a random-effects model. The significance of each overall effect size was tested using a Z-test, and the corresponding P-values are reported. Significance codes: ***: P < 0.001, **: P < 0.01, *: P < 0.05.
	
	Phylum
	Nests soil relative abundance (%)
	None-nests soil relative abundance (%)
	P-value（z-test）

	Bacteria
	Proteobacteria
	24.97
	19.15
	<0.0001***

	Bacteria
	Acidobacteriota
	23.08
	16.17
	0.0396*

	Bacteria
	Chloroflexi
	10.02
	20.93
	<0.0001***

	Bacteria
	Actinobacteriota
	13.70
	12.14
	0.0178*

	Bacteria
	Planctomycetota
	6.95
	5.69
	0.1111

	Bacteria
	Cyanobacteria
	1.45
	7.54
	0.0008***

	Bacteria
	Firmicutes
	4.41
	3.46
	0.3457

	Bacteria
	Myxococcota
	2.39
	1.81
	0.3010

	Bacteria
	Bacteroidota
	2.85
	1.50
	<0.0001***

	Bacteria
	Gemmatimonadota
	1.80
	1.64
	0.6115

	Fungi
	Ascomycota
	65.26
	68.13
	0.7119

	Fungi
	Basidiomycota
	18.30
	9.25
	0.0760

	Fungi
	Glomeromycota
	8.39
	11.96
	0.2285

	Fungi
	Mortierellomycota
	2.05
	4.05
	0.2214

	Fungi
	Rozellomycota
	2.88
	3.20
	0.7093

	Fungi
	Chytridiomycota
	1.81
	1.72
	0.3897

	Fungi
	Calcarisporiellomycota
	0.89
	1.43
	0.6170

	Fungi
	Kickxellomycota
	0.30
	0.15
	0.2758

	Fungi
	Blastocladiomycota
	0.09
	0.03
	0.0427*

	Fungi
	Aphelidiomycota
	0.00
	0.04
	0.2015

	Protist
	Cercozoa
	33.31
	23.04
	0.0365*

	Protist
	Ciliophora
	24.52
	23.65
	0.699

	Protist
	Conosa
	5.93
	10.17
	0.354

	Protist
	Ochrophyta
	13.55
	7.15
	0.0001***

	Protist
	Lobosa
	4.05
	10.43
	0.0001***

	Protist
	Apicomplexa
	2.57
	9.24
	0.1209

	Protist
	Stramenopiles_X
	6.71
	6.86
	0.5399

	Protist
	Choanoflagellida
	2.49
	4.24
	0.8707

	Protist
	Centroheliozoa
	2.41
	2.71
	0.8998

	Protist
	Discoba
	1.04
	0.51
	0.2396

	Nematoda
	Herbivores
	31.11
	50.74
	0.3003

	Nematoda
	Bacterivores
	58.04
	26.62
	0.0412*

	Nematoda
	Generalist and Specialist Predators
	9.43
	22.33
	0.9777

	Nematoda
	Fungivores
	1.42
	0.32
	0.0479*






































Table S6. Effect sizes of the Shannon diversity of functional genes associated with carbon, nitrogen, phosphorus, and sulfur cycling pathways. The effect sizes (lnRR) were calculated using meta-analysis with a random-effects model. The significance of each overall effect size was tested using a Z-test, and the corresponding P-values are reported. Significance codes: ***: P < 0.001, **: P < 0.01, *: P < 0.05.
	Function
	Pathway
	Estimate
	SE
	P-value（z-test）

	Carbon fixation
	Reductive pentose phosphate cycle (Calvin cycle)
	-0.0155
	0.011
	0.158

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	-0.0224
	0.0068
	0.0009***

	Carbon fixation
	3-Hydroxypropionate bicycle
	-0.0162
	0.0053
	0.0024**

	Carbon fixation
	Hydroxypropionate-hydroxybutylate cycle
	-0.0031
	0.042
	0.9404

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	-0.0251
	0.0021
	0.0001***

	Carbon fixation
	Reductive acetyl-CoA pathway (Wood-Ljungdahl pathway)
	-0.1375
	0.0832
	0.0983

	Carbon fixation
	Incomplete reductive citrate cycle
	-0.0509
	0.0082
	0.0001***

	Carbon decomposition
	Starch
	-0.0195
	0.0197
	0.3222

	Carbon decomposition
	Cellulose
	-0.0518
	0.0424
	0.2218

	Carbon decomposition
	Hemicellulose
	0.0008
	0.0028
	0.7782

	Carbon decomposition
	Lignin
	0.0119
	0.0048
	0.0135*

	Carbon decomposition
	Chitin
	0.0805
	0.0276
	0.0035**

	Carbon decomposition
	Pectin
	0.3493
	0.083
	0.0001***

	Carbon decomposition
	Aromatic
	-0.0005
	0.0129
	0.9689

	Methanogenesis
	Hydrogenotrophic methanogenesis
	-0.029
	0.0196
	0.1402

	Methanogenesis
	Acetoclastic methanogenesis
	-0.2582
	0.0484
	0.0001***

	Methanogenesis
	Methylotrophic methanogenesis
	-0.2229
	0.0954
	0.0195*

	Oxidation of methane
	Aerobic oxidation of methane
	-0.015
	0.0129
	0.2328

	Oxidation of methane
	Anaerobic oxidation of methane
	-0.029
	0.0196
	0.1402

	Nitrogen cycling
	Nitrogen fixation
	-0.0243
	0.0225
	0.2809

	Nitrogen cycling
	Nitrification
	-0.0956
	0.0384
	0.0128*

	Nitrogen cycling
	Denitrification
	-0.0093
	0.0532
	0.8608

	Nitrogen cycling
	DNRA
	-0.1745
	0.1617
	0.2807

	Nitrogen cycling
	ANRA
	-0.0844
	0.0262
	0.0013**

	Nitrogen cycling
	Nitrogen transport
	-0.0602
	0.3275
	0.8541

	Nitrogen cycling
	Organic N metabolism
	-0.014
	0.004
	0.0005***

	Phosphorus cycling
	Organic P mineralization
	-0.0689
	0.0628
	0.2723

	Phosphorus cycling
	Inorganic P solubilization
	-0.0173
	0.0183
	0.3433

	Phosphorus cycling
	Regulatory
	0.0428
	0.0058
	0.0001***

	Phosphorus cycling
	Transporters
	-0.0284
	0.043
	0.5093

	Phosphorus cycling
	Polyphosphate synthesis
	-0.1477
	0.1271
	0.2455

	Phosphorus cycling
	Polyphosphate degradation
	0.0006
	0.0027
	0.8245

	Sulfur cycling
	Dissimilatory sulfate reduction and oxidation
	-0.4006
	0.2463
	0.1039

	Sulfur cycling
	Organic S mineralization
	-0.0706
	0.0294
	0.0163*

	Sulfur cycling
	Sulfate reduction
	-0.0103
	0.0027
	0.0002***

	Sulfur cycling
	Sulfate transport
	-0.0079
	0.0074
	0.2825

	Sulfur cycling
	Sulfide oxidation
	-0.3843
	0.8483
	0.6506

	Sulfur cycling
	Sulfite oxidation
	0.0179
	0.0633
	0.7772

	Sulfur cycling
	Sulfur disproportionation
	-0.0712
	0.0511
	0.1632

	Sulfur cycling
	Tetrathionate to thiosulfate
	-10.9777
	4.8957
	0.0249*

	Sulfur cycling
	Thiosulfate disproportionation
	-0.5417
	0.1595
	0.0007***

	Sulfur cycling
	Thiosulfate oxidation by the SOX complex
	-0.0466
	0.0216
	0.0306*

	Sulfur cycling
	Thiosulfate to tetrathionate
	-0.1027
	0.4645
	0.8251



























Table S7. Effect sizes of the relative abundance of functional genes associated with carbon, nitrogen, phosphorus, and sulfur cycling pathways. The effect sizes (lnRR) were calculated using meta-analysis with a random-effects model. The significance of each overall effect size was tested using a Z-test, and the corresponding P-values are reported. Significance codes: ***: P < 0.001, **: P < 0.01, *: P < 0.05.
	Function
	Pathway
	Nests soil relative abundance (%)
	None-nests soil relative abundance (%)
	p-value（z-test）

	Carbon fixation
	Reductive pentose phosphate cycle (Calvin cycle)
	9.67
	9.75
	0.8581

	Carbon fixation
	Reductive citrate cycle (Arnon-Buchanan cycle)
	32.45
	32.23
	0.7469

	Carbon fixation
	3-Hydroxypropionate bicycle
	16.62
	16.38
	0.1357

	Carbon fixation
	Hydroxypropionate-hydroxybutylate cycle
	8.98
	8.96
	0.5018

	Carbon fixation
	Dicarboxylate-hydroxybutyrate cycle
	18.39
	18.18
	0.3823

	Carbon fixation
	Reductive acetyl-CoA pathway (Wood-Ljungdahl pathway)
	3.90
	4.08
	0.3778

	Carbon fixation
	Incomplete reductive citrate cycle
	9.98
	10.42
	0.1451

	Carbon decomposition
	Starch
	29.37
	34.19
	0.2587

	Carbon decomposition
	Cellulose
	14.81
	13.09
	0.4597

	Carbon decomposition
	Hemicellulose
	24.39
	19.08
	0.2474

	Carbon decomposition
	Lignin
	12.12
	12.72
	0.6019

	Carbon decomposition
	Chitin
	5.64
	6.62
	0.3196

	Carbon decomposition
	Pectin
	1.79
	1.29
	0.2903

	Carbon decomposition
	Aromatic
	11.87
	13.01
	0.5416

	Methanogenesis
	Hydrogenotrophic methanogenesis
	18.02
	21.42
	<0.0001***

	Methanogenesis
	Acetoclastic methanogenesis
	69.30
	62.10
	<0.0001***

	Methanogenesis
	Methylotrophic methanogenesis
	12.69
	16.48
	<0.0001***

	Oxidation of methane
	Aerobic oxidation of methane
	78.62
	68.64
	<0.0001***

	Oxidation of methane
	Anaerobic oxidation of methane
	21.38
	31.36
	<0.0001***

	Nitrogen cycling
	Nitrogen fixation
	0.23
	1.34
	0.616

	Nitrogen cycling
	Nitrification
	0.54
	0.55
	0.3871

	Nitrogen cycling
	Denitrification
	21.01
	25.12
	0.0918

	Nitrogen cycling
	DNRA
	5.65
	4.61
	0.0408*

	Nitrogen cycling
	ANRA
	5.93
	5.28
	0.0745

	Nitrogen cycling
	Nitrogen transport
	5.57
	5.55
	0.1544

	Nitrogen cycling
	Organic N metabolism
	61.04
	57.54
	0.0078**

	Phosphorus cycling
	Organic P mineralization
	5.52
	4.78
	0.4711

	Phosphorus cycling
	Inorganic P solubilization
	17.31
	13.34
	0.0078**

	Phosphorus cycling
	Regulatory
	10.93
	11.85
	0.1725

	Phosphorus cycling
	Transporters
	31.44
	35.04
	0.0013**

	Phosphorus cycling
	Polyphosphate synthesis
	7.36
	7.20
	0.7638

	Phosphorus cycling
	Polyphosphate degradation
	27.42
	27.79
	0.139

	Sulfur cycling
	Dissimilatory sulfate reduction and oxidation
	6.46
	8.57
	0.0351*

	Sulfur cycling
	Organic S mineralization
	16.71
	15.62
	0.0133*

	Sulfur cycling
	Sulfate reduction
	34.85
	28.45
	0.0122*

	Sulfur cycling
	Sulfate transport
	11.32
	11.62
	0.8078

	Sulfur cycling
	Sulfide oxidation
	7.20
	9.76
	0.0291*

	Sulfur cycling
	Sulfite oxidation
	2.49
	2.82
	0.9533

	Sulfur cycling
	Sulfur disproportionation
	0.73
	0.82
	0.3144

	Sulfur cycling
	Tetrathionate to thiosulfate
	0.06
	0.16
	<0.0001***

	Sulfur cycling
	Thiosulfate disproportionation
	11.17
	12.27
	0.5317

	Sulfur cycling
	Thiosulfate oxidation by the SOX complex
	6.52
	6.76
	0.7482

	Sulfur cycling
	Thiosulfate to tetrathionate
	2.48
	3.21
	0.4005





























Table S8. Physicochemical properties of the soil in red fire ant nests and non-nest areas.
	
	pH
	Moisture（%）
	TC（%）
	TN（%）
	TP（mg/kg）

	Nest soil
	6.22±0.74
	11.65±1.83
	0.96±0.07
	0.11±0.02
	1500.00±75.55

	None-nest soil
	6.21±0.29
	10.54±2.87
	0.70±0.29
	0.10±0.03
	1628.79±497.02



































[image: Fig.4-Spearman between soil properties and soil biodiversity, functional genes20251009]
Fig. S1. Spearman rank correlations between soil properties (pH, moisture, TC, TN, TP) and soil biodiversity (significant difference in Shannon diversity in the top ten most abundant phyla between nest and none-nest soil) (A). Spearman rank correlations between soil properties and nutrient functional genes (B). * p < 0.05; ** p < 0.01; *** p < 0.001.
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