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Fig. S1. Abundance of each microbial group along soil profile. The polynomial fitted curves are given respectively, and the band represents 95 % confidence intervals.
[image: Fig. S1]


Fig. S2. CH4 production potential at different soil depths (0–100 cm) in the wetlands. Mean + SE, N = 3. Different marker letters indicate significant difference at a significance level of P = 0.05, the same letters mean no significant differences across soil layers.
[image: Fig. S22]


Fig. S3. Relative abundance of functional genes involved in different methanogenic pathways under different soil layers. Different colors represent different soil layers. Different marker letters mean significant difference at a significance level of P = 0.05, the same letters indicate insignificance difference across soil layers. NS (black line) indicates no significance at the significance level of P = 0.05. 
[image: Fig. S33]


Fig. S4. Mantel’s test for the correlations of soil properties, functional genes and functional groups in the wetlands. The correlation coefficients of each soil properties are indicated by area size of squares, smaller area means lower correlation, and vice versa. The line thickness is used to indicate the level of the correlation between variables with soil properties. Green color indicates a positive correlation while red color is negative.
[image: Fig. S4]

Fig. S5. Simple linear relationships between five methanogenic metabolic groups and CH4 production potential. The regression curves are given respectively, and the gray band represents 95 % confidence intervals. The adjusted R2 and P values indicate the strength and significance of the correlation.
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Fig. S6. Community-level diversity analysis of methanogens across soil depth layers. (A) Shannon-Winner index at different depths. (B) Principal Coordinate Analysis (PCoA) based on Bray-Curtis distance, confirmed by Permutational Multivariate Analysis of Variance (PERMANOVA).
[image: Fig. S6]


Table S1 Taxonomy of major methanogens.
	Domain/kingdom/phylum
	Genus
	Major CH4 production pathway
	Reference

	Archaea/Archaebacteria/ Euryarchaeota
	g__Methanosarcina
	Aceticlastic, methylotrophic
	(Liu and Whitman, 2008; Nazaries et al., 2013)

	
	g__Methanothrix
	Aceticlastic
	

	
	g__Methanobacterium
	H2/CO2，methylotrophic
	

	
	g__Methanocella
	H2/CO2
	

	
	g__Methanoregula
	H2/CO2
	

	
	g__Methanoculleus
	H2/CO2
	

	
	g__Methanofollis
	H2/CO2
	

	
	g__Methanococcoides
	Aceticlastic,methylotrophic
	

	
	g__Methanobrevibacter
	H2/CO2，methylotrophic
	

	
	g__Methanosphaerula
	H2/CO2
	

	
	g__Methanothermobacter
	H2/CO2,methylotrophic
	

	
	g__Methanospirillum
	H2/CO2
	

	
	g__Candidatus_Methanomethylophilus
	Methylotrophic
	(Borrel et al., 2012; Pyzik et al., 2018)

	
	g__Candidatus_Methanoplasma
	Methylotrophic
	(Pyzik et al., 2018)

	
	g__Methanomassiliicoccus
	Methylotrophic
	(Vanwonterghem et al., 2016)

	
	g__Candidatus_Methanoliparum
	Methylotrophic
	(Zhang et al., 2024)

	
	g__Methanosphaera
	H2/CO2，methylotrophic
	(Liu and Whitman, 2008; Nazaries et al., 2013)

	
	g__Methanothermus
	H2/CO2，methylotrophic
	

	
	g__Methanolobus
	Methylotrophic
	

	
	g__Methanohalobium
	Aceticlastic, methylotrophic
	

	
	g__Methanohalophilus
	Aceticlastic, methylotrophic
	

	
	g__Methanomethylovorans
	Methylotrophic
	

	
	g__Methanococcus
	H2/CO2
	

	
	g__Methanothermococcus
	H2/CO2
	

	
	g__Methanocaldococcus
	H2/CO2
	

	
	g__Methanotorris
	H2/CO2
	

	
	g__Methanoplanus
	H2/CO2
	

	
	g__Methanofervidicoccus
	H2/CO2
	(Sakai et al., 2019; Wang et al., 2020)

	
	g__Methanocorpusculum
	H2/CO2
	(Vanwonterghem et al., 2016)

	
	g__Methanolacinia
	H2/CO2
	(Liu and Whitman, 2008; Nazaries et al., 2013)

	
	g__Methanogenium
	H2/CO2
	

	
	g__Methanosalsum
	Methylotrophic
	

	
	g__Methanonatronarchaeum
	H2/CO2，methylotrophic
	(Sorokin et al., 2022; Steiniger et al., 2022)

	
	g__Methanopyrus
	H2/CO2
	




Table S2 Functional genes involved in four pathways in KO level.
	Major pathway
	KO

	H2/CO2
	K00200；K00201；K00202；K00203；K11261；K00205；K11260；K00672；K01499；K00319；K00320；K00577；K00578；K00579；K00580；K00581；K00582；K00583；K00584；K00401；K00402；K22480；K22481；K22482；K03388；K03389；K03390；K08264；K08265；K14126；K00125

	
	

	
	

	
	

	
	

	
	

	Acetate
	K00925；K01895；K00193；K00197；K00194；
K00577；K00578；K00579；K00580；K00581；K00582；K00583；K00584；K00401；K00402；K22480；K22481；K22482；K03388；K03389；K03390；K08264；K08265；K14126；K00125

	
	

	
	

	
	

	
	

	methanol
	K14080；K04480；K14081；K00401；K00402；
K22480；K22481；K22482；K03388；K03389；K03390；K08264；K08265；K14126；K00125

	
	

	
	

	methylamine
	K14082；K16176；K16177；K16178；K16179；
K14083；K14084；K00401；K00402；
K22480；K22481；K22482；K03388；K03389；K03390；K08264；K08265；K14126；K00125

	
	

	
	

	
	



Table S3 Weighting coefficients for the construction of composite variables.
	Composite Variables
	Observed Variables
	Coefficient (β)
	P-value

	Soil properties
	NO2--N
	-125.624
	0.2362

	
	NO3--N
	4.2198
	0.7793

	
	NH4+-N
	-0.5855
	0.6007

	
	DOC
	-0.0279
	0.7617

	
	pH
	170.325
	0.0412 *

	
	TN
	-9.7116
	0.1117

	
	TC
	0.4924
	0.3108

	
	Temperature
	-30.4405
	0.5587

	
	SWC
	0.6247
	0.1907

	Microbial biomass
	Total PLFA
	0.0039
	0.0094 **

	Functional genes
	Pco2
	-0.0273
	0.5043

	
	Pacetate
	0.0764
	0.3221

	
	Pmethanol
	0.073
	0.5979

	
	Pmethylamine
	-0.0388
	0.6542

	Functional groups
	CO2
	0.0015
	0.663

	
	Aceticlastic
	0.0012
	0.705

	
	Methylotrophic
	-0.0232
	0.374

	
	Aceticlastic and methylotrophic
	0.0023
	0.1657

	
	CO2 and methylotrophic
	-0.0025
	0.2909




Table S4 Levins’ niche breadth and peak depth distribution of dominant methanogenic genera.
	Genus
	Levins’ B
	Peak depth
	Relative abundance (%)

	Methanosarcina
	8.55
	0–10 cm
	43.73%

	Methanobacterium
	6.91
	0–10 cm
	25.82%

	Methanothrix
	9.61
	90–100 cm
	29.68%

	Methanocella
	9.65
	90–100 cm
	10.55%
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