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Table S1 Description and basic characteristics of the AMD samples 
	Sample ID
	TC_SLS
	TC_DWT
	YS_WKB
	YS_1SJ
	YP

	Longitude 
	29º00.449'
	29º00.596'
	28º58.591'
	28º58.085'
	28º11.899'

	Latitude
	117º43.661'
	117º44.532'
	117º36.047'
	117º35.471'
	117º45.763'

	Color
	Red
	Gray
	Dark red
	Gray
	Dark red

	pH
	2±0.1
	2±0.3
	2±0.2
	2.5±0.1
	3±0.3

	Temp. (°C)
	30±1
	16.75±1.75
	20.5±1.5
	16.5±2.5
	16.5±1.5


Table S2 Number of functional genes detected by GeoChip 2.0 grouped by functional process.
	Functional gene category
	Gene no.a
	TC_SLS
	TC_DWT
	YS_WKB
	YS_1SJ
	YP

	Carbon degradation
	176
	17
	63
	127
	20
	118

	Carbon fixation
	43
	3
	19
	26
	1
	34

	Methane oxidation
	31
	5
	21
	24
	5
	21

	Methane generation
	6
	1
	2
	4
	3
	3

	Nitrogen fixation
	35
	2
	14
	18
	4
	22

	Nitrification
	21
	1
	7
	15
	1
	13

	Ammonification
	78
	11
	41
	50
	9
	37

	Assimilatory N reduction
	10
	1
	5
	7
	1
	7

	Denitrification
	87
	9
	34
	52
	18
	50

	Metal resistance
	322
	42
	138
	242
	38
	213

	Sulfite reduction
	85
	8
	27
	51
	9
	55

	Contaminant degradation
	636
	57
	282
	435
	76
	412

	Total no. of genes detected
	1530
	157
	653
	1051
	185
	985


a. Genes detected in at least one sample were used for gene number calculation.
Table S3 Phylogenetic groups detected by GeoChip 2.0. 
	Phylogenetic groups
	TC_SLS
	TC_DWT
	YS_WKB
	YS_1SJ
	YP

	Bacteria
	133
	565
	908
	159
	848

	α-Proteobacteria
	24
	118
	164
	31
	170

	β-Proteobacteria
	15
	60
	102
	13
	85

	γ-Proteobacteria
	38
	149
	255
	40
	225

	δ-Proteobacteria
	6
	24
	42
	6
	51

	Actinobacteria
	13
	69
	97
	23
	88

	Cyanobacteria
	4
	14
	32
	6
	22

	Firmicutes
	15
	39
	73
	12
	66

	Planctomycetes
	0
	3
	5
	0
	5

	Unclassified
	15
	36
	68
	12
	61

	Archaea
	3
	7
	14
	3
	13

	Fungi
	11
	37
	64
	17
	60


* Genes were grouped based on phylogenetic markers on the GeoChip 2.0.
Table S4 Number of detected, overlapping, and unique genes involved in carbon, nitrogen, and sulfur cycling as well as metal resistance.
	
	Sample name
	TC_SLS
	TC_DWT
	YS_WKB
	YS_1SJ
	YP

	Carbon cycling
	
	
	
	
	

	
	TC_SLS
	1(5.00%)
	17(20.00%)
	18(11.61%)
	4(10.81%)
	17(10.97%)

	
	TC_DWT
	
	11(13.41%)
	68(40.72%)
	9(9.57%)
	64(37.65%)

	
	YS_WKB
	
	
	39(25.49%)
	13(8.07%)
	105(52.50%)

	
	YS_1SJ
	
	
	
	7(33.33%)
	13(8.13%)

	
	YP
	
	
	
	
	42(27.63%)

	
	No. of detected genes
	20
	82
	153
	21
	152

	Nitrogen cycling
	
	
	
	
	

	
	TC_SLS
	6(25.00%)
	16(14.68%)
	16(10.67%)
	4(7.55%)
	16(11.68%)

	
	TC_DWT
	
	20(19.80%)
	71(41.28%)
	11(8.94%)
	62(36.90%)

	
	YS_WKB
	
	
	37(26.06%)
	12(7.36%)
	84(44.92%)

	
	YS_1SJ
	
	
	
	18(54.55%)
	13(8.72%)

	
	YP
	
	
	
	
	31(24.03%)

	
	No. of detected genes
	24
	101
	142
	33
	129

	Sulfur cycling
	
	
	
	
	

	
	TC_SLS
	0(0.00%)
	8(29.63%)
	7(13.46%)
	2(13.33%)
	8(14.55%)

	
	TC_DWT
	
	3(11.11%)
	21(36.84%)
	2(5.88%)
	20(32.26%)

	
	YS_WKB
	
	
	17(33.33%)
	5(9.09%)
	28(35.90%)

	
	YS_1SJ
	
	
	
	4(44.44%)
	3(4.92%)

	
	YP
	
	
	
	
	24(43.64%)

	
	No. of detected genes
	8
	27
	51
	9
	55

	Metal resistance
	
	
	
	
	

	
	TC_SLS
	3(7.14%)
	35(24.14%)
	38(15.45%)
	14(21.21%)
	35(15.91%)

	
	TC_DWT
	
	12(8.70%)
	116(43.94%)
	21(13.55%)
	102(40.96%)

	
	YS_WKB
	
	
	56(23.14%)
	23(8.95%)
	161(54.76%)

	
	YS_1SJ
	
	
	
	12(31.58%)
	23(10.09%)

	
	YP
	
	
	
	
	40(18.78%)

	
	No. of detected genes
	42
	138
	242
	38
	213


* Italicized values indicate the number of overlapping genes between two samples, bold values indicate the number of unique genes in each sample.
Table S5 Relationship between microbial community functional structure and environmental variables revealed by Mantel tests
	Functional gene category
	Gene no.
	Environmental variables

	
	
	rM
	P

	All detected
	1530
	0.6107
	0.015

	Carbon cycle
	219
	0.2772
	0.1898

	  Carbon degradation
	176
	0.2626
	0.1858

	  Carbon fixation
	43
	-0.0756
	0.5524

	    rbcL
	26
	-0.1199
	0.5614

	Methane oxidation
	31
	0.4332
	0.1788

	    pmoA
	18
	0.5355
	0.1099

	Methane generation
	6
	0.4899
	0.0319

	Nitrogen fixation
	35
	0.0341
	0.4995

	    nifH
	33
	0.0341
	0.5165

	Nitrification
	21
	0.092
	0.3496

	    amoA
	13
	-0.126
	0.7063

	Ammonification
	78
	0.5822
	0.0299

	Assimilatory N reduction
	10
	-0.1764
	0.7902

	Denitrification
	87
	0.4332
	0.0779

	    nirK
	15
	0.2117
	0.2657

	    nirS
	13
	0.4978
	0.1069

	    narG
	23
	0.5719
	0.0639

	    norB
	17
	0.6705
	0.036

	    noZ
	13
	-0.0756
	0.5874

	Metal resistance
	322
	0.4461
	0.1439

	Sulfite reduction
	85
	0.5685
	0.0789

	Contaminant degradation
	636
	0.6027
	0.019
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Figure S1 Geographic locations of the five sampling sites at the three copper mines, China. The spatial distance between Tongchang (TC) and Yinshan (YS) mines is around 15 km, 90 km between TC and Yongping (YP), and 88 km between YS and YP. Longitude and latitude are marked on the edges.
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Figure S2 Ordination plot of principal component analysis (PCA) of geochemical variables. Horizontal axis represents principal component (PC) 1, which explains 72.9% of the variation observed, vertical axis represents PC 2, which explains 18.4% of the observed variation. Different colors represent different sampling sites. The size of each circle represents the total geochemical concentrations in the sample. Each arrow points in the direction of steepest increase of values for the corresponding elements. The angles between arrows indicate correlation between the elements: the approximate correlation is positive when the angle is small and negative when the angle is larger than 90 degrees. 
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Figure S3 Relative abundance of key functional gene groups detected by GeoChip 2.0. The total number of genes detected in each sample was used to calculate the relative abundance of each functional gene across 5 AMD samples. Contaminant degradation represents genes involved in organic contaminant degradation (e.g., aromatic degradation), which might be important in the degradation of various carbon polymers in nature.
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Figure S4 Hierarchical cluster analysis of nifH genes based on hybridization signals. Details for hierarchical cluster analysis is described in the legend for Fig. 3.
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Figure S5 Normalized signal intensity of major functional genes involved in carbon cycling. The total signal intensity of individual genes detected by GeoChip 2.0 is shown in four major functional processes: I. Carbon fixation, II. Carbon degradation, III. Methane generation, and IV. Methane oxidation.
