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Text S1. The sequencing process 

Briefly, for the first step of PCR, the process was performed with initial denaturation at 94 °C for 1 min; 10 cycles of annealing at 94 °C for 20 s, 53 °C for 25 s, and 68 °C for 45 s; and extension at 68 °C for 10 min. After the first-step of amplification, the products were purified using 75 µl of Agencourt AMPure XP beads (Beckman, USA) to remove contaminants. The purified PCR products were recovered in water and used as the template for the second-step PCR, which had the same amplification process except for 15 cycles. The reagents used in each step are summarized in Table S1. After the second amplification step, PCR products were pooled together and quantified by the PicoGreen method (BMG Labtech, Jena, Germany). Subsequently, 200 ng of DNA from each sample was combined and loaded onto a 1% agarose gel. The sliced gel containing target genes was extracted using the MinElute Gel Extraction Kit (QIAGEN Sciences, Germantown, MD, USA) to remove agarose. Finally, the mixture was analyzed by MiSeq sequencing (Illumina, San Diego, CA, USA) at the Institute for Environmental Genomics (IEG), University of Oklahoma, United States.



Text S2. The sequence processing procedure

The raw sequencing data were separated into samples by their barcodes, and quality trimming was performed with Btrim (Kong 2011, galaxy version 1.0.0). The sequences were discarded if they were too short or contained ambiguous bases. And, the pair-end sequences were merged with FLASH (Magoc and Salzberg 2011, galaxy version 1.0.0). Operational taxonomic units (OTUs) were clustered using UPARSE with 97% identity (Edgar 2013, galaxy version v7.0.1001_i86linux64). The representative sequences for OTUs and taxonomic assignment were conducted using the Ribosomal Database Project (RDP) classifier (16S rRNA training set 18, version 8/14/2020) with a confidence level of 0.8 (Wang, Garrity et al. 2007). The phylogenetic tree was constructed using the filtered alignments in FastTree (Price, Dehal et al. 2009, galaxy version 1.0.0).
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Table S1. The reagents used in two-step PCR.
	First-step reagents
	Volume (μl)
	Second-step reagents
	Volumes (μl)

	10× AccuPrime PCR buffer II (Invitrogen, Grand Island, NY)
	2.5
	10× AccuPrime PCR buffer II (Invitrogen, Grand Island, NY)
	2.5

	Forward primer
	1.0
	Barcode primer
	2.0

	Reverse primer
	1.0
	
	

	Homemade Taq polymerase
	0.5
	homemade Taq Polymerase
	0.5

	Template DNA (2 ng/ μl)
	5.0
	Purified first-step PCR products
	15

	Water
	15.0
	Water
	5.0





Table S2. The sequence number of the samples which were not rarefied.
	Sample
	Sequence number 
	Group

	BJ7
	6,380
	GBD_Inf_Spr

	BJ49
	26,971
	BXH_Inf_Spr

	BJ93
	21,351
	GBD_AS_Win

	BJ103
	5,520
	GBD_AS_Spr






Table S3. Permutational Multivariate Analysis of Variance results. The upper and lower triangular metrics represent P value and F value, respectively.
	
	GBD_Inf_Spr
	GBD_Inf_Sum
	GBD_Inf_Aut
	GBD_Inf_Win
	GBD_AS_Spr
	GBD_AS_Sum
	GBD_AS_Aut
	GBD_AS_Win
	BXH_Inf_Spr
	BXH_Inf_Sum
	BXH_Inf_Aut
	BXH_Inf_Win
	BXH_AS_Spr
	BXH_AS_Sum
	BXH_AS_Aut
	BXH_AS_Win

	GBD_Inf_Spr
	0
	0.001
	0.009
	0.022
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001

	GBD_Inf_Sum
	4.091
	0
	0.006
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.002
	0.001
	0.001
	0.001
	0.001

	GBD_Inf_Aut
	2.656
	2.279
	0
	0.164
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.021
	0.001
	0.001
	0.001
	0.001

	GBD_Inf_Win
	2.135
	4.642
	1.45
	0
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.046
	0.001
	0.001
	0.001
	0.001

	GBD_AS_Spr
	23.224
	51.894
	25.542
	29.728
	0
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001

	GBD_AS_Sum
	27.573
	59.175
	27.998
	34.528
	11.195
	0
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001

	GBD_AS_Aut
	28.257
	63.726
	28.094
	36.379
	17.174
	8.589
	0
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001

	GBD_AS_Win
	24.605
	52.940
	26.329
	29.993
	4.867
	12.312
	13.203
	0
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001

	BXH_Inf_Spr
	4.159
	9.378
	5.195
	5.242
	26.461
	29.685
	30.889
	27.487
	0
	0.005
	0.019
	0.013
	0.001
	0.001
	0.001
	0.001

	BXH_Inf_Sum
	9.007
	14.763
	8.688
	12.22
	46.153
	51.149
	54.885
	47.067
	3.167
	0
	0.085
	0.001
	0.001
	0.001
	0.001
	0.001

	BXH_Inf_Aut
	6.215
	10.602
	6.061
	7.984
	33.677
	36.835
	38.077
	34.315
	2.281
	1.866
	0
	0.009
	0.001
	0.001
	0.001
	0.001

	BXH_Inf_Win
	3.301
	7.160
	2.679
	2.817
	16.685
	18.054
	19.055
	16.878
	2.709
	6.393
	3.389
	0
	0.001
	0.001
	0.003
	0.001

	BXH_AS_Spr
	33.491
	77.842
	32.219
	43.980
	41.268
	41.551
	45.111
	41.015
	28.414
	49.276
	36.508
	18.634
	0
	0.001
	0.001
	0.001

	BXH_AS_Sum
	28.271
	58.017
	26.620
	33.328
	32.222
	28.491
	31.053
	33.140
	23.994
	35.689
	27.363
	14.566
	9.046
	0
	0.001
	0.001

	BXH_AS_Aut
	20.581
	39.179
	18.221
	22.419
	24.563
	21.022
	20.378
	24.485
	18.177
	26.189
	17.914
	8.466
	12.600
	5.972
	0
	0.001

	BXH_AS_Win
	18.147
	33.219
	16.802
	18.817
	16.650
	15.217
	14.477
	16.725
	14.754
	22.102
	16.377
	7.143
	4.744
	6.482
	3.661
	0





Table S4. The taxonomy information of 47 deterministic-dominated bins 
	Bin
	Domain
	Phylum
	Class
	Order
	Family
	Genus

	Bin20
	Bacteria
	Actinobacteria
	Actinobacteria
	Actinomycetales
	Mycobacteriaceae
	Mycobacterium

	Bin22
	Bacteria
	Actinobacteria
	Actinobacteria
	Bifidobacteriales
	Bifidobacteriaceae
	Bifidobacterium

	Bin23
	Bacteria
	Actinobacteria
	Actinobacteria
	Actinomycetales
	Sporichthyaceae
	Sporichthya

	Bin29
	Bacteria
	Actinobacteria
	Actinobacteria
	Acidimicrobiales
	Acidimicrobiaceae
	Ilumatobacter

	Bin34
	Bacteria
	Acidobacteria
	Acidobacteria_Gp4
	Aridibacter
	Aridibacter
	Aridibacter

	Bin36
	Bacteria
	Proteobacteria
	Alphaproteobacteria
	Rhodobacterales
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Rhodocyclaceae
	NA

	Bin38
	Bacteria
	Proteobacteria
	Alphaproteobacteria
	Rhodobacterales
	Rhodobacteraceae
	Paracoccus

	Bin41
	Bacteria
	Proteobacteria
	Alphaproteobacteria
	Rhizobiales
	NA
	NA

	Bin43
	Bacteria
	Proteobacteria
	Alphaproteobacteria
	Rhizobiales
	Bradyrhizobiaceae
	Pseudolabrys

	Bin44
	Bacteria
	Proteobacteria
	Alphaproteobacteria
	Rhizobiales
	Bradyrhizobiaceae
	Bradyrhizobium

	Bin52
	Bacteria
	Proteobacteria
	Alphaproteobacteria
	Rhodospirillales
	Rhodospirillaceae
	Defluviicoccus

	Bin55
	Bacteria
	Proteobacteria
	Alphaproteobacteria
	Alphaproteobacteria_incertae_sedis
	Rhizomicrobium
	Rhizomicrobium

	Bin58
	Bacteria
	Acidobacteria
	Acidobacteria_Gp7
	Gp7
	Gp7
	Gp7

	Bin66
	Bacteria
	Proteobacteria
	Deltaproteobacteria
	Myxococcales
	Labilitrichaceae
	Labilithrix

	Bin69
	Bacteria
	Proteobacteria
	Deltaproteobacteria
	Myxococcales
	Nannocystaceae
	Nannocystis

	Bin80
	Bacteria
	Proteobacteria
	Deltaproteobacteria
	Myxococcales
	Desulfomicrobiaceae
	Desulfomicrobium

	Bin102
	Bacteria
	Firmicutes
	Bacilli
	Lactobacillales
	Streptococcaceae
	Streptococcus

	Bin106
	Bacteria
	Firmicutes
	Bacilli
	Lactobacillales
	Carnobacteriaceae
	Trichococcus

	Bin114
	Bacteria
	Firmicutes
	Clostridia
	Clostridiales
	Peptostreptococcaceae
	Romboutsia

	Bin120
	Bacteria
	Firmicutes
	Clostridia
	Clostridiales
	NA
	NA

	Bin121
	Bacteria
	Firmicutes
	Clostridia
	Clostridiales
	NA
	NA

	Bin122
	Bacteria
	Firmicutes
	Clostridia
	Clostridiales
	NA
	NA

	Bin134
	Bacteria
	Ignavibacteriae
	Ignavibacteria
	Ignavibacteriales
	NA
	NA

	Bin143
	Bacteria
	Bacteroidetes
	Cytophagia
	Cytophagales
	Chryseolinea
	Chryseolinea

	Bin144
	Bacteria
	Bacteroidetes
	Cytophagia
	Cytophagales
	Chryseolinea
	Chryseolinea

	Bin146
	Bacteria
	Bacteroidetes
	Sphingobacteriia
	Sphingobacteriales
	Saprospiraceae
	Lewinella

	Bin149
	Bacteria
	Bacteroidetes
	Sphingobacteriia
	Sphingobacteriales
	Chitinophagaceae
	Ferruginibacter

	Bin151
	Bacteria
	Bacteroidetes
	Sphingobacteriia
	Sphingobacteriales
	Chitinophagaceae
	Terrimonas

	Bin152
	Bacteria
	Bacteroidetes
	Sphingobacteriia
	Sphingobacteriales
	Chitinophagaceae
	Ferruginibacter

	Bin160
	Bacteria
	Bacteroidetes
	Bacteroidia
	Bacteroidales
	Prolixibacteraceae
	NA

	Bin185
	Bacteria
	Chloroflexi
	Anaerolineae
	Anaerolineales
	Anaerolineaceae
	Ornatilinea

	Bin186
	Bacteria
	Chloroflexi
	Anaerolineae
	Anaerolineales
	Anaerolineaceae
	NA

	Bin192
	Bacteria
	Chloroflexi
	Anaerolineae
	Anaerolineales
	Anaerolineaceae
	Ornatilinea

	Bin196
	Bacteria
	Chloroflexi
	Caldilineae
	Caldilineales
	Caldilineaceae
	NA

	Bin205
	Bacteria
	Gemmatimonadetes
	Gemmatimonadetes
	Gemmatimonadales
	Gemmatimonadaceae
	Gemmatimonas

	Bin221
	Bacteria
	Proteobacteria
	Planctomycetia
	Planctomycetales
	Planctomycetaceae
	Pirellula

	Bin222
	Bacteria
	Planctomycetes
	Planctomycetia
	Planctomycetales
	Planctomycetaceae
	Pirellula

	Bin227
	Bacteria
	Chlamydiae
	Chlamydiia
	Chlamydiales
	Parachlamydiaceae
	Parachlamydia

	Bin243
	Bacteria
	Proteobacteria
	Betaproteobacteria
	Rhodocyclales
	Rhodocyclaceae
	Dechloromonas

	Bin248
	Bacteria
	Nitrospirae
	Nitrospira
	Nitrospirales
	Nitrospiraceae
	Nitrospira

	Bin250
	Bacteria
	Proteobacteria
	Deltaproteobacteria
	Bdellovibrionales
	Bdellovibrionaceae
	Vampirovibrio

	Bin260
	Bacteria
	Proteobacteria
	Gammaproteobacteria
	Chromatiales
	Chromatiaceae
	Thiohalobacter

	Bin265
	Bacteria
	Proteobacteria
	Betaproteobacteria
	Rhodocyclales
	Rhodocyclaceae
	Dechloromonas

	Bin268
	Bacteria
	Proteobacteria
	Betaproteobacteria
	Rhodocyclales
	Rhodocyclaceae
	NA

	Bin285
	Bacteria
	Proteobacteria
	Gammaproteobacteria
	Xanthomonadales
	Xanthomonadaceae
	Dokdonella

	Bin289
	Bacteria
	Proteobacteria
	Betaproteobacteria
	Burkholderiales
	Comamonadaceae
	NA

	Bin307
	Bacteria
	Armatimonadetes
	Deinococci
	Deinococcales
	Deinococcaceae
	Deinobacterium





[bookmark: _GoBack]Table S5. The core taxa of large-scale spatial and temporal AS samples from China
	TaxaID
	Mean relative abundance
(%)
	Frequency
(%)
	Kingdom
	Phylum
	Class
	Order
	Family
	Genus

	Taxa1
	0.3912 
	0.8211 
	Bacteria
	Acidobacteria
	Acidobacteria_Gp4
	Aridibacter
	Aridibacter
	NA

	Taxa2
	0.1086 
	0.8818 
	Bacteria
	Acidobacteria
	Acidobacteria_Gp7
	Gp7
	Gp7
	Gp7

	Taxa3
	1.1183 
	0.9073 
	Bacteria
	Acidobacteriota
	Vicinamibacteria
	Vicinamibacterales
	NA
	NA

	Taxa4
	0.1351 
	0.9393 
	Bacteria
	Bacteroidetes
	Bacteroidia
	NA
	NA
	NA

	Taxa5
	0.2233 
	0.9361 
	Bacteria
	Bacteroidetes
	Bacteroidia
	Bacteroidales
	Tannerellaceae
	Macellibacteroides

	Taxa6
	0.5974 
	0.8083 
	Bacteria
	Bacteroidetes
	Bacteroidia
	Flavobacteriales
	Weeksellaceae
	Cloacibacterium

	Taxa7
	0.6164 
	0.8658 
	Bacteria
	Bacteroidetes
	Bacteroidia
	Chitinophagales
	Saprospiraceae
	NA

	Taxa8
	0.2716 
	0.9393 
	Bacteria
	Bacteroidetes
	Bacteroidia
	Chitinophagales
	Saprospiraceae
	NA

	Taxa9
	0.2806 
	0.8722 
	Bacteria
	Bacteroidetes
	Bacteroidia
	Bacteroidales
	Prolixibacteraceae
	NA

	Taxa10
	0.2005 
	0.8019 
	Bacteria
	Chloroflexi
	OLB14
	NA
	NA
	NA

	Taxa11
	0.1321 
	0.8211 
	Bacteria
	Chloroflexi
	Anaerolineae
	Anaerolineales
	Anaerolineaceae
	NA

	Taxa12
	0.2450 
	0.8339 
	Bacteria
	Desulfobacterota
	NA
	NA
	NA
	NA

	Taxa13
	0.3702 
	0.9968 
	Bacteria
	Firmicutes
	Bacilli
	Lactobacillales
	Carnobacteriaceae
	Trichococcus

	Taxa14
	0.1172 
	0.9553 
	Bacteria
	Firmicutes
	Clostridia
	Clostridiales
	Peptostreptococcaceae
	Romboutsia

	Taxa15
	0.1253 
	0.8642 
	Bacteria
	Firmicutes
	Clostridia
	Clostridiales
	NA
	NA

	Taxa16
	0.1134 
	0.8771 
	Bacteria
	Firmicutes
	Clostridia
	Clostridiales
	Ruminococcaceae
	NA

	Taxa17
	0.1064 
	0.8339 
	Bacteria
	Firmicutes
	Clostridia
	Clostridiales
	Clostridiaceae
	Clostridium_sensu_stricto_1

	Taxa18
	0.3863 
	0.8754 
	Bacteria
	Gemmatimonadetes
	Gemmatimonadetes
	Gemmatimonadales
	Gemmatimonadaceae
	NA

	Taxa19
	0.8599 
	0.9297 
	Bacteria
	Ignavibacteriae
	Ignavibacteria
	Ignavibacteriales
	NA
	NA

	Taxa20
	0.1066 
	0.9015 
	Bacteria
	Nitrospirae
	Nitrospiria
	Nitrospirales
	Nitrospiraceae
	Nitrospira

	Taxa21
	0.2620 
	0.8211 
	Bacteria
	Proteobacteria
	Betaproteobacteria
	Burkholderiales
	Comamonadaceae
	NA

	Taxa22
	0.6802 
	0.8914 
	Bacteria
	Proteobacteria
	Gammaproteobacteria
	Xanthomonadales
	Xanthomonadaceae
	Dokdonella

	Taxa23
	0.4503 
	0.8051 
	Bacteria
	Proteobacteria
	Gammaproteobacteria
	Burkholderiales
	Comamonadaceae
	Ottowia

	Taxa24
	0.4926 
	0.8562 
	Bacteria
	Proteobacteria
	Gammaproteobacteria
	Burkholderiales
	SC-I-84
	NA

	Taxa25
	0.4363 
	0.8786 
	Bacteria
	Proteobacteria
	Gammaproteobacteria
	Cellvibrionales
	Spongiibacteraceae
	BD1-7_clade

	Taxa26
	0.2708 
	0.8658 
	Bacteria
	Proteobacteria
	Gammaproteobacteria
	Xanthomonadales
	Rhodanobacteraceae
	Ahniella

	Taxa27
	0.2388 
	0.8626 
	Bacteria
	Proteobacteria
	Alphaproteobacteria
	Caulobacterales
	Hyphomonadaceae
	SWB02

	Taxa28
	0.1657 
	0.8147 
	Bacteria
	Proteobacteria
	Alphaproteobacteria
	Sphingomonadales
	Sphingomonadaceae
	NA

	Taxa29
	0.1557 
	0.8683 
	Bacteria
	Proteobacteria
	Gammaproteobacteria
	Burkholderiales
	Burkholderiaceae
	Lautropia




Table S6. Topological properties of the empirical network of GBD_Inf_Spr and its associated random networks.
	Network Indexes
	Empirical Network Indexes
	  100 Random Networks Indexes

	Average clustering coefficient (avgCC)
	0.256
	0.015 +/- 0.004

	Average path distance (GD)
	8.873
	4.502 +/- 0.074

	Geodesic efficiency (E)
	0.162
	0.247 +/- 0.003

	Harmonic geodesic distance (HD)
	6.162
	4.046 +/- 0.050

	Centralization of degree (CD)
	0.055
	0.055 +/- 0.000

	Centralization of betweenness (CB)
	0.124
	0.150 +/- 0.018

	Centralization of stress centrality (CS)
	0.627
	0.487 +/- 0.057

	Centralization of eigenvector centrality (CE)
	0.325
	0.333 +/- 0.024

	Density (D)
	0.006
	0.006 +/- 0.000

	Reciprocity
	1
	1.000 +/- 0.000

	Transitivity (Trans)
	0.545
	0.031 +/- 0.005

	Connectedness (Con)
	0.420
	0.853 +/- 0.030

	Efficiency
	0.989
	0.995 +/- 0.000

	Hierarchy
	0
	0.000 +/- 0.000

	Lubness
	1
	1.000 +/- 0.000

	Modularity(fast_greedy)
	0.829
	0.585 +/- 0.006


























Table S7. Topological properties of the empirical network of GBD_Inf_Sum and its associated random networks.
	Network Indexes
	Empirical Network Indexes
	  100 Random Networks Indexes

	Average clustering coefficient (avgCC)
	0.242
	0.004 +/- 0.003

	Average path distance (GD)
	6.061
	6.135 +/- 0.196

	Geodesic efficiency (E)
	0.274
	0.190 +/- 0.005

	Harmonic geodesic distance (HD)
	3.650
	5.271 +/- 0.130

	Centralization of degree (CD)
	0.019
	0.019 +/- 0.000

	Centralization of betweenness (CB)
	0.017
	0.107 +/- 0.020

	Centralization of stress centrality (CS)
	0.165
	0.208 +/- 0.042

	Centralization of eigenvector centrality (CE)
	0.316
	0.293 +/- 0.029

	Density (D)
	0.005
	0.005 +/- 0.000

	Reciprocity
	1
	1.000 +/- 0.000

	Transitivity (Trans)
	0.560
	0.012 +/- 0.005

	Connectedness (Con)
	0.050
	0.580 +/- 0.035

	Efficiency
	0.939
	0.995 +/- 0.000

	Hierarchy
	0
	0.000 +/- 0.000

	Lubness
	1
	1.000 +/- 0.000

	Modularity(fast_greedy)
	0.934
	0.790 +/- 0.007


























Table S8. Topological properties of the empirical network of GBD_Inf_Aut and its associated random networks.
	Network Indexes
	Empirical Network Indexes
	  100 Random Networks Indexes

	Average clustering coefficient (avgCC)
	0.290
	0.007 +/- 0.003

	Average path distance (GD)
	3.163
	5.595 +/- 0.138

	Geodesic efficiency (E)
	0.449
	0.205 +/- 0.004

	Harmonic geodesic distance (HD)
	2.228
	4.888 +/- 0.087

	Centralization of degree (CD)
	0.039
	0.039 +/- 0.000

	Centralization of betweenness (CB)
	0.007
	0.156 +/- 0.029

	Centralization of stress centrality (CS)
	0.010
	0.356 +/- 0.067

	Centralization of eigenvector centrality (CE)
	0.281
	0.384 +/- 0.040

	Density (D)
	0.005
	0.005 +/- 0.000

	Reciprocity
	1
	1.000 +/- 0.000

	Transitivity (Trans)
	0.606
	0.017 +/- 0.005

	Connectedness (Con)
	0.027
	0.707 +/- 0.033

	Efficiency
	0.869
	0.996 +/- 0.000

	Hierarchy
	0
	0.000 +/- 0.000

	Lubness
	1
	1.000 +/- 0.000

	Modularity(fast_greedy)
	0.932
	0.733 +/- 0.007


























Table S9. Topological properties of the empirical network of GBD_Inf_Win and its associated random networks.
	Network Indexes
	Empirical Network Indexes
	  100 Random Networks Indexes

	Average clustering coefficient (avgCC)
	0.398
	0.015 +/- 0.004

	Average path distance (GD)
	8.801
	4.349 +/- 0.061

	Geodesic efficiency (E)
	0.200
	0.256 +/- 0.003

	Harmonic geodesic distance (HD)
	5.006
	3.910 +/- 0.042

	Centralization of degree (CD)
	0.030
	0.030 +/- 0.000

	Centralization of betweenness (CB)
	0.058
	0.070 +/- 0.007

	Centralization of stress centrality (CS)
	420.796
	0.222 +/- 0.023

	Centralization of eigenvector centrality (CE)
	0.248
	0.214 +/- 0.018

	Density (D)
	0.008
	0.008 +/- 0.000

	Reciprocity
	1
	1.000 +/- 0.000

	Transitivity (Trans)
	0.708
	0.030 +/- 0.005

	Connectedness (Con)
	0.139
	0.861 +/- 0.029

	Efficiency
	0.957
	0.993 +/- 0.000

	Hierarchy
	0
	0.000 +/- 0.000

	Lubness
	1
	1.000 +/- 0.000

	Modularity(fast_greedy)
	0.891
	0.551 +/- 0.007


























Table S10. Topological properties of the empirical network of GBD_AS_Spr and its associated random networks.
	Network Indexes
	Empirical Network Indexes
	  100 Random Networks Indexes

	Average clustering coefficient (avgCC)
	0.248
	0.009 +/- 0.003

	Average path distance (GD)
	11.026
	5.227 +/- 0.113

	Geodesic efficiency (E)
	0.155
	0.217 +/- 0.004

	Harmonic geodesic distance (HD)
	6.434
	4.610 +/- 0.081

	Centralization of degree (CD)
	0.042
	0.042 +/- 0.000

	Centralization of betweenness (CB)
	0.104
	0.142 +/- 0.024

	Centralization of stress centrality (CS)
	1.516
	0.341 +/- 0.058

	Centralization of eigenvector centrality (CE)
	0.281
	0.372 +/- 0.043

	Density (D)
	0.005
	0.005 +/- 0.000

	Reciprocity
	1
	1.000 +/- 0.000

	Transitivity (Trans)
	0.630
	0.020 +/- 0.005

	Connectedness (Con)
	0.154
	0.693 +/- 0.035

	Efficiency
	0.977
	0.995 +/- 0.000

	Hierarchy
	0
	0.000 +/- 0.000

	Lubness
	1
	1.000 +/- 0.000

	Modularity(fast_greedy)
	0.911
	0.710 +/- 0.006


























Table S11. Topological properties of the empirical network of GBD_AS_Sum and its associated random networks.
	Network Indexes
	Empirical Network Indexes
	  100 Random Networks Indexes

	Average clustering coefficient (avgCC)
	0.205
	0.005 +/- 0.003

	Average path distance (GD)
	7.355
	5.830 +/- 0.156

	Geodesic efficiency (E)
	0.241
	0.197 +/- 0.005

	Harmonic geodesic distance (HD)
	4.144
	5.067 +/- 0.120

	Centralization of degree (CD)
	0.030
	0.03 +/- 0.000

	Centralization of betweenness (CB)
	0.023
	0.103 +/- 0.021

	Centralization of stress centrality (CS)
	0.092
	0.209 +/- 0.048

	Centralization of eigenvector centrality (CE)
	0.336
	0.310 +/- 0.055

	Density (D)
	0.005
	0.005 +/- 0.000

	Reciprocity
	1
	1.000 +/- 0.000

	Transitivity (Trans)
	0.531
	0.013 +/- 0.006

	Connectedness (Con)
	0.066
	0.587 +/- 0.042

	Efficiency
	0.953
	0.995 +/- 0.000

	Hierarchy
	0
	0.000 +/- 0.000

	Lubness
	1
	1.000 +/- 0.000

	Modularity(fast_greedy)
	0.936
	0.774 +/- 0.008


























Table S12. Topological properties of the empirical network of GBD_AS_Aut and its associated random networks.
	Network Indexes
	Empirical Network Indexes
	  100 Random Networks Indexes

	Average clustering coefficient (avgCC)
	0.198
	0.003 +/- 0.002

	Average path distance (GD)
	5.263
	6.905 +/- 0.324

	Geodesic efficiency (E)
	0.302
	0.173 +/- 0.007

	Harmonic geodesic distance (HD)
	3.312
	5.784 +/- 0.222

	Centralization of degree (CD)
	0.027
	0.027 +/- 0.000

	Centralization of betweenness (CB)
	0.011
	0.143 +/- 0.032

	Centralization of stress centrality (CS)
	0.024
	0.244 +/- 0.057

	Centralization of eigenvector centrality (CE)
	0.456
	0.554 +/- 0.027

	Density (D)
	0.004
	0.004 +/- 0.000

	Reciprocity
	1
	1.000 +/- 0.000

	Transitivity (Trans)
	0.419
	0.008 +/- 0.004

	Connectedness (Con)
	0.043
	0.470 +/- 0.038

	Efficiency
	0.940
	0.995 +/- 0.000

	Hierarchy
	0
	0.000 +/- 0.000

	Lubness
	1
	1.000 +/- 0.000

	Modularity(fast_greedy)
	0.948
	0.842 +/- 0.007


























Table S13. Topological properties of the empirical network of GBD_AS_Win and its associated random networks.
	Network Indexes
	Empirical Network Indexes
	  100 Random Networks Indexes

	Average clustering coefficient (avgCC)
	0.139
	0.002 +/- 0.002

	Average path distance (GD)
	9.968
	9.373 +/- 0.823

	Geodesic efficiency (E)
	0.206
	0.140 +/- 0.011

	Harmonic geodesic distance (HD)
	4.862
	7.182 +/- 0.569

	Centralization of degree (CD)
	0.013
	0.013 +/- 0.000

	Centralization of betweenness (CB)
	0.024
	0.108 +/- 0.031

	Centralization of stress centrality (CS)
	0.062
	0.139 +/- 0.039

	Centralization of eigenvector centrality (CE)
	0.405
	0.411 +/- 0.062

	Density (D)
	0.004
	0.004 +/- 0.000

	Reciprocity
	1
	1.000 +/- 0.000

	Transitivity (Trans)
	0.335
	0.004 +/- 0.004

	Connectedness (Con)
	0.055
	0.303 +/- 0.037

	Efficiency
	0.961
	0.994 +/- 0.001

	Hierarchy
	0
	0.000 +/- 0.000

	Lubness
	1
	1.000 +/- 0.000

	Modularity(fast_greedy)
	0.923
	0.806 +/- 0.008


























Table S14. Topological properties of the empirical network of BXH_Inf_Spr and its associated random networks.
	Network Indexes
	Empirical Network Indexes
	  100 Random Networks Indexes

	Average clustering coefficient (avgCC)
	0.401
	0.034 +/- 0.004

	Average path distance (GD)
	4.919
	3.735 +/- 0.037

	Geodesic efficiency (E)
	0.288
	0.293 +/- 0.002

	Harmonic geodesic distance (HD)
	3.470
	3.410 +/- 0.027

	Centralization of degree (CD)
	0.062
	0.062 +/- 0.000

	Centralization of betweenness (CB)
	0.048
	0.069 +/- 0.007

	Centralization of stress centrality (CS)
	0.483
	0.339 +/- 0.033

	Centralization of eigenvector centrality (CE)
	0.186
	0.188 +/- 0.015

	Density (D)
	0.009
	0.009 +/- 0.000

	Reciprocity
	1
	1.000 +/- 0.000

	Transitivity (Trans)
	0.753
	0.066 +/- 0.004

	Connectedness (Con)
	0.123
	0.903 +/- 0.025

	Efficiency
	0.941
	0.992 +/- 0.000

	Hierarchy
	0
	0.000 +/- 0.000

	Lubness
	1
	1.000 +/- 0.000

	Modularity(fast_greedy)
	0.833
	0.422 +/- 0.005


























Table S15. Topological properties of the empirical network of BXH_Inf_Sum and its associated random networks.
	Network Indexes
	Empirical Network Indexes
	  100 Random Networks Indexes

	Average clustering coefficient (avgCC)
	0.322
	0.004 +/- 0.002

	Average path distance (GD)
	6.374
	5.885 +/- 0.069

	Geodesic efficiency (E)
	0.222
	0.189 +/- 0.002

	Harmonic geodesic distance (HD)
	4.498
	5.282 +/- 0.049

	Centralization of degree (CD)
	0.014
	0.014 +/- 0.000

	Centralization of betweenness (CB)
	0.015
	0.069 +/- 0.010

	Centralization of stress centrality (CS)
	0.399
	0.161 +/- 0.025

	Centralization of eigenvector centrality (CE)
	0.333
	0.233 +/- 0.035

	Density (D)
	0.003
	0.003 +/- 0.000

	Reciprocity
	1
	1.000 +/- 0.000

	Transitivity (Trans)
	0.453
	0.008 +/- 0.003

	Connectedness (Con)
	0.084
	0.788 +/- 0.023

	Efficiency
	0.971
	0.997 +/- 0.000

	Hierarchy
	0
	0.000 +/- 0.000

	Lubness
	1
	1.000 +/- 0.000

	Modularity(fast_greedy)
	0.928
	0.702 +/- 0.005


























Table S16. Topological properties of the empirical network of BXH_Inf_Aut and its associated random networks.
	Network Indexes
	Empirical Network Indexes
	  100 Random Networks Indexes

	Average clustering coefficient (avgCC)
	0.393
	0.015 +/- 0.003

	Average path distance (GD)
	9.320
	4.122 +/- 0.037

	Geodesic efficiency (E)
	0.180
	0.265 +/- 0.002

	Harmonic geodesic distance (HD)
	5.565
	3.774 +/- 0.027

	Centralization of degree (CD)
	0.023
	0.023 +/- 0.000

	Centralization of betweenness (CB)
	0.052
	0.038 +/- 0.003

	Centralization of stress centrality (CS)
	115.125
	0.159 +/- 0.010

	Centralization of eigenvector centrality (CE)
	0.214
	0.166 +/- 0.014

	Density (D)
	0.006
	0.006 +/- 0.000

	Reciprocity
	1
	1.000 +/- 0.000

	Transitivity (Trans)
	0.790
	0.030 +/- 0.003

	Connectedness (Con)
	0.144
	0.880 +/- 0.021

	Efficiency
	0.967
	0.995 +/- 0.000

	Hierarchy
	0
	0.000 +/- 0.000

	Lubness
	1
	1.000 +/- 0.000

	Modularity(fast_greedy)
	0.920
	0.475 +/- 0.005


























Table S17. Topological properties of the empirical network of BXH_Inf_Win and its associated random networks.
	Network Indexes
	Empirical Network Indexes
	  100 Random Networks Indexes

	Average clustering coefficient (avgCC)
	0.451
	0.045 +/- 0.005

	Average path distance (GD)
	6.468
	3.495 +/- 0.033

	Geodesic efficiency (E)
	0.206
	0.312 +/- 0.002

	Harmonic geodesic distance (HD)
	4.846
	3.205 +/- 0.023

	Centralization of degree (CD)
	0.059
	0.059 +/- 0.000

	Centralization of betweenness (CB)
	0.146
	0.054 +/- 0.004

	Centralization of stress centrality (CS)
	13.766
	0.306 +/- 0.021

	Centralization of eigenvector centrality (CE)
	0.187
	0.176 +/- 0.010

	Density (D)
	0.010
	0.010 +/- 0.000

	Reciprocity
	1
	1.000 +/- 0.000

	Transitivity (Trans)
	0.665
	0.074 +/- 0.004

	Connectedness (Con)
	0.440
	0.950 +/- 0.016

	Efficiency
	0.980
	0.991 +/- 0.000

	Hierarchy
	0
	0.000 +/- 0.000

	Lubness
	1
	1.000 +/- 0.000

	Modularity(fast_greedy)
	0.774
	0.356 +/- 0.004


























Table S18. Topological properties of the empirical network of BXH_AS_Spr and its associated random networks.
	Network Indexes
	Empirical Network Indexes
	  100 Random Networks Indexes

	Average clustering coefficient (avgCC)
	0.253
	0.005 +/- 0.002

	Average path distance (GD)
	5.963
	6.008 +/- 0.128

	Geodesic efficiency (E)
	0.243
	0.189 +/- 0.003

	Harmonic geodesic distance (HD)
	4.113
	5.288 +/- 0.091

	Centralization of degree (CD)
	0.026
	0.026 +/- 0.000

	Centralization of betweenness (CB)
	0.024
	0.106 +/- 0.018

	Centralization of stress centrality (CS)
	0.246
	0.228 +/- 0.042

	Centralization of eigenvector centrality (CE)
	0.366
	0.334 +/- 0.043

	Density (D)
	0.004
	0.004 +/- 0.000

	Reciprocity
	1
	1.000 +/- 0.000

	Transitivity (Trans)
	0.448
	0.009 +/- 0.004

	Connectedness (Con)
	0.076
	0.664 +/- 0.032

	Efficiency
	0.966
	0.997 +/- 0.000

	Hierarchy
	0
	0.000 +/- 0.000

	Lubness
	1
	1.000 +/- 0.000

	Modularity(fast_greedy)
	0.914
	0.759 +/- 0.006


























Table S19. Topological properties of the empirical network of BXH_AS_Sum and its associated random networks.
	Network Indexes
	Empirical Network Indexes
	  100 Random Networks Indexes

	Average clustering coefficient (avgCC)
	0.309
	0.004 +/- 0.002

	Average path distance (GD)
	6.923
	6.118 +/- 0.110

	Geodesic efficiency (E)
	0.221
	0.184 +/- 0.003

	Harmonic geodesic distance (HD)
	4.523
	5.432 +/- 0.079

	Centralization of degree (CD)
	0.022
	0.022 +/- 0.000

	Centralization of betweenness (CB)
	0.019
	0.128 +/- 0.028

	Centralization of stress centrality (CS)
	0.467
	0.277 +/- 0.059

	Centralization of eigenvector centrality (CE)
	0.340
	0.478 +/- 0.041

	Density (D)
	0.003
	0.003 +/- 0.000

	Reciprocity
	1
	1.000 +/- 0.000

	Transitivity (Trans)
	0.486
	0.008 +/- 0.003

	Connectedness (Con)
	0.079
	0.735 +/- 0.030

	Efficiency
	0.970
	0.997 +/- 0.000

	Hierarchy
	0
	0.000 +/- 0.000

	Lubness
	1
	1.000 +/- 0.000

	Modularity(fast_greedy)
	0.931
	0.737 +/- 0.006


























Table S20. Topological properties of the empirical network of BXH_AS_Aut and its associated random networks.
	Network Indexes
	Empirical Network Indexes
	  100 Random Networks Indexes

	Average clustering coefficient (avgCC)
	0.262
	0.004 +/- 0.002

	Average path distance (GD)
	6.574
	6.056 +/- 0.124

	Geodesic efficiency (E)
	0.244
	0.187 +/- 0.003

	Harmonic geodesic distance (HD)
	4.096
	5.337 +/- 0.089

	Centralization of degree (CD)
	0.021
	0.021 +/- 0.000

	Centralization of betweenness (CB)
	0.018
	0.091 +/- 0.016

	Centralization of stress centrality (CS)
	0.336
	0.196 +/- 0.036

	Centralization of eigenvector centrality (CE)
	0.332
	0.303 +/- 0.046

	Density (D)
	0.004
	0.004 +/- 0.000

	Reciprocity
	1
	1.000 +/- 0.000

	Transitivity (Trans)
	0.506
	0.010 +/- 0.004

	Connectedness (Con)
	0.060
	0.673 +/- 0.030

	Efficiency
	0.956
	0.997 +/- 0.000

	Hierarchy
	0
	0.000 +/- 0.000

	Lubness
	1
	1.000 +/- 0.000

	Modularity(fast_greedy)
	0.943
	0.750 +/- 0.006


























Table S21. Topological properties of the empirical network of BXH_AS_Win and its associated random networks.
	Network Indexes
	Empirical Network Indexes
	  100 Random Networks Indexes

	Average clustering coefficient (avgCC)
	0.309
	0.003 +/- 0.002

	Average path distance (GD)
	5.184
	7.007 +/- 0.173

	Geodesic efficiency (E)
	0.309
	0.165 +/- 0.003

	Harmonic geodesic distance (HD)
	3.239
	6.078 +/- 0.113

	Centralization of degree (CD)
	0.014
	0.014 +/- 0.000

	Centralization of betweenness (CB)
	0.010
	0.106 +/- 0.021

	Centralization of stress centrality (CS)
	0.027
	0.200 +/- 0.040

	Centralization of eigenvector centrality (CE)
	0.345
	0.296 +/- 0.037

	Density (D)
	0.003
	0.003 +/- 0.000

	Reciprocity
	1
	1.000 +/- 0.000

	Transitivity (Trans)
	0.467
	0.006 +/- 0.003

	Connectedness (Con)
	0.034
	0.673 +/- 0.027

	Efficiency
	0.932
	0.997 +/- 0.000

	Hierarchy
	0
	0.000 +/- 0.000

	Lubness
	1
	1.000 +/- 0.000

	Modularity(fast_greedy)
	0.921
	0.796 +/- 0.006




























Table S22. Taxonomic information of keystone taxa in each network. 
	
	
	
	Domain
	Phylum
	Class
	Order
	Family
	Genus

	GBD_Inf_Spr
	Module hub
	OTU_331
	Bacteria
	Proteobacteria
	Alphaproteobacteria
	Rhodospirillales
	Rhodospirillaceae
	Desertibacter

	
	
	OTU_1301
	Bacteria
	Firmicutes
	Unclassified_Firmicutes
	Unclassified_Firmicutes
	Unclassified_Firmicutes
	Unclassified_Firmicutes

	
	
	OTU_36533
	Bacteria
	Proteobacteria
	Betaproteobacteria
	Burkholderiales
	Comamonadaceae
	Rhodoferax

	
	
	OTU_3054
	Bacteria
	Firmicutes
	Unclassified_Firmicutes
	Unclassified_Firmicutes
	Unclassified_Firmicutes
	Unclassified_Firmicutes

	
	
	OTU_2132
	Unclassified_Bacteria
	Unclassified_Bacteria
	Unclassified_Bacteria
	Unclassified_Bacteria
	Unclassified_Bacteria
	

	
	Connector
	OTU_4821
	Bacteria
	Proteobacteria
	Betaproteobacteria
	Rhodocyclales
	Rhodocyclaceae
	Unclassified_Rhodocyclaceae

	
	
	OTU_3648
	Bacteria
	Firmicutes
	Negativicutes
	Selenomonadales
	Acidaminococcaceae
	Unclassified_Acidaminococcaceae

	GBD_Inf_Sum
	Module hub
	OTU_27710
	Bacteria
	Proteobacteria
	Alphaproteobacteria
	Rhodobacterales
	Rhodobacteraceae
	Rhodobacter

	
	
	OTU_37486
	Bacteria
	Proteobacteria
	Betaproteobacteria
	Burkholderiales
	Comamonadaceae
	Unclassified_Comamonadaceae

	GBD_Inf_Aut
	Module hub
	OTU_918
	Bacteria
	Fusobacteria
	Fusobacteriia
	Fusobacteriales
	Leptotrichiaceae
	Sebaldella

	
	
	OTU_3805
	Bacteria
	Firmicutes
	Clostridia
	Clostridiales
	Ruminococcaceae
	Unclassified_Ruminococcaceae

	
	
	OTU_11700
	Bacteria
	Firmicutes
	Clostridia
	Clostridiales
	Ruminococcaceae
	Subdoligranulum

	
	
	OTU_896
	Bacteria
	Proteobacteria
	Betaproteobacteria
	Neisseriales
	Neisseriaceae
	Formivibrio

	GBD_Inf_Win
	Module hub
	OTU_24
	Bacteria
	Proteobacteria
	Gammaproteobacteria
	Xanthomonadales
	Xanthomonadaceae
	Arenimonas

	
	
	OTU_954
	Bacteria
	Proteobacteria
	Gammaproteobacteria
	Xanthomonadales
	Xanthomonadaceae
	Aquimonas

	GBD_AS_Spr
	Module hub
	OTU_167
	Bacteria
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Moraxellaceae
	Enhydrobacter

	
	
	OTU_476
	Bacteria
	Firmicutes
	Clostridia
	Clostridiales
	Eubacteriaceae
	Acetobacterium

	
	
	OTU_370
	Bacteria
	Bacteroidetes
	Cytophagia
	Cytophagales
	Ohtaekwangia
	Ohtaekwangia

	
	
	OTU_2139
	Bacteria
	Verrucomicrobia
	Spartobacteria
	Spartobacteria_genera_incertae_sedis
	Spartobacteria_genera_incertae_sedis
	Spartobacteria_genera_incertae_sedis

	
	
	OTU_2600
	Bacteria
	Bacteroidetes
	Sphingobacteriia
	Sphingobacteriales
	Saprospiraceae
	Unclassified_Saprospiraceae

	
	
	OTU_48569
	Bacteria
	Bacteroidetes
	Sphingobacteriia
	Sphingobacteriales
	Saprospiraceae
	Phaeodactylibacter

	GBD_AS_Sum
	Module hub
	OTU_365
	Bacteria
	Firmicutes
	Bacilli
	Lactobacillales
	Lactobacillaceae
	Lactobacillus

	
	
	OTU_127
	Bacteria
	Bacteroidetes
	Sphingobacteriia
	Sphingobacteriales
	Saprospiraceae
	Unclassified_Saprospiraceae

	
	
	OTU_366
	Bacteria
	Proteobacteria
	Deltaproteobacteria
	Myxococcales
	Unclassified_Myxococcales
	Unclassified_Myxococcales

	
	
	OTU_906
	Bacteria
	Unclassified_Bacteria
	Unclassified_Bacteria
	Unclassified_Bacteria
	Unclassified_Bacteria
	Unclassified_Bacteria

	
	
	OTU_761
	Bacteria
	Proteobacteria
	Alphaproteobacteria
	Rhizobiales
	Hyphomicrobiaceae
	Hyphomicrobium

	
	
	OTU_2041
	Bacteria
	Chlamydiae
	Chlamydiia
	Chlamydiales
	Parachlamydiaceae
	Parachlamydia

	GBD_AS_Aut
	Module hub
	OTU_428
	Bacteria
	Proteobacteria
	Betaproteobacteria
	Burkholderiales
	Unclassified_Burkholderiales
	Unclassified_Burkholderiales

	
	
	OTU_43812
	Bacteria
	Bacteroidetes
	Sphingobacteriia
	Sphingobacteriales
	Chitinophagaceae
	Unclassified_Chitinophagaceae

	
	
	OTU_26748
	Bacteria
	Proteobacteria
	Unclassified_Proteobacteria
	Unclassified_Proteobacteria
	Unclassified_Proteobacteria
	Unclassified_Proteobacteria

	
	
	OTU_44973
	Bacteria
	Proteobacteria
	Betaproteobacteria
	Neisseriales
	Neisseriaceae
	Unclassified_Neisseriaceae

	GBD_AS_Win
	Module hub
	OTU_485
	Bacteria
	Proteobacteria
	Deltaproteobacteria
	Myxococcales
	Unclassified_Myxococcales
	Unclassified_Myxococcales

	
	
	OTU_447
	Bacteria
	Proteobacteria
	Alphaproteobacteria
	Rhizobiales
	Bradyrhizobiaceae
	Unclassified_Bradyrhizobiaceae

	
	
	OTU_28459
	Bacteria
	Bacteroidetes
	Sphingobacteriia
	Sphingobacteriales
	Chitinophagaceae
	Ferruginibacter

	BXH_Inf_Spr
	Module hub
	OTU_25776
	Bacteria
	Bacteroidetes
	Bacteroidia
	Bacteroidales
	Bacteroidaceae
	Bacteroides

	
	
	OTU_8687
	Bacteria
	Firmicutes
	Negativicutes
	Selenomonadales
	Veillonellaceae
	Propionispira

	
	
	OTU_717
	Bacteria
	Bacteroidetes
	Bacteroidia
	Bacteroidales
	Marinilabiliaceae
	Unclassified_Marinilabiliaceae

	
	
	OTU_27525
	Bacteria
	Proteobacteria
	Gammaproteobacteria
	Unclassified_Gammaproteobacteria
	Unclassified_Gammaproteobacteria
	Unclassified_Gammaproteobacteria

	
	
	OTU_11700
	Bacteria
	Firmicutes
	Clostridia
	Clostridiales
	Ruminococcaceae
	Subdoligranulum

	
	
	OTU_35882
	Bacteria
	Firmicutes
	Clostridia
	Clostridiales
	Peptostreptococcaceae
	Proteocatella

	
	Connector
	OTU_213
	Bacteria
	Actinobacteria
	Actinobacteria
	Solirubrobacterales
	Conexibacteraceae
	Conexibacter

	BXH_Inf_Sum
	Module hub
	OTU_18
	Bacteria
	Bacteroidetes
	Sphingobacteriia
	Sphingobacteriales
	Saprospiraceae
	Lewinella

	
	
	OTU_157
	Bacteria
	Acidobacteria
	Acidobacteria_Gp4
	Aridibacter
	Aridibacter
	Aridibacter

	
	
	OTU_1079
	Bacteria
	Unclassified_Bacteria
	Unclassified_Bacteria
	Unclassified_Bacteria
	Unclassified_Bacteria
	Unclassified_Bacteria

	
	
	OTU_315
	Bacteria
	Proteobacteria
	Alphaproteobacteria
	Rhizobiales
	Methylocystaceae
	Unclassified_Methylocystaceae

	
	
	OTU_2695
	Bacteria
	Bacteroidetes
	Bacteroidia
	Bacteroidales
	Prevotellaceae
	Prevotella

	
	
	OTU_29628
	Bacteria
	Firmicutes
	Bacilli
	Lactobacillales
	Lactobacillaceae
	Pediococcus

	
	
	OTU_4140
	Bacteria
	Firmicutes
	Clostridia
	Clostridiales
	Lachnospiraceae
	Unclassified_Lachnospiraceae

	
	
	OTU_8612
	Bacteria
	Proteobacteria
	Alphaproteobacteria
	Sphingomonadales
	Sphingomonadaceae
	Sphingomonas

	
	Connector
	OTU_38230
	Bacteria
	Proteobacteria
	Betaproteobacteria
	Burkholderiales
	Burkholderiales_incertae_sedis
	Unclassified_Burkholderiales_incertae_sedis

	BXH_Inf_Aut
	Module hub
	OTU_44281
	Bacteria
	Proteobacteria
	Epsilonproteobacteria
	Campylobacterales
	Campylobacteraceae
	Arcobacter

	
	
	OTU_570
	Bacteria
	Firmicutes
	Bacilli
	Lactobacillales
	Lactobacillaceae
	Lactobacillus

	
	
	OTU_48224
	Bacteria
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Figure S1. COD concentration during sampling period in a) GBD and b) BXH.
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Figure S2. Ammonia concentration during sampling period in a) GBD and b) BXH.
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Figure S3. Total nitrogen concentration during sampling period in a) GBD and b) BXH.
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Figure S4. Temperature during sampling period in a) GBD and b) BXH.
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Figure S5. Circular representation of seasonal microbial community composition at phylum or class (for Proteobacteria) level in GBD activated sludge. The outmost two circles list the names of each group and each phylum (or class). The width of the connecting line on the outer ring represents the percentages of microorganisms in these groups (left side of the diagram) and correlates the relative abundance of different taxonomies (right side of the diagram). The microbial phyla (or classes) which relative abundance were lower than 2% were combined as “others”.
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Figure S6. Circular representation of seasonal microbial community composition at phylum or class (for Proteobacteria) level in BXH influent. The outmost two circles list the names of each group and each phylum (or class). The width of the connecting line on the outer ring represents the percentages of microorganisms in these groups (left side of the diagram) and correlates the relative abundance of different taxonomies (right side of the diagram). The microbial phyla (or classes) which relative abundance were lower than 2% were combined as “others”.
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Figure S7. Circular representation of seasonal microbial community composition at phylum or class (for Proteobacteria) level in BXH activated sludge. The outmost two circles list the names of each group and each phylum (or class). The width of the connecting line on the outer ring represents the percentages of microorganisms in these groups (left side of the diagram) and correlates the relative abundance of different taxonomies (right side of the diagram). The microbial phyla (or classes) which relative abundance were lower than 2% were combined as “others”.
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Figure S8. The putative functions (identified by MiDAS 3 database) and seasonality changes of top 50 genera.
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Figure S9. The negative correlation relationship between Shannnon-Wiener diversity index and network connectivity (links) in a) GBD influent; b) GBD activated sludge; c) BXH influent; and d) BXH activated sludge.
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