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Table S1 Polynomial regression of microbial taxonomic diversity with latitude in eastern (zone Ⅰ, Ⅱ, and Ⅲ), middle (zone Ⅳ and Ⅴ), and western (zone Ⅵ and Ⅶ) China for phreatic water of varying well depth ranges. 
	Well depth range
	Eastern China
	Middle China
	Western China

	
	R2
	P -value
	R2
	P -value
	R2
	P -value

	0-20 m
	0.15
	0.038*
	0.26
	0.191
	0.03
	0.688

	20-40 m
	0.12
	0.002**
	0.01
	0.808
	
	

	40-80 m
	0.01
	0.830
	0.16
	0.048*
	0.06
	0.464

	> 80 m
	0.05
	0.25
	0.02
	0.587
	0.05
	0.710




Table S2 Linear and polynomial regression of relative abundance of dominant taxa (average relative abundance > 1%) at class, order, family, and genus level against well depth in phreatic water.
	Taxonomic level
	Name
	Abundance (%)
	Linear fit
	
	Polynomial fit

	
	
	
	R2
	P -value
	R2
	P -value

	Class
	Gammaproteobacteria
	41.44
	0.04
	<0.001***
	0.04
	<0.001***

	
	Alphaproteobacteria
	9.95
	0.02
	<0.001***
	0.02
	<0.001***

	
	Bacteroidia
	7.76
	0.00
	0.652
	0.00
	0.694

	
	Campylobacteria
	6.19
	0.00
	0.234
	0.00
	0.451

	
	Actinobacteria
	4.20
	0.00
	0.776
	0.00
	0.358

	
	Bacilli
	2.43
	0.00
	0.699
	0.00
	0.903

	
	Clostridia
	1.88
	0.00
	0.296
	0.00
	0.360

	
	Parcubacteria
	1.79
	0.03
	<0.001***
	0.05
	<0.001***

	
	Methylomirabilia
	1.70
	0.02
	<0.001***
	0.03
	<0.001***

	
	Saccharimonadia
	1.33
	0.00
	0.516
	0.00
	0.255

	
	Thermodesulfovibrionia
	1.13
	0.01
	0.015*
	0.01
	0.028*

	Order
	Burkholderiales
	25.67
	0.01
	0.013*
	0.01
	0.047*

	
	Pseudomonadales
	10.01
	0.01
	0.008**
	0.01
	0.027*

	
	Campylobacterales
	6.19
	0.00
	0.234
	0.00
	0.451

	
	Sphingomonadales
	4.79
	0.02
	0.002**
	0.02
	0.004**

	
	Flavobacteriales
	4.06
	0.00
	0.624
	0.00
	0.562

	
	Micrococcales
	2.44
	0.00
	0.269
	0.00
	0.511

	
	Rhizobiales
	2.03
	0.00
	0.378
	0.00
	0.156

	
	Bacteroidales
	1.56
	0.00
	0.684
	0.00
	0.908

	
	Saccharimonadales
	1.33
	0.00
	0.516
	0.00
	0.255

	
	Caulobacterales
	1.30
	0.00
	0.166
	0.00
	0.341

	
	Aeromonadales
	1.12
	0.00
	0.557
	0.01
	0.017*

	Family
	Comamonadaceae
	13.25
	0.04
	<0.001***
	0.05
	<0.001***

	
	Pseudomonadaceae
	6.54
	0.00
	0.254
	0.00
	0.398

	
	Sphingomonadaceae
	4.79
	0.02
	0.002**
	0.02
	0.004**

	
	Sulfurimonadaceae
	4.72
	0.00
	0.089
	0.00
	0.202

	
	Flavobacteriaceae
	3.67
	0.00
	0.666
	0.00
	0.636

	
	Moraxellaceae
	3.46
	0.03
	<0.001***
	0.03
	<0.001***

	
	Rhodocyclaceae
	3.01
	0.00
	0.328
	0.01
	0.045*

	
	Gallionellaceae
	2.39
	0.00
	0.196
	0.01
	0.074

	
	Oxalobacteraceae
	2.22
	0.00
	0.582
	0.00
	0.851

	
	Micrococcaceae
	1.88
	0.00
	0.195
	0.00
	0.431

	
	Burkholderiaceae
	1.37
	0.00
	0.858
	0.00
	0.699

	
	Caulobacteraceae
	1.28
	0.00
	0.150
	0.00
	0.314

	
	Arcobacteraceae
	1.10
	0.00
	0.371
	0.00
	0.669

	
	Aeromonadaceae
	1.09
	0.00
	0.548
	0.01
	0.017*




Table S2 (Continued).
	Taxonomic level
	Name
	Abundance
 (%)
	Linear fit
	
	Polynomial fit

	
	
	
	R2
	P -value
	R2
	P -value

	Genus
	Pseudomonas
	6.54
	0.00
	0.254
	0.00
	0.398

	
	Sulfuricurvum
	3.48
	0.01
	0.053
	0.00
	0.131

	
	Flavobacterium
	3.36
	0.00
	0.620
	0.00
	0.407

	
	Aquabacterium
	3.35
	0.00
	0.091
	0.00
	0.237

	
	Hydrogenophaga
	3.17
	0.04
	<0.001***
	0.04
	<0.001***

	
	Novosphingobium
	2.67
	0.01
	0.038*
	0.00
	0.118

	
	Acinetobacter
	2.05
	0.02
	<0.001***
	0.02
	0.004**

	
	Rhodoferax
	1.89
	0.00
	0.544
	0.00
	0.409

	
	Gallionella
	1.57
	0.01
	0.056
	0.00
	0.144

	
	Acidovorax
	1.32
	0.01
	0.022*
	0.01
	0.055

	
	Sulfurimonas
	1.23
	0.00
	0.977
	0.00
	0.991



Table S3 Key topological features of co-occurrence networks in phreatic water.
	Topological feature
	Total
	0-20 m
	20-40 m
	40-60 m
	60-80 m
	> 80 m

	Number of nodes
	398
	475
	467
	470
	359
	401

	Number of edges
	1923
	2230
	1924
	2397
	2007
	1909

	Average degree
	9.66
	9.39
	8.24
	10.20
	11.20
	9.72

	Positive connectivity (%)
	100
	100
	100
	100
	100
	93.98

	Negative connectivity (%)
	0
	0
	0
	0
	0
	6.02

	Clustering coefﬁcient
	0.60
	0.47
	0.53
	0.50
	0.54
	0.48

	Graph density
	0.024
	0.02
	0.018
	0.022
	0.031
	0.026

	Average path length
	5.43
	4.79
	5.78
	5.38
	4.86
	3.90

	Modularity
	0.62
	0.60
	0.73
	0.65
	0.48
	0.76





Table S4 Normalized stochasticity ratio (NST) of microbial community assembly in groundwater based on taxonomic and phylogenetic beta diversity. 
	Habitats
	Taxonomic beta diversity
	Phylogenetic beta diversity

	Reconstructed wells
	20.66%
	24.21%

	Newly constructed wells
	31.70%
	32.52%

	Phreatic water (Total)
	27.99%
	30.14%

	0-40 m (Phreatic water)
	25.65%
	27.91%

	40-80 m (Phreatic water)
	26.92%
	27.33%

	> 80 m (Phreatic water)
	30.44%
	33.56%

	Confined water 
	43.98%
	47.67%




[bookmark: _Hlk88475571]Table S5 The weight and score of each indicator for GMIC based on baseline microbial data at a national scale.
	Indicator
	Weight
	Score

	
	
	3
	2
	1
	0

	Phylogenetic diversity
	0.1
	O/E > 2.0
	1.5-2.0
	1.2-1.5
	< 1.2

	p_Patescibacteria
	0.2
	O/E > 5.0
	3.0-5.0
	1.1-3.0
	< 1.1

	c_Gammaproteobacteria
	0.1
	E/O > 50
	5.0-50
	1.4-5.0
	< 1.4

	p_Nitrospirota
	0.2
	O/E > 5.0
	2.0-5.0
	1.1-2.0
	< 1.1

	o_Burkholderiales
	0.1
	E/O > 5.0
	3.0-5.0
	1.5-3.0
	< 1.5

	c_Campylobacteria
	0.1
	E/O > 1000
	100-1000
	10-100
	< 10

	f_Comamonadaceae
	0.1
	E/O > 10.0
	5.0-10
	3.0-5.0
	< 3.0

	f_Sulfurimonadaceae
	0.1
	E/O > 1000
	100-1000
	30-100
	< 30


O: Observation value; E: Expectation value.


Table S6 The identified accurate rate and error rate of groundwater samples suffered by anthropogenic interferences for each indicator and GMIC based on baseline microbial data at a national scale.
	Indicator
	Alarm Value
	China
	Beijing region 
	Xinjiang region 

	
	
	Accurate rate
	Error rate
	Accurate rate
	Error rate
	Accurate rate
	Error rate

	Phylogenetic diversity
	O/E ≥ 1.2
	0.523
	0.309
	0.583
	0.323
	0.714
	0.250

	p_Patescibacteria
	O/E ≥ 1.1
	0.492
	0.266
	0.417
	0.323
	0.286
	0.292

	c_Gammaproteobacteria
	E/O ≥ 1.4
	0.554
	0.349
	0.667
	0.290
	0.143
	0.083

	p_Nitrospirota
	O/E ≥ 1.1
	0.423
	0.163
	0.667
	0.161
	0.286
	0.167

	o_Burkholderiales
	E/O ≥ 1.5
	0.508
	0.382
	0.833
	0.323
	0.286
	0.292

	c_Campylobacteria
	E/O ≥ 10
	0.631
	0.476
	0.833
	0.323
	0.571
	0.542

	f_Comamonadaceae
	E/O ≥ 3
	0.515
	0.287
	0.750
	0.194
	0.286
	0.292

	f_Sulfurimonadaceae
	E/O ≥ 30
	0.538
	0.429
	0.833
	0.452
	0.429
	0.375

	GMIC
	≥1.0
	0.623
	0.194
	0.750
	0.161
	0.429
	0.125


O: Observation value; E: Expectation value.



Table S7 The weight and score of each indicator for GMIC based on baseline microbial data at regional scale.
	Region
	Indicator
	Weight
	Score

	
	
	
	3
	2
	1
	0

	



Beijing
	Taxonomic diversity
	0.1
	O/E > 1.5
	1.3-1.5
	1.1-1.2
	< 1.1

	
	c_Campylobacteria
	0.2
	E/O > 1000
	500-1000
	100-500
	< 100

	
	o_Burkholderiales
	0.1
	E/O > 10
	5.0-10
	2.5-5
	< 2.5

	
	f_Sulfurimonadaceae
	0.1
	E/O > 5000
	1000-5000
	100-1000
	< 100

	
	f_Comamonadaceae
	0.1
	E/O > 50
	10-50
	5.0-10
	< 5.0

	
	g_Sulfuricurvum
	0.1
	E/O > 5000
	1000-5000
	300-1000
	< 300

	
	p_Nitrospirota
	0.1
	O/E > 5
	2.0-5.0
	1.1-2.0
	< 1.1

	
	g_Hydrogenophaga
	0.1
	E/O > 100
	50-100
	30-50
	< 30

	
	g_Flavobacterium
	0.1
	E/O > 1000
	100-1000
	30-100
	< 30

	




Xinjiang
	Phylogenetic diversity
	0.1
	O/E > 2.0
	1.5-2.0
	1.2-1.5
	< 1.2

	
	c_Gammaproteobacteria
	0.1
	O/E > 2.0
	1.5-2.0
	1.3-1.5
	< 1.3

	
	g_Acidovorax
	0.1
	O/E > 2.0
	1.5-2.0
	1.1-15
	< 1.1

	
	c_Acidimicrobiia
	0.1
	E/O > 100
	10-100
	5.0-10
	< 5.0

	
	f_Vicinamibacteraceae
	0.1
	E/O > 50
	10-50
	4.0-10
	< 4.0

	
	p_Gemmatimonadota
	0.1
	E/O > 50
	10-50
	3.0-10
	< 3.0

	
	g_Rhodobacter
	0.1
	E/O > 50
	10-50
	5.0-10
	< 5.0

	
	f_Halomonadaceae
	0.1
	E/O > 1000
	500-1000
	100-500
	< 100

	
	f_Bacillaceae
	0.1
	E/O > 100
	50-100
	10-50
	< 10

	
	f_Nitrosomonadaceae
	0.1
	E/O > 500
	100-500
	10-100
	< 10


O: Observation value; E: Expectation value.


