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Table S1 Soil properties above and below the treeline on the sunny and shady slopes by t-tests (Means ± SE, n = 6), significant values at p < 0.05 are marked in bold.
	Environmental factor
	Sunny slope
	Shady slope

	
		Above 
	Below
	p
		Above 
	Below
	p

	pH
	5.10±0.07
	5.22±0.06
	0.220
	5.05±0.08
	5.34±0.06
	0.015

	ST
	16.5±0.05
	15.4±0.03
	<0.001
	16.8±0.13
	16±0.09
	<0.001

	SM(%)
	60.09±1.74
	59.44±4.63
	0.900
	79.59±4.17
	66.97±1.39
	0.028

	TC(%)
	4.54±0.10
	4.87±0.79
	0.700
	6.90±0.69
	4.73±0.13
	0.011

	TN(%)
	0.39±0.01
	0.34±0.05
	0.450
	0.38±0.04
	0.28±0.01
	0.059

	C/N
	11.80±0.29
	14.04±0.24
	<0.001
	18.25±0.64
	17.08±0.37
	0.142

	NH4+-N（mg/kg）
	50.30±8.57
	31.92±2.66
	0.087
	87.42±7.73
	83.01±5.56
	0.650

	NO3--N（mg/kg）
	93.14±30.35
	35.15±6.19
	0.116
	8.27±0.35
	8.29±0.31
	0.953

	CAI
	0.27±0.02
	0.29±0.02
	0.180
	0.18±0.02
	0.22±0.02
	0.394










ST: soil temperature, SM: soil moisture, TC: total carbon, TN: total nitrogen, CAI: carbon availability index, the ratio of basal respiration to substrate induced respiration.
Table S2 Dissimilarities in microbial community composition (based on Bray-Curtis distance) above and below the treeline as determined by Analysis of dissimilarities (ADONIS), Analysis of similarities (ANOSIM), and Multi Response Permutation Procedure (MRPP). Values in bold indicate significant (p < 0.05).
	
	ADONIS 
	ANOSIM 
	MRPP

	
	Bacteria
	Fungi
	Bacteria
	Fungi
	Bacteria
	Fungi

	
		F
	p
	F
	p
	R
	p
	R
	p
	Delta
	p
	Delta
	p

	SUA vs SUB
	2.79
	0.003
	1.00
	0.422
	0.33
	0.014
	-0.04
	0.594
	0.55
	0.005
	0.86
	0.425

	SHA vs SHB
	2.74
	0.026
	1.84
	0.027
	0.28
	0.045
	0.05
	0.382
	0.42
	0.018
	0.92
	0.022


SUA: above the treeline on the sunny slope, SUB: below the treeline on the sunny slope, SHA: above the treeline on the shady slope, SHB: below the treeline on the shady slope.
Table S3 Dissimilarities in microbial community composition (based on Bray-Curtis distance) at the top ten bacterial phyla level and top two fungal phyla level above and below the treeline as determined by Analysis of dissimilarities (ADONIS). Values in bold indicate significant (p < 0.05).
	
	SUA vs SUB
	SHA vs SHB

	
		F
	p
	F
	p

	Proteobacteria
	3.13
	0.004
	2.33
	0.070

	Acidobacteria
	3.00
	0.003
	3.16
	0.048

	Chloroflexi
	1.94
	0.060
	2.59
	0.067

	Verrucomicrobiota
	2.48
	0.014
	2.81
	0.018

	Actinobacteriota
	2.65
	0.007
	2.78
	0.044

	Bacteroidota
	2.41
	0.019
	3.43
	0.004

	Planctomycetota
	2.60
	0.002
	1.68
	0.056

	Gemmatimonadota
	2.83
	0.009
	2.14
	0.088

	Myxococcota
	2.33
	0.011
	2.99
	0.009

	RCP2-54
	4.90
	0.004
	9.33
	0.005

	Ascomycota
	1.11
	0.245
	2.02
	0.011

	Basidiomycota
	0.97
	0.457
	1.75
	0.037


SUA: above the treeline on the sunny slope, SUB: below the treeline on the sunny slope, SHA: above the treeline on the shady slope, SHB: below the treeline on the shady slope.
Table S4 The relationship between bacterial community and envirnomental factors using partial Mantel test. Values in bold indicate significant (p < 0.05).
	Environmental factor
	Sunny slope
	Shady slope

	
	r
	p
	r
	p

	pH
	0.038
	0.346
	0.189
	0.073

	ST
	0.300
	0.012
	0.364
	0.027

	SM
	0.318
	0.015
	0.144
	0.117

	TC
	0.214
	0.04
	0.296
	0.029

	TN
	0.404
	0.004
	0.095
	0.235

	C/N
	0.308
	0.016
	0.185
	0.085

	NH4+-N
	0.415
	0.005
	-0.131
	0.855

	NO3--N
	0.132
	0.12
	0.290
	0.022


ST: soil temperature, SM: soil moisture, TC: total carbon, TN: total nitrogen.
Table S5 The relationship between fungal community and envirnomental factors using partial Mantel test.Values in bold indicate significant (p < 0.05).
	Environmental factor
	Sunny slope
	Shady slope

	
	r
	p
	r
	p

	pH
	-0.060
	0.657
	0.101
	0.231

	ST
	0.021
	0.364
	0.265
	0.032

	SM
	0.495
	0.002
	0.227
	0.057

	TC
	0.334
	0.022
	0.102
	0.215

	TN
	0.274
	0.043
	0.006
	0.454

	C/N
	-0.036
	0.542
	0.098
	0.208

	NH4+-N
	-0.264
	0.970
	0.054
	0.361

	NO3--N
	0.149
	0.263
	0.1094
	0.049


ST: soil temperature, SM: soil moisture, TC: total carbon, TN: total nitrogen.
Table S6 Hierarchical and Variation Partitioning for Distance-based redundancy analysis (db-RDA) to determine the proportion of variance explained by each factor to the bacterial community.
	Environmental factor
	Sunny slope
	Shady slope

	pH
	0.0916
	0.0913

	ST
	0.1404
	0.1034

	SM
	0.1704
	NA

	TC
	NA
	NA

	TN
	NA
	NA

	C/N
	NA
	0.0349

	NH4+-N
	0.1704
	0.0044

	NO3--N
	0.0895
	0.1094

	Total
	0.6457
	0.3434









NA means the variable has large value of variance inflation factor (VIF > 10) and was excluded from db-RDA. ST: soil temperature, SM: soil moisture, TC: total carbon, TN: total nitrogen. Total means the overall variance explained by environmental factors.
Table S7 Hierarchical and Variation Partitioning for Distance-based redundancy analysis (db-RDA) to determine the proportion of variance explained by each factor to the fungal community.
	Environmental factor
	Sunny slope
	Shady slope

	pH
	0.034
	0.0742

	ST
	0.0125
	0.0201

	SM
	0.0749
	NA

	TC
	NA
	NA

	TN
	NA
	NA

	C/N
	NA
	0.0065

	NH4+-N
	0.0033
	0.0226

	NO3--N
	0.0806
	0.0059

	Total
	0.2053
	0.1293









NA means the variable has large value of variance inflation factor (VIF > 10) and was excluded from db-RDA. ST: soil temperature, SM: soil moisture, TC: total carbon, TN: total nitrogen. Total means the overall variance explained by environmental factors.
Table S8 Significance test of different ecological processes above and below the treeline in the bacterial community. Values in bold indicate significant (p < 0.05).
	Ecological process
	SUA vs SUB
	SHA vs SHB
	SUA-SUB vs SHA-SHB

	
	Cohen's d
	Effect.Size
	p
	Cohen's d
	Effect.Size
	p
	Cohen's d
	Effect.Size
	p

	HeS
	0.44
	small
	0.374
	0.77
	medium
	0.275
	3.40
	large
	<0.001

	HoS
	2.17
	large
	0.078
	3.75
	large
	0.008
	-10.99
	large
	<0.001

	DL
	-2.77
	large
	0.034
	-2.05
	large
	0.084
	10.23
	large
	<0.001

	HD
	0.34
	small
	0.427
	-1.07
	large
	0.203
	-3.63
	large
	<0.001

	DR
	2.93
	large
	0.029
	-0.60
	medium
	0.302
	-3.50
	large
	<0.001


HoS: homogeneous selection, HeS: heterogeneous selection, HD: homogenizing dispersal, DL: dispersal limitation, DR: drift, SUA: above the treeline on the sunny slope, SUB: below the treeline on the sunny slope, SHA: above the treeline on the shady slope, SHB: below the treeline on the shady slope, SUA-SUB: the proportion of ecological processes between the upper and lower limits of the treeline on the sunny slope, SHA-SHB: the proportion of ecological processes between the upper and lower limits of the treeline on the shady slope, Cohen’s d: the mean difference between different groups divided by pooled standard deviation.

Table S9 Significance test of different ecological processes above and below the treeline in the fungal community. Values in bold indicate significant (p < 0.05).
	Ecological process
	SUA vs SUB
	SHA vs SHB
	SUA-SUB vs SHA-SHB

	
	Cohen's d
	Effect.Size
	p
	Cohen's d
	Effect.Size
	p
	Cohen's d
	Effect.Size
	p

	HeS
	0.58
	medium
	0.388
	1.23
	large
	0.182
	-1.48
	large
	0.045

	HoS
	0.54
	medium
	0.325
	2.24
	large
	0.049
	-1.22
	large
	0.180

	DL
	-0.95
	large
	0.192
	-1.72
	large
	0.111
	0.88
	large
	0.275

	HD
	1.47
	large
	0.122
	-0.96
	large
	0.213
	1.99
	large
	0.063

	DR
	0.47
	small
	0.317
	-1.51
	large
	0.147
	1.09
	large
	0.232


HoS: homogeneous selection, HeS: heterogeneous selection, HD: homogenizing dispersal, DL: dispersal limitation, DR: drift, SUA: above the treeline on the sunny slope, SUB: below the treeline on the sunny slope, SHA: above the treeline on the shady slope, SHB: below the treeline on the shady slope, SUA-SUB: the proportion of ecological processes between the upper and lower limits of the treeline on the sunny slope, SHA-SHB: the proportion of ecological processes between the upper and lower limits of the treeline on the shady slope. Cohen’s d: the mean difference between different groups divided by pooled standard deviation.
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Figure S1 Boxplot showing the Pielou index at the top ten bacterial phyla level and top two fungal phyla level in the treeline ecotone on both the sunny and shady slopes. Only significant differences at p < 0.05 are shown above the boxes. Significance levels are as follows: *p < 0.05, **p < 0.01, ***p < 0.001, ns: not significant.
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Figure S2 Relative abundances of bacterial (A) and fungal (B) communities at the phylum level above and below the treeline on the two slopes
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[bookmark: _GoBack]Figure S3 The relative importance of different ecological processes in fungal communities. HoS: homogeneous selection, HeS: heterogeneous selection, HD: homogenizing dispersal, DL: dispersal limitation, DR: drift. For this analysis, fungal phylogenetic distance was determined using a phylogenetic tree derived from UNITE taxonomy for fungal ASVs. The results are nearly identical to those from the fungal maximum-likelihood FastTree using ITS sequences (Fig. 5B).
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