Table S1. Summary of the metagenome sequencing of soil samples. Raw reads: the number of sequences of raw reads; Clean reads: the number of sequences after quality control; Contigs: the number of sequences assembled by splicing; Contigs base (bp): total sequence length of contigs; ORFs: the number of sequences of open reading frames; Catalog genes: number of genes in a non-redundant gene catalog.
	Sample
	Raw reads
	Clean reads
	Contigs
	Contigs base(bp)
	ORFs
	Catalog gene

	
	
	
	
	
	
	Bacteria
	Fungi

	800-1
	85434464
	84039608
	838161
	438931501
	971085
	17649324
	38319

	800-2
	88550468
	86980272
	1194540
	664494473
	1419739
	
	

	800-3
	83358436
	82111010
	777039
	416738633
	899102
	
	

	1000-1
	86317172
	85064340
	919029
	483583049
	1073286
	
	

	1000-2
	89450686
	88027568
	1048231
	572018089
	1235461
	
	

	1000-3
	86910414
	85317356
	1047551
	644177542
	1300130
	
	

	1200-1
	95995772
	94304380
	832512
	419814266
	966776
	
	

	1200-2
	88527376
	87101928
	806187
	427588393
	946154
	
	

	1200-3
	81736952
	80250218
	984878
	520768491
	1149694
	
	

	1400-1
	84013188
	82532834
	1050116
	616004282
	1278583
	
	

	1400-2
	83073998
	81678236
	1075082
	641014935
	1312458
	
	

	1400-3
	87149188
	85423854
	1088519
	604738826
	1292751
	
	

	1600-1
	90400330
	88960484
	1334634
	757938347
	1612259
	
	

	1600-2
	97773892
	96009154
	1300006
	801809519
	1617312
	
	

	1600-3
	87277766
	85768882
	1207032
	700527746
	1455560
	
	

	1800-1
	87152454
	85492054
	1263735
	750150492
	1547028
	
	

	1800-2
	91253196
	89734120
	1202238
	768383410
	1520653
	
	

	1800-3
	64184774
	62953042
	751014
	428463410
	898862
	
	

	2000-1
	90435948
	88843284
	1030472
	596412180
	1257276
	
	

	2000-2
	102342484
	100210080
	1230659
	767269482
	1540451
	
	

	2000-3
	95512458
	93552362
	1181116
	726988748
	1479161
	
	





Table S2 Abundance (mean ± SD) of soil carbon cycle functional genes. 
	
	800 m
	1000 m
	1200 m
	1400 m
	1600 m
	1800 m
	2000 m
	F
	p

	K01895
	12206.7±787.4
	12597.3±1548.9
	10972±302.2
	12174.0±402.4
	15052.0±2125.7
	13468.7±2717.5
	16664.7±1955.1
	2.800
	0.053

	K01962
	2351.3±576.2
	2486.0±285.2
	2331.3±50.1
	2882.0±301.5
	2739.3±160.3
	2785.3±466.6
	2898.0±267.3
	1.018
	0.453

	K11263
	1406.0±177.8
	1362.0±182.2
	1581.3±50.9
	1018.0±51.9
	1705.3±386.3
	1532.0±643.8
	1920.7±360.1
	1.488
	0.252

	K03518
	6648.0±817.9
	6155.3±1226.6
	4824.7±1205.5
	6892.7±107.3
	8382.0±865.7
	8252.0±1948.4
	7628.0±1068.0
	2.364
	0.087

	K03519
	8747.3±1528.1
	8110.0±1520.4
	6225.3±1449.6
	9302.7±152.0
	11808.0±1983.8
	11354.7±3222.3
	10334.0±1509.1
	2.264
	0.098

	K03520
	41626.0±7274.2
	35216.7±7642.4
	30095.3±7792.0
	42728.0±1210.8
	50760.7±9023.9
	48202.7±13341.9
	43159.3±5682.9
	1.526
	0.241

	K01601
	565.3±84.6
	576.7±26.1
	474.0±67.3
	407.3±49.2
	508.0±51.0
	610.0±20.4
	798.7±172.1
	4.580
	0.009

	K01602
	167.3±12.7
	140.7±2.5
	122.0±27.0
	166.7±50.6
	195.3±53.1
	208.0±23.0
	244.7±39.9
	2.895
	0.047

	K01807
	1458.0±216.7
	1979.3±386.1
	1488.0±199.4
	2147.3±30.3
	2380.0±320.4
	2066.0±425.8
	2162.7±290.1
	2.850
	0.050

	K01808
	1294.0±307.9
	1190.0±301.4
	874.7±39.2
	1282.7±159.5
	1384.7±131.2
	1486.7±475.2
	1388.0±301.3
	1.014
	0.455

	K00198
	0.7±0.9
	4.0±4.3
	0.7±0.9
	0.7±0.9
	2.7±2.5
	5.3±3.4
	14.0±7.5
	3.358
	0.029

	K01938
	2494.7±162.8
	2262.0±172.1
	2062.7±164.7
	2227.3±180.0
	2390.7±140.0
	2242.7±358.0
	2640.7±254.0
	1.577
	0.226

	K15023
	72.7±18.1
	76.0±17.7
	95.3±59.0
	48.7±18.2
	49.3±16.1
	42.7±8.1
	90.0±14.0
	1.259
	0.336

	K15022
	2579.3±370.0
	2942.0±278.1
	2598.7±38.7
	2992.0±116.9
	3436.7±413.8
	3086.0±439.5
	3463.3±284.2
	2.604
	0.066

	K00174
	6488.7±936.0
	6394.7±775.0
	5477.3±202.9
	6320.0±362.4
	6728.0±315.8
	6667.3±701.0
	7301.3±746.3
	1.509
	0.246

	K00175
	3754.7±573.1
	3672.7±633.8
	3196.0±181.5
	3674.7±344.7
	4178.7±280.5
	4108.0±705.7
	4242.7±585.7
	1.069
	0.425

	K00169
	510.7±119.6
	492.0±253.4
	166.0±119.6
	397.3±135.3
	361.3±110.4
	451.3±147.8
	296.7±147.4
	1.231
	0.348

	K00170
	567.3±135.6
	450.0±143.5
	210.0±92.6
	458.0±164.1
	454.7±172.3
	566.7±133.2
	405.3±200.4
	1.251
	0.340

	K01176
	625.3±99.5
	709.3±48.6
	642.0±119.2
	1150.7±358.2
	1402.0±438.5
	978.7±383.6
	908.7±169.4
	2.22
	0.103

	K00705
	5946.7±1809.5
	5422.7±1311.3
	4463.3±967.2
	6930.0±437.5
	8228.0±997.0
	7697.3±1972.2
	7180.0±1660.4
	1.808
	0.169

	K01187
	4816.7±686.5
	5589.3±947.8
	4966.7±650.9
	7163.3±540.2
	8535.3±586.8
	8264.0±2370.8
	9114.7±1990.8
	3.749
	0.020

	K01200
	194.0±34.6
	275.3±43.1
	274.7±77.8
	429.3±96.5
	552.7±212.4
	380.0±115.5
	355.3±65.9
	2.409
	0.082

	K01805
	1240.7±115.5
	1346.0±34.6
	1405.3±238.0
	1237.3±227.3
	1776±198.1
	1418.7±283.9
	2240.0±314.0
	5.439
	0.004

	K01191
	1237.3±434.4
	2712.0±449.6
	1640.0±347.8
	2731.3±454.9
	2929.3±368.4
	2609.3±461.1
	2927.3±634.0
	4.35
	0.011

	K01209
	1483.3±75.0
	2732.0±278.6
	1898.7±551.0
	2374.7±436.2
	3218.0±302.2
	2569.3±983.7
	4100.7±159.7
	6.232
	0.002

	K01809
	1626.7±375.0
	2341.3±542.8
	1602.7±295.4
	2480.0±288.8
	2575.3±69.4
	2829.3±853.0
	2690.0±648.7
	1.965
	0.140

	K22185
	484.7±68.9
	591.3±13.1
	417.3±54.8
	794.0±93.1
	1011.3±116.3
	752.7±296.5
	705.3±122.6
	4.274
	0.012

	K01051
	78.7±20.0
	129.3±49.4
	260.0±262.7
	192.0±122.3
	161.3±65.9
	84.0±46.7
	226.7±91.0
	0.661
	0.682

	K01728
	98.7±16.4
	73.3±33.6
	168.0±143.4
	52.0±18.5
	59.3±5.0
	40.7±28.8
	106.7±56.6
	1.009
	0.458

	K05350
	3070.7±388.4
	3329.3±344.6
	2894.0±73.8
	3760.7±170.7
	4895.3±214.0
	4455.3±995.9
	4849.3±1038.6
	4.092
	0.014

	K01179
	3007.3±79.1
	4515.3±330.7
	2965.3±451.9
	3926.0±426.7
	5180.7±165.1
	5682.0±1877.1
	7278.7±1092.3
	6.376
	0.002

	K01223
	37.3±13.2
	7.3±3.4
	7.3±7.7
	1.3±0.9
	6.0±8.5
	4.0±1.6
	2.7±3.8
	6.545
	0.002

	K05349
	7398.0±815.1
	11046.0±1064.4
	7664.7±826.9
	10786.7±982.7
	14101.3±310.8
	12148.0±3286.9
	17441.3±2925.5
	7.613
	0.001

	K01183
	517.3±98.9
	1276.0±78.1
	901.3±188.9
	1042.0±177.0
	1223.3±139
	1116.7±293.2
	1819.3±433.5
	5.837
	0.003

	K01207
	4312.7±862.2
	4968.7±1018.2
	3530.7±471.0
	4863.3±623.2
	5726.7±50.4
	6391.3±1603.0
	6686.0±1383.2
	2.594
	0.066

	K01443
	2377.3±554.6
	2408±555.9
	1789.3±394.1
	3000.7±369.2
	3525.3±347.2
	3318.0±663.0
	3098.0±501.7
	3.088
	0.038

	K07104
	1752.7±354.6
	1095.3±188.0
	1045.3±275.4
	1774.7±33.0
	1818.0±417.7
	1774.7±382.7
	1781.3±143.0
	2.914
	0.046

	K03782
	4727.3±839.0
	5710.7±655.1
	5240.0±292.1
	6351.3±197.7
	7114.7±742.1
	6287.3±1642.8
	6943.3±204.9
	2.359
	0.087

	K03781
	5807.3±1239.3
	6792.0±1324.1
	8024.7±977.0
	10447.3±537.2
	13112.0±2306.1
	11356.0±4461.6
	8380.0±1205.2
	3.053
	0.040

	K10944
	98.7±54.1
	63.3±26.0
	61.3±51.7
	104.7±41.5
	45.3±14.1
	118.0±32.8
	37.3±34.4
	1.318
	0.312

	K10945
	100.0±43.2
	60.7±26.5
	36.7±28.1
	120.7±50.6
	54.7±3.4
	134.7±38.3
	55.3±24.9
	2.485
	0.075

	K10946
	226.0±101.6
	94.0±51.8
	104.0±104.7
	155.3±54.9
	82.7±43.5
	196.7±70.4
	52.0±14.2
	1.687
	0.197

	K00577
	87.3±8.4
	126.7±43.1
	54.0±40.4
	228.0±36.0
	295.3±86.9
	168.7±16.4
	150.0±82.8
	4.865
	0.007

	K14083
	1615.3±138.9
	1703.3±91.4
	1877.3±205.3
	1591.3±54.9
	2484.0±253.4
	1752.0±331.8
	2634.0±491.8
	5.245
	0.005



[image: ]
Fig. S1 Relative abundance of functional genes involved in the carbon cycling (a), carbon fixation (b), carbon degradation (c), and methane metabolism (d).


[bookmark: _Hlk218019976][image: ]
Fig. S2 Non-metric multidimensional scaling (NMDS) analysis (Bray-Curtis distance) of CAZymes (a) and C cycle genes communities (b) across different vegetation zones. CBF, coniferous and broad-leaved forests; CF, coniferous forests; BF, birch forests; TD, tundra.
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[bookmark: _Hlk218458436]Fig. S3 The normalized stochasticity ratio (NST) of bacteria (a) and fungi (b). The colors represent different vegetation types. 0% < MST < 50%, deterministic processes dominate; 50% < MST < 100%, stochastic processes dominate.
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Fig. S4 The neutral community model (NCM) of CAZymes and C cycle genes communities. The solid blue lines indicate the best fit to the NCM, and the dashed blue lines represent 95% confidence intervals around the model prediction. Nm indicates the metacommunity size times immigration, R2 indicates the fit to this model. R2 represents the overall goodness of fit of the NCM (The higher the R2, the closer to the neutral model, the greater the influence of the stochastic process).
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Fig. S5 PLS-PM model of elevation, soil water content (SWC), soil nutrition and microbial diversity on CAZymes and C cycle genes (a). Red and blue lines indicate positive and negative path coefficients, respectively. *, p<0.05; **, p<0.01; ***, p<0.001. Standardized effect of the variables on CAZymes (b) and C cycle genes (c).
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