Table S1 Alpha-diversity indices of bacterial communities in two samples 
	Samples
	Chao1
	Observed species
	Simpson
	Shannon
	Ace
	Goods
coverage

	H1
	423.47
	423.0
	0.964
	6.012
	425.80
	0.9998

	H2
	474.58
	471.0
	0.967
	6.245
	478.31
	0.9995

	H3
	296.82
	295.0
	0.857
	4.220
	302.12
	0.9996

	H4
	361.57
	361.0
	0.969
	6.271
	363.63
	0.9998

	H5
	409.64
	408.0
	0.922
	5.268
	413.91
	0.9996

	H6
	384.25
	382.0
	0.960
	5.777
	390.72
	0.9995

	H7
	231.30
	228.0
	0.908
	4.790
	233.05
	0.9997

	K1
	330.80
	327.0
	0.854
	4.306
	339.37
	0.9994

	K2
	355.15
	354.0
	0.954
	5.603
	358.90
	0.9997

	K3
	385.78
	381.0
	0.965
	5.840
	387.42
	0.9995

	K4
	448.10
	446.0
	0.955
	5.953
	451.21
	0.9996

	K5
	404.53
	400.0
	0.936
	5.191
	415.07
	0.9992

	K6
	297.48
	292.0
	0.854
	4.255
	306.33
	0.9993

	K7
	383.53
	382.0
	0.783
	4.132
	390.16
	0.9995



Table S2 Alpha-diversity indices of fungal communities in two samples
	Samples
	Chao1
	Observed
species
	Shannon
	Simpson
	Ace
	Goods 
coverage

	H1
	508.44
	478.0
	5.713
	0.936
	504.999
	0.999

	H2
	455.00
	388.0
	5.316
	0.922
	454.126
	0.999

	H3
	374.57
	345.0
	5.509
	0.942
	385.174
	0.999

	H4
	537.12
	509.0
	5.798
	0.944
	524.645
	0.999

	H5
	504.00
	476.0
	5.072
	0.897
	510.127
	0.999

	H6
	585.00
	564.0
	5.164
	0.915
	597.956
	0.999

	H7
	518.17
	497.0
	5.698
	0.943
	515.107
	0.999

	K1
	389.27
	333.0
	2.288
	0.470
	391.818
	0.999

	K2
	552.65
	538.0
	6.057
	0.956
	552.704
	0.999

	K3
	445.39
	421.0
	6.230
	0.968
	439.695
	0.999

	K4
	466.08
	450.0
	5.717
	0.941
	467.888
	0.999

	K5
	560.60
	526.0
	5.695
	0.956
	562.148
	0.999

	K6
	523.50
	483.0
	4.577
	0.874
	540.197
	0.999

	K7
	559.13
	532.0
	5.632
	0.956
	566.056
	0.999



Table S3 Keystone microbial species during the aging of H samples
	
	Id
	Genus
	Degree
	Phylum

	H-pre
	n5
	Aureimonas
	10
	Proteobacteria

	
	n34
	Brachybacterium
	10
	Actinobacteria

	
	n16
	Brevundimonas
	10
	Proteobacteria

	
	n40
	Falsirhodobacter
	10
	Proteobacteria

	
	n8
	Klebsiella
	10
	Proteobacteria

	
	n41
	Nocardioides
	10
	Actinobacteria

	
	n182
	Paecilomyces
	10
	Ascomycota

	
	n3
	Rhodococcus
	10
	Actinobacteria

	
	n167
	Schizophyllum
	10
	Basidiomycota

	
	n31
	Sphingobacterium
	10
	Bacteroidetes

	
	n102
	Weissella
	10
	Firmicutes

	H-late
	n135
	Bifidobacterium
	13
	Actinobacteria

	
	n132
	Camelimonas
	13
	Proteobacteria

	
	n133
	Candidatus_Odyssella
	13
	Proteobacteria

	
	n143
	Enhydrobacter
	13
	Proteobacteria

	
	n237
	Hyphoderma
	13
	Basidiomycota

	
	n214
	Lycoperdon
	13
	Basidiomycota

	
	n104
	Olivibacter
	13
	Bacteroidetes

	
	n227
	Panaeolus
	13
	Basidiomycota

	
	n59
	Psychrobacter
	13
	Proteobacteria

	
	n140
	Rothia
	13
	Actinobacteria

	
	n182
	Sclerotinia
	13
	Ascomycota

	
	n114
	Sporosarcina
	13
	Firmicutes

	
	n199
	Trichosporon
	13
	Basidiomycota

	
	n81
	Turicibacter
	13
	Firmicutes

	
	n118
	Acetivibrio
	10
	Firmicutes

	
	n246
	Cenococcum
	10
	Ascomycota

	
	n220
	Chrysozyma
	10
	Basidiomycota

	
	n234
	Colletotrichum
	10
	Ascomycota

	
	n191
	Conocybe
	10
	Basidiomycota

	
	n87
	Gardnerella
	10
	Actinobacteria

	
	n209
	Hymenogaster
	10
	Basidiomycota

	
	n250
	Inocybe
	10
	Basidiomycota

	
	n109
	Lawsonella
	10
	Actinobacteria

	
	n224
	Mrakia
	10
	Basidiomycota

	
	n201
	Peniophora
	10
	Basidiomycota



Table S4 Keystone microbial species during the aging of K samples
	
	Id
	Genus
	Degree
	Phylum

	K-pre
	n20
	Alistipes
	9
	Bacteroidetes

	
	n22
	Alloprevotella
	9
	Bacteroidetes

	
	n29
	Brachyspira
	9
	Spirochaetes

	
	n132
	Clitopilus
	9
	Basidiomycota

	
	n61
	Desulfovibrio
	9
	Proteobacteria

	
	n59
	Erysipelatoclostridium
	9
	Firmicutes

	
	n39
	Lachnoclostridium
	9
	Firmicutes

	
	n57
	Niabella
	9
	Bacteroidetes

	
	n67
	Phascolarctobacterium
	9
	Firmicutes

	
	n42
	unidentified_Lachnospiraceae
	9
	Firmicutes

	K-late
	n165
	Arachniotus
	10
	Ascomycota

	
	n153
	Dactylonectria
	10
	Ascomycota

	
	n79
	Fermentimonas
	10
	Bacteroidetes

	
	n141
	Kurtzmanomyces
	10
	Basidiomycota

	
	n44
	Niveispirillum
	10
	Proteobacteria

	
	n172
	Oidiodendron
	10
	Ascomycota

	
	n156
	Scleroderma
	10
	Basidiomycota

	
	n159
	Sebacina
	10
	Basidiomycota

	
	n47
	Thiopseudomonas
	10
	Proteobacteria

	
	n142
	Umbelopsis
	10
	Mucoromycota

	
	n130
	Zasmidium
	10
	Ascomycota



[image: ]
Fig. S1 Venn diagrams of common and specific OTUs in bacterial communities (a) and fungal communities (b) in the two samples. The number in the middle represents the common number of OTU in all the samples, and the number on the disjoint part indicates the unique number of OTU in the sample.
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Fig. S2 Heat map of species abundance clustering. Bacterial community phylum (a) and genus level (c), fungal community phylum (b) and genus level (d). Sample information is shown vertically, and species annotation information is shown horizontally. The left side of the figure is the species clustering tree, and above is the clustering tree between sample groups. The values corresponding to the middle heat map are the Z values obtained by normalizing the relative abundance of species in each row.
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Fig. S3 Phylogenetic relationship between bacterial (a) and fungal (b) of species at the genus level. A phylogenetic tree is constructed by a representative sequence of horizontal species, in which the colors of the branches represent their corresponding phyla, and each color represents a phylum.
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Fig. S4 Analysis of microbial community diversity during tobacco aging. Rarefaction curve for bacterial (a) and fungal (b) communities. Rank abundance curve for bacterial (c) and fungal (d) communities.
[image: ]
Fig. S5 Analysis of the differences of microbial community richness and diversity in different aging periods. Difference analysis of richness (a) and diversity (b) of bacterial community. The differences of richness (c) and diversity (d) of fungal colonies were analyzed. In addition, Ha and Ka represent the early stage of aging, while Hb and Kb represent the late stage of aging.
[image: ]
Fig. S6 Histograms of LDA scores distribution of different species in fungal communities (a, b) and cladogram (c, d). The LDA columnar distribution chart shows the different species among groups, and their length indicates the influence of the different species. The circles in the cladogram from the inside out represent different taxonomic levels. Small circles at different taxonomic levels represent a taxon at that level, with non-significantly different is yellow while the microbial groups that play an important role in the grouping are colored into the corresponding color.
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[bookmark: _GoBack]Fig. S7 Microbial community networks during aging. K sample pre-aging (a) and late aging (b). Each node represents an OTU, and the size of each node is proportional to the number of connected edges (i.e., degrees). The connections between nodes show a significant correlation (p < 0.01). The different colors represent the different phyla to which the OTUs belong.
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