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Table S1. Concentrations of antibiotics.
	
	Total（ug/Kg）
	Ma
	C
	CS
	S

	Tetracyclines
	CTCb
	86352.02
	111832.22
	1459.53
	133.66

	
	OTC
	5806.66
	16868.61
	1159.44
	122.13

	
	TCN
	4044.83
	8149.00
	422.62
	35.49

	
	Mean
	96203.50
	136849.82
	3041.58
	291.28

	Quinolones
	NOR
	6491.31
	455.61
	21.10
	7.68

	
	OLF
	235.32
	281.26
	0.51
	0.53

	
	Mean
	6726.63
	736.86
	21.61
	8.20

	Sulfonamides
	SDZ
	36.18
	349.84
	4.21
	0.76

	
	SMX
	14.24
	32.91
	6.59
	4.14

	
	SMR
	5.20
	9.66
	0.19
	0.03

	
	SMZ
	294.25
	268.91
	129.51
	60.35

	
	Mean
	349.87
	661.31
	140.51
	65.28

	Metals
	Zn
	21424.50
	57410.50
	533223.00
	397730.50

	
	Cu
	14739.00
	20942.00
	7867.50
	46215.00

	
	Pb
	8493.00
	9212.00
	6320.50
	3714.00

	
	As
	15.45
	320.05
	12.75
	11.70

	
	Hg
	13.82
	23.10
	13.40
	20.35

	
	Mean
	8937.16
	17581.53
	109487.43
	89538.31

	Temperature
	oC
	25.00
	28.12
	22.50
	24.42

	Water content
	%
	95.45
	63.46
	27.57
	17.43


aAbbreviations: M: manure; C: compost; CS: compost-amended soil; S: control soil.
bAbbreviations: CTC: chlortetracycline; OTC: oxytetracycline; TCN: tetracycline; NOR: norfloxacin; OFL: ofloxacin; SDZ: sulfadiazine; SMN: sulfadimidine; SMR: sulfamerazine; SMX: sulfamethoxazole. Zn: zinc; Cu: copper; Pb: lead; As: arsenic; Hg: mercury.

Table S2. Unique and overlapped OTUs and genes in different samples.
	Community
	Samples
	Sa
	CS
	C
	M

	Bacteria
	S
	13368(31.1%)
	28158(49.3%)
	3883(6.8%)
	5270(9.3%)

	
	CS
	
	10862(25.6%)
	5806(10.6%)
	6283(11.4%)

	
	C
	
	
	5639(31.0%)
	9889(35.9%)

	
	M
	
	
	
	6169(32.1%)

	Fungi
	S
	1432(44%)
	1160(29%)
	1035(22%)
	1296(30%)

	
	CS
	
	414(22%)
	891(27%)
	861(26%)

	
	C
	
	
	674(29%)
	1276(38%)

	
	M
	
	
	
	476(21%)

	Genes
	S
	25(0.1%)
	50809(88%)
	42526(76%)
	43833(77%)

	
	CS
	
	3012(5%)
	44747(75%)
	46800(78%)

	
	C
	
	
	252(0.5%)
	44962(86%)

	
	M
	
	
	
	574(1%)


aAbbreviations: M: manure; C: compost; CS: compost-amended soil; S: control soil.













Table S3. Correlations between relative abundance of antibiotic resistance genes (ARGs) and microbial OTUs by Mantel test. Significant (p < 0.05) correlations were labeled in bold.
a All bacterial OTUs;
b All fungal OTUs
	
	Bacteriaa
	Fungib

	ARGs
	r
	p
	r
	p

	B_lactamase_A
	-0.007
	0.576
	-0.023
	0.748

	B_lactamase_B
	-0.040
	0.800
	-0.038
	0.801

	B_lactamase_C
	-0.045
	0.906
	-0.080
	0.996

	B_lactamase_5f0_D
	-0.027
	0.762
	0.033
	0.161

	B_lactamase_A_5f0_firmicutes
	0.190
	0.001
	0.040
	0.144

	B_lactamase_C_5f0_proteo
	0.007
	0.444
	-0.036
	0.818

	fosA
	0.258
	0.001
	0.102
	0.002

	fosB
	0.008
	0.433
	-0.031
	0.816

	fosX
	0.150
	0.001
	0.041
	0.167

	tetX_resistance
	0.109
	0.016
	-0.054
	0.873

	vgb
	0.052
	0.091
	0.022
	0.232

	qnr
	0.019
	0.306
	-0.053
	0.924

	Van
	-0.023
	0.704
	0.007
	0.407

	ABC_antibiotic_transporter
	-0.117
	1.000
	-0.119
	1.000

	MATE_antibiotic
	0.033
	0.221
	-0.062
	0.908

	MATE_antibiotic_5f0_gammaproteo
	-0.062
	0.956
	-0.004
	0.552

	MATE_antibiotic_5f0_other
	0.008
	0.401
	0.039
	0.154

	Mex
	0.010
	0.398
	0.045
	0.161

	Mex_5f0_RND_antibiotic
	-0.108
	1.000
	0.022
	0.260

	MFS_antibiotic_5f0_entero
	0.093
	0.007
	-0.029
	0.751

	MFS_antibiotic_5f0_Firmicutes
	0.222
	0.001
	-0.039
	0.827

	MFS_antibiotic_5f0_gammaproteo
	0.142
	0.002
	0.040
	0.129

	MFS_antibiotic_5f0_proteo
	-0.057
	0.918
	0.014
	0.358

	MFS_antibiotic_other
	-0.012
	0.619
	0.033
	0.189

	SMR_antibiotics
	0.013
	0.355
	-0.051
	0.924

	Tet
	0.002
	0.456
	-0.018
	0.688

	Tet_5f0_tetM_like
	0.135
	0.002
	-0.052
	0.929



Table S4. The most predictive microbial genes for antibiotics. The predicted measure was the total concentration of all 9 categories of antibiotics. The predictors were microbial genes. The Pseudo-R2 of the gene-based random forest model was 0.88. 
	[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Predictors
(genes)
	Category
	Subcategory
	Squared coefficient (r2)

	hrpB2a
	virulence
	type III secretion system
	0.53b

	algK
	virulence
	antiphagocytosis
	0.52

	baeR
	stress
	envelope stress
	0.61

	katA
	stress
	oxidative stress
	0.53

	soxR or marC
	stress
	oxidative stress
	0.42

	[bookmark: OLE_LINK15][bookmark: OLE_LINK16]xamo
	organic Remediation
	hydrocarbons
	0.47

	one.ring.12diox
	organic Remediation
	aromatics
	0.42

	cdh
	organic Remediation
	aromatics
	0.51

	xylxy
	organic Remediation
	aromatics
	0.55

	adpb
	organic Remediation
	pestidide
	0.63

	pcpb
	organic Remediation
	herbicide
	0.48

	pbrA
	lead
	transport
	0.60


a The most predictive genes selected by random forest model. 
b The coefficient of determination for the correlation between relative abundance of each gene and total antibiotic concentration.










Table S5. The most predictive bacterial and fungal taxa for antibiotics. The predicted measure was the total concentration of all 9 categories of antibiotics. The predictors were bacterial or fungal OTUs. The Pseudo-R2 of the bacterial taxa- and fungal taxa- based random forest model was 0.54 and 0.20, respectively. 
	
	Predictors (OTUs)
	Phylum
	Family
	Squared coefficient (r2)

	Ba-cte-ria
	Sphingomonasa
	Proteobacteria
	Sphingomonadaceae
	0.54b

	
	Blastococcus
	Actinobacteria
	Geodermatophilaceae
	0.31

	
	Gemmatimonas
	Gemmatimonadetes
	Gemmatimonadaceae
	0.44

	
	Solirubrobacter
	Actinobacteria
	Solirubrobacteraceae
	0.40

	
	Streptomyces
	Actinobacteria
	Streptomycetaceae
	0.12

	
	Povalibacter
	Proteobacteria
	Sinobacteraceae
	0.30

	
	Ohtaekwangia
	Bacteroidetes
	Ohtaekwangia
	0.19

	
	Gaiella
	Actinobacteria
	Gaiellaceae
	0.43

	
	Conexibacter
	Actinobacteria
	Conexibacteraceae
	0.24

	
	Arthrobacter
	Actinobacteria
	Micrococcaceae
	0.34

	
	Nitrososphaera
	Thaumarchaeota
	Nitrososphaeraceae
	0.33

	
	Woesearchaeota
	Woesearchaeota
	Woesearchaeota Incertae Sedis AR15
	0.02

	F-un-gi
	Hyponectriaceae
	Ascomycota
	Ascomycota
	0.16

	
	Sordariomycetes
	Ascomycota
	Ascomycota
	0.10

	
	Kazachstania
	Ascomycota
	Ascomycota
	0.11

	
	Fungi_unidentified
	Fungi_unidentified
	Fungi_unidentified
	0.12

	
	Pyrigemmula
	Ascomycota
	Ascomycota
	0.12

	
	Trichosporon
	Basidiomycota
	Basidiomycota
	0.10

	
	Derxomyces
	Basidiomycota
	Basidiomycota
	0.20

	
	Ambispora
	Glomeromycota
	Glomeromycota
	0.15

	
	Ascomycota
	Ascomycota
	Ascomycota
	0.14

	
	Rhodotorula
	Basidiomycota
	Basidiomycota
	0.03

	
	Naumovozyma
	Ascomycota
	Ascomycota
	0.01

	
	Piromyces
	Chytridiomycota
	Chytridiomycota
	0.11


a The most predictive bacterial or fungal OTUs selected by random forest model.
b The coefficient of determination for the correlation between relative abundance of each OTU and total antibiotic concentration.




Table. S6. Names and probe numbers of genes in different gene categories.
	Gene category
	Gene name
	Probe
number
	Gene category
	Gene name
	Probe
number

	Antibiotic resistance
	bacA
	7
	Organic remediation
	atzb
	45

	Antibiotic resistance
	pabA
	12
	Organic remediation
	atzd
	15

	Antibiotic resistance
	pcbC
	79
	Organic remediation
	mauab
	1

	Antibiotic resistance
	phlD
	4
	Organic remediation
	pcpb
	23

	Antibiotic resistance
	phzA
	25
	Organic remediation
	phn
	179

	Antibiotic resistance
	phzF
	128
	Organic remediation
	trza
	2

	Antibiotic resistance
	prnD
	4
	Organic remediation
	trzn
	1

	Antibiotic resistance
	spaR
	5
	Organic remediation
	alkb
	3

	Antibiotic resistance
	B_lactamase_A
	108
	Organic remediation
	xamo
	22

	Antibiotic resistance
	B_lactamase_C
	143
	Organic remediation
	aln
	9

	Antibiotic resistance
	fosb
	8
	Organic remediation
	cah_fungi
	2

	Antibiotic resistance
	fosx
	3
	Organic remediation
	msmabcd
	1

	Antibiotic resistance
	ABC_antibiotic_transporter
	36
	Organic remediation
	nitro
	51

	Antibiotic resistance
	ABC_multidrug_fungi
	141
	Organic remediation
	scnabc
	5

	Antibiotic resistance
	MFS_antibiotic
	1334
	Organic remediation
	thmAB
	2

	Antibiotic resistance
	SMR_antibiotics
	345
	Organic remediation
	adpb
	1

	Antibiotic resistance
	Tet
	81
	Virulence
	yopM
	1

	Carbon degradation
	AceA
	145
	Virulence
	avrBs3
	1

	Carbon degradation
	AceA_fungi
	4
	Virulence
	bipC
	1

	Carbon degradation
	AceB
	216
	Virulence
	hrcU
	9

	Carbon degradation
	amyA
	867
	Virulence
	hrpB2
	8

	Carbon degradation
	amyx
	3
	Virulence
	hrpD
	9

	Carbon degradation
	apu
	2
	Virulence
	hrpP
	3

	Carbon degradation
	cda
	48
	Virulence
	hrpX
	1

	Carbon degradation
	nplT
	23
	Virulence
	hrpY2
	2

	Carbon degradation
	pula
	4
	Virulence
	ipgD
	1

	Carbon degradation
	xyla
	16
	Virulence
	lcrG
	2

	Carbon degradation
	xylose_isomerase_Oomycetes
	2
	Virulence
	spiC
	1

	Carbon degradation
	endoglucanase
	64
	Virulence
	sycN
	3

	Carbon degradation
	exoglucanase
	39
	Virulence
	yopT
	1

	Carbon degradation
	acetylglucosaminidase
	213
	Virulence
	dmaW_ergot
	18

	Carbon degradation
	chitin_deacetylase_fungi
	16
	Virulence
	bplE
	1

	Carbon degradation
	chitinase
	309
	Virulence
	bplF
	1

	Carbon degradation
	pec_Cdeg
	53
	Virulence
	cdtB
	4

	Carbon degradation
	pectinase
	13
	Virulence
	cnf
	4

	Carbon degradation
	pel_Cdeg
	1
	Virulence
	dnt
	1

	Carbon degradation
	RgaE
	2
	Virulence
	eltA
	9

	Carbon degradation
	rgh
	1
	Virulence
	ibp
	1

	Carbon degradation
	rgl
	1
	Virulence
	rtxA
	2

	Carbon degradation
	phenol_oxidase
	181
	Virulence
	txtA
	1

	Carbon degradation
	vana
	5
	Virulence
	PcF_Oomycetes
	5

	Carbon degradation
	glx
	43
	Virulence
	ben_bcla
	87

	Carbon degradation
	mnp
	9
	Virulence
	calcineurin_A_fungi
	5

	Metal
	mer
	239
	Virulence
	catalase_KatG_fungi
	4

	Metal
	metc
	2
	Virulence
	csp
	1

	Metal
	merH
	1
	Virulence
	fdnr
	1

	Metal
	merP
	28
	Virulence
	freB
	4

	Metal
	merT
	6
	Virulence
	ftl
	1

	Metal
	aoxb
	25
	Virulence
	gp60
	3

	Metal
	arra
	1
	Virulence
	hapX
	7

	Metal
	arsc
	29
	Virulence
	HCNCp
	42

	Metal
	arsA_fungi
	15
	Virulence
	mod5
	3

	Metal
	arsB
	36
	Virulence
	mst101
	1

	Metal
	pcoA
	9
	Virulence
	npgA
	4

	Metal
	copA
	27
	Virulence
	rif
	29

	Metal
	CusA
	9
	Virulence
	rop5
	1

	Metal
	ycnJ
	4
	Virulence
	sreA
	2

	Metal
	adcA
	29
	Virulence
	superoxide_dismutase_fungi
	6

	Metal
	cot1
	2
	Virulence
	cap
	88

	Metal
	yiip_fieF
	36
	Virulence
	algE
	5

	Metal
	znuA
	153
	Virulence
	algF
	3

	Metal
	znuC
	734
	Virulence
	algG
	3

	Metal
	zrc1
	2
	Virulence
	algK
	8

	Metal
	zrt1
	15
	Virulence
	algX
	4

	Metal
	zrt2
	15
	Virulence
	cap8E
	1

	Metal
	zrt3
	5
	Virulence
	ctrA
	1

	Metal
	pbrA
	13
	Virulence
	ctrC
	3

	Metal
	pbrT
	4
	Virulence
	lipB
	2

	Organic remediation
	DbtAc
	1
	Virulence
	siaC
	2

	Organic remediation
	nfsa_2
	2
	Virus
	Adenoviridae_protease
	11

	Organic remediation
	nfsb_2
	27
	Virus
	Astroviridae_RdRp
	25

	Organic remediation
	one_ring_12diox
	22
	Virus
	Hepeviridae_pORF1
	44

	Organic remediation
	one_ring_23diox
	20
	Virus
	NCLDV_dna_polymerase
	31

	Organic remediation
	bphF1
	28
	Virus
	RdRp_Alphaflexiviridae
	24

	Organic remediation
	mhpa
	9
	Virus
	RdRp_Caliciviridae
	42

	Organic remediation
	phta
	2
	Virus
	RdRp_chrysoviridae
	7

	Organic remediation
	poba
	15
	Virus
	RdRp_narnaviridae
	3

	Organic remediation
	xyll
	1
	Virus
	RdRp_Nepovirus
	7

	Organic remediation
	xylxy
	2
	Virus
	RdRp_partitiviridae
	16

	Organic remediation
	apc
	11
	Virus
	RdRp_reoviridae
	5

	Organic remediation
	bbs
	3
	Virus
	RdRp_totiviridae
	25

	Organic remediation
	catb
	2
	Virus
	Rep_geminiviridae
	15

	Organic remediation
	pchcf
	2
	Virus
	replicase_Carmovirus
	7

	Organic remediation
	tutfdg
	1
	Virus
	replicase_Tombusvirus
	5

	Organic remediation
	cbaa
	1
	Virus
	Adenoviridae_fiber
	11

	Organic remediation
	fcba
	5
	Virus
	Astroviridae_capsid
	35

	Organic remediation
	tfda
	1
	Virus
	capsid_chrysoviridae
	4

	Organic remediation
	tfdb
	14
	Virus
	coat_Aureusvirus
	2

	Organic remediation
	tfth
	3
	Virus
	coat_Necrovirus
	8

	Organic remediation
	hdno
	4
	Virus
	coat_Nepovirus
	17

	Organic remediation
	nicdehydr
	11
	Virus
	coat_Tombusvirus
	8

	Organic remediation
	nbac
	17
	Virus
	Coronaviridae_M_protein
	6

	Organic remediation
	nbza
	1
	Virus
	Coronaviridae_spike
	20

	Organic remediation
	nhh
	127
	Virus
	Major_capsid_protein_partitiviridae
	5

	Organic remediation
	oxdb
	9
	Virus
	VP1capsid_Caliciviridae
	62

	Organic remediation
	amie
	9
	Virus
	VP4_Pserotype_Rotavirus
	11

	Organic remediation
	arylest
	2
	Virus
	VP6_Rotavirus
	3

	Organic remediation
	badh
	3
	Virus
	endolysin_glycosidase
	3

	Organic remediation
	catechol
	3
	Virus
	holin_type1
	1

	Organic remediation
	catechol_b
	16
	Virus
	clamp_loader_T4_ATPase
	2

	Organic remediation
	Cl_peroxidase_fungi
	4
	Virus
	helicase_family_4_DnaB_like
	4

	Organic remediation
	nitrilase
	17
	Virus
	helicase_P4alpha_type
	5

	Organic remediation
	pcag
	5
	Virus
	integrase_tyrosine
	3

	Organic remediation
	proO
	53
	Virus
	primase
	4

	Organic remediation
	p450aro
	40
	Virus
	single_strand_annealing_protein
	7

	Organic remediation
	dehh
	15
	Virus
	T5_genome_internalization_A1
	1

	Organic remediation
	dehh109
	2
	Virus
	contractile_central_tail_tube_protein
	1

	Organic remediation
	atza
	140
	Virus
	tape_measure_protein
	4



Fig. S1. Schematic of sampling sites in Beijing swine farms. The location of five swine farms is labeled by red asterisks. Four kinds of samples: manure, compost, compost-amended soil and -unamended soil (control soil) samples were taken in each of the swine farm. The arrows represent the dissemination chain of microbial communities among different samples.
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Fig. S2. Concentration of antibiotics and heavy metals in different farms. The significance of the concentration variability among farms was tested by ANOVA, and p values are labeled. CP, DX, HZ, JG and ZZ are abbreviations of five different farms. Antibiotics.total represents the total concentration of 9 categories of antibiotics. Metal.total represents the total concentration of 5 categories of heavy metals. CTC: chlortetracycline; OTC: oxytetracycline; TCN: tetracycline; NOR: norfloxacin; OFL: ofloxacin; SDZ: sulfadiazine; SMN: sulfadimidine; SMR: sulfamerazine; SMX: sulfamethoxazole. Zn: zinc; Cu: copper; Pb: lead; As: arsenic; Hg: mercury.








Fig. S3. Rarefaction analysis for manure, compost, compost-amended soil and control soil samples in each swine farm based on (a) 16S rRNA gene amplicon sequencing and (b) ITS amplicon sequencing. The OTUs are defined by 97% cutoff for bacterial 16s rRNA gene and fungal ITS.
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Fig. S4. Major phyla of (a) bacteria and (b) fungi that account for more than 1% of the total abundance of all phyla in manure (M), compost (C), compost-amended soil (CS) and control soil (S) samples. Each column represents a sample.
[image: ]
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Fig. S5. Pie charts of major sources of microbial taxa in compost-amended soil. (a) bacterial taxa in compost-amended soil (CS) samples (n = 20) from sources of manure (M), compost (C) and control soil (S). (b) Fungal taxa in CS samples from sources of M, C and S. The sample names are labeled above each pie chart.
[image: ]



Fig. S6. The response ratio analyses to compare abundances of (a) metal genes, (b) carbon degradation genes and (c) organic remediation genes in manure/compost to those in compost-amended soil/control soil. For each gene, the response ratio was calculated as the sum abundance of all gene probes in manure and compost samples relative to the sum abundance of all gene probes in compost-amended soil and control soil samples. Only significant changes at the confidence level of 0.95 are shown.
[image: ]


Fig. S7. The response ratio analyses to compare abundances of (a) antibiotic resistance, (b) virus, (c) metal and (d) carbon degradation categories in compost-amended soil to those in control soil. For each gene, the response ratio was calculated as the sum abundance of all gene probes in compost-amended soil relative to the sum abundance of all gene probes in control soil. Only significant changes at the confidence level of 0.95 are shown.
[image: ]









Fig. S8. α-diversity of (a) bacterial community and (b) fungal community. Richness, Shannon and Simpson indices are examined. Significant (p < 0.05) difference between samples are labeled by different alphabets. M, C, CS and S represent manure, compost, compost-amended soil and control soil, respectively.
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[bookmark: _GoBack]Fig. S9. Partial dependence plots showing responses of different microbial genes to increasing antibiotic concentration. Each subplot summaries the effect of the predictor (one gene category) while accounting for the average effects of all other predictors. Total abundance of all genes in each gene category was calculated and was natural log transformed for the analysis. “yhat” in Y-axis represents the natural log transformed total concentration of antibiotics. Names of gene categories are labeled above subplots.
[image: ]






Fig. S10. (a) The most predictive bacterial OTUs for the total antibiotic concentration based on random forest modeling (see detailed information of these OTUs in Table S5). (b) The ecological assembly processes of bacterial community by the Raup–Crick (RC) index. (c) The ecological assembly processes of bacterial community by standardized effect size (SES). (d) The most predictive fungal OTUs for the total antibiotic concentration based on random forest modeling (see detailed information of these OTUs in Table S5). (e) The ecological assembly processes of fungal community by the Raup–Crick (RC) index. (f) The ecological assembly processes of fungal community by standardized effect size (SES). Correlations between the abundance of each bacterial or fungal OTU and the natural log transformed antibiotic concentration (the total concentration of 9 categories of antibiotics) are shown.
[image: ]
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