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Text S1 Minimum inhibitory concentrations (MICs) determination
The MICs were determined according to previous studies [1, 2]. Briefly, the overnight culture of E. coli K12 strains was 1:100 diluted to the initial cell density of about 106 CFU/mL, and then 5 µL of the E. coli K12 cultures, 15 µL of serially two-fold diluted antibiotics or heavy metals as well as 130 µL of fresh LB broth were introduced into each 150 µL well of 96-well microplates. Sterilized PBS (pH: 7.4) was set as blank control. After overnight incubation (1618 h) at 37 °C,the optical density at 600 nm(OD600) was measured by a microplate spectrophotometer (Synergy HTMulti-Mode, BioTek, Winooski, VT, USA). The MICs were calculated as the concentrations of metal ions that caused 90 % growth inhibition of the original bacterial cells [1, 2]. Each experimentwas conducted at least in triplicate.
TextS2 DNA Extraction, whole genome sequencing and data analysis
The initial E. coli K12, control isolate (a single colony randomly pickedfrom control group), and three resistant mutations from each metal-treated culture were cultured in LB medium at 37 °C for 16 h, and the total DNAwas extracted using the MiniBEST Bacterial Genomic DNA Extraction Kit (Takara, Dalian, China) according to the manufacturer’sinstructions.
Genome sequencing was performed with a platform of HiSeq 4000 by constructing a PE150 DNA library (Novogene Bioinformatics Institute, Beijing, China).A total of about 464 Mb clean reads were obtained for each sample after filtering low quality and Illumina PCR adapter reads, which represents approximately 100-fold coverage on average of each genome.
Clean reads were mapped to the reference genome (E. coli K-12 MG1655, GenBank Accession number: NC_000913.3) using BWA software [3]. Ambiguously mapped reads were discarded. Alignments output from BWA were converted to pileup format using SAMTOOL [4], which was used to the detection of the individual single nucleotide polymorphism (SNP) and insertion-deletion (InDel) of small fragments(<50bp), as well as the analysis the variation of SNP/InDel in the functional regions of the genome. SNP and InDel were called using VARSCAN [5].
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Figure S1 Flowchart for assessing the impact of sub-MIC level of metals on bacterial antibiotic resistance.
[image: D:\S-Figure1-1.tif]
Figure S2 TheMICsof the selected resistantmutantstoother six antibiotics, amoxicillin (a), ampicillin (b), tetracycline (c), erythromycin (d), trimethoprim (e), and gentamycin (f). Ag-CHL-1–3, chloramphenicol mutants with sub-MIC of Ag(I) selection; Ag-CIP-1–3, Cu-CIP-1–3 and Zn-CIP-1–3, the evolved ciprofloxacin mutants by exposure to sub-MIC of Ag(I), Cu(II) and Zn(II), respectively; initial E.coli K12, wildtype strain used in evolutional experiment.
[bookmark: _GoBack]
Table S1 MICs and sublethal concentrations of each metal ion used in evolutionary experiments
	Metal ions
	MIC*
	Sublethal concentrations

	Ag(I)
	8.95 mg/L
	1.79 mg/L

	Zn(II)
	134 mg/L
	26.81 mg/L

	Cu(II)
	575 mg/L
	11.50 mg/L


*Against the initial drug-sensitive wide-type E. coli K12

Table S2 The MIC of each antibiotic to wide-type E. coli K12
	Antibiotics
	MIC*

	Amoxicillin
	5.43 μg/mL

	Ampicillin
	8.27 μg/mL

	Tetracycline
	3.65 μg/mL

	Erythromycin
	239.75 μg/mL

	Chloramphenicol
	5.36 μg/mL

	Ciprofloxacin
	49.51 ng/mL

	Trimethoprim
	4.03 μg/mL

	Gentamycin
	7.40 μg/mL


*The average value of MICs.






Table S3 SNP and InDel identified in 12 evolved strains along the genome
	Strain
	SNP/InDel
	Position
	Annotation/InDeltype
	Ref base<->sample base/InDelseq
	AAmutate
	Geneid/intergenic
	Gene name

	Ag-CHL-1
	SNP
	3939146
	Gene
	G<->A
	R<->Q
	b3753
	rbsR

	Ag-CHL-1
	SNP
	4033217
	Gene
	G<->A
	G<->R
	b3849
	trkH

	Ag-CHL-1
	SNP
	4183652
	Gene
	C<->A
	A<->E
	b3987
	rpoB

	Ag-CHL-2
	SNP
	2521268
	NA
	T<->C
	NA
	Intergenic
	-

	Ag-CHL-2
	SNP
	2521272
	NA
	T<->G
	NA
	Intergenic
	-

	Ag-CHL-2
	SNP
	4183652
	Gene
	C<->A
	A<->E
	b3987
	rpoB

	Ag-CHL-2
	InDel
	4542725
	D1
	T
	NA
	Intergenic
	-

	Ag-CHL-3
	SNP
	4183652
	Gene
	C<->A
	A<->E
	b3987
	rpoB

	Ag-CHL-3
	InDel
	4542725
	D1
	T
	NA
	Intergenic
	-

	Ag-CIP-1
	SNP
	2339173
	Gene
	G<->A
	S<->L
	b2231
	gyrA

	Ag-CIP-1
	SNP
	3400627
	Gene
	G<->C
	P<->R
	b3251
	mreB

	Ag-CIP-1
	SNP
	3441023
	Gene
	C<->T
	G<->S
	b3295
	rpoA

	Ag-CIP-1
	SNP
	3939146
	Gene
	G<->A
	R<->Q
	b3753
	rbsR

	Ag-CIP-1
	SNP
	4033217
	Gene
	G<->A
	G<->R
	b3849
	trkH

	Ag-CIP-1
	SNP
	4183652
	Gene
	C<->A
	A<->E
	b3987
	rpoB

	Ag-CIP-1
	InDel
	4542725
	D1
	T
	NA
	Intergenic
	-

	Ag-CIP-2
	InDel
	2364365
	D1
	G
	NA
	Intergenic
	-

	Ag-CIP-2
	SNP
	3400627
	Gene
	G<->C
	P<->R
	b3251
	mreB

	Ag-CIP-2
	InDel
	3604481
	I4
	AGCC
	NA
	b3465
	rsmD

	Ag-CIP-2
	SNP
	3939146
	Gene
	G<->A
	R<->Q
	b3753
	rbsR

	Ag-CIP-2
	SNP
	4033217
	Gene
	G<->A
	G<->R
	b3849
	trkH

	Ag-CIP-2
	SNP
	4183652
	Gene
	C<->A
	A<->E
	b3987
	rpoB

	Ag-CIP-3
	SNP
	3400627
	Gene
	G<->C
	P<->R
	b3251
	mreB

	Ag-CIP-3
	SNP
	3939146
	Gene
	G<->A
	R<->Q
	b3753
	rbsR

	Ag-CIP-3
	SNP
	4033217
	Gene
	G<->A
	G<->R
	b3849
	trkH

	Ag-CIP-3
	SNP
	4183652
	Gene
	C<->A
	A<->E
	b3987
	rpoB

	Cu-CIP-1
	SNP
	1196220
	Gene
	C<->T
	H<->H
	b1136
	icd

	Cu-CIP-1
	SNP
	1196232
	Gene
	C<->T
	T<->T
	b1136
	icd

	Cu-CIP-1
	SNP
	1196247
	Gene
	A<->G
	L<->L
	b1136
	icd

	Cu-CIP-1
	SNP
	1196277
	Gene
	C<->T
	N<->N
	b1136
	icd

	Cu-CIP-1
	SNP
	1196283
	Gene
	A<->G
	K<->K
	b1136
	icd

	Cu-CIP-1
	SNP
	1196292
	Gene
	C<->T
	T<->T
	b1136
	icd

	Cu-CIP-1
	SNP
	1196304
	Gene
	G<->A
	E<->E
	b1136
	icd

	Cu-CIP-1
	SNP
	2339173
	Gene
	G<->A
	S<->L
	b2231
	gyrA

	Cu-CIP-1
	InDel
	4456970
	D7
	GTGGCAG
	NA
	b4233
	mpl

	Cu-CIP-3
	SNP
	1196220
	Gene
	C<->T
	H<->H
	b1136
	icd

	Cu-CIP-3
	SNP
	1196232
	Gene
	C<->T
	T<->T
	b1136
	icd

	Cu-CIP-3
	SNP
	1196245
	Gene
	T<->C
	L<->L
	b1136
	icd

	Cu-CIP-3
	SNP
	1196247
	Gene
	A<->G
	L<->L
	b1136
	icd

	Cu-CIP-3
	SNP
	1196277
	Gene
	C<->T
	N<->N
	b1136
	icd

	Cu-CIP-3
	SNP
	1196280
	Gene
	G<->C
	A<->A
	b1136
	icd

	Cu-CIP-3
	SNP
	1196283
	Gene
	A<->G
	K<->K
	b1136
	icd

	Cu-CIP-3
	SNP
	1196292
	Gene
	C<->T
	T<->T
	b1136
	icd

	Cu-CIP-3
	SNP
	1196304
	Gene
	G<->A
	E<->E
	b1136
	icd

	Cu-CIP-3
	SNP
	1196316
	Gene
	T<->A
	D<->E
	b1136
	icd

	Cu-CIP-3
	SNP
	2339173
	Gene
	G<->A
	S<->L
	b2231
	gyrA

	Cu-CIP-3
	InDel
	4456970
	D7
	GTGGCAG
	NA
	b4233
	mpl

	Zn-CIP-1
	SNP
	195669
	NA
	G<->T
	NA
	Intergenic
	-

	Zn-CIP-1
	SNP
	566245
	NA
	G<->A
	NA
	Intergenic
	-

	Zn-CIP-1
	SNP
	566543
	NA
	A<->T
	NA
	Intergenic
	-

	Zn-CIP-1
	SNP
	566547
	NA
	C<->A
	NA
	Intergenic
	-

	Zn-CIP-1
	SNP
	578831
	Gene
	T<->C
	T<->T
	b0557
	borD

	Zn-CIP-1
	SNP
	579127
	NA
	T<->C
	NA
	Intergenic
	-

	Zn-CIP-1
	SNP
	579134
	NA
	T<->C
	NA
	Intergenic
	-

	Zn-CIP-1
	SNP
	579146
	NA
	A<->G
	NA
	Intergenic
	-

	Zn-CIP-1
	SNP
	579271
	Gene
	G<->A
	H<->H
	b0558
	ybcV

	Zn-CIP-1
	SNP
	579385
	Gene
	A<->G
	N<->N
	b0558
	ybcV

	Zn-CIP-1
	SNP
	579502
	Gene
	A<->G
	N<->N
	b0558
	ybcV

	Zn-CIP-1
	InDel
	663953
	D1
	A
	NA
	b0632
	dacA

	Zn-CIP-1
	SNP
	2339162
	Gene
	C<->T
	D<->N
	b2231
	gyrA

	Zn-CIP-1
	SNP
	4124368
	Gene
	A<->C
	L<->U
	b3934
	cytR

	Zn-CIP-2
	SNP
	195669
	NA
	G<->T
	NA
	Intergenic
	-

	Zn-CIP-2
	SNP
	566245
	NA
	G<->A
	NA
	Intergenic
	-

	Zn-CIP-2
	SNP
	566543
	NA
	A<->T
	NA
	Intergenic
	-

	Zn-CIP-2
	SNP
	566547
	NA
	C<->A
	NA
	Intergenic
	-

	Zn-CIP-2
	SNP
	578210
	Gene
	T<->C
	V<->A
	b0556
	rzpD

	Zn-CIP-2
	SNP
	578831
	Gene
	T<->C
	T<->T
	b0557
	borD

	Zn-CIP-2
	SNP
	579127
	NA
	T<->C
	NA
	Intergenic
	-

	Zn-CIP-2
	SNP
	579134
	NA
	T<->C
	NA
	Intergenic
	-

	Zn-CIP-2
	SNP
	579146
	NA
	A<->G
	NA
	Intergenic
	-

	Zn-CIP-2
	SNP
	579271
	Gene
	G<->A
	H<->H
	b0558
	ybcV

	Zn-CIP-2
	SNP
	579385
	Gene
	A<->G
	N<->N
	b0558
	ybcV

	Zn-CIP-2
	SNP
	579502
	Gene
	A<->G
	N<->N
	b0558
	ybcV

	Zn-CIP-2
	InDel
	663953
	D1
	A
	NA
	b0632
	dacA

	Zn-CIP-2
	SNP
	2339162
	Gene
	C<->T
	D<->N
	b2231
	gyrA

	Zn-CIP-2
	SNP
	4124368
	Gene
	A<->C
	L<->U
	b3934
	cytR

	Zn-CIP-3
	SNP
	195669
	NA
	G<->T
	NA
	Intergenic
	-

	Zn-CIP-3
	SNP
	566245
	NA
	G<->A
	NA
	Intergenic
	-

	Zn-CIP-3
	SNP
	566543
	NA
	A<->T
	NA
	Intergenic
	-

	Zn-CIP-3
	SNP
	566547
	NA
	C<->A
	NA
	Intergenic
	-

	Zn-CIP-3
	SNP
	578831
	Gene
	T<->C
	T<->T
	b0557
	borD

	Zn-CIP-3
	SNP
	579127
	NA
	T<->C
	NA
	Intergenic
	-

	Zn-CIP-3
	SNP
	579134
	NA
	T<->C
	NA
	Intergenic
	-

	Zn-CIP-3
	SNP
	579146
	NA
	A<->G
	NA
	Intergenic
	-

	Zn-CIP-3
	SNP
	579271
	Gene
	G<->A
	H<->H
	b0558
	ybcV

	Zn-CIP-3
	SNP
	579385
	Gene
	A<->G
	N<->N
	b0558
	ybcV

	Zn-CIP-3
	SNP
	579502
	Gene
	A<->G
	N<->N
	b0558
	ybcV

	Zn-CIP-3
	InDel
	663953
	D1
	A
	NA
	b0632
	dacA

	Zn-CIP-3
	SNP
	1636484
	NA
	C<->T
	NA
	Intergenic
	-

	Zn-CIP-3
	SNP
	1636503
	NA
	T<->C
	NA
	Intergenic
	-

	Zn-CIP-3
	SNP
	2339162
	Gene
	C<->T
	D<->N
	b2231
	gyrA

	Zn-CIP-3
	SNP
	4124368
	Gene
	A<->C
	L<->U
	b3934
	cytR

	control
	SNP
	2322251
	Gene
	T<->G
	I<->S
	b2220
	atoC

	control
	SNP
	3938989
	Gene
	C<->T
	Q<->U
	b3753
	rbsR

	control
	SNP
	4033616
	Gene
	A<->G
	M<->V
	b3849
	trkH

	control
	SNP
	4543367
	Gene
	G<->A
	D<->N
	b4314
	fimA



Table S4 Unique mutations identified in 12 evolved strains along the genome
	Feature
	Position
	Genetic change
	AA mutation/Functional region
	Mutant strain

	IGR*
	195,669
	G→T
	Between ispU and cdsA, located in the promoter of cdsA
	Zn-CIP-1–3

	IGR
	566,245
	G→A
	Pseudogene exoD
	Zn-CIP-1–3

	IGR
	566,543
	A→T
	Pseudogene peaD
	Zn-CIP-1–3

	IGR
	566,547
	C→A
	Pseudogene peaD
	Zn-CIP-1–3

	rzpD
	578,210
	T→C
	Val-35→Ala
	Zn-CIP-2

	IGR
	579,127
	T→C
	Between borD and ybcV
	Zn-CIP-1–3

	IGR
	579,134
	T→C
	Between borD and ybcV
	Zn-CIP-1–3

	IGR
	579,146
	A→G
	Between borD and ybcV
	Zn-CIP-1–3

	dacA
	663,953
	AAAAATG→AAAATG
	Frameshift at 4thaa*
	Zn-CIP-1–3

	icd
	1,196,316
	T→A
	Asp-398→Glu
	Cu-CIP-3

	IGR
	1,636,484
	C→T
	Adjacent to pseudogene nohQ
	Zn-CIP-3

	IGR
	1,636,503
	T→C
	Adjacent to pseudogene nohQ
	Zn-CIP-3

	atoC
	2,322,251
	T→G
	Ile-129→Ser
	Control

	gryA
	2,339,162
	C→T
	Asp-87→Asn
	Zn-CIP-1–3

	gryA
	2,339,173
	G→A
	Ser-83→Leu
	Ag-CIP-1; Cu-CIP-1, 3

	IGR
	2,364,365
	AAAGGAT→AAAGAT
	Between yfaZ and nudⅠ, maybe located in the promoter of yfaZ
	Ag-CIP-2

	lysV
	2,521,268
	T→C
	tRNA gene, encoding tRNA-Lys
	Ag-CHL-2

	lysV
	2,521,272
	T→G
	tRNA gene, encoding tRNA-Lys
	Ag-CHL-2

	mreB
	3,400,627
	G→C
	Pro-154→Arg
	Ag-CIP-1–3

	rpoA
	3,441,023
	C→T
	Gly-3→Ser
	Ag-CIP-1

	rsmD
	3,604,481
	GCCC→GCCCAGCC
	Frameshift at 30thaa
	Ag-CIP-2

	rbsR
	3,938,989
	C→T
	Gln-255→*
	Control

	rbsR
	3,939,146
	G→A
	Arg-307→Gln
	Ag-CHL-1; Ag-CIP-1–3

	trkH
	4,033,217
	G→A
	Gly-25→Arg
	Ag-CHL-1; Ag-CIP-1–3

	trkH
	4,033,616
	A→G
	Met-158→Val
	Control

	cytR
	4,124,368
	A→C
	Leu-30→*
	Zn-CIP-1–3

	rpoB
	4,183,652
	C→A
	Ala-803→Glu
	Ag-CHL-1–3; Ag-CIP-1–3

	mpl
	4,456,970
	GCAGGTGGCAGAA→GCAGAA
	Frameshift at 396thaa
	Cu-CIP-1, 3

	IGR
	4,542,725
	ATTTTTTCT→ATTTTTCT
	Between fimE and fimA, potentially influencing the fim operon
	Ag-CHL-2, 3; Ag-CIP-1

	fimA
	4,543,367
	G→A
	Asp-85→Asn
	Control


*IGR denotes mutation which is located in intergenic region
* Stop codon
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