

Supplementary Material

Base editing trigger induced erasable gene editing tools enhance hit-and-run genome engineering in actinomycetes

[bookmark: _Hlk226484310]Jian Wang1,2,#, Bei Cheng1,#, Zhengjie Liu2, Xiaoran Liu1, Chengyuan Zhang1, Chunyu Peng1, Yonghui Zhang1, Zixin Deng2 and Yuhui Sun1,*
1 School of Pharmacy, Huazhong University of Science and Technology, Wuhan, Hubei, China.
2 State Key Laboratory of Microbial Metabolism, Joint International Research Laboratory of Metabolic and Developmental Sciences, School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, Shanghai, China
* Correspondence: Yuhui Sun (sunyuhui@hust.edu.cn)
# These authors contributed equally.


Supplementary Figures
[image: ]
Supplementary Fig. S1 Nucleotide sequences of attP and attB sites recognized by nine site-specific integration systems in actinomycetes. Core recombination sequences are highlighted in red.


[bookmark: OLE_LINK5][image: ]Supplementary Fig. S2 Schematic illustration of leaky cre expression when cre is placed directly under the control of the inducible promoter used in this study. kasOp*, hrdBp and Potr* denote Streptomyces promoters; cebR and otrR denote transcriptional repressors from Streptomyces. Black circles indicate repressor-binding sites.1,2
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Supplementary Fig. S3 Schematic representation of the pEraBE plasmid architecture and its stability during 12 consecutive passages in E. coli. dCre denotes the catalytically inactive cre gene; rpsLp, Potr*, kasOp*, hrdBp and ermEp* denote Streptomyces promoters; Targeting sgRNA denotes the sgRNA directed against the genomic protospacer; Erasing sgRNA denotes the sgRNA targeting the inactivating mutation in dCre; pheS denotes the counter-selectable marker for Streptomyces; otrR denotes the repressor of Potr*; oriT denotes the origin of transfer; aac(3)IV denotes the apramycin resistance gene; and ori denotes the plasmid origin of replication in E. coli.
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[bookmark: _Hlk237894473][bookmark: _Hlk149573292][bookmark: _Hlk155637576]Supplementary Fig. S4 Schematics of the sgRNA cloning strategy. a Schematic of the target sgRNA cloning cassette; kasOp*, Streptomyces constitutive promotor; B1006t, B1006 terminator. b Complete sequence of target sgRNA cloning cassette that serves as PCR template for the amplification of Gibson assembly inserts. Red bases indicate the 20-nt spacer sequences should be introduced by primers. Blue and orange bases highlight overlap region between linear vector and PCR amplified fragments. c The schematic diagram shows the cloning of target sgRNA.
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[bookmark: _Hlk237965374][bookmark: _Hlk237965386][bookmark: _Hlk237959871][bookmark: OLE_LINK3]Supplementary Fig. S5 Evaluation of plasmid backbone-erasure efficiency mediated by EraCBE and EraABE. a Schematic illustration of the primer design used for mutant screening in S. coelicolor M145. b Schematic illustration of the primer design used for mutant screening in M. echinospora 15835. c PCR-based screening of EraCBE-generated mutants in S. coelicolor M145. d PCR-based screening of EraABE-generated mutants in S. coelicolor M145. e PCR-based screening of EraCBE-generated mutants in M. echinospora 15835. f Plasmid backbone-erasure efficiencies of EraCBE and EraABE in S. coelicolor M145 and of EraCBE in M. echinospora 15835. Mean and SD shown for n = 3 biologically independent samples.
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Supplementary Fig. S6 RT-PCR detection of integrase transcription after chromosomal integration. M145::pSET152, RT-PCR product obtained from total RNA of S. coelicolor M145 integrated pSET152; M145::EraCBE, RT-PCR product obtained from total RNA of S. coelicolor M145 integrated pEraCBE; M145::EraABE, RT-PCR product obtained from total RNA of S. coelicolor M145 integrated pEraABE; No-RT control, total RNA from S. coelicolor M145 integrated pSET152 without reverse transcription.
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Supplementary Fig. S7 Growth comparison of S. coelicolor strains before and after EraBE-mediated plasmid backbone erasure. Growth curves of the wild-type strain (WT), the strain harboring genomically integrated pSET152, and the corresponding plasmid-erased strains generated using EraCBE or EraABE were determined by monitoring OD600 over 54 h in TSB medium. Data are presented as mean ± SD from three independent biological replicates.
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Supplementary Fig. S8. Comparison of SNVs and indels profiles obtained by whole-genome resequencing of Streptomyces sp. 211726 and its mutant derivative ΔwblA211726.

[bookmark: _Hlk237949333]Supplementary Table S1. Biosynthetic gene cluster profile of S. coelicolor M145 predicted by antiSMASH3.
	Region
	Type
	From
	To
	Putative metabolite
	Similarity with known cluster

	Region 1
	HglE-KS, T1PKS
	86694
	139654
	–

	

	Region 2
	Terpene
	163801
	192038
	isorenieratene
	high

	Region 3
	Lanthipeptide-class-i
	246526
	271084
	–
	

	Region 4
	NRP-metallophore, NRPS
	493989
	552325
	coelichelin
	high

	Region 5
	Terpene-precursor
	597850
	621487
	–
	

	Region 6
	RIPP-like
	791584
	801799
	informatipeptin
	low

	Region 7
	T3PKS
	1257626
	1298750
	flaviolin/1,3,6,8-tetrahydroxynaphthalene
	high

	Region 8
	Ectoine
	1995503
	2005901
	ectoine
	high

	Region 9
	Melanin
	2939313
	2949882
	–
	

	Region 10
	NI-siderophore
	3024902
	3054689
	desferrioxamin B/desferrioxamine E
	high

	Region 11
	NRPS
	3523384
	3604037
	CDA1b/CDA2a/CDA2b/CDA3a/CDA3b/CDA4a/CDA4b
	high

	Region 12
	T2PKS
	5494912
	5567535
	actinorhodin
	high

	Region 13
	Terpene
	5671127
	5692212
	albaflavenone
	high

	Region 14
	Terpene-precursor
	5701227
	5722387
	–
	

	Region 15
	T2PKS
	5752056
	5824598
	spore pigment
	medium

	Region 16
	NI-siderophore
	6326699
	6356645
	kinamycin
	low

	Region 17
	Prodigiosin, NRPS-like, T1PKS
	6423764
	6476556
	undecylprodigiosin
	high

	Region 18
	RiPP-like
	6632457
	6643773
	–
	

	Region 19
	Terpene
	6656333
	6678513
	geosmin
	high

	Region 20
	NI-siderophore
	6833429
	6864636
	–
	

	Region 21
	T1PKS , butyrolactone, hydrogen-cyanide 
	6881012
	6956651
	coelimycin P1
	high

	Region 22
	Thioamide-NRP, NRPS
	7088378
	7142561
	nogalamycin
	low

	Region 23
	Lanthipeptide-class-iii
	7409857
	7432571
	SapB
	high

	Region 24
	Terpene
	7506132
	7532873
	hopene
	high

	Region 25
	PKS-like, T1PKS
	7570526
	7618669
	Bisenarsan
	high

	Region 26
	Lanthipeptide-class-i
	7683021
	7709474
	–
	

	Region 27
	Oher, T3PKS
	7973584
	8047589
	germicidin
	high

	Region 28
	Indole
	8269793
	8290920
	5-dimethylallylindole-3-acetonitrile
	high

	Region 29
	T3PKS, NRP-metallophore, NRPS, terpene
	8475259
	8549738
	coelibactin
	high




Supplementary Table S2. Biosynthetic gene cluster profile of Streptomyces sp. 211726 predicted by antiSMASH3.
	Region
	Type
	From
	To
	Putative metabolite
	Similarity with known cluster

	Region 1
	lanthipeptide-class-i
	1
	23235
	–

	

	Region 2
	lassopeptide
	199306
	221850
	–
	

	Region 3
	butyrolactone
	416927
	427916
	–
	

	Region 4
	T1PKS
	515214
	653615
	azalomycin F3a
	high

	Region 5
	T1PKS
	807549
	984978
	nigericin
	high

	Region 6
	T1PKS
	1072429
	1152573
	efomycin K/efomycin L
	high

	Region 7
	redox-cofactor
	1198750
	1198750
	–
	

	Region 8
	hserlactone
	1334173
	1354928
	–
	

	Region 9
	butyrolactone
	1365499
	1376434
	–
	

	Region 10
	NRPS, T3PKS
	1607873
	1696446
	feglymycin
	high

	Region 11
	terpene
	2040662
	2067187
	hopene
	high

	Region 12
	T2PKS
	2265877
	2338392
	spore pigment
	high

	Region 13
	redox-cofactor
	2418347
	2441048
	–
	

	Region 14
	T1PKS
	2498399
	2560618
	–
	

	Region 15
	RiPP-like
	2616965
	2628311
	–
	

	Region 16
	NI-siderophore
	2842049
	2872100
	–
	

	Region 17
	NRPS-like
	3441579
	3484449
	echoside A/echoside B/echoside C/echoside D/echoside E
	high

	Region 18
	NI-siderophore
	4009172
	4038959
	legonoxamine A/desferrioxamine B/legonoxamine B
	high

	Region 19
	Terpene
	4739715
	4759975
	–
	

	Region 20
	hydrogen-cyanide
	4784615
	4797734
	aborycin
	low

	Region 21
	terpene
	5133826
	5156198
	–
	

	Region 22
	terpene-precursor
	5229405
	5250424
	–
	

	Region 23
	arylpolyene, NRPS
	5371633
	5473683
	skyllamycin A/skyllamycin B
	medium

	Region 24
	indole
	5756413
	5777555
	5-isoprenylindole-3-carboxylate B-D-glycosyl ester
	medium

	Region 25
	triceptide
	5922503
	5943663
	–
	

	Region 26
	NRPS
	5984171
	6028181
	–
	

	Region 27
	HR-T2PKS
	6086915
	6136952
	cinnapeptin
	medium

	Region 28
	RiPP-like
	6145364
	6157820
	–
	

	Region 29
	T1PKS
	6284996
	6468824
	desulfoclethramycin/clethramycin
	medium

	Region 30
	lassopeptide
	6863878
	6886412
	–
	

	Region 31
	lanthipeptide-class-i
	6936721
	6962969
	–
	

	Region 32
	ectoine
	7449831
	7460235
	ectoine
	high

	Region 33
	NI-siderophore
	7665442
	7697615
	peucechelin
	low

	Region 34
	terpene
	7721874
	7750980
	BE-43547A1/BE-43547A2/BE-43547B1/BE-43547B2/BE-43547B3/BE-43547C1/BE-43547C2
	low

	Region 35
	RiPP-like
	7793217
	7803504
	–
	

	Region 36
	PKS-like
	8166703
	8207731
	rustmicin
	low

	Region 37
	terpene
	8244969
	8265973
	2-methylisoborneol
	high

	Region 38
	T1PKS, NRPS-like
	8553401
	8635860
	geldanamycin
	medium

	Region 39
	terpene
	8692982
	8714981
	cyclooctatin
	high

	Region 40
	terpene
	8764745
	8785845
	pristinol
	high

	Region 41
	NRPS, T1PKS, NRPS-like
	9076321
	9273162
	meridamycin
	medium

	Region 42
	terpene-precursor
	9298881
	9319984
	–
	

	Region 43
	lanthipeptide-class-ii
	9344675
	9368040
	–
	

	Region 44
	T1PKS, hglE-KS, RiPP-like
	9396366
	9533237
	hexacosalactone A
	hign

	Region 45
	NRPS
	9535958
	9614680
	–
	

	Region 46
	terpene
	9652917
	9677153
	brasilicardin A
	low

	Region 47
	NRPS-like
	9859306
	9902044
	–
	

	Region 48
	T1PKS
	10000837
	9902044
	–
	

	Region 49
	T3PKS
	10116906
	10158081
	–
	

	Region 50
	RRE-containing
	10300146
	10311788
	–
	





Supplementary Table S3. Amino acid sequences of wblA from S. coelicolor M145 and Streptomyces sp. 211726
	Name
	Amino acid sequences

	WblASCO
	MGWVTDWSAQAACRTTDPDELFVQGAAQNRAKAVCTGCPVRTECLADALDNRVEFGVWGGMT
ERERRALLRRRPTVTSWRRLLETARTEYERGVGIVPLDDDEVYENYAAVG

	WblA211726
	MGWVTDWSAQAACRTTDPDELFVQGAAQNRAKAVCTGCPVRTECLADALDNRVEFGVWGGMT
ERERRALLRRRPTVTSWRRLLETARIEYERSAGILPFDDEDYERFAAVG




Supplementary Table S4. Strains used in this study
	Strains
	Features
	Source

	E. coli
	
	

	DH10B
	lacZ mcrA mcrBC mrr hsd RMS
	Grant et al. 19904

	ET12567/pUZ8002
	recF dam dcm CmlR StrR TetR KmR
	MacNeil et al. 19925

	
	
	

	Streptomyces
	
	

	M145
	S. coelicolor M145, model Streptomyces wild-type strain
	Hopwood et al.  20006

	M145-CGG-3
	M145 mutant carrying an EraCBE-edited PSP-CGG-3 genomic target
	This study

	M145-CGA-2
	M145 mutant carrying an EraABE-edited PSP-CGA-2 genomic target
	This study

	[bookmark: OLE_LINK6]M145::pqq
	M145 mutant harboring a chromosomally integrated pqq cluster introduced by EraABE with subsequent plasmid-backbone erasure
	This study

	211726
	[bookmark: OLE_LINK8]Streptomyces sp. 211726, non-model Streptomyces wild-type strain producing azalomycins
	Xu et al. 20177

	ΔwblA211726
	211726 mutants in which wblA was inactivated by EraCBE
	This study

	Micromonospora
	
	

	ATCC15835
	M. echinospora ATCC15835, wild-type strain producing kanamycin 
	Weinstein et al. 19638





Supplementary Table S5. Plasmids used in this study
	Name
	Relevant genotype and characteristics
	Source

	pSET152
	ori (CoIE1), aac(3)IV, oriT (RK2), int, attP (φC31), lacZα
	Bierman et al. 19929

	peSCBE3-NG-Hypa
	[bookmark: OLE_LINK2]ori (ColE1), ori (pIJ101), oriT (RK2), bla, aac(3)IV, high-efficient and -fidelity cytosine base editor recognizing NGN PAM
	Wang et al. 202410

	pEraCBE
	Engineered pSET152 with eSCBE3-NG-Hypa, multiple sgRNA cloning cassettes, loxP-attP (φC31)-loxP site, cre, pheS(A339G/T278A)
	This study

	pEraABE
	Engineered pSET152 with SABE8e-NG-Hypa, multiple sgRNA cloning cassettes, loxP-attp (φC31)-loxP site, cre, pheS(A339G/T278A)
	[bookmark: OLE_LINK1]This study

	pEraCBE-CGG-3
	pEraCBE cloned sgRNA targeting PSP_CGG-3 site
	This study

	pEraABE-CGA-2
	pEraABE cloned sgRNA targeting PSP_CGA-2 site
	This study

	pEraCBE-wblA211726
	pEraCBE cloned sgRNA targeting STOP_wblA site
	This study

	pEraABE-CodA(sm)
	Replacement of the counter-selectable marker pheS with codA
	This study

	pEraABE-CodA(sm)-pqq
	Cloning of the pqq gene cluster into pEraABE-codA.
	This study




Supplementary Table S6. Primers used in this study
	Name
	Sequence (5’→3’)
	Source

	Primers for plasmids construction

	Fwd-BE-operon-152
	gatgaacggcactttgcatcaactcGGGACTGATCAAGGCGAATACTTC
	This study

	Rev-BE-operon-152
	gggataaagtcttgaggatacgcacCCGAAGCAGGGTTATGCAGC
	This study

	Fwd-target sgcc
	gtgcgtatcctcaagactttatccccgtaatcatgtcatagctgtttcctg
	This study

	Rev-target sgcc
	GAACGGCACTTTGCATCAACTCACCGGTGGCCACGACTTTACAACAC
	This study

	Fwd-pheS-erasing sgRNA
	GTGTTGTAAAGTCGTGGCCACCGGTgagttgatgcaaagtgccgttc
	This study

	Rev-pheS-erasing sgRNA
	ggtctgtgtagctcgatccaActtgggctgcaggtcgact
	This study

	Fwd-dCre
	GAGAAAATACCGCATCAGGCGGATGCCTTCTTGCTTCTAC
	This study

	Rev-dCre
	gagttgatgcaaagtgccgttcatcagtcgacctgcagcccaag
	This study

	Fwd-vec-152
	ccgctcacaattccacacaac
	This study

	Rev-vec-152
	gcctgatgcggtattttctc
	This study

	Fwd-loxP-attP
	GGCAACCCTCAGCGGATGTG
	This study

	Rev-loxP-attP
	gtaagcacccgcgtacgtg
	This study

	Fwd-vec-loxP
	cacgtacgcgggtgcttac
	This study

	Rev-vec-loxP
	CGGCGGCAACCCTCAGCGGATG
	This study

	Fwd-TadA8e
	GAGTAGACGACGGAGACGTAATGAGCGAGGTCGAGTTCTC
	This study

	Rev-TadA8e
	CAGGCCGATGCTGTACTTCTTGTC
	This study

	Fwd-TadA8e-vec
	GACAAGAAGTACAGCATCGGCCTG
	This study

	Rev-TadA8e-vec
	CTCATTACGTCTCCGTCGTCTACTC
	This study

	Fwd-codA
	gagttgatgcaaagtgccgttcatcTGGCGAAGATCGAAGAGAAGC
	This study

	Rev-codA
	cttgggctgcaggtcgactTACCCGGGGATCCTCTAGTC
	This study

	Fwd-codA-vec
	agtcgacctgcagcccaag
	This study

	Rev-codA-vec
	gatgaacggcactttgcatcaactc
	This study

	Fwd-pqq
	gccgacatgacacaaggggttATAAtgttcacattcgaacggtctc
	This study

	Rev-pqq
	CGTATAATGTATGCTATACGAAGTTATtaatgcagctggcacgacag
	This study

	Fwd-pqq-vec
	ctgtcgtgccagctgcattaATAACTTCGTATAGCATACATTATACGAAGTTAT
	This study

	Rev-pqq-vec
	gagaccgttcgaatgtgaacaTTATaaccccttgtgtcatgtcggc
	This study

	
	
	

	Primers for sgRNA cloning

	Fwd-kasOp*
	gtcggagcacggtactactgTGTTCACATTCGAACGGTC
	This study

	Rev-scaffold
	gatgaacggcactttgcatcaactcGCTACAACTCCTGAGGCTAC
	This study

	Fwd-PSP_CGA-2_scaffold
	ggagtcgtggatgtcctgcgGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG
	This study

	Rev-PSP_CGA-2_promotor
	cgcaggacatccacgactccGGCCACGACTTTACAACAC
	This study

	Fwd-PSP_CGG-3_scaffold
	CGGGTCGAGCGGCACGTAGGGTTTTAGAGCTAGAAATAGC
	This study

	Rev-PSP_CGG-3_kasOp*
	CCTACGTGCCGCTCGACCCGGGCCACGACTTTACAACAC
	This study

	Fwd-STOP_wblA_ scaffold
	TCCCCACACACCGAACTCCAGTTTTAGAGCTAGAAATAGC
	This study

	Rev-STOP_wblA_kasOp*
	TGGAGTTCGGTGTGTGGGGAGGCCACGACTTTACAACAC
	This study

	
	
	

	Primers for sequencing

	Seq-target sgRNA
	cgtaatcatgtcatagctgtttcctg
	This study

	Seq-erasing sgRNA
	cagcggagtgagaatagaaagg
	This study

	Seq-Cre
	ggatgccttcttgcttctac
	This study

	Seq-EraBE-backbone-1
	GGGACTGATCAAGGCGAATACTTC
	This study

	Seq-EraBE-backbone-2
	CCGCATCTGCTACCTCCAG
	This study

	Seq-loxP
	CCGAAGCAGGGTTATGCAGC
	This study

	Seq-otrR
	gttgtgtggaattgtgagcgg
	This study

	Seq-counter selection-1
	GGTCTGTGTAGCTCGATCCA
	This study

	Seq-counter selection-2
	GAGTTGATGCAAAGTGCCGTTCATC
	This study

	Seq-cloning-pqq-1
	gccgacatgacacaaggggtt
	This study

	Seq-cloning-pqq-2
	acgaacctgaaccggcccc
	This study

	Fwd-sanger_PSP-CGG-3
	ACCTCGCTGTCCTACGCCG
	This study

	Rev-sanger_PSP-CGG-3
	TCGGGTCCAGCGGTCTGAC
	This study

	Fwd-sanger_PSP-CGA-2
	ATGAGCACCGTGACAGTGATC
	This study

	Rev-sanger_PSP-CGA-2
	TCACTTGGTCTCCTCCTGGG
	This study

	Fwd-sanger_wblA
	ATGGGCTGGGTAACCGAC
	This study

	Rev-sanger_ wblA
	GAAGCGCTCATAGTCCTCG
	This study

	Seq-fwd-attB-SC-Fig.2
	CCGTGGAAGAGACCGCCCGAC
	This study

	Seq-rev-attB-SC-Fig.2
	GACCTCCGGGCTTTCGTGGTTCC
	This study

	Fwd-attL-pqq-Fig.3B
	CCGTGGAAGAGACCGCCCGAC
	This study

	Rev-attL-pqq-Fig.3B
	ATACCAGCGGCCTTCGGCGG
	This study

	Fwd-attR-pqq-Fig.3B
	tcgctataatgaccccgaagcagg
	This study

	Rev-attR-pqq-Fig.3B
	GACCTCCGGGCTTTCGTGGTTCC
	This study

	Fwd-attL-pqq-Fig.3C
	ATCCCGTCGACGATGTAGGTCAC
	This study

	Rev-attL-pqq-Fig.3C
	ATACCAGCGGCCTTCGGCGG
	This study

	Fwd-attR-pqq-Fig.3C
	CCACTCCACCGCCTTCAACC
	This study

	Rev-attR-pqq-Fig.3C
	CAACTACCGCCACCTCGACC
	This study

	Seq-fwd-attB-211726-Fig.4
	GAAGAGGCCGCCCGACACG
	This study

	Seq-rev-attB-211726-Fig.4
	AGAACCCGCTGACCCTGCC
	This study

	Primers for RT-PCR
	
	

	Seq-fwd-RT-int
	aggttcgtcgggcatttcag
	This study

	Seq-rev-RT-int
	ctacgaagagcccgacgaac
	This study




Supplementary Table S7. Sequences of genetic modules in pEraCBE and pEraABE
EraCBE expression cassette: rpsL promotor-eSCBE3-NG-Hypa-Terminator
The DNA sequence of the rpsL promoter is underlined, the amino acid sequence of eSCBE3-NG-Hypa is shown in red, and the terminator sequence is show in black.
GCCCTGCAGGCGGAAGTCAGGTAGACACGACTTCCGCTAGTCCTTGCAAGGTCTGCTGACGTGAGGCGGGGCGGTCGTTTTTGACCGCCCTGCCTTCGTCATGTAGGCTCGCTCGCTGTGCCTGGCGTGTCATCAGACGCCCAGGTCCCGGTGCCGTGAGGCCCGGGCCATCGAGCCGGTGGTACGTGGCTGCGGTCCCCTTGTGAGGGCTGCGCGCCGTGTGCTGTCCGGCGCGCACAGCCTTGAATCCACCCGCGGGGGCCGGCCGGTCTCCGTGAGCTCGAGTAGACGACGGAGACGTAMEASPASGPRHLMDPHIFTSNFNNGIGRHKTYLCYEVERLDNGTSVKMDQHRGFLHNQAKNLLCGFYGRHAELRFLDLVPSLQLDPAQIYRVTWFISWSPCFSWGCAGEVRAFLQENTHVRLRIFAARIYDYDPLYKEALQMLRDAGAQVSIMTYDEFKHCWDTFVDHQGCPFQPWDGLDEHSQALSGRLRAILQNQGNSGSETPGTSESATPESSGSETPGTSESATPESDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRAFAALIADDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESIRPKRNSDKLIARKKDWDPKKYGGFVSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASARFLQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPRAFKYFDTTIDRKVYRSTKEVLDATLIHQSITGLYETRIDLSQLGGDSGGSTNLSDIIEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYDESTDENVMLLTSDAPEYKPWALVIQDSNGENKIKML*GAATTCAGATCTACGCGTTCCCCGCAAAAGCGGCCTTTGACTCCCTGCAAGCCTCAGCGACCGAATATATCGGTTATGCGTGGGCGATGGTTGTTGTCATTGTCGGCGCAACTATCGGTATCAAGCTGTTTAAGAAATTCACCTCGAAAGCAAGCTGATAAACCGATACAATTAAAGGCTCCTTTTGGAGCCTTTTTTT

EraABE expression cassette: rpsL promotor-SABE8e-NG-Hypa-Terminator
The DNA sequence of the rpsL promoter is underlined, the amino acid sequence of eSCBE3-NG-Hypa is shown in blue, and the terminator sequence is show in black.
GCCCTGCAGGCGGAAGTCAGGTAGACACGACTTCCGCTAGTCCTTGCAAGGTCTGCTGACGTGAGGCGGGGCGGTCGTTTTTGACCGCCCTGCCTTCGTCATGTAGGCTCGCTCGCTGTGCCTGGCGTGTCATCAGACGCCCAGGTCCCGGTGCCGTGAGGCCCGGGCCATCGAGCCGGTGGTACGTGGCTGCGGTCCCCTTGTGAGGGCTGCGCGCCGTGTGCTGTCCGGCGCGCACAGCCTTGAATCCACCCGCGGGGGCCGGCCGGTCTCCGTGAGCTCGAGTAGACGACGGAGACGTAMSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAEIMALRQGGLVMQNYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNSKRGAAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPRQVFNAQKKAQSSINSGGSSGGSSGSETPGTSESATPESSGGSSGGSDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRAFAALIADDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESIRPKRNSDKLIARKKDWDPKKYGGFVSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASARFLQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPRAFKYFDTTIDRKVYRSTKEVLDATLIHQSITGLYETRIDLSQLGGDSGGSTNLSDIIEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYDESTDENVMLLTSDAPEYKPWALVIQDSNGENKIKML*GAATTCAGATCTACGCGTTCCCCGCAAAAGCGGCCTTTGACTCCCTGCAAGCCTCAGCGACCGAATATATCGGTTATGCGTGGGCGATGGTTGTTGTCATTGTCGGCGCAACTATCGGTATCAAGCTGTTTAAGAAATTCACCTCGAAAGCAAGCTGATAAACCGATACAATTAAAGGCTCCTTTTGGAGCCTTTTTTT

dCre expression cassette: hrdb promotor-dCreH289R-Terminator
The DNA sequence of the hrdb promoter is underlined, the amino-acid sequence of dCreH289R or dCreR173Q is shown in yellow, and the terminator sequence is show in black.
CCACGCGGATTGGGCGTAACGCTCTTGGGAACAACACGATGACCTAAGAGGTGACAGCCGGGTGCGCCTAACCCGCATTGCGAGAACCCTTGTTGTGCTACTGGATTCTCCACTGTCGGCMSNLLTVHQNLPALPVDATSDEVRKNLMDMFRDRQAFSEHTWKMLLSVCRSWAAWCKLNNRKWFPAEPEDVRDYLLYLQARGLAVKTIQQHLGQLNMLHRRSGLPRPSDSNAVSLVMRRIRKENVDAGERAKQALAFERTDFDQVRSLMENSDRCQDIRNLAFLGIAYNTLLQIAEIARIRVKDISRTDGGRMLIHIGRTKTLVSTAGVEKALSLGVTKLVERWISVSGVADDPNNYLFCRVRKNGVAAPSATSQLSTRALEGIFEATHRLIYGAKDDSGQRYLAWSGRSARVGAARDMARAGVSIPEIMQAGGWTNVNIVMNYIRNLDSETGAMVRLLEDGDLVALAA*TGAGCCAGGCCCGGCTGCAGCCCGTACCTCTAGTAGAGTCGAGGGGGAACCCGGCCGCGTCCGGCGCCCCCGCCGCCTTCGACGAGATCCCGCAAAAGCGGCCTTTGACTCCCTGCAAGCCTCAGCGACCGAATATATCGGTTATGCGTGGGCGATGGTTGTTGTCATTG

Integration module: ermEp*-φC31 integrase-Terminator
The ermEp* sequence are underlined, the amino-acid sequence of φC31 integrase is shown in purple, and the terminator sequence is show in black.
GCGAGTGTCCGTTCGAGTGGCGGCTTGCGCCCGATGCTAGTCGCGGTTGATCGGCGATCGCAGGTGCACGCGGTCGATCTTGACGGCTGGCGAGAGGTGCGGGGAGGATCTGACCGACGCGGTCCACACGTGGCACCGCGATGCTGTTGTGGGCACAATCGTGCCGGTTGGTAGGATCCACATVDTYAGAYDRQSRERENSSAASPATQRSANEDKAADLQREVERDGGRFRFVGHFSEAPGTSAFGTAERPEFERILNECRAGRLNMIIVYDVSRFSRLKVMDAIPIVSELLALGVTIVSTQEGVFRQGNVMDLIHLIMRLDASHKESSLKSAKILDTKNLQRELGGYVGGKAPYGFELVSETKEITRNGRMVNVVINKLAHSTTPLTGPFEFEPDVIRWWWREIKTHKHLPFKPGSQAAIHPGSITGLCKRMDADAVPTRGETIGKKTASSAWDPATVMRILRDPRIAGFAAEVIYKKKPDGTPTTKIEGYRIQRDPITLRPVELDCGPIIEPAEWYELQAWLDGRGRGKGLSRGQAILSAMDKLYCECGAVMTSKRGEESIKDSYRCRRRKVVDPSAPGQHEGTCNVSMAALDKFVAERIFNKIRHAEGDEETLALLWEAARRFGKLTEAPEKSGERANLVAERADALNALEELYEDRAAGAYDGPVGRKHFRKQQAALTLRQQGAEERLAELEAAEAPKLPLDQWFPEDADADPTGPKSWWGRASVDDKRVFVGLFVDKIVVTKSTTGRGQGTPIEKRASITWAKPPTDDDEDDAQDGTEDVAA*CGAGACACCCGGGAAGCCTGATCTACGTCTGTCGAGAAGTTTCTGATCGAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGCAGGGCGAAGAATCTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGCCGATGGTTTCTACAAAG

Plasmid-erasing module: loxP-attP (φC31)-loxP
The loxP sequence is underlined, the attP sequence is shown in red.
ATAACTTCGTATAATGTATGCTATACGAAGTTATAACCCCTTGTGTCATGTCGGCGACCCTACGCCCCCAACTGAGAGAACTCAAAGGTTACCCCAGTTGGGGCACTACTCCCGAAAACCGCTTCTGACCTGGGATAACTTCGTATAATGTATGCTATACGAAGTTAT

Target sgRNA expression cassette: kasOp* (no RBS)-20 nt protospacer-sgRNA scaffold-Terminator
The promoter kasOp* (no RBS) sequence are underlined, the sgRNA sequence is shown in blue, and the terminator sequence is show in black.
TGTTCACATTCGAACGGTCTCTGCTTTGACAACATGCTGTGCGGTGTTGTAAAGTCGTGGCCNNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTAAAAAAAAACCCCGCCCCTGACAGGGCGGGGTTTTTTTT

Erasing sgRNA expression cassette: Potr* (no RBS)-20 nt protospacer-sgRNA scaffold-Terminator
The promoter Potr* (no RBS) sequence are underlined, the sgRNA sequence is shown in blue, and the terminator sequence is show in black.
AGCGTATGTACTCCCCGGAGAACGACAAGACCTTGTCAAAAGCCGCGGCGGTGATTACGCTCGGCACCNNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTAAAAAAAAACCCCGCCCCTGACAGGGCGGGGTTTTTTTT

[bookmark: OLE_LINK4]OtrR repressor expression cassette: hrdBp-otrR-Terminator
The promoter hrdBp sequence are underlined, the amino-acid sequence of OtrR sequence is shown in green, and the terminator sequence is show in black. 
CCACGCGGATTGGGCGTAACGCTCTTGGGAACAACACGATGACCTAAGAGGTGACAGCCGGGTGCGCCTAACCCGCATTGCGAGAACCCTTGTTGTGCTACTGGATTCTCCACTGTCGGCVAMDSSAPDLAALIEVTAEVFAVNGRLLREGDSLTAHAGLTSARWQVAGLLLSGPSTVARLARERGLRRQAVQQTVERLKAEGVVTTRPNPQDQRSPLVELTARGRQALDDLRPLERRWLEYLAEDIPVEDMRVAIAVLSRLREKLDARPATEFGTGAGSGRQSA*CGATATCAGATCTCGAGGATCTAAAGTTTTGTCGTCTTTCCAGACGTTAGTAAATGAATTTTCTGTATGAGGTTTTGCTAAACAACTTTCAACAGTTTCAGCGGAGTGAGAATAGAAAGGAACAACTAAAGGAATTGCGAATAATAATTTTTTCACGTTGAAAATCTCCAAAAAAAAAGGCTCCAAAAGGAGCCTTTAATTGTATCGGT

pheSA339G/T278A driven by reverse otrBp
The DNA sequence of the promoter reverse otrBp is underlined, the amino-acid sequence of pheSA339G/T278A is shown in yellow, and the terminator sequence is show in black.
CTTGGGCTGCAGGTCGACTTACCCGGGGATCCTCTAGTCGACTCTAGCTAGACCAGAATCGGCAACTAGCTCGAGGTTGACACCTTTTGCCGATTCTGGTAGAATGACACCAACATAGATCTGATCGATCAAGAGACAGGATGAGGATCGTTTCGCMSAPNKSYDPVEVEALKPEEIERMRDEALAAFAAADSLDALHEAKVAHTGPASPLALANREIGALPPHAKADAGKRVGQARGAVNKGLAARQTELEAERDARVLVEEAVDVTLPYDRVPAGARHPLTTMMERVADVFVAMGYEIAEGPEAEAEWFNFDALNFLPDHPARQMQDTFFVQGPEGTEESGSGVVLRTHTSPVQARALLDRELPVYIVCPGRVFRTDELDATHTPVFHQIELLAVDEGLTMADLKGTLDHMVQALFGADMKTRLRPNYFPFAEPSAEMDMLCYVCKGESVGNPDRPCRTCSSEGWIELGGCGMVNPRVLTACGVDPEKYSGFGFGFGIERMLMFRHNVEDMRDMVEGDVRFTRPFGMEI*GCATGCACTAGAAGTCGACCTGCAGGTCCCCGGGGATCGGTCTTGCCTTGCTCGTCGGTGATGTACTTCACCAGCTCCGCGAAGTCGCTCTTCTTGATGGAGCGCATGGGGACGTGCTTGGCAATCACGCGCACCCCCCGGCCGTTTTAGCGGCTAAAAAAG

codA(sm) driven by reverse otrBp
The DNA sequence of the promoter reverse otrBp is underlined, the amino-acid sequence of CodA(sm) is shown in yellow, and the terminator sequence is show in black.
CTTGGGCTGCAGGTCGACTTACCCGGGGATCCTCTAGTCGACTCTAGCTAGACCAGAATCGGCAACTAGCTCGAGGTTGACACCTTTTGCCGATTCTGGTAGAATGACACCAACATAGATCTGATCGATCAAGAGACAGGATGAGGATCGTTTCGCMPNNALQTIINARLPGEEGLWQIHLQDGKISAIDAQSGVMPITENSLDAEQGLVIPPFVEPHIHLDTTQTAGQPNWNQSGTLFEGIERWAERKALLTHDDVKQRAWQTLKWQIANGIQHVRTHVDVSDATLTALKAMLEVKQEVAPWIDLQIVAFPQEGILSYPNGEALLEEALRLGADVVGAIPHFEFTREYGVESLHKTFALAQKYDRLIDVHCDEIDDEQSRFVETVAALAHHEGMGARVTASHTTAMHSYNGAYTSRLFRLLKMSGINFVANPLVNIHLQGRFDTYPKRRGITRVKEMLESGINVCFGHDAVFDPWYPLGTANMLQVLHMGLHVCQLMGYGQINDGLNLITHHSARTLNLQDYGIAAGNSANLIILPAENGFDALRRQVPVRYSVRGGKVIASTQPAQTTVYLEQPEAIDYKR*GCATGCACTAGAAGTCGACCTGCAGGTCCCCGGGGATCGGTCTTGCCTTGCTCGTCGGTGATGTACTTCACCAGCTCCGCGAAGTCGCTCTTCTTGATGGAGCGCATGGGGACGTGCTTGGCAATCACGCGCACCCCCCGGCCGTTTTAGCGGCTAAAAAAG

Supplementary Table S8. sgRNA information in this study
	Name
	Guide sequence (5’→3’)
	sgRNA information

	PSP-CGG-3
	CGGGTCGAGCGGCACGTAGG
	sgRNA of EraCBE in S. coelicolor M145

	PSP-NGA-2
	CCGCACATCGTTCCGCTGGT
	sgRNA of EraABE in S. coelicolor M145

	dCre-correction-H289R
	CGCGGAGCGGCCGGACCACG
	sgRNA designed for EraCBE-mediated correction of dCreH289R

	dCre-correction-R173Q
	GCTGCAGATCGCCGAGATCG
	sgRNA designed for EraABE-mediated correction of dCreR289Q

	STOP_wblA
	TCCCCACACACCGAACTCCA
	sgRNA for the introduction of premature stop codon in wblA211726
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¢C31 system:
attP site: GCCCCAACTGGGGTAACCTTTGAGTTCTCTCAGTTGGGG
attB site: CGGTGCGGGTGCCAGGGCGTGCCCTTGGGCTCCCCGGGCGCGTACTCCACC

¢BT1 system:
attP site: TGCTGGGTTGTTGTCTCTGGACAGTGATCCATGGGAAACTACTCAGCA
attB site: CTGCCGTCCTTGACCAGGTTTTTGACGAAAGTGATCCAGATGATCCAGCTCCACACCCCGAA

R4 system:
attP site: GCATGTTCCCCAAAGCGATACCACTTGAAGCAGTGGTACTGCTTGTGGGTACACTCTGCGGGTG
attB site: TTCCCCATCACCATGCCAAAGCAGTGATAAAAGGGCACCGG

SV1 system:
attP site: ATGTGGTCCTTTAGATCCACTGACGTGGGTCAGTGTCTCTAAAGGACTCGCG
attB site: TTCATCAGGGCGGTCAGGCCGTAGATGTGGAAGAACGGCAGCACGGCGAGGACGC

TG1 system:
attP site: TCCAGCCCAACAGTGTTAGTCTTTGCTCTTACCCAGTTGGGCGGGA
attB site: CATCGGGTCGGCCGGCAAGACGTTCTCGTTCACCGGCTGGAAGGTC

VWB system:
attP site: ACGTTCTCTCCTAAAGCGGGTGTCGCAGGTTCGAATCCTGCCGGGGGCACAACCTGCA
attB site: CACCGCTCTCCTAAAGCGGGTGTCGCAGGTTCGAATCCTGCCGGGGGCACAAG

¢Joe system:
attP site: TTGTGGCCATGTGTCCATCTGGGGGCAGATGGAGACGGGGTCACATCC
attB site: CTTGATGTGGGTGTCCATCTGCGGGCAGACGCCGCAGTCGAAGCACGG

u1/6 system:
attP site: TCTTGTAAAGCGGGGGTCGTCGGTTCGAACCCGACAGGGGGCTCAG
attB site: TCTTGTAAAGCGGGGGTCGTCGGTTCGAACCCGACAGGGGGCTCAG

PSAM2 system:
attP site: ACTGGTGTTTCTCTGTCGGGGTGGCGGGATTTGAACCCCACGACCTCTTCGTCCCGAA
attB site: GCGCGCTTCGTTCGGGACGAAGAGGT




