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Supplementary Methods
[bookmark: _Hlk106667667]1. Construction of expression systems for P450s. BM3A82F/A328F (named BM3mut, NCBI Accession Number: P14779.2) from Bacillus megaterium1, sca-2G52S/T85F/F89I/T119S/P159A/V194N/D269E/T323A/N363Y/E370V (named sca-2mut, NCBI Accession Number: D30815.1) from Streptomyces carbophilus2, CYP105D7 (NCBI Accession Number: BAC75180.2) from Streptomyces avermitilis3, ferredoxin reductase (CamA, NCBI Accession Number: BAA00413.1) and ferredoxin (CamB, NCBI Accession Number: BAA00414.1) from Pseudomonas putida4 were codon-optimized and synthesized by GenScript (Nanjing, China). BM3mut and sca-2mut were individually subcloned into the Nde I/Xho I of pRSFDuet-1 and pETDuet-1 to construct plasmids pRSF-BM3mut, pET-BM3mut, pRSF-sca-2mut and pET-sca-2mut. To construct sca-2mut catalytic system, camA-camB genes were subcloned into the Nco I/Sal I of pRSF-sca-2mut and pET-sca-2mut to generate plasmids pRSF-sca-2mut -CamA-CamB and pET-sca-2mut-CamA-CamB, respectively.
[bookmark: _Hlk106695494][bookmark: _Hlk106695569][bookmark: _Hlk106695579][bookmark: OLE_LINK8][bookmark: OLE_LINK4]2. Construction of heme uptake systems. To construct heme uptake systems, the genes chuA (NCBI Accession Number: WP_000089583.1) and phuR (NCBI Accession Number: AAC13289.1) were amplified using the primers ChuA-F/R and PhuR-F/R from the genomic DNA of E. coli Nissle 1917 and P. aeruginosa, respectively. The amplified products were subcloned into the Nde I/Xho I of plasmid pCDFDuet-1 to generate plasmids pCDF-T7-ChuA and pCDF-T7-PhuR. To examine the efficiency of heme uptake, strain C41ΔhemA was constructed by deleting the hemA gene in strain C41(DE3) using the one-step gene inactivation method5 and the constitutive expression of heme uptake systems (plasmids pCDF-PJ23100-ChuA, pCDF-PJ23116-ChuA, pCDF-PJ23117-ChuA, pCDF-PJ23100-PhuR, pCDF-PJ23116-PhuR, pCDF-PJ23117-PhuR) were obtained by replacing T7lac promoters with the constitutive promoters (PJ23100, PJ23116, PJ23117) using the primers (Supplementary Table 2) by Gibson assembly6. To obtain the integrated expression of chuA gene (HEME-T7 strain), gene PJ23117-chuA was integrated into the adhE locus of strain C41ΔhemA chromosome using the modified CRISPR/Cas9 system7.
3. Enhancement of endogenous heme biosynthetic pathway. To enhance endogenous biosynthetic pathway of heme, feedback-resistant E. coli hemAfbr-hemL was amplified using primers HemAL-F/R from the plasmid pCDF-hemAL5, and subcloned into Nco I/Not I of plasmid pACYCDuet-1 to generate the plasmid pACYC-hemAL. Next, genes hemB, hemD, hemC were amplified using primers HemB-F1/HemB-R, HemD-F1/HemD-R and HemC-F1/HemC-R from the genomic DNA of E. coli C41(DE3), and the amplified products (hemB, hemD and hemC) were fused by overlap extension PCR8 and subsequently subcloned into the Nde I/Xho I of plasmid pETDuet-1 to plasmid pET-hemBDC. Then, gene hemH was amplified using primers HemH-F/R from the genomic DNA of E. coli C41(DE3) to subclone into the Nco I/Bam HI of plasmid pET-hemBDC to generate plasmid pET-hemBDCH.
To assemble three key cascade enzymes (PBGS, PBGD and UROS) by DNA-guided scaffolds for the enhancement of heme synthesis, the zinc-finger proteins ADB1(RSNR-RDHT-VSTR-QSNI), ADB2(VSSR-RSHR-RSNR-CSNR) and ADB3(QSSR-RSHR-RHHR-QTHQ) were used to construct plasmid pET-ADB1-hemB-ADB3-hemD-ADB2-hemC-hemH (plasmid pET-ADB-hemBDC-hemH)9. For amplifying ADB1-hemB, the genomic DNA of E. coli C41(DE3) was used as a template and primers HemB-F2/HemB-R were used for first round of amplification. The first round of PCR product was used as a template and primers HemB-F3/HemB-R were used for the second round of amplification. The primers HemC-F2/HemC-R, HemC-F3/HemC-R were used for amplifying ADB2-hemC, and primers HemD-F2/HemD-R, HemD-F3/HemD-R were used for amplifying ADB3-hemD by the same approach. The amplified products (ADB1-hemB, ADB2-hemC and ADB3-hemD) were fused by overlap extension PCR and used as a template, ADB1-hemB/ADB3-hemD/ADB2-hemC was amplified using primers HemB-F/HemC-R and digested with restriction endonucleases Nde I/Xho I and cloned into plasmid pET-hemBDCH.
The artificial DNA scaffold1(5′-CAAGCTAGGGAG-3′), DNA scaffold2 (5′-GACGAGGGGGTG-3′) and DNA scaffold3 (5′-GAAGGGGGGGTA-3′), which were respectively recognized by ADB1, ADB2 and ADB3, were subcloned into the Nde I/Xho I of plasmid pACYC-hemAL to generate plasmid pACYC-hemAL-Scaf123 by Gibson assembly. The plasmids (pACYC-hemAL-Scaf132, pACYC-hemAL-Scaf213, pACYC-hemAL-Scaf231, pACYC-hemAL-Scaf312, pACYC-hemAL-Scaf321, pACYC-hemAL-Scaf1132, pACYC-hemAL-Scaf1332, pACYC-hemAL-Scaf1322) were constructed by the same approach.
[bookmark: OLE_LINK9][bookmark: OLE_LINK43][bookmark: _Hlk104802080]To enhance plasmid-free heme synthesis, the fragment of pT7-hemH- pT7-ADB1-hemB-ADB3-hemD-ADB2-hemC were multicopy chromosomal integrated using the CRISPR-associated transposases (MUCICAT)10,11. The experiments of transposition contained the transformation and induction of pRE57I-ADB-hemBDC-hemH, pTnsABC, and pQCascade. Plasmids pRE57I-ADB-hemBDC-hemH, pTnsABC and pQCascade were co-transformed into E. coli C41(DE3) by electro-transformation, and the transformants were obtained on a triple antibiotic LB-agar plate (50 g ml-1 kanamycin; 100 g ml-1 ampicillin and 50 g ml-1 streptomycin). In the following, the induction experiments and plasmid curing were done as described before11,12 and the copy numbers of obtained colonies were verified by colony PCR. Next, the fragment of pT7-hemA-hemL-pT7-scaffold1-scaffold1-scaffold3-scaffold2 was integrated into the cheW locus of obtained strains using the modified CRISPR/Cas9 system7. 
[bookmark: _Hlk106697409][bookmark: _Hlk106667727]4. Construction of heme fine-tuned systems. To construct heme sensor in E. coli strain, hrtR (NCBI Accession Number: CAL97228.1) from Lactococcus lactis, fhtR (NCBI Accession Number: OG1RF_RS02765) from Enterococcus faecalis, hssRS (NCBI Accession Number: NWMN_RS13030) and hssSS (NCBI Accession Number: NWMN_RS13035) from Staphylococcus aureus, hssRB (NCBI Accession Number: BAS_RS15450) and hssSB (NCBI Accession Number: BAS_RS15445) from Bacillus anthracis were chosen as candidates and synthesized by GenScript (Nanjing, China) after codon optimization. To construct plasmid pACYC-R1 (containing HrtR regulator and its binding site hrtOL), the backbone was obtained by PCR with primers ACYC-F/R using plasmid pACYCDuet-1 as a template and hrtR was generated by PCR with primers HrtR-F/R. eGFP gene expressed under the control of trc-hrtOL hybrid promoter was generated by PCR with primers (EGFP-F/EGFP-R, EGFP-F1/EGFP-R, EGFP-F2/EGFP-R). The three genes fragments were assembled together using Gibson assembly to obtain the plasmid pACYC-R16. To construct plasmid pACYC-R2, backbone was generated by PCR with primers pACYC-R1-F/R using the plasmid pACYC-R1 as a template and the fhtR gene was obtained by PCR with primers FhrR-F1/R1 and FhrR-F2/R2. The two genes were assembled using Gibson assembly. Plasmids pACYC-R3 and pACYC-R4 were synthesized by GenScript (Nanjing, China).
To obtain HrtR saturation mutant library (histidine 72 and histidine 149), the plasmid pACYC-R1 was used as a template and the related primers were listed in Supplementary Table 2, and the resulting PCR products were assembled using Gibson assembly6.
[bookmark: _Hlk105802916]To evaluate the novel heme fine-tuned systems, the plasmid pET-PJ23101-EGFP was used as a reported plasmid. To construct plasmid pET-PJ23101-EGFP, eGFP was amplified using primers T7_EGFP-F/R and subcloned into the Nde I/Xho I of plasmid pETDuet-1 to generate plasmid pET-T7-EGFP. T7lac promoter was replaced by constitutive promoters PJ23101 with primers PJ23101_EGFP-F/R. To construct the plasmids pACYC-sRNAEGFP-R1 to R5, the HrtR gene was generated by PCR with primers ACYC_HrtR-F1/R1 using plasmid pACYC-R1 as a template, and sRNA-eGFP-micC gene was synthesized by GenScript (Nanjing, China) and generated by PCR with primers micC-F1/R113. The two fragments were assembled using Gibson assembly to obtain plasmid pACYC-sRNAEGFP-R1. To construct plasmids pACYC-sRNAEGFP-R2 to R5, the primers H149K-F/R, H149I-F/R, H149P-F/R and H149G-F/R were used for PCR reactions using the plasmid pACYC-sRNAEGFP-R1 as a template and then the PCR products were assembled using Gibson assembly.
To construct plasmid pACYC-sRNAHemB-HrtR, two fragments were obtained by PCR with primers ACYC_HrtR-F2/R2, micC-F2/R2 using plasmid pACYC-sRNAEGFP-R1 and gene sRNA-HemB-micC (synthesized by GenScript) as the templates, respectively. The two fragments were assembled using Gibson assembly. The primers H149I-F/R was used to construct plasmid pACYC-sRNAHemB-HrtRH149K.
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Fig. S1 SDS-PAGE analysis of P450s in various expression system. (a), BM3mut enzyme in supernatants of various expression systems. Lane 1: protein standard marker; Lane 2: C41-pRSFDuet-1; Lane 3: C41-pRSF-BM3mut; Lane 4: B21-pRSF-BM3mut; Lane 5: C43-pRSF-BM3mut; Lane 6: C41-pET-BM3mut; Lane 7: B21-pET-BM3mut; Lane 8: B21-pET-BM3mut. (b), sca-2mut enzyme in supernatants of various expression system. Lane 9: C41-pRSF-sca-2mut; Lane 10: B21-pRSF-sca-2mut; Lane 11: C43-pRSF-sca-2mut; Lane 12: C41-pET-sca-2mut; Lane 13: B21-pET-sca-2mut; Lane 14: C43-pET-sca-2mut; Lane 15: C41-pRSFDuet-1. Lane 16: protein standard marker.
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[bookmark: OLE_LINK10]Fig. S2 The effects of recombinant E. coli strains on the whole-cell activity and expression level of BM3mut. (a), The effects of recombinant E. coli strains with overexpressing of the necessary synthetic genes on the whole-cell activity of BM3mut. (b), SDS-PAGE analysis of BM3mut expressed in various recombinant E. coli strains. Lane 1: HEME-S8-BM3mut, Lane 2: C41-pRSF-BM3mut, Lane 3: HEME-S13-BM3mut, Lane 4: HEME-R10-BM3mut (harboring plasmid pACYC-sRNAHemB-HrtR), Lane 5: HEME-R11-BM3mut (harboring plasmid pACYC-sRNAHemB-HrtRH149K), Lane 6: HEME-R12-BM3mut (harboring plasmid pACYC-sRNAHemB-HrtRH149I), Lane 7: protein standard marker.
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[bookmark: OLE_LINK1]Fig. S3 Integration of HemBCDH cargo into IS186 and array8 loci in strain C41(DE3) based on the CRISPR-associated transposases system. Colony 1, 2, 3, 4 and 6 indicated HEME-S11, HEME-S12, HEME-S13, HEME-S14 and HEME-S15, respectively.
Supplementary Tables
Supplementary Table 1. Plasmids used in the study. Abbreviations: Ap, ampicillin; Km, kanamycin; Cm, chloramphenicol; Sm, streptomycin/spectinomycin; Am, apramycin; R, resistance.
	Plasmids
	                    Description
	 Source

	pKD46
	Recombineering vector, pSC101ts ori, PBAD, λ Red system (gam, exo, bet); ApR 
	5

	pECmulox
	Knockout template vector, lox66-cat-lox77; ApR, CmR 
	5

	pEcCas
	 repA101(Ts) kan Pcas-cas9 ParaB-Red lacIq PrhaB-sgRNA-pMB1, sacB; KmR
	7

	pTargetF
	pMB1 aadA sgRNA-pMB1; SmR
	14

	pCDF-hemAL 
	pCDFDuet-1 derivative, E. coli hemAfbr and hemL; SmR
	5

	pTnsABC
	pCOLADuet-1 harboring TnsA, TnsB and TnsC from V. cholerae strain HE-45; KmR
	11

	pTetQCas-8+IS186
	pCDFDuet-1 harboring TniQ, Cas8, Cas7 and Cas6 from V. cholerae strain HE-45; crRNA was replaced with CRISPR array8+IS186; SmR
	11

	pRE57I-GNAc
	pUC57mini harboring RE-GlcNAc-LE; ApR 
	11

	pCutamp
	The plasmid harboring SpCas9, rhamnose induction system, SacB and sgRNA targeting the Amp promoter; AmR
	11

	pRSFDuet-1
	Expression vector, RSF1030 ori, double T7 lac promoters; KmR
	Novagen 

	pETDuet-1
	Expression vector, ColE1 ori, double T7 lac promoters; ApR 
	Novagen 

	pCDFDuet-1
	Expression vector, CloDF13 ori, double T7 lac promoters; SmR
	Novagen 

	pACYCDuet-1
	 Expression vector, p15A ori, double T7 lac promoters; CmR 
	Novagen 

	pRSF-BM3mut
	pRSFDuet-1derivative, Bacillus megaterium BM3 (A82F/A328F); KmR
	This study

	pET-BM3mut
	pETDuet-1derivative, Bacillus megaterium BM3 (A82F/A328F); ApR 
	This study

	 pRSF-105D7-CAB
	pRSFDuet-1derivative, Streptomyces avermitilis CYP105D7, Pseudomonas putida camA and camB; KmR
	This study

	pRSF-sca-2mut-CAB
	pRSFDuet-1derivative, Streptomyces carbophilus sca-2mut, Pseudomonas putida camA and camB; KmR
	This study

	pET-sca-2mut-CAB
	pETDuet-1derivative, Streptomyces carbophilus sca-2mut, Pseudomonas putida camA and camB; ApR 
	This study

	pCDF-T7-ChuA
	pCDFDuet-1 derivative, E. coli Nissle 1917 chuA; SmR
	This study

	pCDF-T7-PhuR
	pCDFDuet-1 derivative, Pseudomonas aeruginosa phuR; SmR
	This study

	pCDF-PJ23100-ChuA
	pCDF-T7-ChuA derivative, PJ23100 promoter; SmR
	This study

	pCDF-PJ23116-ChuA
	pCDF-T7-ChuA derivative, PJ23116 promoter; SmR
	This study

	pCDF-PJ23117-ChuA
	pCDF-T7-ChuA derivative, PJ23117 promoter; SmR
	This study

	pCDF-PJ23100-PhuR 
	pCDF-T7-PhuR derivative, PJ23100 promoter; SmR 
	This study

	pCDF-PJ23116-PhuR 
	pCDF-T7-PhuR derivative, PJ23116 promoter; SmR 
	This study

	pCDF-PJ23117-PhuR
	pCDF-T7-PhuR derivative, PJ23117 promoter; SmR 
	This study

	pACYC-hemAL
	pACYCDuet-1 derivative, E. coli hemAfbr and hemL; CmR 
	This study

	pET-hemBDCH
	pETDuet-1 derivative, E. coli hemH, hemB, hemD, hemC; ApR 
	This study

	pACYC-hemAL-Scaf123
	pACYCDuet-1 derivative, E. coli hemAfbr and hemL, scaffold1-scaffold2-scaffold3; CmR 
	This study

	pACYC-hemAL-Scaf132
	pACYCDuet-1 derivative, E. coli hemAfbr and hemL, scaffold1-scaffold3-scaffold2; CmR 
	This study

	pACYC-hemAL-Scaf213
	pACYCDuet-1 derivative, E. coli hemAfbr and hemL, scaffold2-scaffold1-scaffold3; CmR 
	This study

	pACYC-hemAL-Scaf231
	pACYCDuet-1 derivative, E. coli hemAfbr and hemL, scaffold2-scaffold3-scaffold1; CmR 
	This study

	pACYC-hemAL-Scaf312
	pACYCDuet-1 derivative, E. coli hemAfbr and hemL, scaffold3-scaffold1-scaffold2; CmR 
	This study

	pACYC-hemAL-Scaf321
	pACYCDuet-1 derivative, E. coli hemAfbr and hemL, scaffold3-scaffold2-scaffold1; CmR 
	This study

	pACYC-hemAL-Scaf1132
	pACYCDuet-1 derivative, E. coli hemAfbr and hemL, scaffold1-scaffold1-scaffold3-scaffold2; CmR 
	This study

	pACYC-hemAL-Scaf1332
	pACYCDuet-1 derivative, E. coli hemAfbr and hemL, scaffold1-scaffold3-scaffold3-scaffold2; CmR 
	This study

	pACYC-hemAL-Scaf1322
	pACYCDuet-1 derivative, E. coli hemAfbr and hemL, scaffold1-scaffold3-scaffold2-scaffold2; CmR 
	This study

	pET-ADB-hemBDC-hemH
	pETDuet-1 derivative, E. coli ADB1-hemB, ADB3-hemD, ADB2-hemC, hemH; ApR 
	This study

	pRE57I-ADB-BDC-hemH
	pRE57I-GNAc derivative, the GlcNAc cassette was replaced with pT7-hemH-pT7-ADB1-hemB-ADB3-hemD-ADB2-hemC cassette; ApR 
	This study

	pACYC-R1
	pACYCDuet-1 derivative, Lactococcus lactis hrtR, hrtOL, eGFP; CmR
	This study

	pACYC-R2
	pACYCDuet-1 derivative, Enterococcus faecalis fhtR, hrtOE, eGFP; CmR
	This study

	pACYC-R3
	pACYCDuet-1 derivative, Staphylococcus aureus hssRS, hssSS, hrtOS, eGFP; CmR
	This study

	pACYC-R4
	pACYCDuet-1 derivative, Bacillus anthracis hssRB, hssSB, hrtOB, eGFP; CmR
	This study

	pACYC-R1/H149R
	pACYC-R1 derivative, HrtRH149K; CmR 
	This study

	pACYC-R1/H149K
	pACYC-R1 derivative, HrtRH149I; CmR 
	This study

	pACYC-R1/H149I
	pACYC-R1 derivative, HrtRH149I; CmR 
	This study

	pACYC-R1/H149F
	pACYC-R1 derivative, HrtRH149F; CmR 
	This study

	pACYC-R1H149L
	pACYC-R1 derivative, HrtRH149L; CmR 
	This study

	pACYC-R1/H149W
	pACYC-R1 derivative, HrtRH149W; CmR 
	This study

	pACYC-R1/H149A
	pACYC-R1 derivative, HrtRH149A; CmR 
	This study

	pACYC-R1/H149M
	pACYC-R1 derivative, HrtRH149M; CmR 
	This study

	pACYC-R1/H149P
	pACYC-R1 derivative, HrtRH149P; CmR 
	This study

	pACYC-R1/H149C
	pACYC-R1 derivative, HrtRH149C; CmR 
	This study

	pACYC-R1/H149N
	pACYC-R1 derivative, HrtRH149N; CmR 
	This study

	pACYC-R1/H149V
	pACYC-R1 derivative, HrtRH149V; CmR 
	This study

	pACYC-R1/H149G
	pACYC-R1 derivative, HrtRH149G; CmR 
	This study

	pACYC-R1/H149Q
	pACYC-R1 derivative, HrtRH149Q; CmR 
	This study

	pACYC-R1/H149Y
	pACYC-R1 derivative, HrtRH149Y; CmR 
	This study

	pACYC-R1/H149E
	pACYC-R1 derivative, HrtRH149E; CmR 
	This study

	pACYC-R1/H149T
	pACYC-R1 derivative, HrtRH149T; CmR 
	This study

	pACYC-R1/H149S
	pACYC-R1 derivative, HrtRH149S; CmR 
	This study

	pACYC-R1/H149D
	pACYC-R1 derivative, HrtRH149D; CmR 
	This study

	pACYC-R1/H149I
	pACYC-R1 derivative, HrtRH149I; CmR 
	This study

	pACYC-R1/H149F
	pACYC-R1 derivative, HrtRH149F; CmR 
	This study

	pACYC-R1H149L
	pACYC-R1 derivative, HrtRH149L; CmR 
	This study

	pACYC-R1/H149W
	pACYC-R1 derivative, HrtRH149W; CmR 
	This study

	pACYC-R1/H149A
	pACYC-R1 derivative, HrtRH149A; CmR 
	This study

	pACYC-R1/H149M
	pACYC-R1 derivative, HrtRH149M; CmR 
	This study

	pACYC-R1/H72R
	pACYC-R1 derivative, HrtRH72R; CmR 
	This study

	pACYC-R1/H72K
	pACYC-R1 derivative, HrtRH72K; CmR 
	This study

	pACYC-R1/H72I
	pACYC-R1 derivative, HrtRH72I; CmR 
	This study

	pACYC-R1/H72F
	pACYC-R1 derivative, HrtRH72F; CmR 
	This study

	pACYC-R1/H72L
	pACYC-R1 derivative, HrtRH72L; CmR 
	This study

	pACYC-R1/H72W
	pACYC-R1 derivative, HrtRH72W; CmR 
	This study

	pACYC-R1/H72A
	pACYC-R1 derivative, HrtRH72A; CmR 
	This study

	pACYC-R1/H72M
	pACYC-R1 derivative, HrtRH72M; CmR 
	This study

	pACYC-R1/H72P
	pACYC-R1 derivative, HrtRH72P; CmR 
	This study

	pACYC-R1/H72C
	pACYC-R1 derivative, HrtRH72C; CmR 
	This study

	pACYC-R1/H72N
	pACYC-R1 derivative, HrtRH72N; CmR 
	This study

	pACYC-R1/H72V
	pACYC-R1 derivative, HrtRH72V; CmR 
	This study

	pACYC-R1/H72G
	pACYC-R1 derivative, HrtRH72G; CmR 
	This study

	pACYC-R1/H72Q
	pACYC-R1 derivative, HrtRH72Q; CmR 
	This study

	pACYC-R1/H72Y
	pACYC-R1 derivative, HrtRH72Y; CmR 
	This study

	pACYC-R1/H72E
	pACYC-R1 derivative, HrtRH72E; CmR 
	This study

	pACYC-R1/H72T
	pACYC-R1 derivative, HrtRH72T; CmR 
	This study

	pACYC-R1/H72S
	pACYC-R1 derivative, HrtRH72S; CmR 
	This study

	pACYC-R1/H72D
	pACYC-R1 derivative, HrtRH72D; CmR 
	This study

	pACYC-R1/H72R
	pACYC-R1 derivative, HrtRH72R; CmR 
	This study

	pACYC-R1/H72K
	pACYC-R1 derivative, HrtRH72K; CmR 
	This study

	pACYC-R1/H72I
	pACYC-R1 derivative, HrtRH72I; CmR 
	This study

	pACYC-R1/H72F
	pACYC-R1 derivative, HrtRH72F; CmR 
	This study

	pET-T7-EGFP
	pETDuet-1 derivative, eGFP; ApR 
	This study

	pET-PJ23101-EGFP
	pET-EGFP derivative, PJ23101 promoter; ApR 
	This study

	pACYC-sRNAEGFP-R1
	pACYC-R1 derivative, eGFP was replaced with sRNA-eGFP-micC; CmR
	This study

	pACYC-sRNAEGFP-R2
	pACYC-sRNAEGFP-R1 derivative, HrtRH149K; CmR 
	This study

	pACYC-sRNAEGFP-R3
	pACYC-sRNAEGFP-R1 derivative, HrtRH149I; CmR 
	This study

	pACYC-sRNAEGFP-R4
	pACYC-sRNAEGFP-R1 derivative, HrtRH149P; CmR 
	This study

	pACYC-sRNAEGFP-R5
	pACYC-sRNAEGFP-R1 derivative, HrtRH149G; CmR 
	This study

	pACYC-sRNAHemB-HrtR
	pACYC-R1 derivative, eGFP was replaced with sRNA-HemB-micC; CmR
	This study

	pACYC-sRNAHemB-HrtRH149K
	pACYC-sRNAHemB-HrtR derivative, HrtRH149K; CmR 
	This study



Supplementary Table 2. The primers used for the constructed of plasmids
	Primers
	Sequence (5'-3') a

	ChuA-F
	GTATAAGAAGGAGATATACATATGTCACGTCCGCAATTTACCTCGT

	ChuA-R
	AGCGGTTTCTTTACCAGACTCGAGTTACCATTGATAACTCACGAAAATTTTTCCGTTACG

	PhuR-F
	GTATAAGAAGGAGATATACATATGCCGCTCTCCCCGCCC

	PhuR-R
	GTTTCTTTACCAGACTCGAGTTAGATGTCCCAGACCAGGTTGACCGCG

	PJ23100-ChuA-F
	TAGGTACAGTGCTAGCCCTGTAGAAATAATTTTGTTTAACTTTAATAAGGAGATATACCATGGGCTCACGTCCGCAATTTACCTCGT

	PJ23100-ChuA-R
	GGGCTAGCACTGTACCTAGGACTGAGCTAGCCGTCAAATTTCCTAATGCAGGAGTCGCATAAGG

	PJ23116-ChuA-F
	TAGGGACTATGCTAGCCCTGTAGAAATAATTTTGTTTAACTTTAATAAGGAGATATACCATGGGCTCACGTCCGCAATTTACCTCGT

	PJ23116-ChuA-R
	GGCTAGCATAGTCCCTAGGACTGAGCTAGCTGTCAAATTTCCTAATGCAGGAGTCGCATAAGG

	PJ23117-ChuA-F
	TAGGGATTGTGCTAGCCCTGTAGAAATAATTTTGTTTAACTTTAATAAGGAGATATACCATGGGCTCACGTCCGCAATTTACCTCGT

	PJ23117-ChuA-R
	GGGCTAGCACAATCCCTAGGACTGAGCTAGCTGTCAAATTTCCTAATGCAGGAGTCGCATAAGG

	PJ23100-PhuR-F
	TAGGTACAGTGCTAGCCCTGTAGAAATAATTTTGTTTAACTTTAATAAGGAGATATACCAT

	PJ23100-PhuR-R
	GGGCTAGCACTGTACCTAGGACTGAGCTAGCCGTCAAATTTCCTAATGCAGGAGTCGCATAAGG

	PJ23116-PhuR-F
	TAGGGACTATGCTAGCCCTGTAGAAATAATTTTGTTTAACTTTAATAAGGAGATATACCAT

	PJ23116-PhuR-R
	GGCTAGCATAGTCCCTAGGACTGAGCTAGCTGTCAAATTTCCTAATGCAGGAGTCGCATAAGG

	PJ23117-PhuR-F
	TAGGGATTGTGCTAGCCCTGTAGAAATAATTTTGTTTAACTTTAATAAGGAGATATACCAT

	PJ23117-PhuR-R
	GGGCTAGCACAATCCCTAGGACTGAGCTAGCTGTCAAATTTCCTAATGCAGGAGTCGCATAAGG

	QC-HemA-F
	ATGCAAGCAGACTAACCCTATCAACGTTGGTATTATTTCCCGCAGACATGGACACTATAGAACGCGGCCG

	QC-HemA-R
	ACCCTGTAAAAAAAGAAAATGATGTACTGCTACTCCAGCCCGAGGCTGTCCCGCATAGGCCACTAGTGGA

	HemAL-F
	CTTTAATAAGGAGATATACCATGGGTACCAAGAAGCTTTTAGCACT

	HemAL-R
	CTTAAGCATTATGCGGCCGC

	HemH-F
	GAAGGAGATATACCATGGGCCGTCAGACTAAAACCGGTATCCTGC

	HemH-R
	GCCGAGCTCGAATTCGGATCCTTAGCGATACGCGGCAACAAGAT

	HemB-F1
	AGTATAAGAAGGAGATATACATATGACAGACTTAATCCAACGCCCTCGT

	HemB-F2
	ACCCGTCAGAGCAATATTGGTGGTGGTGGTTCTATGACAGACTTAATCCAACGCCCTCGT

	HemB-F3
	ATGCGTAGCAATCGTCGTGATCATACCGTGAGCACCCGTCAGAGCAATATTGG

	HemB-F
	AGTATAAGAAGGAGATATACATATGCGTAGCAATCGTCGTGATCAT

	HemB-R
	CCTCCTTTTATTTAACGCAGAATCTTCTTCTCAGCCAAATCCAT

	HemD-F1
	GGCTGAGAAGAAGATTCTGCGTTAAATAAAAGGAGGAAAATATATGAGTATCCTGGTCACCCGCC

	HemD-F2
	CAGCCGTCGTAGCCATCGTCGTAGCCACCGTCAGACCCATCAGGGTGGTGGTGGTTCTATGAGTATCCTGGTCACCCGCC

	HemD-F3
	GGCTGAGAAGAAGATTCTGCGTTAAATAAAAGGAGGAAAATATATGCAGAGCAGCCGTCGTAGCCATCGT

	HemD-R
	CCTCCTTTTATTTATTGTAATGCCCGTAAAAGCGCATCGT

	HemC-F1
	CGCTTTTACGGGCATTACAATAAATAAAAGGAGGAAAATATATGTTAGACAATGTTTTAAGAATTGCCACACGC

	HemC-F2
	TAGCCATCGTCGTAGCAATCGCTGCAGCAATCGTGGTGGTGGTGGTTCTATGTTAGACAATGTTTTAAGAATTGCCACACGC

	HemC-F3
	CGCTTTTACGGGCATTACAATAAATAAAAGGAGGAAAATATATGGTGAGCAGCCGTCGTAGCCATCGTCGTAGCAATCGCT

	HemC-R
	GTTTCTTTACCAGACTCGAGTCATGCCGGAGCGTCTCCGTTAT

	Scaffold123-F
	CATAAGACGAGGGGGTGTATTCACGGAAGGGGGGGTACACTCGAGTCTGGTAAAGAAACCGCT

	Scaffold123-R
	AATACACCCCCTCGTCTTATGATTCTCCCTAGCTTGTAAGATCTGCCATATGTATATCTCCTTCTTATACT

	Scaffold132-F
	CATAAGAAGGGGGGGTATATTCACGGACGAGGGGGTGCACTCGAGTCTGGTAAAGAAACCGCT

	Scaffold132-R
	AATATACCCCCCCTTCTTATGATTCTCCCTAGCTTGTAAGATCTGCCATATGTATATCTCCTTCTTATACT

	Scaffold213-F
	CATAACAAGCTAGGGAGTATTCACGGAAGGGGGGGTACACTCGAGTCTGGTAAAGAAACCGCT

	Scaffold213-R
	AATACTCCCTAGCTTGTTATGATTCACCCCCTCGTCTAAGATCTGCCATATGTATATCTCCTTCTTATACT

	Scaffold231-F
	CATAAGAAGGGGGGGTATATTCACGCAAGCTAGGGAGCACTCGAGTCTGGTAAAGAAACCGCT

	Scaffold231-R
	AATATACCCCCCCTTCTTATGATTCACCCCCTCGTCTAAGATCTGCCATATGTATATCTCCTTCTTATACT

	Scaffold312-F
	CATAACAAGCTAGGGAGTATTCACGGACGAGGGGGTGCACTCGAGTCTGGTAAAGAAACCGCT

	Scaffold312-R
	AATACTCCCTAGCTTGTTATGATTTACCCCCCCTTCTAAGATCTGCCATATGTATATCTCCTTCTTATACT

	Scaffold321-F
	CATAAGACGAGGGGGTGTATTCACGCAAGCTAGGGAGCACTCGAGTCTGGTAAAGAAACCGCT

	Scaffold321-R
	AATACACCCCCTCGTCTTATGATTTACCCCCCCTTCTAAGATCTGCCATATGTATATCTCCTTCTTATACT

	Scaffold1132-F
	AATCATAAGAAGGGGGGGTATATTCACGGACGAGGGGGTGCACTCGAGTCTGGTAAAGAAACCGCT

	Scaffold1132-R
	TACCCCCCCTTCTTATGATTCTCCCTAGCTTGTTATGATTCTCCCTAGCTTGTAAGATCTGCCATATGTATATCTCCTTCTTATACT

	Scaffold11332-F
	CATAAGAAGGGGGGGTATATTCACGGAAGGGGGGGTAAATCATAAGACGAGGGGGTGCACTCGAGTCTGGTAAAGAAACCGCT

	Scaffold11332-R
	AATATACCCCCCCTTCTTATGATTCTCCCTAGCTTGTAAGATCTGCCATATGTATATCTCCTTCTTATACT

	Scaffold11322-F
	CATAAGAAGGGGGGGTATATTCACGGACGAGGGGGTGCAATCATAAGACGAGGGGGTGACTCGAGTCTGGTAAAGAAACCGCT

	Scaffold11322-R
	AATATACCCCCCCTTCTTATGATTCTCCCTAGCTTGTAAGATCTGCCATATGTATATCTCCTTCTTATACT

	sgRNA-adhE-F
	GGATCAGGTTGATGTCTGGGGTTTTAGAGCTAGAAATAGCAAGTT

	sgRNA-adhE-R
	CCCAGACATCAACCTGATCCACTAGTATTATACCTAGGACTGAGC

	Up-adhE-F
	ATTGGCAGCCAATACTTACTGGCAT

	Up-adhE-R
	AAGGGAGAGCGTCGAGATCCAAAGCGAAAAAATCCGCTTAATCAGTAGC

	Down-adhE-F
	GGGGTTTTTTGCTGAAACCTCAGGCATAATGCTCTCCTGATAATGTTAAACTT

	Down-adhE-R
	CGCTGTCTGATAACTGGTCATGCTG

	Cp-adhE-F
	GGATCTCGACGCTCTCCCTT

	Cp-adhE-R
	CACGTAATCAGTACCCAGAAGTGAGT

	sgRNA-cheY-F
	CATATTGGGCATGTTCCAGTGTTTTAGAGCTAGAAATAGCAAGTT

	sgRNA-cheY-R
	ACTGGAACATGCCCAATATGACTAGTATTATACCTAGGACTGAGC

	Up-cheY-F
	GACATCCATCATCCGCTTAATGACCT

	Up-cheY-R
	TTTGAGAAACTGGGCATGTGAGGATG

	Down-cheY-F
	GGGGTTTTTTGCTGAAACCTCAGGCATTTCACACTCCTGATTTAAATACGTATCG

	Down-cheY-R
	ATATGCCGCCTGGTTTCACC

	Cp-cheY-F
	TTTGCTGGTATCGACCTGAGGTCC

	Cp-cheY-R
	ACTGAGGCAATTCGTCACGTACT

	IS186-F
	CCACTGTAATGATAGGCAATTCAGGT

	IS186-1R
	ATGAAGCAGCATAAGGCGATGAT

	IS186-2R
	GAAGCGCAACAGGCATCTG

	IS186-3R
	ATCGTGAGAATGAGATGTTTGCTGT

	IS186-4R
	GGATGCTGCAAATCCCACAG

	IS186-5R
	CAACCTGAGGCTTACGTTCG

	Array1-1F
	CAACTGGTCACGCTGATCGAC

	Array1-1R
	CTGTTCAACCTGGTCCAGCC

	Array1-2F
	GCCATGCTAACTCGTCCAAACAAT

	Array1-2R
	GCGTATGAAGAGCGGTGAGC

	Array1-3F
	GTGGAATTACTGGCAGCGAC

	Array1-3R
	CGGTGGTATATTCCCTTCTGATGA

	Array1-4F
	CTGCATGTACGTGCCTTCCTC

	Array1-4R
	GCTACCGAAGGGACTATTCCTCT

	Array1-5F
	CAGAGATGGAAATTACCCTGCAAGC

	Array1-5R
	TTGCGTTTGCCGTTCAACAACGG

	Array1-6F
	GGTGCAAGTATCATCACCACTTCGT

	Array1-6R
	GTCGATTACGAGACGTTGATGAAGGT

	Array1-7F
	CTGGTATCGTAAAATGGTTCAACGCT

	Array1-7R
	ACATACTCGTTGGAAATCAACACAG

	Array1-8F
	TCTTCCGCATTACCCTGGTGCA

	Array1-8R
	CGTACACTGAACTCTCTGGCTCACT

	ACYC-F
	ATGGATGAACTATACAAATAACTCGAGTCTGGTAAAGAAACCGCTG

	ACYC-R
	TTTTCCACACATTATACGAGCCGATGATTAATTGCCAAGCCTGGAATTTCCTAATGCAGGAGTCGCATAAGG

	HrtR-F
	GCTCGTATAATGTGTGGAAAAGGAGATATACCATGCCCAAATCTACATATTTTAGTCTATCAGACG

	HrtR-R
	AGAGCAGAATGCCAGAACCGGCGTTACTTTTTGCTCTCGGTCACGTAGTTC

	EGFP-F
	ATGGGTAAGGGAGAAGAACTTTTCACT

	EGFP-F1
	TAATGAATCTGATGACACAGTGTCATCCTCTAGAGATTAAAGAGGAGAAATACTAGATGGGTAAGGGAGAAGAACTTTTCACT

	EGFP-F2
	CGCCGGTTCTGGCATTCTGCTCTGAGCTGTTGACAATTAATCATCCGGCTCGTATAATGAATCTGATGACACAGTGTCATCCTCT

	EGFP-R
	TTATTTGTATAGTTCATCCATGCCATGTGTAATCCC

	FhtR-F1
	ATCATCGGCTCGTATAATGTGTGGAAAAGGAGATATACCATGGAAAAACCCAATAAAAGGAAGGCT

	FhtR-F2
	TCCAGGCTTGGCAATTAATCATCGGCTCGTATAATGT

	FhtR-R1
	GCCGGATGATTAATTGTCAACAGCTCAGAGCAGAATGCCAGAACCGGCGTTATTTATGGCTTTTGAGAACGCCGTGC

	FhtR-R2
	ATTATCAATCGATAAATCAATAATTATTTATCGATTGATAACAGATTCATTATACGAGCCGGATGATTAATTGTCAACAGCT

	pACYC-R1-F
	TTGATTTATCGATTGATAATCCTCTAGAGATTAAAGAGGAGAAATACTAGATGGGT

	pACYC-R1-R
	GCCGATGATTAATTGCCAAGCCTGGA

	H149R-F
	CGTAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149R-R
	ATGCGATAGACCAGATTACGAATAACGCTCTTCAGCACTTGGG

	H149K-F
	AAAAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149K-R
	ATGCGATAGACCAGATTTTTAATAACGCTCTTCAGCACTTGGG

	H149I-F
	ATTAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149I-R
	ATGCGATAGACCAGATTAATAATAACGCTCTTCAGCACTTGGG

	H149F-F
	TTTAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149F-R
	ATGCGATAGACCAGATTAAAAATAACGCTCTTCAGCACTTGGG

	H149L-F
	CTGAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149L-R
	ATGCGATAGACCAGATTCAGAATAACGCTCTTCAGCACTTGGG

	H149W-F
	TGGAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149W-R
	ATGCGATAGACCAGATTCCAAATAACGCTCTTCAGCACTTGGG

	H149A-F
	GCGAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149A-R
	ATGCGATAGACCAGATTCGCAATAACGCTCTTCAGCACTTGGG

	H149M-F
	ATGAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149M-R
	ATGCGATAGACCAGATTCATAATAACGCTCTTCAGCACTTGGG

	H149P-F
	CCGAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149P-R
	ATGCGATAGACCAGATTCGGAATAACGCTCTTCAGCACTTGGG

	H149C-F
	TGCAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149C-R
	ATGCGATAGACCAGATTGCAAATAACGCTCTTCAGCACTTGGG

	H149N-F
	AATAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149N-R
	ATGCGATAGACCAGATTATTAATAACGCTCTTCAGCACTTGGG

	H149V-F
	GTGAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149V-R
	ATGCGATAGACCAGATTCACAATAACGCTCTTCAGCACTTGGG

	H149G-F
	GGCAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149G-R
	ATGCGATAGACCAGATTGCCAATAACGCTCTTCAGCACTTGGG

	H149Q-F
	CAGAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149Q-R
	ATGCGATAGACCAGATTCTGAATAACGCTCTTCAGCACTTGGG

	H149Y-F
	TATAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149Y-R
	ATGCGATAGACCAGATTATAAATAACGCTCTTCAGCACTTGGG

	H149E-F
	GAAAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149E-R
	ATGCGATAGACCAGATTTTCAATAACGCTCTTCAGCACTTGGG

	H149T-F
	ACCAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149T-R
	ATGCGATAGACCAGATTGGTAATAACGCTCTTCAGCACTTGGG

	H149S-F
	AGTAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149S-R
	ATGCGATAGACCAGATTACTAATAACGCTCTTCAGCACTTGGG

	H149D-F
	GATAATCTGGTCTATCGCATGTTCAGCGAAAACTGG

	H149D-R
	ATGCGATAGACCAGATTATCAATAACGCTCTTCAGCACTTGGG

	H72-R
	AATTTCAACCGTTTCTTGGGACAGAAT

	H72R-F
	AAGAAACGGTTGAAATTCGTGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72K-F
	AAGAAACGGTTGAAATTAAAGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72I-F
	AAGAAACGGTTGAAATTATTGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72F-F
	AAGAAACGGTTGAAATTTTTGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72L-F
	AAGAAACGGTTGAAATTCTGGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72W-F
	AAGAAACGGTTGAAATTTGGGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72A-F
	AAGAAACGGTTGAAATTGCGGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72M-F
	AAGAAACGGTTGAAATTATGGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72P-F
	AAGAAACGGTTGAAATTCCGGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72C-F
	AAGAAACGGTTGAAATTTGCGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72N-F
	AAGAAACGGTTGAAATTAATGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72V-F
	AAGAAACGGTTGAAATTGTGGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72G-F
	AAGAAACGGTTGAAATTGGCGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72Q-F
	AAGAAACGGTTGAAATTCAGGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72Y-F
	AAGAAACGGTTGAAATTTATGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72E-F
	AAGAAACGGTTGAAATTGAAGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72T-F
	AAGAAACGGTTGAAATTACCGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72S-F
	AAGAAACGGTTGAAATTAGTGATCTGTTTTTCAACCTGTTGAAGGAGT

	H72D-F
	AAGAAACGGTTGAAATTGATGATCTGTTTTTCAACCTGTTGAAGGAGT

	T7_GFP-F
	GTATAAGAAGGAGATATACATATGGGTAAGGGAGAAGAACTTTTCACTG

	T7_GFP-R
	CAGCGGTTTCTTTACCAGACTCGAGTTATTTGTATAGTTCATCCATGCCATGTGTAATCC

	PJ23101_EGFP-F
	TAGGTATTATGCTAGCATCTTAGTATATTAGTTAAGTATAAGAAGGAGATATACATATGG

	PJ23101_EGFP-R
	ATGCTAGCATAATACCTAGGACTGAGCTAGCTGTAAAATTTCGATTATGCGGCCGTGTAC

	ACYC_HrtR-F1
	CTCGAGTCTGGTAAAGAAACCGCTG

	ACYC_HrtR-R1
	TTTTCAATCTCTAGAGGATGACACTGTGTCAT

	micC-F1
	ATCCTCTAGAGATTGAAAAGTTCTTCTCCCTTACCCATTTTCTGTTGGGCCATTGCATT

	micC-R1
	GTTTCTTTACCAGACTCGAGAAAAAAAGCCCGGACGACTGT

	ACYC_HrtR-F2
	CTCGAGTCTGGTAAAGAAACCGCTG

	ACYC_HrtR-R2
	GCCCTAATCTCTAGAGGATGACACTGTGTCAT

	micC-F2
	ATCCTCTAGAGATTAGGGCGTTGGATTAAGTCTGTCATTTTCTGTTGGGCCATTGCATT

	micC-R2
	GTTTCTTTACCAGACTCGAGAAAAAAAGCCCGGACGACTGT

	RT_hemB-F
	GGTATTCGTTCCGTGATG

	RT_hemB-R
	CCGTGAGATGTGTATTCG

	RT_EGFP-F
	ACTTGTCACTACTCTTACTTATGG

	RT_EGFP-R
	TCCTTGAAGAAGATGGTCCTC

	RT_hcaT-F
	GGCATTATGGGAGCAACTAC

	RT_hcaT-R
	GGCGAGCAGCAATATAACG


a Amino acid mutation sites are shown in bold.
Supplementary Table 3. Strains used in the study.
	Strains
	  Description
	Source

	DH5α
	E. coli str. K-12 F– endA1 glnV44 thi-1 recA1 relA1 gyrA96 deoR nupG purB20 φ80dlacZΔM15 Δ(lacZYA-argF) U169 hsdR17(rK–mK+) λ–
	Invitrogen

	BL21(DE3)
	E. coli str. B F– ompT gal dcm lon hsdSB(rB–mB–) λ (DE3 [lacI lacUV5-T7p07 ind1 sam7 nin5]) [malB+] K-12(λS) 
	Novagen

	C41(DE3)
	Derived from BL21(DE3) by selecting for resistance to OGCP overexpression 
	Novagen

	C43(DE3)
	Derived from C41(DE3) by selecting for resistance to Ecb overexpression 
	Novagen

	B21-pRSF-BM3mut
	BL21(DE3) harboring plasmid pRSF-BM3mut; KmR
	This study

	C41-pRSF-BM3mut
	C41(DE3) harboring plasmid pRSF-BM3mut; KmR
	This study

	C43-pRSF- BM3mut
	C43(DE3) harboring plasmid pRSF-BM3mut; KmR
	This study

	B21-pET-BM3mut
	BL21(DE3) harboring plasmid pET-BM3mut; ApR
	This study

	C41-pET-BM3mut
	C41(DE3) harboring plasmid pET-BM3mut; ApR
	This study

	C43-pET-BM3mut
	C43(DE3) harboring plasmid pET-BM3mut; ApR
	This study

	C41-pRSF-105D7
	C41(DE3) harboring plasmid pRSF-105D7-CAB; KmR
	This study

	B21-pRSF-sca-2mut
	BL21(DE3) harboring plasmid pRSF-sca-2mut-CAB; KmR
	This study

	C41-pRSF-sca-2mut
	C41(DE3) harboring plasmid pRSF-sca-2mut-CAB; KmR
	This study

	C43-pRSF-sca-2mut
	C43(DE3) harboring plasmid pRSF-sca-2mut-CAB; KmR
	This study

	B21-pET-sca-2mut
	BL21(DE3) harboring plasmid pET-sca-2mut-CAB; ApR
	This study

	C41-pET-sca-2mut
	C41(DE3) harboring plasmid pET-sca-2mut-CAB; ApR
	This study

	C43-pET-sca-2mut
	C43(DE3) harboring plasmid pET-sca-2mut-CAB; ApR
	This study

	C41ΔhemA
	C41(DE3) with deleting the hemA 
	This study

	HEME-T1
	C41ΔhemA harboring plasmid pCDF-PJ23117-PhuR; SmR
	This study

	HEME-T2
	C41ΔhemA harboring plasmid pCDF-PJ23116-PhuR; SmR
	This study

	HEME-T3
	C41ΔhemA harboring plasmid pCDF-PJ23100-PhuR; SmR
	This study

	HEME-T4
	C41ΔhemA harboring plasmid pCDF-PJ23117-ChuA; SmR
	This study

	HEME-T5
	C41ΔhemA harboring plasmid pCDF-PJ23116-ChuA; SmR
	This study

	HEME-T6
	C41ΔhemA harboring plasmid pCDF-PJ23100-ChuA; SmR
	This study

	HEME-T7
	Pj23117-ChuA integrated into the adhE locus of C41ΔhemA chromosome
	This study

	HEME-T8
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pRSF-BM3mut; KmR, SmR
	This study

	HEME-T9
	C41(DE3) harboring plasmids pCDF-T7-ChuA, pRSF-BM3mut; KmR, SmR
	This study

	HEME-S1
	C41(DE3) harboring plasmids pET-hemBDCH, pACYC-hemAL; ApR, CmR 
	This study

	HEME-S2
	C41(DE3) harboring plasmids pET-ADB-hemBDC-hemH, pACYC-hemAL-Sacf123; ApR, CmR 
	This study

	HEME-S3
	C41(DE3) harboring plasmids pET-ADB-hemBDC-hemH, pACYC-hemAL-Sacf132; ApR, CmR 
	This study

	HEME-S4
	C41(DE3) harboring plasmids pET-ADB-hemBDC-hemH, pACYC-hemAL-Sacf213; ApR, CmR 
	This study

	HEME-S5
	C41(DE3) harboring plasmids pET-ADB-hemBDC-hemH, pACYC-hemAL-Sacf231; ApR, CmR 
	This study

	HEME-S6
	C41(DE3) harboring plasmids pET-ADB-hemBDC-hemH, pACYC-hemAL-Sacf312; ApR, CmR 
	This study

	HEME-S7
	C41(DE3) harboring plasmids pET-ADB-hemBDC-hemH, pACYC-hemAL-Sacf321; ApR, CmR 
	This study

	HEME-S8
	C41(DE3) harboring plasmids pET-ADB-hemBDC-hemH, pACYC-hemAL-Sacf1132; ApR, CmR 
	This study

	HEME-S9
	C41(DE3) harboring plasmids pET-ADB-hemBDC-hemH, pACYC-hemAL-Sacf1132; ApR, CmR 
	This study

	HEME-S10
	C41(DE3) harboring plasmids pET-ADB-hemBDC-hemH, pACYC-hemAL-Sacf1322; ApR, CmR 
	This study

	HEME-S8-BM3mut
	C41(DE3) harboring plasmids pET-hemH-ADB-BDC, pACYC-hemAL-Sacf1132, pRSF-BM3mut; ApR, CmR, KmR 
	This study

	HEME-S11
	 hemAfbr-hemL-scaffold1-scaffold1-scaffold3-scaffold2 integrated into the cheY locus and the fragment of pT7-hemH-pT7-ADB1-hemB-ADB3-hemD-ADB2-hemC multicopy chromosomal integrated in C41(DE3) (7 copies)
	This study

	HEME-S12
	hemAfbr-hemL-scaffold1-scaffold1-scaffold3-scaffold2 integrated into the cheY locus and the fragment of pT7-hemH-pT7-ADB1-hemB-ADB3-hemD-ADB2-hemC multicopy chromosomal integrated in C41(DE3) (8 copies)
	This study

	HEME-S13
	hemAfbr-hemL-scaffold1-scaffold1-scaffold3-scaffold2 integrated into the cheY locus and the fragment of pT7-hemH-pT7-ADB1-hemB-ADB3-hemD-ADB2-hemC multicopy chromosomal integrated in C41(DE3) (9 copies)
	This study

	HEME-S14
	hemAfbr-hemL-scaffold1-scaffold1-scaffold3-scaffold2 integrated into the cheY locus and the fragment of pT7-hemH-pT7-ADB1-hemB-ADB3-hemD-ADB2-hemC multicopy chromosomal integrated in C41(DE3) (10 copies)
	This study

	HEME-S15
	hemAfbr-hemL-scaffold1-scaffold1-scaffold3-scaffold2 integrated into the cheY locus and the fragment of pT7-hemH-pT7-ADB1-hemB-ADB3-hemD-ADB2-hemC multicopy chromosomal integrated in C41(DE3) (11 copies)
	This study

	HEME-S11-BM3mut
	HEME-S11 harboring plasmid pRSF-BM3mut; KmR
	This study

	HEME-S12-BM3mut
	HEME-S12 harboring plasmid pRSF-BM3mut; KmR
	This study

	HEME-S13-BM3mut
	HEME-S13 harboring plasmid pRSF-BM3mut; KmR
	This study

	HEME-S14-BM3mut
	HEME-S14 harboring plasmid pRSF-BM3mut; KmR
	This study

	HEME-S15-BM3mut
	HEME-S15 harboring plasmid pRSF-BM3mut; KmR
	This study

	HEME-R1
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1; SmR, CmR 
	This study

	HEME-R2
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R2; SmR, CmR
	This study

	HEME-R3
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R3; SmR, CmR
	This study

	HEME-R4
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R4; SmR, CmR
	This study

	HEME-R1/H149R
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149R; SmR, CmR
	This study

	HEME-R1/H149K
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149K; SmR, CmR
	This study

	HEME-R1/H149I
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149I; SmR, CmR
	This study

	HEME-R1/H149F
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149F; SmR, CmR
	This study

	HEME-R1/H149L
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149L; SmR, CmR
	This study

	HEME-R1/H149W
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149W; SmR, CmR
	This study

	HEME-R1/H149A
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149A; SmR, CmR
	This study

	HEME-R1/H149M
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149M; SmR, CmR
	This study

	HEME-R1/H149P
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149P; SmR, CmR
	This study

	HEME-R1/H149C
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149C; SmR, CmR
	This study

	HEME-R1/H149N
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149N; SmR, CmR
	This study

	HEME-R1/H149V
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149V; SmR, CmR
	This study

	HEME-R1/H149G
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149G; SmR, CmR
	This study

	HEME-R1/H149Q
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149Q; SmR, CmR
	This study

	HEME-R1/H149Y
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149Y; SmR, CmR
	This study

	HEME-R1/H149E
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149E; SmR, CmR
	This study

	HEME-R1/H149T
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149T; SmR, CmR
	This study

	HEME-R1/H149S
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149S; SmR, CmR
	This study

	HEME-R1/H149D
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H149D; SmR, CmR
	This study

	HEME-R1/H72R
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72R; SmR, CmR
	This study

	HEME-R1/H72K
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72K; SmR, CmR
	This study

	HEME-R1/H72I
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72I; SmR, CmR
	This study

	HEME-R1/H72F
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72F; SmR, CmR
	This study

	HEME-R1/H72L
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72L; SmR, CmR
	This study

	HEME-R1/H72W
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72W; SmR, CmR
	This study

	HEME-R1/H72A
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72A; SmR, CmR
	This study

	HEME-R1/H72M
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72M; SmR, CmR
	This study

	HEME-R1/H72P
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72P; SmR, CmR
	This study

	HEME-R1/H72C
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72C; SmR, CmR
	This study

	HEME-R1H72N
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72N; SmR, CmR
	This study

	HEME-R1/H72V
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72V; SmR, CmR
	This study

	HEME-R1/H72G
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72G; SmR, CmR
	This study

	HEME-R1/H72Q
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72Q; SmR, CmR
	This study

	HEME-R1/H72Y
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72Y; SmR, CmR
	This study

	HEME-R1/H72E
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72E; SmR, CmR
	This study

	HEME-R1/H72T
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72T; SmR, CmR
	This study

	HEME-R1/H72S
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72S; SmR, CmR
	This study

	HEME-R1/H72D
	C41(DE3) harboring plasmids pCDF-PJ23117-ChuA, pACYC-R1/H72D; SmR, CmR
	This study

	HEME-R5
	C41(DE3) harboring plasmids pACYC-sRNAEGFP-R1, pET-PJ23101-EGFP; ApR, CmR
	This study

	HEME-R6
	C41(DE3) harboring plasmids pACYC-sRNAEGFP-R2, pET-PJ23101-EGFP; ApR, CmR
	This study

	HEME-R7
	C41(DE3) harboring plasmids pACYC-sRNAEGFP-R3, pET-PJ23101-EGFP; ApR, CmR
	This study

	HEME-R8
	C41(DE3) harboring plasmids pACYC-sRNAEGFP-R4, pET-PJ23101-EGFP; ApR, CmR
	This study

	HEME-R9
	C41(DE3) harboring plasmids pACYC-sRNAEGFP-R5, pET-PJ23101-EGFP; ApR, CmR
	This study

	C41(DE3)-PJ23101-EGFP
	C41(DE3) harboring plasmid pET-PJ23101-EGFP; ApR
	This study

	HEME-R10
	HEME-S13 harboring plasmid pACYC-sRNAHemB-HrtR; CmR
	This study

	HEME-R11
	HEME-S13 harboring plasmid pACYC-sRNAHemB-HrtRH149K; CmR
	This study

	HEME-R10-BM3mut
	HEME-S13 harboring plasmids pACYC-sRNAHemB-HrtR, pRSF-BM3mut; KmR, CmR
	This study

	HEME-R11-BM3mut
	HEME-S13 harboring plasmids pACYC-sRNAHemB-HrtRH149K, pRSF-BM3mut; KmR, CmR
	This study

	HEME-R11-Sca-2mut
	HEME-S13 harboring plasmids pACYC-sRNAHemB-HrtRH149K, pRSF-Sca-2mut-CAB; KmR, CmR
	This study

	HEME-R11-105D7
	HEME-S13 harboring plasmids pACYC-sRNAHemB-HrtRH149K, pRSF-105D7-CAB; KmR, CmR
	This study




Supplementary Notes
Heterologous gene sequences used in this study.
1. Gene sequence of BM3 (A82F/A328F)
ATGACCATCAAAGAAATGCCGCAGCCGAAGACCTTTGGCGAGCTGAAAAACCTGCCGCTGCTGAACACCGACAAGCCGGTGCAAGCGCTGATGAAAATCGCGGATGAACTGGGCGAGATTTTCAAGTTTGAGGCGCCGGGCCGTGTTACCCGTTACCTGAGCAGCCAGCGTCTGATCAAAGAGGCGTGCGACGAAAGCCGTTTCGATAAGAACCTGAGCCAAGCGCTGAAATTTGTGCGTGACTTCTTTGGTGATGGCCTGTTCACCAGCTGGACCCACGAAAAGAACTGGAAGAAAGCGCACAACATCCTGCTGCCGAGCTTCAGCCAGCAAGCGATGAAGGGTTATCACGCGATGATGGTGGACATTGCGGTGCAGCTGGTTCAAAAATGGGAGCGTCTGAACGCGGATGAACACATCGAGGTTCCGGAAGACATGACCCGTCTGACCCTGGATACCATTGGCCTGTGCGGTTTTAACTACCGTTTCAACAGCTTTTATCGTGACCAGCCGCACCCGTTCATCACCAGCATGGTTCGTGCGCTGGATGAAGCGATGAACAAGCTGCAACGTGCGAACCCGGACGATCCGGCGTACGACGAAAACAAGCGTCAGTTTCAAGAGGATATTAAAGTGATGAACGACCTGGTTGATAAGATCATTGCGGACCGTAAAGCGAGCGGCGAGCAGAGCGACGATCTGCTGACCCACATGCTGAACGGTAAAGATCCGGAGACCGGCGAACCGCTGGACGATGAAAACATCCGTTACCAAATCATTACCTTCCTGATTGCGGGTCATGAGACCACCAGCGGTCTGCTGAGCTTCGCGCTGTATTTTCTGGTGAAGAACCCGCACGTGCTGCAAAAGGCGGCGGAGGAAGCGGCGCGTGTGCTGGTTGACCCGGTGCCGAGCTACAAGCAGGTTAAACAACTGAAGTATGTGGGTATGGTTCTGAACGAAGCGCTGCGTCTGTGGCCGACCTTCCCGGCGTTTAGCCTGTACGCGAAAGAGGACACCGTGCTGGGTGGCGAGTATCCGCTGGAAAAAGGTGACGAGCTGATGGTTCTGATCCCGCAGCTGCACCGTGATAAGACCATTTGGGGCGACGATGTGGAGGAGTTCCGTCCGGAGCGTTTTGAAAACCCGAGCGCGATCCCGCAGCACGCGTTCAAACCGTTTGGTAACGGCCAACGTGCGTGCATTGGTCAGCAATTTGCGCTGCACGAAGCGACCCTGGTTCTGGGCATGATGCTGAAGCACTTCGACTTTGAGGATCACACCAACTACGAACTGGACATCAAGGAGACCCTGACCCTGAAACCGGAGGGTTTCGTGGTTAAGGCGAAAAGCAAGAAAATCCCGCTGGGTGGCATTCCGAGCCCGAGCACCGAACAGAGCGCGAAGAAAGTGCGTAAGAAAGCGGAGAACGCGCACAACACCCCGCTGCTGGTTCTGTACGGCAGCAACATGGGCACCGCGGAGGGCACCGCGCGTGACCTGGCGGACATCGCGATGAGCAAAGGCTTTGCGCCGCAAGTGGCGACCCTGGACAGCCATGCGGGTAACCTGCCGCGTGAGGGTGCGGTGCTGATTGTTACCGCGAGCTATAACGGTCACCCGCCGGATAACGCGAAGCAGTTCGTTGACTGGCTGGATCAAGCGAGCGCGGACGAAGTGAAAGGCGTTCGTTACAGCGTGTTTGGTTGCGGCGATAAGAACTGGGCGACCACCTATCAGAAAGTTCCGGCGTTCATTGATGAGACCCTGGCGGCGAAGGGTGCGGAAAACATTGCGGACCGTGGCGAGGCGGATGCGAGCGACGATTTTGAAGGCACCTACGAGGAATGGCGTGAGCACATGTGGAGCGATGTGGCGGCGTATTTCAACCTGGACATCGAGAACAGCGAAGATAACAAGAGCACCCTGAGCCTGCAATTTGTTGACAGCGCGGCGGATATGCCGCTGGCGAAGATGCACGGTGCGTTCAGCACCAACGTGGTTGCGAGCAAAGAGCTGCAACAACCGGGCAGCGCGCGTAGCACCCGTCACCTGGAAATCGAGCTGCCGAAAGAAGCGAGCTACCAAGAGGGTGACCACCTGGGCGTGATCCCGCGTAACTATGAAGGTATTGTGAACCGTGTTACCGCGCGTTTTGGCCTGGATGCGAGCCAGCAAATTCGTCTGGAGGCGGAGGAAGAGAAGCTGGCGCACCTGCCGCTGGCGAAAACCGTGAGCGTTGAAGAGCTGCTGCAATACGTGGAGCTGCAAGACCCGGTTACCCGTACCCAGCTGCGTGCGATGGCGGCGAAGACCGTGTGCCCGCCGCACAAAGTTGAACTGGAGGCGCTGCTGGAAAAACAGGCGTACAAGGAGCAAGTTCTGGCGAAGCGTCTGACCATGCTGGAGCTGCTGGAAAAGTATCCGGCGTGCGAAATGAAATTCAGCGAGTTTATCGCGCTGCTGCCGAGCATTCGTCCGCGTTACTATAGCATCAGCAGCAGCCCGCGTGTGGACGAAAAGCAGGCGAGCATTACCGTTAGCGTGGTTAGCGGTGAAGCGTGGAGCGGTTACGGCGAGTATAAAGGCATCGCGAGCAACTATCTGGCGGAGCTGCAAGAGGGTGACACCATCACCTGCTTCATTAGCACCCCGCAAAGCGAATTTACCCTGCCGAAAGATCCGGAGACCCCGCTGATTATGGTTGGTCCGGGCACCGGTGTTGCGCCGTTCCGTGGCTTTGTGCAGGCGCGTAAACAACTGAAGGAACAGGGTCAAAGCCTGGGCGAGGCGCACCTGTATTTCGGTTGCCGTAGCCCGCACGAGGACTACCTGTATCAGGAAGAGCTGGAAAACGCGCAAAGCGAGGGCATCATTACCCTGCACACCGCGTTCAGCCGTATGCCGAACCAGCCGAAGACCTATGTGCAGCACGTTATGGAACAAGACGGTAAGAAACTGATCGAGCTGCTGGATCAGGGCGCGCACTTCTACATTTGCGGTGATGGTAGCCAAATGGCTCCGGCGGTGGAAGCGACCCTGATGAAAAGCTATGCGGACGTGCACCAAGTTAGCGAGGCGGATGCGCGTCTGTGGCTGCAACAACTGGAAGAGAAAGGTCGTTACGCGAAGGATGTTTGGGCGGGCCACCACCACCACCACCACTAA

2. Gene sequence of sca-2 (G52S/T85F/F89I/T119S/P159A/V194N/D269E/T323A/N363Y/E370V)
ATGACCGAGATGACCGAAAAGGCGACCACCTTCCTGACCAGCCAGGAAGCTCCGGCGTTTCCGGCGGACCGTACCTGCCCGTACCAACTGCCGACCGCGTATAGCCGTCTGCGTGACGAACCGGATGCGCTGCGTCCGGTGACCCTGTACGACAGCCGTCGTGCGTGGGTGGTTACCAAGCACGAGGCGGCGCGTCGTCTGCTGGCGGACCCGCGTCTGAGCAGCGACCGTCTGCACGCGGATTTCCCGGCGTTTAGCCCGCGTATCAAAGCGTTCCGTCAGGGTAGCCCGGCGTTTATTGGCATGGACCCGCCGGAGCATGGCACCCGTCGTCGTATGACCATCAGCGAGTTCAGCGTTAAGCGTATTAAAGGCATGCGTCCGGACGTGGAGCGTATCGTTCACGGTTTCATTGATGATATGCTGGCGGCGGGTCCGACCGCGGATCTGGTTAGCCAATTTGCGCTGCCGGTGGCGAGCATGGTTATCTGCCACATGCTGGGTGTTCCGTACGCGGACCACGAGTTCTTTCAGGATGCGAGCAAACGTCTGGTGCAAGCGGTTGACGCGGATAGCGCGAACGCGGCGCGTGACGATTTTGAACGTTATCTGGACGGCCTGATTACCAAGCTGGAGAGCGAACCGGGCACCGGTCTGCTGGGTAAACTGGTGACCCATCAGCTGGCGGATGGTGAAATCGACCGTGCGGAACTGATTAGCACCGCGCTGCTGCTGCTGGTTGCGGGTCACGAAACCACCGCGAGCATGACCAGCCTGAGCGTTATCACCCTGCTGGAGCACCCGGAACAACATGCGGCGCTGCGTGCGGACCCGAGCCTGGTGCCGGGTGCGGTTGAGGAACTGCTGCGTGTTCTGGCGATTGCGGATATTGCGGGTGGCCGTATTGCGACCGCGGACATCGAGATTGATGGCCAACTGATTCGTGCGGGTGAAGGCGTGATCGTTGCGAACAGCATTGCGAACCGTGACAGCAGCGTGTTCGAGAACCCGGACCGTCTGGATGTTCACCGTAGCGCGCGTCACCACCTGAGCTTTGGTTACGGCGTGCACCAGTGCCTGGGTCAATATCTGGCGCGTCTGGAACTGGTGGTTATCCTGACCGTTCTGTTCGACCGTATCCCGACCCTGCGTCTGGCGGTGCCGGTTGAACAGCTGACCCTGCGTCCGGGCACCACCATCCAAGGCGTGAACGAACTGCCGGTTACCTGGCACCACCACCACCACCACTAA

3. Gene sequence of CYP105D7
ATGGAAATCGGCAAGAGCAAAAGCAGCCCGGCGCGTAGCTTCATGACCGAGCCGGGCACCAGCGTGAGCGCGCCGGTTGCGTTTCCGCAGGATCGTACCTGCCCGTACGATCCGCCGACCGCGTATGACCCGCTGCGTGAAGGTCGTCCGCTGAGCCGTGTTAGCCTGTACGACGGTCGTAGCGTGTGGGTGGTTACCGGTCATGCGGCGGCGCGTGCGCTGCTGAGCGATCAACGTCTGAGCAGCGACCGTACCCTGCCGCGTTTCCCGGCGACCACCGAGCGTTTTGAAGCGGTGCGTACCCGTCGTGTTGCGCTGCTGGGCGTGGACGATCCGGAACACCGTACCCAACGTCGTATGCTGGTTCCGAGCTTCACCCTGAAGCGTGCGGCGGCGCTGCGTCCGCGTATCCAGGAGACCGTTGACGGTCTGCTGGATGCGATGGAAGCGCAGGGTCCGCCAGCGGAGCTGGTTAGCGCGTTTGCGCTGCCGCTGCCGAGCATGGTTATCTGCGCGCTGCTGGGTGTGCCGTATGCGGACCACGATTTCTTTGAAAGCCAAAGCCGTCGTCTGCTGCGTGGTCCGGGCATTGCGGAAGTGCAGGATGCGCGTGCGCAACTGGACGATTACCTGTATGCGCTGATCGACCGTAAGCGTAAAGAACCGGGTGACGGCCTGCTGGACGATCTGATTCAGGAACAACTGAACCGTGGCACCGTTGACCGTGCGGAGCTGGTGAGCCTGGCGACCCTGCTGCTGATTGCGGGTCACGAGACCACCGCGAACATGATTAGCCTGGGCACCTTCACCCTGCTGCGTCACCCGGAACAACTGGCGGAACTGCGTGCGGAGCCGGGTCTGATGCCAGCGGCGGTGGAGGAACTGCTGCGTTTTCTGAGCATCGCGGATGGCCTGCTGCGTGTTGCGACCGAGGACATCGAAGTGGCGGGCACCACCATTCGTGCGGATGAAGGCGTGGTTTTCGCGACCAGCGTTATTAACCGTGATGCGGCGGGTTTTGCGGAACCGGATGCGCTGGATTGGCATCGTAGCGCGCGTCACCATGTGGCGTTCGGTTTTGGCATCCACCAGTGCCTGGGCCAAAACCTGGCGCGTGCGGAGATGGAAATTGCGCTGGGCACCCTGTTCGAACGTCTGCCGGGCCTGCGTCTGGCGGCTCCGGCGGACGAGATCCCGTTTAAACCGGGTGACACCATTCAAGGCATGCTGGAGCTGCCGGTGACCTGGCACCACCACCACCACCACTAA

4. Gene sequence of CamA
ATGGGCAACGCGAACGACAACGTGGTTATTGTTGGCACCGGTCTGGCGGGTGTTGAGGTGGCGTTTGGTCTGCGTGCGAGCGGTTGGGAGGGTAACATTCGTCTGGTTGGCGATGCGACCGTGATTCCGCACCACCTGCCGCCGCTGAGCAAGGCGTACCTGGCGGGTAAAGCGACCGCGGAGAGCCTGTACCTGCGTACCCCGGATGCGTATGCGGCGCAGAACATCCAACTGCTGGGTGGCACCCAGGTTACCGCGATTAACCGTGACCGTCAGCAAGTGATCCTGAGCGATGGCCGTGCGCTGGACTATGATCGTCTGGTTCTGGCGACCGGTGGCCGTCCGCGTCCGCTGCCGGTTGCGAGCGGCGCGGTGGGCAAGGCGAACAACTTTCGTTACCTGCGTACCCTGGAGGACGCGGAATGCATTCGTCGTCAACTGATCGCGGATAACCGTCTGGTGGTTATTGGTGGCGGTTATATCGGTCTGGAAGTGGCGGCGACCGCGATTAAAGCGAACATGCATGTGACCCTGCTGGACACCGCGGCGCGTGTTCTGGAACGTGTGACCGCTCCGCCGGTTAGCGCGTTCTATGAGCACCTGCACCGTGAAGCGGGCGTTGACATCCGTACCGGCACCCAGGTGTGCGGTTTTGAGATGAGCACCGATCAGCAAAAGGTGACCGCGGTTCTGTGCGAAGATGGCACCCGTCTGCCAGCGGACCTGGTTATCGCGGGTATTGGTCTGATTCCGAACTGCGAGCTGGCGAGCGCGGCGGGCCTGCAAGTTGACAACGGTATCGTGATTAACGAACACATGCAAACCAGCGACCCGCTGATTATGGCGGTGGGTGATTGCGCGCGTTTCCACAGCCAGCTGTACGACCGTTGGGTTCGTATCGAGAGCGTGCCGAACGCGCTGGAACAAGCGCGTAAGATTGCGGCGATCCTGTGCGGTAAAGTTCCGCGTGACGAGGCGGCGCCGTGGTTTTGGAGCGATCAGTACGAGATCGGTCTGAAGATGGTTGGCCTGAGCGAAGGTTATGACCGTATCATTGTGCGTGGCAGCCTGGCGCAGCCGGATTTCAGCGTGTTCTACCTGCAAGGTGACCGTGTGCTGGCGGTTGATACCGTGAACCGTCCGGTGGAGTTCAACCAGAGCAAACAAATCATTACCGACCGTCTGCCGGTTGAACCGAACCTGCTGGGTGATGAGAGCGTGCCGCTGAAGGAAATCATTGCTGCGGCGAAAGCGGAACTGAGCAGCGCGTAA

5. Gene sequence of CamB
ATGAGCAAGGTGGTTTACGTGAGCCATGATGGCACCCGTCGTGAGCTGGACGTGGCGGATGGTGTTAGCCTGATGCAGGCGGCGGTGTCTAACGGTATCTACGACATTGTTGGTGATTGCGGTGGCAGCGCGAGCTGCGCGACCTGCCACGTGTATGTTAACGAGGCGTTCACCGACAAGGTTCCGGCGGCGAACGAGCGTGAAATCGGTATGCTGGAGTGCGTTACCGCGGAACTGAAACCGAACAGCCGTCTGTGCTGCCAGATCATTATGACCCCGGAACTGGATGGCATTGTGGTTGACGTTCCGGATCGTCAATGGTAA

6. Gene sequence of ChuA
ATGTCACGTCCGCAATTTACCTCGTTGCGTTTGAGTTTGTTGGCTTTGGCTGTTTCTGCCACCTTGCCAACGTTTGCTTTTGCTACTGAAACCATGACCGTTACGGCAACGGGGAATGCACGTAGTTCCTTCGAAGCGCCTATGATGGTCAGCGTTATCGACACTTCCGCTCCTGAAAATCAAACTGCTACTTCAGCCACTGATTTGCTGCGTCATGTTCCTGGAATTACTCTTGATGGTACCGGACGAACCAACGGTCAGGATGTAAATATGCGTGGCTATGATCATCGCGGCGTGCTGGTTCTTGTCGATGGTGTTCGCCAGGGAACGGATACCGGACACCTGAATGGCACTTTTCTCGATCCGGCGCTGATCAAGCGTGTTGAGATTGTTCGCGGACCTTCAGCATTACTGTATGGCAGTGGCGCGCTGGGTGGAGTGATCTCCTACGATACGGTCGATGCAAAAGATTTATTGCAGGAAGGACAAAGCAGTGGTTTTCGTGTCTTTGGTACTGGCGGCACGGGGGACCATAGCCTGGGATTAGGCGCGAGCGCGTTTGGGCGAACTGAAAATCTGGATGGTATTGTGGCCTGGTCCAGTCGCGATCGGGGTGATTTACGCCAGAGCAATGGTGAAACCGCGCCGAATGACGAGTCCATTAATAACATGCTGGCGAAAGGGACCTGGCAAATTGATTCAGCCCAGTCTCTGAGCGGTTTAGTGCGTTACTACAACAACGACGCGCGTGAACCAAAAAATCCGCAGACCGTTGAAGCTTCTGATAGCAGCAACCCGATGGTCGATCGTTCAACAATTCAACGCGATGCGCAGCTTTCTTATAAACTCGCCCCGCAGGGTAACGACTGGTTAAATGCAGATGCAAAAATTTACTGGTCGGAAGTCCGTATTAATGCGCAAAACACGGGGAGTTCAGGCGAGTATCGTGAACAGATAACAAAAGGAGCAAGGCTGGAGAACCGTTCCACTCTATTTGCCGACAGTTTCGCTTCTCACTTACTGACATATGGCGGTGAGTATTATCGTCAGGAACAACATCCGGGTGGCGCGACGACGGGCTTCCCGCAAGCAAAAATCGATTTTAGCTCTGGCTGGCTACAAGATGAGATCACCTTACGCGATCTGCCGATTACCCTGCTTGGCGGAACCCGCTATGACAGTTATCGCGGTAGCAGCGACGGCTACAAAGATGTTGATGCCGACAAATGGTCATCTCGTGCGGGGATGACTATCAACCCGACCAACTGGCTGATGTTATTTGGCTCATATGCTCAGGCATTCCGCGCCCCGACGATGGGCGAAATGTATAACGATTCTAAACACTTCTCGATTGGTCGCTTCTATACCAACTATTGGGTGCCAAACCCGAACTTACGTCCGGAAACTAACGAAACTCAGGAGTACGGTTTTGGGCTGCGTTTTGATGACCTGATGTTGTCCAATGATGCTCTGGAATTTAAAGCCAGCTACTTTGATACCAAAGCGAAAGATTATATCTCCACGACCGTCGATTTCGCGGCGGCGACAACTATGTCGTATAACGTCCCGAACGCCAAAATCTGGGGCTGGGATGTGATGACGAAATATACCACTGATCTGTTTAGCCTTGATGTGGCCTATAACCGTACCCGCGGCAAAGACACCGATACCGGGGAATATATCTCCAGCATTAACCCGGATACCGTTACCAGTACCCTGAATATTCCGATCGCTCACAGCGGCTTCTCTGTTGGTTGGGTCGGTACGTTTGCCGATCGCTCAACACATATCAGCAGCAGCTACAGCAAACAACCTGGCTATGGTGTGAATGATTTCTACGTCAGTTATCAAGGGCAGCAGGCGCTCAAAGGCATGACCACTACTCTGGTATTGGGCAACGCCTTCGATAAAGAGTACTGGTCGCCGCAAGGCATCCCACAGGATGGTCGTAACGGAAAAATTTTCGTGAGTTATCAATGGTAA

7. Gene sequence of PhuR 
ATGCCGCTCTCCCCGCCCTTCGCCCTGCGCCCCTGCCTGGCCCTGCTGTTGCTCAGCCCTTCCCTGGCCCTGGCGGGGAACGCCGTCCCGCTGACCCCGACCACCATCACCGCCACCCGTACCGAGCAGGCAGTGGATTCGGTGCCAAGCACCGTCAGCGTGCAGACCCGCGAACAACTGGACCGGCAGAACGTCAACAACATCAAGGAACTGGTGCGCTACGAACCGGGAGTCTCGGTCGGCGGCGCCGGCCAGCGTGCCGGGATCACCGGCTACAACATCCGCGGCATCGACGGGAACCGCATCCTTACGCAGATCGACGGGGTCGAACTGCCCAACGACTTCTTCAGCGGCCCCTACGCGCAGACCCACCGCAACTACGTCGATCCGGACATCGTAAAGCGCGTGGAGATCCTTCGCGGCCCGGCCTCGGCGCTGTACGGCAGCAACGCCATCGGCGGCGCGGTGAGCTACTTCACCCTCGACCCGTCGGACATCATCAAGGACGGCAAGGACGTCGGCGCCCGGCTGAAGGCCGGCTACGAGTCGGCCAGCCACTCCTGGTTGACCTCGGCCACCGTCGGCGGCCGCGCCGACGACTTCGACGGCCTGCTGCATTATGGCTACCGCCAGGGCCACGAGACCGAATCCAACGGCGGCCACGGCGGCACCGGGCTCTCGCGCAGCGAAGCCAACCCGGAAGACGCCGACAGCTACAGCCTGCTCGGCAAGCTGGGCTGGAACTACGCCGAGGGCAGCCGCTTCGGGCTGGTCTTCGAGAAGTACAAGAGCGACGTCGATACCGACCAGAAGAGCGCCTATGGCGGCCCGTACGACAAGGGCAAGCCGGCCATCCCGCCGAGCATGCTGCCGGGCGGCATGTACCAGTGGCGCAAGGGCAACGACGCCCTGACTCGCGAGCGCTACGGCCTGGAGCACCATTTCCTGCTCGACAGCCAGGTCGCCGATCGCATCCAGTGGAGCCTGAACTACCAGTTGGCGAAGACCGACCAGGCGACCCGCGAGTTCTACTACCCGATCACCCGCAAGGTCCTGCGCACCCGCGACACTACCTACAAGGAACGCCTGTGGGTCTTCGACAGCCAGTTGGACAAGAGCTTCGCCATCGGCGAGACCGAGCACCTGCTGAGCTACGGGATCAATCTCAAGCACCAGAAGGTCACCGGCATGCGCAGCGGCACCGGCACCAACCTGGACACCGGCGCGGACAGCCCGCGCGATGCCCTGGAACGCAGCAGCGACTTTCCCGATCCGACGGTGAAGACCTACGCCCTGTTCGCCCAGGACAGCATCAGCTGGAACGACTGGACCTTCACTCCCGGCCTGCGTTACGACTACACGCGCATGGAGCCGCACATCACCGACGAGTTCCTGCGCACCATGAAGCAGAGCCAGAACACCGCGGTCGACGAGTCGGACAAGAAATGGCACCGGGTTTCGCCCAAGTTCGGCGTGACCTACGACTTCGCCCAGCACTACACCTGGTACGGCCAATACGCCCAGGGCTTCCGCACGCCCACCGCCAAGGCGCTGTACGGTCGATTCGAGAACCTGCAGGCGGGCTACCACATCGAGCCTAACCCCAACCTCAAGCCGGAAAAGAGCCAGAGCTTCGAGACCGGGTTGCGCGGCAAGTTCGACGAAGGCAGCTTCGGTGTAGCGGTGTTCTACAACAAATATCGCGACTTCATCGACGAAGACGCCCTGAATACCGATAGCACCGGCGGCAACGGCCAGACCTTCCAGTCCAACAACATCGAGCGGGCGGTGATCAAGGGCGTCGAGCTCAAGGGCCGCCTGGAGCTGGGCGCCTTCGGCGCGCCGCAGGGGCTCTACACCCAGGGCAGCGTGGCCTACGCCTACGGTCGCAACAAGGACAACGGCGAGCCGATCAACAGCGTCAACCCACTCACCGGAGTGTTCGGCCTGGGCTACGACGAAGCAGACGGCAACTACGGCGGGCTGCTCAGCTGGACCCTGGTCAAACGCAAGGATCGCGTCGACGACAGCACCTTCCACGCCCCGGATGGCACCGCCAGCCAGTTCAAGACCCCGGGCTTCGGCGTCCTCGACCTCAGCGCCTACTACAGGCTGAGCAAGGACCTGACCCTCAACGCCGGTCTCTACAACCTGACCGACAAGAAATACTGGCTGTGGGATGACGTGCGCGGCTACGACAGCGTCGGCGAGGCTTCGGCGCTGGCCCCGGCCAACATCGACCGACTGTCCCAGCCAGGCCGCAATTTCGCGGTCAACCTGGTCTGGGACATCTAA

8. Gene sequence of ADB1
CGTAGCAATCGTCGTGATCATACCGTGAGCACCCGTCAGAGCAATATT

9. Gene sequence of ADB2
GTGAGCAGCCGTCGTAGCCATCGTCGTAGCAATCGCTGCAGCAAT

10. Gene sequence of ADB3
CAGAGCAGCCGTCGTAGCCATCGTCGTAGCCACCGTCAGACCCATCAG

11. Gene sequence of HrtRL
ATGCCCAAATCTACATATTTTAGTCTATCAGACGAGAAACGTAAACGTGTTTACGATGCGTGCCTGCTGGAGTTTCAGACCCACTCGTTCCATGAGGCTAAAATCATGCACATCGTGAAAGCACTGGACATCCCGCGTGGTAGCTTCTATCAGTACTTTGAAGATCTTAAGGACAGCTATTACTACATTCTGTCCCAAGAAACGGTTGAAATTCATGATCTGTTTTTCAACCTGTTGAAGGAGTACCCGCTGGAGGTTGCCCTCAACAAGTACAAGTATCTGTTACTGGAAAATTTGGTTAATTCTCCACAGTATAACCTGTATAAGTACCGCTTTCTGGACTGGACTTATGAACTGGAACGTGATTGGAAACCGAAAGGTGAAGTAACCGTGCCGGCGAGAGAACTGGACAACCCGATTTCCCAAGTGCTGAAGAGCGTTATTAGTAATCTGGTCTATCGCATGTTCAGCGAAAACTGGGATGAGCAAAAATTCATCGAGACGTACGACAAGGAGATCAAACTGTTGACCGAGGGCTTGTTGAACTACGTGACCGAGAGCAAAAAGTAA

12. Gene sequence of FhtR
ATGGAAAAACCCAATAAAAGGAAGGCTGATTTAGAACGTACTCGCCAGATCATCCTGTCTGTGGCCAGCGAATTGTTCATGACCAAAGGTTTTAAGAACACGTCGACCAGAGAAATTGCGCTGAAGGCTAATATCACCCAGCCGAATTTGTACCACCACTTTAAAAACAAGAAAGAATTGTACCTGGCGGTTATTGAAGAACTTACCAGCCGTGTCCAGGAGGAGTTGGTTCCGATTGTCAGCGGTAATGCATCCGTGGAAGAGAAGCTGTATCAACTGATTAAAGTTTTGCTGGATGAACATCCAACGAACCTGTTCCTGATGCTGAATGATATGTTTCAGGAGATGGGTCCGGATTATAACCGCACCCTGTATCAAATCTTCAAGAAGACCTATATCAACAACATTGCGGCAATTTTCGAGAGCGAGCCGGAGACAAACTGCCTGCAGGAGGGCATCAGCGTGGACGACACCACCCGTTTCATCCTGTACAACGTGTCCGCGCTGCTGTCTATCGAGAAGACGTACCAACGTAAAACCGTTGATGACGACGTGAAAAAGTTCATCCAATTTATGCTGCACGGCGTTCTCAAAAGCCATAAATAA

13. Gene sequence of hssSs 
ATGTTTAAAACCCTGTACGCGCGTATCGCGATTTATAGCATCACCGTGATTCTGTTTAGCGCGCTGATCAGCTTCGTGCTGACCAACGTTTACTATCACTACAACCTGAAGGCGAGCAACGACGCGAAGATCATGAAAACCCTGAAAGAGGCGCGTCAGTATGAACAAAGCGCGAAACCGACCCACATTCAGCAATACTTCAAGCACCTGGGTCAAATGAACTATCAGATCATGACCATTGACCAGAAAGGTCACAAGACCTTTTACGGCGAGCCGTTCCGTGAAGATACCCTGAGCCAAAACGCGATCAACAACGTGCTGAACAACCAGGACTATCACGGTATTAAGGATAAACCGTTCGCGCTGTTTGTTACCGGCTTCTTTGACAACGTGACCGATAACACCGTTGGTATCAACTTTAAGACCAAAGACGGCAGCATTGCGGTGTTCATGCGTCCGGATATCGGCGAGACCTTCAGCGAATTTCGTACCTTCCTGGCGGTTCTGCTGATGCTGCTGCTGTTTATCAGCATTAGCCTGGTGATCGCGAGCACCTACAGCATCATTCGTCCGGTTAAGAAACTGAAACTGGCGACCGAGCGTCTGATTGACGGCGATTTCGAAACCCCGATCAAACAAACCCGTAAGGACGAGATTGGCACCCTGCAATATCACTTTAACAAGATGCGTGAAAGCCTGGGCCAGGTTGATCAAATGCGTCAGCACTTCGTGCAGAACGTTAGCCACGAGATTAAAACCCCGCTGACCCACATCCACCACCTGCTGAGCGAGCTGCAACAAACCAGCGACAAGACCCTGCGTCAGCAATACATCAACGATATTTATACCATCACCACCCAACTGAGCGGTCTGACCACCGAGCTGCTGCTGCTGAGCGAACTGGACAACCACCAGCACCTGCTGTTTGACGATAAAATTCAAGTGAACCAGCTGATCAAGGATATCATTCGTCACGAGCAGTTTGCGGCGGACGAGAAGAGCCTGATCATTCTGGCGGATCTGGAGAGCATCAACTTCCTGGGCAACCAACGTCTGCTGCACCAGGCGCTGAGCAACCTGCTGATTAACGCGATCAAATACACCGACGTTGGTGGCGCGATCGATATTGCGCTGCAACACAGCCACAACAACATCATTTTCACCATTAGCAACGACGGTAGCCCGATCAGCCCGCAGGCGGAGGCGCGTCTGTTTGAACGTTTCTACAAAGTGAGCAAGCACGATAACAGCAACGGTCTGGGCCTGGCGATCACCAAAAGCATCATTGAGCTGCACCACGGCACCATTCAATTTACCCAGAGCAACGAATATGTTACCACCTTCACCATCACCCTGCCGAACAACAGCCTGTAA

14. Gene sequence of hssRS
ATGGTGCAGTGCCTGGTGGTTGACGATGACCCGCGTATCCTGAACTACATTGCGAGCCACCTGCAAATCGAACACATTGATGCGTATACCCAGCCGAGCGGCGAGGCGGCGCTGAAGCTGCTGGAAAAACAGCGTGTGGATATCGCGGTGGTTGACATTATGATGGATGGTATGGACGGCTTCCAACTGTGCAACACCCTGAAGAACGATTACGACATCCCGGTTATTATGCTGACCGCGCGTGATGCGCTGAGCGACAAAGAGCGTGCGTTTATCAGCGGCACCGATGACTATGTGACCAAGCCGTTCGAGGTTAAAGAACTGATCTTTCGTATTCGTGCGGTGCTGCGTCGTTACAACATCAACAGCAACAGCGAGATGACCATTGGCAACCTGACCCTGAACCAGAGCTATCTGGAACTGCAAGTTAGCAACAAGACCATGACCCTGCCGAACAAAGAGTTCCAACTGCTGTTTATGCTGGCGGCGCGTCCGAAGCAGATTTTCACCCGTGAGCAAATCATCGAAAAAATTTGGGGTTACGATTATGAGGGCGACGAACGTACCGTGGACGTTCACATCAAGCGTCTGCGTCAGCGTCTGAAGAAACTGAACGCGACCCTGACCATTGAGACCGTTCGTGGTCAAGGCTACAAAGTGGAAAACCACGTTTAA

15. Gene sequence of hssSB
ATGAAAAGCCTGTATAGCCGTTTCGTGTTTATGACCGTTGGCATCATGCTGCTGAGCAGCATCATTGGTTTCCTGCTGACCAACGTTTACTACCAAGTTAAGCTGAAACCGTACAACAGCGAAAAGATTCTGAAATATGCGGAGGAAGTGAAAAGCCTGTACGAAAAGCAGAGCGAGGAAAACCAGGAAGCGTACCTGCAAAGCATCGCGAAGCTGGGCTACGAAATCTACATTGTTGACGATCAGAAGAACGGCAAACGTATTGGTAACGCGTTCCGTAAAACCACCATCAGCGACGATACCATTCGTAAGGTGCTGAACGGCGAAACCTTCAACGGTGTTAGCACCTATCCGACCCGTCTGTTTATCACCGGTTTCTTTGACAACGAGCTGATTAACAGCGTGGGCGTTCCGCTGAAACACGGTGACAAGCAATACGCGCTGTTTATCCGTCCGGATATTCAGAACCAATTCGGCGAAATGCGTATCTTTCTGGCGGTGCTGCTGGGTTTCATTGTTCTGCTGAGCATCATTTTTATCGCGATTGCGGCGGGTTATATCGTGCGTCCGATTCGTAAATTCACCAACGCGACCCAGAAGATCGCGAGCGGCGAGTACGAAATTGAGCTGGACGTTAAGCGTAAAGATGAGATCGGCACCCTGAGCACCAGCTTTCAGAAGATGACCAAAAGCATTAAGGAACTGGATGAGATGCGTCAAGAGTTCGTGAGCAACGTTAGCCACGAGTTTCAAAGCCCGCTGAGCAGCATCCAGGGCTTCAGCAAAACCCTGCAAACCGAAAAGATGAGCGTGGAGGAACGTAACCACTACCTGCAAATCATTGAAGGCGAGAGCAAACGTATGAGCAGCCTGTGCAAGCAACTGCTGACCCTGGCGAGCCTGGACAAAGAGGAAAAGGTGCTGCAAATCAAAGAGTTCAACCTGCAAAAGCAAATCAAGGATGTTATCTTCATGCTGGAATGGAAATGGCGTGAGAAGAACATCGCGATTGAATTTGACGTGCCGGATATCACCATTAAAGGCGACGAGAACCTGCTGCACCAAGTTTGGAGCAACATCTTCACCAACAGCATTAAGTTTAGCAACGAAGGTGGCACCATCGAGTTCTTTGTGGAGGAACTGGAAAGCAGCGTTATCATTAGCATCAGCGACAACGGTATTGGCATGGAGAAAGAGGAAATGGACCGTATCTTCGATCGTTTTTATAAGGTGGATACCGCGCGTGCGCGTAACGTTGAAGGTAGCGGCCTGGGTCTGAGCATCGTGCAGAAGATTGTTGAGCTGCACAACGGTAACGTGAGCGTTTACAGCACCAAAGGCGAAGGCACCACCGTGCGTGTTGAGCTGCCGAAGTAA

16. Gene sequence of hssRB
ATGAAGATGATCCACATTCTGCTGGCGGACGATGACAAACACATCCGTGAGCTGCTGCACTACCACCTGCAAAAGGAAGGCTTCAAAGTTTTTGAGGCGGAAGATGGCAAGGTTGCGCAAGAGGTGCTGGAGAAAGAAAACATCCACCTGGCGATCGTTGATATTATGATGCCGTTTGTGGACGGCTACACCCTGTGCGAGGAAATTCGTAAGTATCACGACATCCCGGTTATTCTGCTGACCGCGAAAGATCAGCTGGTTGACAAGGAAAAAGGTTTCATCAGCGGCACCGATGACTACATTGTTAAGCCGTTCGAGCCGGCGGAAGTGATCTTTCGTATGAAAGCGCTGCTGCGTCGTTATCAAATGCTGAGCGCGGATATCATTACCCTGCACGGCACCACCATCGACCGTAAGGGTGTTGAGGTGAAATGCAACGGTCAGACCATTCTGCTGCCGCTGAAGGAGTTCGAACTGCTGAGCCAACTGGCGAGCTACCCGGGTCGTACCTTTAGCCGTGAGGAACTGATCGAACTGGTTTGGGGTATGGATTTCGAGGGCGACGAACGTACCGTGGATGTTCACGTGAAGCGTCTGCGTGACCGTTTCAGCAAACGTACCGATGACTTTCAGATTACCACCGTGCGTGGTCTGGGCTATAAGCTGGAGCTGAAATAA
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