Similarities, variations, and evolution of cytochrome P450s in Streptomyces versus Mycobacterium  
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Table S1. General information on Streptomyces species used in the study.

	Species name
	Specie characteristic or well-known for
	References

	Streptomyces coelicolor
	It is involved in breaking down organic material in the soil and responsible for producing a majority of the antibiotics in use today, as well as some immunosuppressant and anti-tumor agents. It has also been used in genetic engineering studies.
	1

	Streptomyces avermitilis
	It produces certain secondary metabolites, namely avermectin, which is a potent agent against a wide array of nematodes and arthropod parasites.
	2, 3

	Streptomyces griseus
	It produces streptomycin, a broad-spectrum antibiotic, which has been used for the treatment of various diseases such as tuberculosis and the plague caused by Yersinia pestis. The organism has also been reported to contain a gene cluster that includes fredericamycin, an anticancer drug.
	4, 5, 6

	Streptomyces globisporus
	It produces antitumor angucyclines landomycin A and landomycin E and enediyne antitumor antibiotic C-1027.
	7

	Streptomyces scabiei
	It is a plant pathogen causing corky lesions to form on tuber and root crops as well as decreasing the growth of seedlings. Along with other closely related species it causes potato diseases. It can produce several related toxins, which are mainly responsible for its pathogenicity and moreover, S. scabiei produces toxins called thaxtomins, which cause hypertrophy and cell death in host plant tissues and are essential for pathogenicity.
	8

	Streptomyces sp. Sirex AA-E
	It is an aerobic microbe that is a prominent member of a bacterial/fungal symbiotic community associated with the invasive pinewood-boring wasp Sirex noctilio. Streptomyces sp. Sirex AA-E has shown that it secretes a full suite of endo- and exo-cellulases, hemicellulases, pectinases and polysaccharide monooxygenases when grown on biomass.
	9

	Streptomyces violaceusniger
	It produces antibiotics that inhibit the growth of other bacteria.
	10

	Streptomyces cattleya NRRL 8057 = DSM 46488
	It produces the antibiotics thienamycin and cephamycin C and is one of the rare bacteria known to synthesize fluorinated metabolites.
	11

	Streptomyces pratensis
	It shows chemotaxonomic characteristics and also produces antibacterial compounds.
	12

	Streptomyces bingchenggensis
	It is a soil bacterium that produces milbemycins, a family of macrolide antibiotics that are commercially important in crop protection and veterinary medicine. This species has a huge number of protein-coding genes and a huge number of transport proteins, which form systems that are important for metabolism and also enable their adaptation to complex environments.
	13

	Streptomyces hygroscopicus subsp. jinggangensis 5008
	It produces jingangmycin, aminocyclitol antibiotic, which has been proven to be identical to validamycin. Jingangmycin has been widely used as a prime control reagent against sheath blight disease of rice plants and damping-off of cucumber seedlings in China and many other Eastern Asian countries. Meanwhile, its transformed product valienamine is a pharmaceutically important precursor for the synthesis of voglibose, a highly effective drug for insulin-independent diabetes.
	14

	Streptomyces hygroscopicus subsp. jinggangensis TL01
	It produces antimycin A, which is widely used as a pesticide in the catfish farming industry and also has potent killing activity against insects, nematodes and fungi.
	15

	Streptomyces venezuelae
	It produces chloromyeetin and jadomycin.
	16

	Streptomyces davawensis
	It produces the riboflavin analogs roseoflavin and 8-demethyl-8-amino-riboflavin. Both  compounds  show  antimicrobial  activity  against Gram-positive  bacteria  such  as  Bacillus  subtilis,  but  also  against Gram-negative  bacteria  if  uptake  systems  for  flavins/flavin  analogs are  present. 
	17 

	Streptomyces albus J1074
	It is a widely used host for heterogenous expression of bioactive natural products.
	18

	Streptomyces albus DSM 41398
	It produces salinomycin. Salinomycin has selective activity against cancer. However, it has been widely used as veterinary medicine in animal husbandry as food additive and growth promoter for years.
	19

	Streptomyces sp. PAMC 26508
	This is an endosymbiotic bacterium isolated from the Antarctic lichen Cladonia borealis. 
	20

	Streptomyces fulvissimus
	It produces the ionophore antibiotic valinomycin. Secretes an antibacterial protein inhibitory to Micrococcus luteus, Bacillus subtillis, Bacillus cereus, and methicillin-resistant Staphylococcus aureas strains. 
	21

	Streptomyces collinus
	It produces ansatrienin A2, ansatrienin A3, ansatrienin B, napthomycin A, collinomycine, toromycin, streptocollin, kirromycin (elfamycin-family) and rubromycine. Causes common scab of potato.
	22

	Streptomyces rapamycinicus         
	It produces produce rapamycin (also known as sirolimus) and azalomucin C, a macrodiolide antibiotic used as anthelmintic in animal fodder. Used as an immunosuppressant in renal transplant and for the prevention of restenosis after stent insertion for the treatment of coronary heart disease.
	23

	Streptomyces albulus NK660     
	It produces ε-Poly-L-lysine (ε-PL). ε-PL exhibits antimicrobial activity against a wide spectrum of microorganisms. Exhibits antiphage activity, and ε -PL has been used as a food preservative.
	24

	Streptomyces albulus ZPM
	This species produces the homopolymer antibiotic, e-poly-lysine (e-PL).
	25

	Streptomyces lividans
	Used as a host for the synthesis and secretion of homologous and heterologous proteins of industrial interest.
	26

	Streptomyces glaucescens
	It produces tetracenomycin C, tetracenomycin D and tetracenomycin E.  Functions to steer chemical outcome of cyclization.
	27, 28

	Streptomyces vietnamensis
	It forms a white aerial mycelium and a reddish brown substrate mycelium. It shows antibacterial activity against other bacterial species such as Escherichia coli, Pseudomonas aeruginosa, Candida albicans, Penicillium citrinum and B. subtilis. 
	29, 30

	Streptomyces sp. 769
	It produces cytotoxic and antibacterial secondary metabolites.
	31

	Streptomyces cyaneogriseus
	It is a thermotolerant Streptomyces that produces nemadectin, which is a commercially important antibiotic. This is a macrolide antibiotic widely used as a biopesticide. It also produces chitosanase enzyme, which allows it to break down chitosan as a sole carbon source.	
	32

	Streptomyces sp. A02
	This species produces antifungal metabolites. It is a producer of commercially important polyene macrocylic antibiotic natamycin and potential biocontrol agent to several plant fungal diseases.
	33

	Streptomyces xiamenensis
	It produces an anti-fibrotic benzopyran called xiamenmycin, a compound used for treating fibrotic diseases such as idiopathic pulmonary fibrosis, liver cirrhosis, progressive kidney disease, systemic sclerosis and cardiovascular fibrosis.
	34

	Streptomyces sp. Mg1
	A streptomyces producing a macrolide antibiotic called chalcomycin A, which takes part in inhibition of B. subtilis cell growth in combination by lysis and degradation of B. subtilis colonies.
	35, 36

	Streptomyces sp. CNQ-509
	It contains 29 putative gene clusters used for biosynthesis of secondary metabolites, which are involved in the formation of meroterpenoid molecules. It produces a variety of terpenoid compounds.
	37

	Streptomyces ambofaciens
	It produces two antibiotics, namely spiramycin, which is a polyketide derivative, and congocidin (netropsin). Reports have indicated that it comprises 23 gene clusters, which produce other secondary compounds such as kinamycins, antimycins and stambomycins.
	38-41

	Streptomyces pristinaespiralis
	This streptomyces produces two antibiotics, namely cyclohexadepsiptide pristinamycin (PI) and polyunsaturated macrolactone pristinamycin II (PII) co-produced at a ratio of 30:70.  The PI plays a vital role in synergistic antibacterial activity of a wide range of gram-positive bacteria such as methicillin-resistant Staphylococci, drug-resistant Streptococcus pneumonia and vancomycin-resistant Enterococcus faecium and Gram negative bacteria such as Haemophilus sp.
	42-44


	Streptomyces sp. CFMR 7
	This species was discovered in rubber plantations in Penang Malaysia. It is has been found to degrade rubber.
	45, 46

	Streptomyces sp. CdTB01
	It was isolated from soil contaminated with heavy metals. It can tolerate high concentrations of heavy metals such as cadmium.
	13

	Streptomyces reticuli
	It produces mycelia-associated cellulose, which can degrade crystalline cellulose to cellobiose.
	47, 48

	Streptomyces sp. 4F
	Found in the soil in China, it is a fast grower and moderately thermophilic, i.e it grows at temperatures between 30oC and 50oC. It is therefore used for antibiotic expression and DNA assembly.
	49, 50

	Streptomyces leeuwenhoekii
	It was isolated from the hyper-arid high-altitude Atacama Desert in Chile. It produces novel polyketide antibiotics such as the chaxamycins and chaxalactins. Chaxamycins A-D are ansamycin-type polyketides with potential antibacterial activity against MRSA. It is involved in anti-proliferative activity, which results from the inhibition of the ATPase activity of the human Hsp90 protein.
	51

	Streptomyces rubrolavendulae
	It has the potential to produce an anti-methicillin resistant Staphyloccocus aureus compound.

	52

	Streptomyces parvulus
	This streptomyces produces a polypeptide antibiotic called Actinomycin D, which is a potential anti-microbial agent against streptomycin-resistant pathogenic bacteria.
	53, 54

	Streptomyces lydicus
	It produces actithiazic acid, streptolydigin, lydimycin, natamycin and 1-deoxygalactonojirimycin. It has the ability to be used as an agent against fungal plant pathogens. It has also been reported that the species S. lydicus WYEC108 is a strong antagonist against various fungal plant root-rot and white-rot pathogens and a number of wood decay fungi. 
	55-58

	Streptomyces clavuligerus
	It produces more than 20 secondary metabolites, which include clavulanic acid that is a beta-lactam antibiotic. Clavulanic acid is a common antibiotic used in combination with β-lactam antibiotics (for example, Augmentin) to treat infections caused by β-lactamase-producing pathogens. It also synthesizes the β‑lactam antibiotic cephamycin C and numerous antifungal compounds with a clavam structure.
	59-61

	Streptomyces griseochromogenes
	It produces blasticidin A, B, C, S. Blasticidin S is a potent antifungal and cytotoxic peptidyl nucleoside antibiotic. It also produces pentalenene and cytomycin.
	62, 63

	Streptomyces lincolnensis
	It produces lincomycin, which is an anti-bacterial antibiotic. It also produces valienol, a C-7 cyclitol similar in structure to valienamine. 
	64

	Streptomyces noursei
	It produces nystatin fungicidin, a polyene antifungal medication.
	65


Table S2. List of Streptomyces species used in the study. Species names, codes, the respective genome database links and genome IDs (from NCBI) were listed in the table.  
	Species name
	Species code
	Database link
	Genome ID

	Streptomyces coelicolor
	sco
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=taxonDetail&taxon_oid=637000305
	 NC_003888 

	Streptomyces avermitilis MA-4680
	sma
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=taxonDetail&taxon_oid=637000304
	 BA000030

	Streptomyces griseus_NBRC_13350
	sgr
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=641522653
	 AP009493

	Streptomyces globisporus
	sgb
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=GeneDetail&page=genePageMainFaa&gene_oid=2668573307
	 CP013738

	Streptomyces scabiei 87.22
	scb
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=646564576
	 FN554889

	Streptomyces sp. Sirex AA-E
	ssx
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2523533511
	CP002993

	Streptomyces violaceusniger Tu 4113
	svl
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=648276750
	 CP002994

	Streptomyces cattleya NRRL 8057
	sct
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=taxonDetail&taxon_oid=2511231113
	FQ859185

	Streptomyces cattleya NRRL 8058 = DSM 46488
	scy
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=taxonDetail&taxon_oid=2511231200
	 CP003219

	Streptomyces pratensis/flavogriseus IAF 45
	sfa
	http://www.genome.jp/kegg-bin/show_organism?org=sfa
	 CP002475

	Streptomyces bingchenggensis
	sbh
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=taxonDetail&taxon_oid=646862346
	CP002047

	Streptomyces hygroscopicus subsp. jinggangensis 5008
	shy
	http://www.genome.jp/kegg-bin/show_organism?org=shy
	 CP003275

	Streptomyces hygroscopicus subsp. jinggangensis TL01
	sho
	http://www.genome.jp/kegg-bin/show_organism?org=sho
	 CP003720

	Streptomyces venezuelae
	sve
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2718218231
	 FR845719

	Streptomyces davawensis
	sdv
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=taxonDetail&taxon_oid=2561511188
	HE971709

	Streptomyces albus J1074
	salb
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=taxonDetail&taxon_oid=2541047081
	 CP004370

	Streptomyces albus DSM 41398
	sals
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=taxonDetail&taxon_oid=2639762818
	 CP010519

	Streptomyces sp. PAMC 26508
	strp
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2561511190
	 CP003990

	Streptomyces fulvissimus
	sfi
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=taxonDetail&taxon_oid=2554235391
	 CP005080

	Streptomyces collinus
	sci
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=taxonDetail&taxon_oid=2554235367
	 CP006259

	Streptomyces rapamycinicus         
	src
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2563366593
	CP006567

	Streptomyces albulus NK660     
	salu
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=taxonDetail&taxon_oid=2579778836
	CP007574

	Streptomyces albus ZPM
	sall
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=taxonDetail&taxon_oid=2639762896
	 CP006871

	Streptomyces lividans
	slv
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2597490034
	CP009124

	Streptomyces glaucescens
	sgu
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=taxonDetail&taxon_oid=2627854123
	 CP009438

	Streptomyces vietnamensis
	svt
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2627853829
	 CP010407

	Streptomyces sp. 769
	stre
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2627853736
	CP003987

	Streptomyces cyaneogriseus
	scw
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=taxonDetail&taxon_oid=2648501341
	CP010849

	Streptomyces lydicus A02
	sld
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2651869762
	 CP007699

	Streptomyces xiamenensis 318
	sxi
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2630968921
	 CP009922

	Streptomyces sp. Mg1
	strm
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2579778547
	CP011664

	Streptomyces sp. CNQ-509
	strc
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2654587513
	 CP011492

	Streptomyces ambofaciens
	samb 
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=taxonDetail&taxon_oid=2654588008
	 CP012382

	Streptomyces pristinaespiralis HCCB 10218
	spri
	http://www.genome.jp/kegg-bin/show_organism?org=spri
	CP011340

	Streptomyces sp. CFMR 7
	scz
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2654587638
	 CP011522

	Streptomyces sp. CdTB01
	scx
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2687453384
	CP013743

	Streptomyces reticuli
	srw
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2687453570
	 LN997842

	Streptomyces sp. 4F
	strf
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2687453197
	 CP013142

	Streptomyces leeuwenhoekii C34(2013)
	sle
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2582581028
	 LN831790

	Streptomyces rubrolavendulae
	srn
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2765235980
	 CP017316

	Streptomyces parvulus
	spav
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2718218336
	 CP015866

	Streptomyces lydicus 103
	slc
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2718217986
	CP017157

	Streptomyces sp. SAT1
	strt
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2718218381
	CP015849

	Streptomyces clavuligerus
	sclf
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=taxonDetail&taxon_oid=647533233
	CP016559

	Streptomyces griseochromogenes
	sgs
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2684622604
	CP016279

	Streptomyces sp. S10(2016)
	stsi
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2687453302
	CP015098

	Streptomyces lincolnensis
	sls
	http://www.genome.jp/kegg-bin/show_organism?org=sls
	 CP016438

	Streptomyces noursei
	snr
	https://img.jgi.doe.gov/cgi-bin/m/main.cgi?section=TaxonDetail&page=iprGeneList&ext_accession=IPR001128&taxon_oid=2602042089
	CP011533





Table S3. Information on mycobacterial species used in the study. Species names, codes, and genome IDs (from NCBI) were listed in the table.
	Species name
	Species code 
	Genome ID

	Mycobacterium africanum GM041182
	MAF
	FR878060

	Mycobacterium tuberculosis C
	MTO
	CP002992

	Mycobacterium tuberculosis F11
	MTF
	CP000717

	Mycobacterium tuberculosis H37Ra
	MRA
	CP000611

	Mycobacterium tuberculosis H37Rv
	MTU
	 NC_000962 

	Mycobacterium tuberculosis Haarlem
	MTUL
	 CP001664

	Mycobacterium tuberculosis KZN 1435
	MTB
	 CP001658

	Mycobacterium tuberculosis KZN 605
	MTZ
	 CP001976

	Mycobacterium tuberculosis KZN 4207
	MTK
	 CP001662

	Mycobacterium  tuberculosis RGTB327
	MTG
	 CP003233

	Mycobacterium tuberculosis CDC1551
	MTC
	 AE000516

	Mycobacterium tuberculosis strains CCDC5079
	MTE
	 CP001641

	Mycobacterium tuberculosis 7199-99
	MTUB
	 HE663067

	Mycobacterium tuberculosis Beijing/NITR203
	MTJ
	 CP005082

	Mycobacterium tuberculosis CAS/NITR204
	MTUC
	CP005386

	Mycobacterium tuberculosis EAI5
	MTX
	CP006578

	Mycobacterium tuberculosis EAI5/NITR206
	MTUH
	CP004886

	Mycobacterium tuberculosis Erdman=ATCC 35801
	MTN
	 AP012340

	Mycobacterium tuberculosis UT205
	MTD
	 HE608151

	Mycobacterium canetti CIPT 140010059
	MCE
	 HE572590

	Mycobacterium canetti CIPT 140060008
	MCQ
	 FO203507

	Mycobacterium canetti CIPT 140710010
	MCX
	 FO203509

	Mycobacterium bovis AF 2122/97
	MBO
	 NC_002945

	Mycobacterium bovis BCG Pasteur 1173P2
	MBB
	 AM408590

	Mycobacterium bovis BCG Korea 1168P
	MBK
	CP003900

	Mycobacterium bovis BCG Mexico
	MBM
	CP002095

	Mycobacterium bovis BCG Toyko 172
	MBT
	AP010918

	Mycobacterium abscessus ATCC 19977
	MAB
	 NC_010397

	Mycobacterium abscessus subsp.bolletti 50594
	MABB
	 CP004374

	Mycobacterium abscessus 47J26
	MABL
	 AP014547

	Mycobacterium abscessus 103
	MAZ
	CP009408

	Mycobacterium abscessus subsp.bolletti MA 1948
	MAY
	CP009408

	Mycobacterium abscessus VO6705
	MYS
	CP009615

	Mycobacterium Avium 104
	MAV
	CP000479

	Mycobacterium Avium subsp.paratuberculosis K10
	MPA
	AE016958

	Mycobacterium avium subsp.paratuberculosis MAP4
	MAO
	 CP005928

	Mycobacterium intracellulare ATCC 13950
	MIA
	CP003322

	Mycobacterium intracellulare MOTT-02
	MIT
	 CP003323

	Mycobacterium intracellulare MOTT-64
	MIE
	 CP009499

	Mycobacterium intracellulare MOTT-36Y
	MMM
	 CP003491

	Mycobacterium indicus pranii MTCC 9506
	MID
	CP002275

	Mycobacterium sp.JDM601
	MYV
	 CP009914

	Mycobacterium liflandi 128FXT
	MLI
	CP003899

	Mycobacterium marinum
	MMAE
	HG917972

	Mycobacterium massiliense
	MMAL
	CP023147

	Mycobacterium kansassi ATCC 12478
	MMV
	CP003699

	Mycobacterium vanbaalenii PYR-1
	MVA
	CP000511

	Mycobacterium smegmatis MC2 155
	MSB
	 CP009494

	Mycobacterium chubuense NBB4
	MCB
	 CP003053

	Mycobacterium  gilvum PYR-GCK
	MGI
	 CP000656

	Mycobacterium gilvum Spyr1
	MSP
	 CP002385

	Mycobacterium smegmatis JS623
	MSA
	 CP003078

	Mycobacterium rhodesiae
	MRH
	 CP003169

	Mycobacterium neoaurum VKM Ac-18150
	MNE
	CP006936














Table S4. P450 family and subfamily level comparative analysis of P450s in 48 Streptomyces species. Open reading frames (ORFs) for each species were obtained from the genome database listed in Table S2.  The percentage of P450s was calculated considering ORFs as 100%.
	Species name
	Species code
	No. of P450s
	No. of P450 families
	No. of P450 subfamilies
	ORFs
	% of P450s

	Streptomyces albulus ZPM
	sall
	69
	27
	52
	8191
	0.8

	Streptomyces albulus NK660     
	salu
	64
	27
	50
	8086
	0.8

	Streptomyces noursei
	snr
	64
	26
	52
	8691
	0.7

	Streptomyces violaceusniger
	svl
	51
	16
	42
	8985
	0.6

	Streptomyces bingchenggensis
	sbh
	50
	26
	44
	10022
	0.5

	Streptomyces rapamycinicus         
	src
	63
	23
	56
	10002
	0.6

	Streptomyces cattleya NRRL 8057 = DSM 46488
	scy
	42
	21
	39
	7569
	0.6

	Streptomyces sp. 769
	stre
	59
	24
	49
	9553
	0.6

	Streptomyces hygroscopicus subsp. jinggangensis 5008
	shy
	38
	18
	33
	9108
	0.4

	Streptomyces cattleya NRRL 8057 = DSM 46488
	sct
	41
	20
	38
	7475
	0.5

	Streptomyces hygroscopicus subsp. jinggangensis TL01
	sho
	37
	18
	33
	8878
	0.4

	Streptomyces avermitilis
	sma
	53
	24
	45
	7676
	0.7

	Streptomyces collinus
	sci
	34
	16
	27
	7113
	0.5

	Streptomyces lydicus
	sld
	40
	19
	35
	8888
	0.5

	Streptomyces sp. Mg1
	strm
	37
	21
	36
	7117
	0.5

	Streptomyces leeuwenhoekii
	sle
	36
	17
	34
	7005
	0.5

	Streptomyces pratensis
	sfa
	29
	16
	26
	6572
	0.4

	Streptomyces reticuli
	srw
	47
	26
	43
	8090
	0.6

	Streptomyces griseus
	sgr
	28
	13
	24
	7136
	0.4

	Streptomyces sp. PAMC 26508
	strp
	29
	16
	26
	7073
	0.4

	Streptomyces sp. SirexAA-E
	ssx
	24
	10
	22
	6357
	0.4

	Streptomyces davawensis
	sdv
	32
	19
	30
	8616
	0.4

	Streptomyces cyaneogriseus
	scw
	33
	16
	30
	5830
	0.6

	Streptomyces lincolnensis
	sls
	24
	15
	23
	8590
	0.3

	Streptomyces pristinaespiralis
	spri
	23
	12
	18
	7352
	0.3

	Streptomyces venezuelae
	sve
	23
	16
	21
	7453
	0.3

	Streptomyces sp. CFMR 7
	scz
	24
	13
	20
	6716
	0.4

	Streptomyces vietnamensis
	svt
	30
	20
	29
	7356
	0.4

	Streptomyces xiamenensis
	sxi
	20
	12
	19
	5484
	0.4

	Streptomyces coelicolor
	sco
	18
	10
	17
	8152
	0.2

	Streptomyces albus J1074
	salb
	18
	9
	18
	5832
	0.3

	Streptomyces ambofaciens
	samb#
	19
	10
	18
	7793
	0.2

	Streptomyces lividans
	slv
	20
	10
	18
	7360
	0.3

	Streptomyces scabiei
	scb
	30
	16
	30
	8746
	0.3

	Streptomyces glaucescens
	sgu
	18
	11
	17
	6567
	0.3

	Streptomyces albus DSM 41398
	sals
	25
	13
	24
	7330
	0.3

	Streptomyces fulvissimus
	sfi
	19
	10
	16
	6925
	0.3

	Streptomyces sp. CNQ-509
	strc
	16
	11
	16
	6407
	0.2

	Streptomyces rubrolavendulae
	srn
	20
	12
	19
	5425
	0.4

	Streptomyces clavuligerus
	sclf
	65
	30
	58
	5981
	1.1

	Streptomyces griseochromogenes
	sgs
	46
	24
	40
	9064
	0.5

	Streptomyces sp. S10(2016)
	stsi
	20
	15
	20
	7661
	0.3

	Streptomyces globisporus
	sgb
	23
	13
	19
	6654
	0.3

	Streptomyces sp. CdTB01#
	scx
	26
	17
	25
	8743
	0.3

	Streptomyces parvulus
	spav
	25
	15
	25
	6714
	0.4

	Streptomyces lydicus
	slc
	32
	13
	29
	6872
	0.5

	Streptomyces sp. SAT1
	strt
	25
	15
	22
	6110
	0.4

	Streptomyces sp. 4F
	strf
	16
	11
	15
	6792
	0.2


#, Two and one false positives P450 fragments were identified in Streptomyces ambofaciens ATCC 23877 and Streptomyces sp. CdTB01, respectively. These P450 fragments were not taken into final count.

Table S5: New P450 families and new P450 subfamilies identified in Streptomyces species. 

	New families
	Total number

	CYP1035-CYP1039; CYP1047; CYP1048; CYP1053-CYP1059; CYP1060-CYP1066;  CYP1189-CYP1194; CYP1196-CYP1199; CYP1251; CYP1274; CYP1416-CYP1420; CYP1422-CYP1424; CYP154; CYP155-CYP159; CYP161; CYP1618; CYP170; CYP171; CYP178-CYP184; CYP2045; CYP208; CYP2108; CYP211; CYP2189; CYP2238; CYP246; CYP282; CYP283
	66

	New subfamilies (144)

	P450 family
	Total number of new subfamilies
	Name of the subfamily

	CYP102
	2
	B, G

	CYP105
	38
	AT, AU, AV, AW, AX, AY, AZ, B, BA, BB, BC, BD, BE, BF, BG, BH, BQ, BR, BS, BT, BU, BV, BW, D, DB, DC, DD, DE, DF, DG, H, M, N, P, Q, R, U, Z

	CYP107
	62
	AD, AK, AL, AM, BK, BW,  BY, BZ, CD-CH, CJ, CK-CN, CP-CW, DU, DW, EA-EH, EJ, EK-EN, EP-ER, KW-KZ, LA-LG, P, T-Y

	CYP112
	1
	B

	CYP113
	4
	G, J, Y, Z

	CYP1222
	1
	D

	CYP1223
	1
	B

	CYP123
	1
	D

	CYP1240
	1
	B

	CYP135
	2
	D, G

	CYP136
	2
	E, F

	CYP143
	1
	C

	CYP145
	3
	B, C, D

	CYP147
	2
	B, K

	CYP152
	1
	D

	CYP166
	1
	C

	CYP186
	1
	D

	CYP251
	3
	E, F, G

	CYP1005
	1
	B

	CYP1278
	1
	B

	CYP1339
	1
	B

	CYP1341
	1
	E

	CYP162
	1
	C

	CYP163
	4
	C, D, G, H, 

	CYP1995
	2
	B, C

	CYP199
	1
	R

	CYP274
	2
	B, C

	CYP285
	2
	B, D

	CYP298
	1
	B























Table S6: Comparative analysis of P450 family members in Streptomyces species. The percentage contribution of each P450 family is calculated as percentage contribution to the total number of P450s (1625 P450s) identified in 48 Streptomyces species. 

	P450 family
	Number of P450s
	% contribution to total number of P450s

	CYP107
	381
	23.4

	CYP105
	225
	13.8

	CYP157
	123
	7.6

	CYP154
	119
	7.3

	CYP156
	56
	3.4

	CYP147
	52
	3.2

	CYP183
	48
	3.0

	CYP102
	45
	2.8

	CYP159
	37
	2.3

	CYP125
	33
	2.0

	CYP158
	31
	1.9

	CYP163
	28
	1.7

	CYP180
	27
	1.7

	CYP113
	22
	1.4

	CYP170
	21
	1.3

	CYP1035
	20
	1.2

	CYP161
	15
	0.9

	CYP184
	14
	0.9

	CYP124
	13
	0.8

	CYP1047
	11
	0.7

	CYP152
	11
	0.7

	CYP1038
	10
	0.6

	CYP1199
	10
	0.6

	CYP155
	10
	0.6

	CYP285
	10
	0.6

	CYP1005
	8
	0.5

	CYP182
	8
	0.5

	CYP1060
	7
	0.4

	CYP251
	7
	0.4

	CYP1043
	6
	0.4

	CYP1064
	6
	0.4

	CYP1240
	6
	0.4

	CYP1046
	5
	0.3

	CYP108
	5
	0.3

	CYP121
	5
	0.3

	CYP162
	5
	0.3

	CYP1029
	4
	0.2

	CYP1189
	4
	0.2

	CYP145
	4
	0.2

	CYP165
	4
	0.2

	CYP166
	4
	0.2

	CYP179
	4
	0.2

	CYP208
	4
	0.2

	CYP245
	4
	0.2

	CYP247
	4
	0.2

	CYP1031
	3
	0.2

	CYP1037
	3
	0.2

	CYP1278
	3
	0.2

	CYP134
	3
	0.2

	CYP1419
	3
	0.2

	CYP1423
	3
	0.2

	CYP171
	3
	0.2

	CYP178
	3
	0.2

	CYP1013
	2
	0.1

	CYP1036
	2
	0.1

	CYP1048
	2
	0.1

	CYP1061
	2
	0.1

	CYP1062
	2
	0.1

	CYP116
	2
	0.1

	CYP1190
	2
	0.1

	CYP1191
	2
	0.1

	CYP1192
	2
	0.1

	CYP1197
	2
	0.1

	CYP1198
	2
	0.1

	CYP1251
	2
	0.1

	CYP130
	2
	0.1

	CYP1341
	2
	0.1

	CYP135
	2
	0.1

	CYP136
	2
	0.1

	CYP140
	2
	0.1

	CYP1416
	2
	0.1

	CYP1417
	2
	0.1

	CYP1420
	2
	0.1

	CYP143
	2
	0.1

	CYP1453
	2
	0.1

	CYP1530
	2
	0.1

	CYP1618
	2
	0.1

	CYP181
	2
	0.1

	CYP186
	2
	0.1

	CYP194
	2
	0.1

	CYP1995
	2
	0.1

	CYP199
	2
	0.1

	CYP2027
	2
	0.1

	CYP211
	2
	0.1

	CYP244
	2
	0.1

	CYP253
	2
	0.1

	CYP274
	2
	0.1

	CYP1039
	1
	0.1

	CYP1041
	1
	0.1

	CYP1042
	1
	0.1

	CYP1053
	1
	0.1

	CYP1054
	1
	0.1

	CYP1055
	1
	0.1

	CYP1056
	1
	0.1

	CYP1057
	1
	0.1

	CYP1058
	1
	0.1

	CYP1059
	1
	0.1

	CYP1063
	1
	0.1

	CYP1065
	1
	0.1

	CYP1066
	1
	0.1

	CYP1113
	1
	0.1

	CYP112
	1
	0.1

	CYP1151
	1
	0.1

	CYP1193
	1
	0.1

	CYP1194
	1
	0.1

	CYP1196
	1
	0.1

	CYP1207
	1
	0.1

	CYP1215
	1
	0.1

	CYP1222
	1
	0.1

	CYP1223
	1
	0.1

	CYP122
	1
	0.1

	CYP123
	1
	0.1

	CYP1248
	1
	0.1

	CYP1274
	1
	0.1

	CYP1339
	1
	0.1

	CYP1373
	1
	0.1

	CYP1385
	1
	0.1

	CYP1392
	1
	0.1

	CYP1418
	1
	0.1

	CYP1422
	1
	0.1

	CYP1424
	1
	0.1

	CYP1457
	1
	0.1

	CYP1459
	1
	0.1

	CYP1469
	1
	0.1

	CYP146
	1
	0.1

	CYP1509
	1
	0.1

	CYP151
	1
	0.1

	CYP1694
	1
	0.1

	CYP1722
	1
	0.1

	CYP177
	1
	0.1

	CYP1813
	1
	0.1

	CYP2045
	1
	0.1

	CYP206
	1
	0.1

	CYP2108
	1
	0.1

	CYP2189
	1
	0.1

	CYP2238
	1
	0.1

	CYP2266
	1
	0.1

	CYP228
	1
	0.1

	CYP2340
	1
	0.1

	CYP246
	1
	0.1

	CYP268
	1
	0.1

	CYP282
	1
	0.1

	CYP283
	1
	0.1

	CYP298
	1
	0.1


















Table S7: Comparative analysis of secondary metabolite BGCs between the genera Streptomyces and Mycobacterium. 

	Secondary metabolite BGC
	Number of clusters

	
	Streptomyces
	Mycobacterium

	Nrps
	117
	177

	Other
	94
	159

	T1pks
	94
	149

	T1pks-Nrps
	53
	146

	Bacteriocin
	76
	71

	Terpene
	229
	60

	T3pks
	41
	58

	T3pks-T1pks
	0
	38

	Ectoine
	50
	15

	Ectoine-T1pks-Nrps
	0
	5

	T2pks
	41
	4

	T2pks-nrps
	2
	4

	Arylpolyene
	3
	4

	Lantipeptide
	87
	3

	Amglyccycl
	7
	2

	T1pks-Ectoine-Nrps
	0
	1

	otherKs
	8
	1

	linaridin
	3
	1

	Siderophore
	121
	Not identified

	Butyrolactone
	58
	Not identified

	Melanin
	40
	Not identified

	Lassopeptide
	35
	Not identified

	Thiopeptide
	21
	Not identified

	T1pks-Otherks
	13
	Not identified

	Indole
	9
	Not identified

	Bacteriocin-Lantipeptide
	8
	Not identified

	Transatpks-T1pks-Nrps
	8
	Not identified

	Bacteriocin-Nrps
	8
	Not identified

	T3pks-Nrps
	7
	Not identified

	Terpene-Nrps
	7
	Not identified

	Lantipeptide-Nrps
	5
	Not identified

	Melanin-Nrps
	5
	Not identified

	T2pks-Terpene
	5
	Not identified

	Ladderane
	5
	Not identified

	Terpene-T1pks
	5
	Not identified

	Transatpks-Nrps
	5
	Not identified

	Nrps-T1pks-Otherks
	4
	Not identified

	Lantipeptide-T1pks-Nrps
	4
	Not identified

	T1pks-Butyrolactone-Nrps
	4
	Not identified

	T2pks-Otherks
	4
	Not identified

	Lantipeptide-Terpene
	4
	Not identified

	T2pks-Butryolactone
	4
	Not identified

	Melanin-Terpene
	4
	Not identified

	T3pks-Terpene-Nrps
	3
	Not identified

	T2pks-T1pks-Otherks
	3
	Not identified

	Ladderane-Arylpolyene-Nrps
	3
	Not identified

	Arylpolyene-Ladderane
	3
	Not identified

	Bacteriocin-T1pks-Nrps
	3
	Not identified

	T1pks-Siderophore
	3
	Not identified

	Blactam
	3
	Not identified

	Otherks-Nrps
	3
	Not identified

	Lantipeptide-Terpene-Nrps
	3
	Not identified

	T3pks-T1pks-Nrps
	3
	Not identified

	Nucleoside
	3
	Not identified

	T1pks-Butyrolactone-otherks
	2
	Not identified

	Butyrolactone-Otherks
	2
	Not identified

	T1pks-Linaridin
	2
	Not identified

	Hserlactone
	2
	Not identified

	T1pks-Lassopeptide
	2
	Not identified

	T3pks-Terpene
	2
	Not identified

	Nrps-Otherks
	2
	Not identified

	Blactam-T1pks-Nrps
	2
	Not identified

	Phenazine-Nrps
	2
	Not identified

	T2pks-Ladderane-Nrps
	2
	Not identified

	T2pks-T1pks
	2
	Not identified

	Bacteriocin-Terpene
	2
	Not identified

	Lassopeptide-Nrps
	2
	Not identified

	Lantipeptide-Lassopeptide
	2
	Not identified

	T2pks-Oligosaccharide-Nucleoside-Nrps
	2
	Not identified

	Butyrolactone-T1pks-Nrps
	2
	Not identified

	Terpene-T3pks-T1pks-Nrps
	2
	Not identified

	T2pks-Oligosaccharide-Nrps-Otherks
	2
	Not identified

	Terpene-T1pks-Nrps
	2
	Not identified

	Bacteriocin-T1pks
	2
	Not identified

	Phosphoglycolipid
	2
	Not identified

	Thiopeptide-Bacteriocin
	2
	Not identified

	T1pks-Butyrolactone
	1
	Not identified

	T1pks-Terpene
	1
	Not identified

	Transatpks-T1pks-Otherks-Nrps
	1
	Not identified

	Bacteriocin-Bottromycin
	1
	Not identified

	Butyrolactone-T1pks-Otherks
	1
	Not identified

	Indole-T1pks
	1
	Not identified

	T2pks-Butyrolactone-Nrps
	1
	Not identified

	Bacteriocin-Lantipeptide-T1pks-Otherks-Nrps
	1
	Not identified

	Ectoine-Terpene
	1
	Not identified

	Transatpks-Otherks-Nrps
	1
	Not identified

	Bacteriocin-Lantipeptide-T1pks
	1
	Not identified

	Nrps-Furan-T1pks-Otherks
	1
	Not identified

	Siderophore-Nrps
	1
	Not identified

	T2pks-Oligosaccharide-Otherks
	1
	Not identified

	Transatpks-Terpene-Nrps
	1
	Not identified

	Ladderane-Nrps
	1
	Not identified

	Butyrolactone-Terpene
	1
	Not identified

	Bacteriocin-Oligosaccharide
	1
	Not identified

	Terpene-T3pks-Cyanobactin-Nrps
	1
	Not identified

	Phosphonate
	1
	Not identified

	Arylpolyene-Nrps
	1
	Not identified

	Melanin-Arylpolyene-Ladderane
	1
	Not identified

	T1pks-Phenazine
	1
	Not identified

	Terpene-Ectoine
	1
	Not identified

	Bacteriocin-Otherks
	1
	Not identified

	Nrps-Transatpks-T1pks-Otherks
	1
	Not identified

	Thiopeptide-T2pks-Otherks-Nrps
	1
	Not identified

	Nrps-Ladderane
	1
	Not identified

	Lantipeptide-Lassopeptide-Nrps
	1
	Not identified

	T1pks-Arylpolyene-Ladderane
	1
	Not identified

	Bacteriocin-Nrps-Lantipeptide-T1pks-Otherks
	1
	Not identified

	Nrps-Arylpolyene-Ladderane
	1
	Not identified

	T3pks-Otherks-Butyrolactone-Nrps
	1
	Not identified

	Otherks-Butyrolactone-Nrps
	1
	Not identified

	Butyrolactone-T1pks
	1
	Not identified

	T2pks-Lantipeptide-Terpene
	1
	Not identified

	T1pks-Arylpolyene
	1
	Not identified

	Bacteriocin-Butyrolactone
	1
	Not identified

	Thiopeptide-T1pks
	1
	Not identified

	T3pks-Fused-Nrps
	1
	Not identified

	Transatpks
	1
	Not identified

	Cyanobactin-T1pks-Nrps
	1
	Not identified

	T2pks-Oligosaccharide
	1
	Not identified

	Lantipeptide-T1pks
	1
	Not identified

	Lantipeptide-Linaridin
	1
	Not identified

	Linaridin-T1pks-Lassopeptide-Nrps
	1
	Not identified

	Terpene-Otherks
	1
	Not identified

	T2pks-T3pks
	1
	Not identified

	T1pks-Transatpks-Terpene
	1
	Not identified

	Fused
	1
	Not identified

	T3pks-Terpene-Otherks
	1
	Not identified

	Phenazine
	1
	Not identified

	T1pks-Terpene-Nrps
	1
	Not identified

	Oligosaccharide-T1pks-Nrps
	1
	Not identified

	Oligosaccharide-Ectoine-T2pks-Nrps-T1pks-Otherks
	1
	Not identified

	Thiopeptide-Nrps
	1
	Not identified

	Thiopeptide-T2pks
	1
	Not identified

	Ectoine-Nrps
	1
	Not identified

	T2pks-Ectoine-Otherks
	1
	Not identified

	Thiopeptide-T1pks-Nrps
	1
	Not identified

	Ectoine-Butyrolactone
	1
	Not identified

	Transatpks-T1pks-Otherks-Nrps
	1
	Not identified

	Bacteriocin-Lassopeptide-Nrps
	1
	Not identified

	T2pks-T3pks-Otherks
	1
	Not identified

	Ectoine-T1pks-Otherks
	1
	Not identified

	Butyrolactone-Amglyccycl-T1pks-Nrps
	1
	Not identified

	Nrps-T2pks-Otherks-T1pks-Phenazine
	1
	Not identified

	Nrps-Transatpks-Terpene-Otherks
	1
	Not identified

	Butyrolactone-Amglyccycl
	1
	Not identified

	T3pks-Butyrolactone
	1
	Not identified

	Nucleoside-Lassopeptide-Nrps
	1
	Not identified

	Phosphonate-Nrps
	1
	Not identified

	Thiopeptide-Terpene
	1
	Not identified

	Bacteriocin-Terpene-Nrps
	1
	Not identified

	Indole-Terpene-Nrps
	1
	Not identified

	Blactam-Nrps
	1
	Not identified

	Phosphonate-Bacteriocin
	1
	Not identified

	Siderophore-T1pks-Nrps
	1
	Not identified

	Phosphonate-Terpene
	1
	Not identified

	Lantipeptide-T1pks-Otherks
	1
	Not identified

	Phosphonate-T3pks-Nrps-Ladderane
	1
	Not identified

	Indole-T3pks
	1
	Not identified

	Amglyccycl-Butyrolactone
	1
	Not identified

	Bacteriocin-T2pks
	1
	Not identified

	Terpene-Butyrolactone
	1
	Not identified

	Nrps-Siderophore
	1
	Not identified








Table S8. Comparative analysis of secondary metabolite biosynthetic gene clusters and P450s that are part of these clusters in Streptomyces species. 

	Species code
	Cluster name
	Number of P450s
	P450 name

	sco
	T3pks
	1
	CYP158A2

	
	Terpene
	1
	CYP170A1 

	
	T3pks-Terpene-Nrps
	1
	CYP105N1

	sma
	T1pks
	2
	CYP105D6; CYP105P1

	
	Nrps
	1
	CYP147B1

	
	Nrps-T1pks-Otherks
	2
	CYP178A1; CYP178A3P

	
	T1pks
	1
	CYP171A1

	
	Terpene
	1
	CYP180A1

	
	T2pks-T1pks-Otherks
	2
	CYP107Y1; CYP181A1

	
	T1pks
	2
	CYP107W1; CYP105B23

	
	Terpene
	1
	CYP183A1

	
	Terpene
	1
	CYP170A2

	
	Butyrolactone-Otherks
	2
	CYP107V1; CYP107U2

	
	T3pks
	1
	CYP158A3

	
	T1pks
	1
	CYP105R1

	sgr
	T1pks-Nrps
	1
	CYP105D1 

	
	Melanin
	1
	CYP124G2 

	
	T1pks-Nrps
	3
	CYP162C1; CYP208A1; CYP154M2

	
	T1pks-Nrps
	1
	CYP107BX5

	
	Nrps
	1
	CYP107BY1

	
	Ladderane-Arylpolyene-Nrps
	2
	CYP163B5; CYP107BZ1

	
	T3pks
	1
	CYP107F4 

	
	Transatpks-T1pks-Otherks-Nrps
	1
	CYP107CA2 

	sgb
	T3pks
	1
	CYP107F4 

	
	Arylpolyene-Ladderane
	1
	CYP1373A2

	
	Bacteriocin-T1pks-Nrps
	1
	CYP107BX10

	
	Melanin
	1
	CYP124G14

	
	T1pks-Nrps
	1
	CYP105D30

	scb
	Terpene
	1
	CYP154A4

	
	Lantipeptide-Nrps
	4
	CYP246A1; CYP1048A1; CYP156D1; CYP154L1

	
	T1pks-Nrps
	1
	CYP107AM1

	
	Bacteriocin-Bottromycin
	1
	CYP283A1

	
	Butyrolactone-T1pks-Otherks
	1
	CYP107AL1

	
	Terpene
	1
	CYP157C5

	
	Indole-T1pks
	1
	CYP156B2

	
	T1pks
	1
	CYP107AK1

	ssx
	Melanin
	1
	CYP124G3

	
	Nrps
	1
	CYP105N1

	
	T2pks-T1pks-Otherks
	2
	CYP181A1; CYP107Y1

	
	T1pks
	2
	CYP105AZ1; CYP105AZ2

	
	T1pks-Nrps
	1
	CYP107BX4

	
	T2pks-Butyrolactone-Nrps
	1
	CYP105A4

	svl
	Terpene
	2
	CYP107BW1; CYP1013A2

	
	Nrps
	2
	CYP162A3; CYP107CK1

	
	T1pks
	1
	CYP124B3

	
	T1pks
	2
	CYP107BW1; CYP105AX1

	
	Otherks
	2
	CYP183F2; CYP105AV1

	
	Bacteriocin-Lantipeptide-T1pks-Otherks-Nrps
	4
	CYP105AQ2; CYP155A5; CYP107E9; CYP105AN3

	
	T1pks
	1
	CYP107AD1

	
	Lantipeptide-T1pks-Nrps
	1
	CYP105AY1

	
	T1pks
	1
	CYP105U1

	
	Terpene
	2
	CYP156C9; CYP125A20

	
	Indole
	2
	CYP107U9; CYP156B6

	
	Ladderane-Arylpolyene-Nrps
	3
	CYP163B4; CYP107CF1; CYP107CE1

	
	Terpene
	1
	CYP147F5

	sct
	T1pks
	2
	CYP107AS; CYP107CR1

	
	Lantipeptide
	1
	CYP107AE6

	
	T1pks-Nrps
	1
	CYP184A4

	
	Transatpks-T1pks-Nrps
	2
	CYP107CS1; CYP107W2

	
	T3pks-Terpene
	1
	CYP158A13

	
	Lantipeptide
	1
	CYP105AA10

	
	T1pks-Butyrolactone-Nrps
	2
	CYP107CT1; CYP105B25

	scy
	T1pks
	3
	CYP107AS; CYP1274A1; CYP107CR1

	
	Lantipeptide
	1
	CYP107AE6

	
	T1pks-Nrps
	1
	CYP184A4

	
	Transatpks-T1pks-Nrps
	2
	CYP107CS1; CYP107W2

	
	T3pks-Terpene
	1
	CYP158A13

	
	Lantipeptide
	1
	CYP105AA10

	
	T1pks-Butyrolactone-Nrps
	2
	CYP107CT1; CYP105B25

	sfa
	Blactam-T1pks-Nrps
	2
	CYP247A3; CYP107BX5

	
	T1pks
	2
	CYP105AZ2; CYP105AZ1

	
	T1pks-Nrps
	3
	CYP1029A2; CYP1423A2; CYP285A2

	
	Terpene
	1
	CYP157K1

	
	Melanin
	1
	CYP124G4

	
	Nrps
	2
	CYP1035A4; CYP156B9

	sbh
	Bacteriocin-T1pks-Nrps
	2
	CYP183C1; CYP183D1

	
	Terpene
	1
	CYP183E1

	
	Bacteriocin-Lantipeptide-T1pks
	1
	CYP1039A1

	
	Transatpks-T1pks-Nrps
	3
	CYP105H6; CYP107BK1; CYP171A2

	
	Nrps
	2
	CYP107BM3; CYP157B13

	
	T1pks-Nrps
	1
	CYP113G1

	
	Other
	1
	CYP154P1

	
	T1pks-Nrps
	1
	CYP1037A1

	
	Otherks
	1
	CYP268A4

	
	T1pks
	1
	CYP124B2

	
	Otherks-Nrps
	1
	CYP163C1

	
	Transatpks-Terpene-Nrps
	2
	CYP161C1; CYP183A2

	shy
	T1pks
	1
	CYP105B22 

	
	Terpene
	1
	CYP107X1 

	
	Nrps
	1
	CYP163B6

	
	Nrps
	1
	CYP285B1

	
	T1pks
	2
	CYP105AZ2; CYP105AZ1 

	
	T3pks
	1
	CYP158A14 

	
	Terpene
	1
	CYP170A10 

	
	Terpene
	1
	CYP180A6 

	
	Bacteriocin-Nrps
	1
	CYP113K3 

	sho
	T1pks
	1
	CYP105B22 

	
	Terpene
	1
	CYP107X1

	
	Nrps
	1
	CYP163B6

	
	Nrps
	1
	CYP285B1

	
	T1pks
	2
	CYP105AZ2; CYP105AZ1 

	
	T3pks
	1
	CYP158A14 

	
	Terpene
	1
	CYP170A10 

	
	Terpene
	1
	CYP180A6 

	
	Bacteriocin-Nrps
	1
	CYP113K3 

	sve
	Lantipeptide-Terpene
	1
	CYP157C14

	
	Indole
	1
	CYP245A3

	
	Other
	1
	CYP121A2

	
	T3pks
	1
	CYP158A5

	
	Other
	2
	CYP105AC2; CYP180A5

	
	Ladderane-Nrps
	4
	CYP1056A1; CYP107CL1; CYP162A4; CYP163B5

	sdv
	T1pks-Nrps
	1
	CYP105BA1

	
	Other
	1
	CYP1005B2

	
	Bacteriocin-Lantipeptide
	1
	CYP179B1

	
	Terpene
	1
	CYP183K1

	
	Lantipeptide-T1pks-Nrps
	1
	CYP179A3

	
	Butyrolactone-Terpene
	1
	CYP180A6

	
	Bacteriocin-Oligosaccharide
	2
	CYP107CN1; CYP107CP1

	
	Terpene-Nrps
	1
	CYP170A9

	
	T1pks-Nrps
	3
	CYP113J1; CYP113J2; CYP162A5

	
	Otherks-Nrps
	2
	CYP125A22; CYP163C2

	
	T3pks
	1
	CYP158A7

	
	Terpene-T3pks-Cyanobactin-Nrps
	2
	CYP1041A2; CYP1058A1

	salb
	T1pks-Nrps
	1
	CYP107BX2

	
	Otherks
	1
	CYP1420A1 

	
	Nrps
	1
	CYP146A3

	
	Terpene
	1
	CYP170B5 

	
	Lantipeptide
	1
	CYP154A1 

	
	T3pks
	1
	CYP107F4 

	
	Lantipeptide-T1pks-Nrps
	1
	CYP105H3 

	sals
	Nrps
	1
	CYP105BK3

	
	T1pks-Butyrolactone-Nrps
	1
	CYP107EJ1

	
	T1pks-Otherks
	2
	CYP113Y1; CYP105DB1

	
	T1pks
	1
	CYP107DU1

	
	Terpene
	1
	CYP170B5

	
	Arylpolyene-Nrps
	1
	CYP107T3

	
	Arylpolyene
	1
	CYP107KW1

	
	T2pks-Otherks
	1
	CYP1193A1

	
	T1pks-Nrps
	1
	CYP1194A1

	strp
	Nrps
	2
	CYP156B9; CYP1035A4

	
	Melanin
	1
	CYP124G4

	
	Terpene
	1
	CYP157K1

	
	T1pks-Nrps
	3
	CYP285A2, CYP1423A2, CYP1029A2

	
	T1pks
	2
	CYP105AZ1; CYP105AZ2

	
	Bacteriocin-Otherks
	1
	CYP1057A1

	
	Blactam-T1pks-Nrps
	2
	CYP107BX5; CYP247A3

	sfi
	T3pks
	1
	CYP107F4 

	
	T1pks-Nrps
	1
	CYP107BX3

	
	Melanin
	1
	CYP124G2 

	sci
	Transatpks-T1pks-Nrps
	2
	CYP107CQ1; CYP105AJ2

	
	Bacteriocin
	2
	CYP1059A1; CYP105B21

	
	T3pks
	1
	CYP158A2 

	
	Terpene
	1
	CYP170A10 

	
	T1pks
	2
	CYP105BC1; CYP105AH2

	
	Terpene
	1
	CYP180A6 

	
	Terpene
	1
	CYP183A4 

	
	Bacteriocin-Nrps
	1
	CYP113K3 

	
	Transatpks-T1pks-Nrps
	2
	CYP105AJ2; CYP107CQ1

	src
	T1pks
	1
	CYP105AX1

	
	T1pks
	1
	CYP124B3

	
	T1pks-Nrps
	3
	CYP161D1; CYP105AT1; CYP107L12

	
	Terpene
	1
	CYP1013A2 

	
	T1pks-Nrps
	1
	CYP105AU1

	
	Terpene
	1
	CYP147F5

	
	Nrps-Arylpolyene-Ladderane
	3
	CYP107CE1; CYP107CF1; CYP163B4

	
	Indole
	2
	CYP156B6; CYP107U9

	
	Terpene
	2
	CYP125A20; CYP156C8

	
	T1pks
	3
	CYP194B3; CYP194B4; CYP107BS2

	
	T1pks-Nrps
	3
	CYP105AW1; CYP122A4; CYP107G2

	
	Otherks
	1
	CYP183F1

	
	T1pks-Arylpolyene-Ladderane
	1
	CYP107B3

	
	T1pks-Nrps
	1
	CYP105AY1 

	
	T1pks
	1
	CYP107AD1 

	
	Bacteriocin-Nrps-Lantipeptide-T1pks-Otherks
	3
	CYP105AN3; CYP107E9; CYP155A5

	
	Terpene
	1
	CYP105AV1

	
	T1pks
	1
	CYP107CD1

	salu
	Butyrolactone
	1
	CYP107L43

	
	Other
	1
	CYP1190A1

	
	Other
	1
	CYP1192A1

	
	T1pks-Nrps
	1
	CYP1191A1

	
	Nrps
	1
	CYP107EB1

	
	Transatpks-T1pks-Nrps
	2
	CYP163B9; CYP105AA13

	
	T1pks
	2
	CYP105H9; CYP161A7

	
	Transatpks-Nrps
	3
	CYP107B6; CYP1189A1; CYP1189A2

	
	T3pks-Otherks-Butyrolactone-Nrps
	2
	CYP107F9; CYP163C3

	
	T2pks-Oligosaccharide-Nucleoside-Nrps
	2
	CYP113D6; CYP157C28

	
	Butyrolactone
	1
	CYP107AE9

	
	Lantipeptide
	1
	CYP251G1

	
	Terpene-T1pks
	2
	CYP161A6; CYP105H1

	sall
	Nrps
	3
	CYP107EL1; CYP163B8; CYP107EA2

	
	Butyrolactone
	1
	CYP107L43

	
	Other
	1
	CYP1190A1 

	
	Other
	3
	CYP147F21; CYP1060A2; CYP1192A1

	
	T1pks
	1
	CYP1191A1 

	
	Transatpks-T1pks-Nrps
	2
	CYP163B9; CYP105AA13

	
	T1pks
	1
	CYP105H9

	
	Transatpks-Nrps
	2
	CYP1189A1; CYP1189A2

	
	T3pks
	1
	CYP107F9

	
	Otherks-Butyrolactone-Nrps
	1
	CYP163C3

	
	T2pks-Oligosaccharide-Nucleoside-Nrps
	2
	CYP113D6; CYP157C28

	
	Butyrolactone
	1
	CYP107AE9

	
	Lantipeptide
	1
	CYP251G1

	
	T1pks
	2
	CYP161A6; CYP105H1

	
	Nrps
	3
	CYP107EA2; CYP163B8; CYP107EL1

	slv
	T3pks-Terpene-Nrps
	1
	CYP105N1

	
	Terpene
	1
	CYP170A1 

	
	T3pks
	1
	CYP158A2

	sgu 
	Other
	1
	CYP178B1

	
	Nrps
	1
	CYP163B10

	
	Terpene
	1
	CYP170A22

	
	Terpene
	1
	CYP180A9

	
	T2pks
	1
	CYP107AH4

	
	Terpene
	1
	CYP157K3

	
	Nrps
	1
	CYP113K5

	svt
	Other
	1
	CYP121A2

	
	T2pks-Nrps
	3
	CYP1029A3; CYP1423A1; CYP285A5

	
	Lantipeptide
	1
	CYP107LD1

	
	T2pks-Lantipeptide-Terpene
	2
	CYP154C11; CYP157A19

	stre
	Butyrolactone-T1pks-Nrps
	1
	CYP105BA3

	
	T1pks-Arylpolyene
	3
	CYP107EM1; CYP1198A1; CYP105BV1

	
	Terpene
	1
	CYP157C31

	
	T1pks
	2
	CYP105H1; CYP161A6

	
	Butyrolactone
	1
	CYP107AE10 

	
	T3pks
	1
	CYP107F9 

	
	T1pks
	3
	CYP105DE1; CYP105BS1; CYP1197A1 

	
	Thiopeptide-T1pks
	1
	CYP184A8

	
	Nrps
	1
	CYP1196A1

	
	Transatpks-Nrps
	2
	CYP107CA2; CYP154D14

	
	Lantipeptide
	1
	CYP107L42

	
	Lantipeptide-Nrps
	2
	CYP163B; CYP1278B1

	
	Terpene-T1pks
	1
	CYP105H8 

	
	T1pks-Butyrolactone-Nrps
	1
	CYP105BA3

	scw
	T1pks
	2
	CYP107L35; CYP105BT1 

	
	Terpene
	1
	CYP170A17

	
	T1pks
	1
	CYP107W3

	
	Siderophore
	1
	CYP105AC8

	
	Terpene
	2
	CYP161C4; CYP183A4

	
	Terpene
	1
	CYP157K4

	
	T3pks-Fused-Nrps
	1
	CYP105AC17

	sld
	T2pks
	1
	CYP105BW1

	
	Transatpks
	2
	CYP147K2; CYP1038A7

	
	Terpene
	1
	CYP147F28P

	
	Butyrolactone
	1
	CYP107AE8

	
	Other
	1
	CYP1469A2

	
	Terpene
	1
	CYP157C29

	
	T3pks-Nrps
	2
	CYP107F8; CYP105D25

	
	Terpene
	1
	CYP157C42

	
	T2pks-Oligosaccharide
	1
	CYP113D5

	
	Lassopeptide-Nrps
	2
	CYP1278B2; CYP163B11

	
	Other
	1
	CYP121A3

	
	T1pks
	2
	CYP161A5; CYP105H3

	
	T1pks
	1
	CYP186D1

	sxi
	Terpene
	1
	CYP157C32

	
	T1pks-Nrps
	2
	CYP1029A4; CYP285A6

	
	Lantipeptide-Linaridin
	1
	CYP1223B1

	
	Linaridin-T1pks-Lassopeptide-Nrps
	1
	CYP107LF1

	
	Terpene
	1
	CYP183W1

	
	T3pks-Terpene-Nrps
	1
	CYP107F11

	strm
	Terpene-Nrps
	1
	CYP154Q2

	
	Lantipeptide-Terpene
	2
	CYP157C26; CYP134A3

	
	Other
	1
	CYP105DF1

	
	Thiopeptide
	2
	CYP2238A1; CYP1048A3

	
	Terpene-Otherks
	2
	CYP154D15; CYP157C27

	
	T1pks
	2
	CYP105L3; CYP1995C1

	
	Terpene
	1
	CYP251F1

	strc
	T1pks-Transatpks-Terpene
	1
	CYP105AC15

	
	Nrps
	2
	CYP107LC1; CYP105BK2

	
	T2pks
	1
	CYP1064A5

	
	Fused
	1
	CYP1341E2

	
	T3pks
	2
	CYP157A20; CYP154C13

	
	T3pks-Terpene-Otherks
	1
	CYP123D1

	
	T1pks-Nrps
	1
	CYP105BA2

	
	T3pks-Nrps
	2
	CYP165E2; CYP165B8

	
	Terpene
	1
	CYP157C32

	samb
	T2pks-Butyrolactone
	1
	CYP154K2

	
	Indole
	1
	CYP156B15

	
	Terpene
	1
	CYP170A1 

	
	Oligosaccharide-T1pks-Nrps
	2
	CYP107EP1; CYP113B4

	
	Terpene
	1
	CYP157K5

	
	T1pks
	2
	CYP107EF1, CYP107EP1

	
	T2pks-Butyrolactone
	1
	CYP154K2

	spri
	Oligosaccharide-Ectoine-T2pks-Nrps-T1pks-Otherks
	3
	CYP154A22; CYP107EH1; CYP113C2

	
	Melanin
	1
	CYP124G6

	
	T2pks-Oligosaccharide-Nrps-Otherks
	3
	CYP154B6; CYP113C2, CYP107EH1

	
	T1pks-Ectoine-Otherks
	1
	CYP154A22

	scz
	Melanin
	1
	CYP124G2

	
	Bacteriocin-T1pks-Nrps
	1
	CYP107BX7

	
	Nrps
	1
	CYP154A18

	
	T3pks
	1
	CYP107F4

	
	Arylpolyene
	1
	CYP105D20

	scx
	Indole
	1
	CYP145C3

	
	Terpene
	1
	CYP180A29

	
	Terpene
	1
	CYP170A19

	
	Terpene
	2
	CYP157C39; CYP183B5

	srw
	T1pks
	1
	CYP166A3

	
	Bacteriocin-Nrps
	1
	CYP113K6

	
	Other
	1
	CYP162B2

	
	Other
	2
	CYP121A5; CYP154U7

	
	T2pks-T3pks-Otherks
	1
	CYP158A14

	
	Nrps
	2
	CYP107LB1; CYP105BK2

	
	Butyrolactone-Amglyccycl-T1pks-Nrps
	1
	CYP1037A2

	
	Terpene
	1
	CYP170A23

	
	Nrps
	1
	CYP2045A1

	
	Terpene
	1
	CYP180A28

	strf
	Nrps-T2pks-Otherks-T1pks-Phenazine
	1
	CYP105DD1

	
	Terpene
	1
	CYP170A16

	
	T2pks-Otherks
	1
	CYP105DD1

	sle
	T3pks-T1pks-Nrps
	3
	CYP107L35; CYP105BT1; CYP154B4 

	
	Terpene
	1
	CYP157K4

	
	Lassopeptide
	1
	CYP102B20

	
	Nrps
	1
	CYP113K3 

	
	Nrps-Transatpks-Terpene-Otherks
	2
	CYP107EG1; CYP105BR1

	
	Terpene-T1pks
	3
	CYP107Q3; CYP105D28; CYP166A2

	
	T1pks
	3
	CYP154Z1; CYP1416A1; CYP2266A2

	
	Terpene
	2
	CYP183A4; CYP161C4

	
	T1pks-Siderophore
	2
	CYP107L33; CYP105AC8

	
	T3pks
	1
	CYP107F10

	
	Terpene
	1
	CYP170A17

	
	T1pks
	1
	CYP1418A1

	
	T1pks
	1
	CYP1031A3

	
	Other
	1
	CYP107AM11 

	srn
	Terpene
	3
	CYP251A3; CYP157C21; CYP158A20

	
	Indole
	2
	CYP245A6; CYP244A3

	
	Nrps
	2
	CYP159A23; CYP157B32

	
	Thiopeptide
	2
	CYP183H3; CYP183G3

	
	Terpene
	1
	CYP251F2

	
	Lantipeptide-Nrps
	1
	CYP1207A10

	
	T3pks-Butyrolactone
	1
	CYP158A19

	
	Nrps
	2
	CYP107E12; CYP285D1

	spav
	Indole
	2
	CYP156B15; CYP183J3

	
	Terpene
	1
	CYP170A1

	
	Terpene
	2
	CYP157K6; CYP105D33

	slc
	T1pks
	1
	CYP147F26

	
	Terpene-T1pks-Nrps
	2
	CYP107FH2; CYP107B26

	
	T1pks-Nrps
	1
	CYP163G1

	
	Thiopeptide
	1
	CYP147F27

	
	Butyrolactone
	1
	CYP107AE12

	
	Melanin-Nrps
	1
	CYP107FV4

	
	Other
	1
	CYP1005B7

	
	Nucleoside-Lassopeptide-Nrps
	1
	CYP157C36

	
	T3pks-Nrps
	1
	CYP107F15

	strt
	Phosphonate-Nrps
	1
	CYP1618A1

	
	Thiopeptide-Terpene
	1
	CYP180B6

	
	Butyrolactone
	1
	CYP105B73

	
	Terpene
	1
	CYP183X4

	
	T3pks
	1
	CYP158A25

	
	Other
	1
	CYP107P31

	
	Terpene
	1
	CYP170A18

	
	Bacteriocin-T1pks
	1
	CYP158A24

	
	Phosphoglycolipid
	1
	CYP107E32

	
	Bacteriocin-Terpene-Nrps
	2
	CYP1722A3; CYP1618A2

	sclf
	Terpene-T1pks-Nrps
	3
	CYP105BG1; CYP163B7; CYP251E1

	
	T3pks
	1
	CYP107F7

	
	Indole-Terpene-Nrps
	2
	CYP107NSF1; CYP107BY2

	
	T1pks-Nrps
	1
	CYP136E1

	
	Blactam-Nrps
	1
	CYP105M1

	
	Melanin
	1
	CYP124G5

	
	T1pks-Butyrolactone-Otherks
	1
	CYP107AL2

	
	T1pks
	1
	CYP154A14

	sgs
	Thiopeptide-Bacteriocin
	1
	CYP113V2

	
	Terpene
	1
	CYP170A10

	
	T1pks-Nrps
	1
	CYP247A3_ortholog

	
	T1pks
	1
	CYP105BC2

	
	Terpene
	1
	CYP180A26

	
	Lantipeptide-T1pks-Nrps
	2
	CYP208A9; CYP107BK3

	
	Nrps
	1
	CYP107KX1

	
	Other
	2
	CYP121A4; CYP154U6

	
	Terpene
	1
	CYP183X2

	
	Phosphonate-T3pks-Nrps-Ladderane
	1
	CYP158A21

	stsi
	Butyrolactone
	1
	CYP154K3

	
	Terpene
	1
	CYP170A15

	
	Nrps
	2
	CYP163B15; CYP113Z1

	sls
	Ladderane
	1
	CYP105B41

	
	Nrps
	1
	CYP163A5

	
	Nrps
	1
	CYP1424A1

	
	T3pks
	1
	CYP158A15

	
	Terpene
	2
	CYP183Y1; CYP157C22

	
	Terpene
	1
	CYP170A20

	
	Nrps-Siderophore
	1
	CYP107L32

	
	T2pks
	1
	CYP105B41

	snr
	T1pks
	5
	CYP105BV1; CYP1198A1; CYP107EM1; CYP1060A2; CYP147F29

	
	Terpene
	1
	CYP157C31

	
	T1pks
	2
	CYP105H1; CYP161A1

	
	Butyrolactone
	1
	CYP107AE10

	
	Other
	1
	CYP1248A3

	
	T1pks
	1
	CYP107EQ1

	
	T1pks
	3
	CYP107KZ1; CYP1420A1; CYP107A3

	
	T3pks
	1
	CYP107F9

	
	Thiopeptide-Bacteriocin
	1
	CYP113D4

	
	T1pks
	1
	CYP105AB15

	
	Transatpks-Nrps
	3
	CYP107CA2; CYP154D14; CYP105AC16

	
	Terpene
	1
	CYP105A7 

	
	Lantipeptide-Nrps
	2
	CYP163B; CYP1278B1

	
	Terpene-T1pks
	1
	CYP105H8





Table S9. Comparative analysis of secondary metabolite biosynthetic gene clusters and P450s that are part of these clusters in mycobacterial species.  

	Species code 
	Cluster name 
	Number of P450s
	P450 name

	MAF
	T3pks-T1pks
	1
	CYP139A1

	
	Other
	3
	CYP124A1; CYP128A1; CYP121A1

	MTO
	T3pks-T1pks
	1
	CYP139A1

	
	Nrps
	1
	CYP144A1

	
	Other
	3
	CYP124A1; CYP128A1; CYP121A1

	MTF
	T3pks-T1pks 
	1
	CYP139A1

	
	Other
	3
	CYP124A1; CYP128A1; CYP121A1

	MRA
	T3pks-T1pks
	1
	CYP139A1

	
	T1pks
	1
	CYP139A1

	
	Other
	2
	CYP124A1; CYP128A1

	MTU
	T3pks-T1pks
	1
	CYP139A1

	
	Nrps
	1
	CYP144A1 

	
	Other
	2
	CYP124A1; CYP128A1

	MTUL
	T3pks-T1pks
	1
	CYP139A1

	MTB
	Other
	3
	CYP121A1; CYP128A1; CYP124A1

	
	Nrps
	1
	CYP144A1

	
	T3pks-T1pks
	1
	CYP139A1 

	MTZ
	Other
	3
	CYP121A1; CYP128A1; CYP124A1

	
	Nrps
	1
	CYP144A1

	
	T3pks-T1pks
	1
	CYP139A1 

	MTK
	Other
	3
	CYP121A1; CYP128A1; CYP124A1

	
	Nrps
	1
	CYP144A1

	
	T3pks-T1pks
	1
	CYP139A1

	MTG
	Other
	2
	CYP124A1; CYP102B25

	MTC
	T3pks-T1pks
	1
	CYP139A1 

	
	Other
	3
	CYP124A1; CYP128A1; CYP121A1

	MTE
	T3pks-T1pks
	1
	CYP139A1

	
	T1pks
	3
	CYP124A1; CYP128A1; CYP121A1

	
	Other
	3
	CYP124A1; CYP128A1; CYP121A1

	MTUB
	T3pks-T1pks
	1
	CYP139A1

	MTJ
	T3pks-T1pks
	1
	CYP139A1

	
	Nrps
	1
	CYP144A1 

	
	Other
	3
	CYP124A1; CYP128A1; CYP121A1

	MTUC
	T3pks
	1
	CYP139A1 

	
	Other
	2
	CYP124A1; CYP128A1

	MTX
	T3pks-T1pks
	1
	CYP139A1

	
	Nrps
	1
	CYP144A1

	MTUH
	T3pks
	1
	CYP139A1

	MTN
	T3pks-T1pks
	1
	CYP139A1

	MTD
	T3pks-T1pks
	1
	CYP139A1

	
	Other
	2
	CYP124A1; CYP128A1

	MCE
	T3pks-T1pks
	1
	CYP139A1 

	
	Other
	3
	CYP124A1; CYP128A1; CYP121A1

	MCQ
	T3pks-T1pks
	1
	CYP139A1 

	
	Other
	2
	CYP124A1; CYP128A1

	MCX
	T3pks-T1pks
	1
	CYP139A1

	
	Nrps
	1
	CYP144A1 

	
	Other
	3
	CYP124A1; CYP128A1; CYP121A1

	MBO
	T3pks-T1pks
	1
	CYP139A1 

	
	Other
	3
	CYP124A1; CYP128A1; CYP121A1

	MBB
	T3pks-T1pks
	1
	CYP139A1 

	
	Other
	3
	CYP124A1; CYP128A1; CYP121A1

	MBK
	T3pks-T1pks
	1
	CYP139A1 

	
	Other
	3
	CYP124A1; CYP128A1; CYP121A1

	MBM
	T3pks-T1pks
	1
	CYP139A1 

	
	Other
	3
	CYP124A1; CYP128A1; CYP121A1

	MBT
	T3pks-T1pks
	1
	CYP139A1 

	
	Other
	3
	CYP124A1; CYP128A1; CYP121A1

	MAB
	T1pks-Nrps
	1
	CYP1110B1

	
	T2pks
	1
	CYP153A

	
	Nrps
	1
	CYP1128A

	
	Nrps
	1
	CYP135B

	MABB
	Nrps
	1
	CYP1128A

	
	Nrps
	1
	CYP135B

	MABL
	Nrps
	1
	CYP1128A

	
	Nrps
	1
	CYP135B

	MAZ
	T1pks-Nrps
	1
	CYP1110B1

	
	T2pks
	1
	CYP153A

	
	Nrps
	1
	CYP1128A

	
	Nrps
	1
	CYP135B

	MAY
	T1pks-Nrps
	1
	CYP1110B1

	
	T2pks
	1
	CYP153A

	
	Nrps
	1
	CYP1128A

	
	Nrps
	1
	CYP135B

	MYS
	Nrps
	1
	CYP135B

	
	Nrps
	1
	CYP1128A

	MAV
	Nrps
	1
	CYP187A

	
	T1pks
	1
	CYP150A

	
	T1pks
	1
	CYP105NSF1

	
	T3pks-T1pks
	1
	CYP139A

	MPA
	T3pks-T1pks
	1
	CYP139A

	
	T1pks
	1
	CYP105NSF1

	
	T1pks-Nrps
	1
	CYP150A

	
	Nrps
	1
	CYP1034A

	
	T3pks
	1
	CYP187A

	MAO
	T3pks
	1
	CYP187A

	
	Nrps
	1
	CYP1034A

	
	T1pks-Nrps
	1
	CYP150A

	
	T1pks
	1
	CYP105NSF1

	
	T3pks-T1pks
	1
	CYP139A

	
	T1pks
	1
	CYP144A

	MIA
	T3pks
	1
	CYP187A

	
	T1pks-Nrps
	1
	CYP150A

	
	T1pks
	2
	CYP279A; CYP105U

	
	Other
	1
	CYP1122A1

	MIT
	T3pks
	2
	CYP187A; CYP150A

	
	T1pks-Nrps
	1
	CYP150A

	
	T1pks
	2
	CYP279A; CYP105U

	
	Other
	1
	CYP1128A

	MIE
	T3pks-T1pks
	1
	CYP187A

	
	T1pks
	1
	CYP150A

	
	T1pks
	2
	CYP279A; CYP105U

	MMM
	T3pks
	1
	CYP187A

	
	T1pks-Nrps
	1
	CYP150A

	
	T1pks
	2
	CYP279A; CYP105U

	MID
	T3pks
	1
	CYP1123A1

	
	Nrps
	1
	CYP126NSF1

	MYV
	T1pks-Nrps
	1
	CYP135B

	MLI
	Nrps
	1
	CYP143A3

	
	Nrps
	2
	CYP140A5; CYP125A6

	
	Other
	1
	CYP147G

	
	T3pks-T1pks
	1
	CYP139A3

	MMAE
	Nrps
	1
	CYP185A4

	
	T3pks-T1pks
	1
	CYP139A3 

	
	Nrps
	1
	CYP143A3

	
	Nrps
	2
	CYP140A5; CYP125A6

	
	Other
	1
	CYP147G1

	
	T3pks
	2
	CYP187A; CYP187A

	
	Other
	1
	CYP164A3

	MMAL
	T3pks
	1
	CYP187A

	
	T1pks-Nrps
	1
	CYP150A

	
	T1pks
	3
	CYP279A; CYP279A; CYP105U

	
	Other
	2
	CYP105Q; CYP189A 

	MMV
	Nrps
	1
	CYP1128A

	MVA
	T1pks-Nrps
	1
	CYP138C1

	MSB
	T3pks
	1
	CYP185A1

	MCB
	Arylpolyene
	3
	CYP187A; CYP150A; CYP189A

	
	T1pks-Nrps
	1
	CYP138C

	
	T1pks
	1
	CYP292A

	MGI
	Terpene
	1
	CYP188A

	
	T1pks-Nrps
	1
	CYP138C2

	
	T1pks-Nrps
	3
	CYP189A; CYP150A; CYP187A

	MSP
	Terpene
	1
	CYP188A 

	
	T1pks-Nrps
	1
	CYP138C2 

	
	Other
	3
	CYP189A; CYP150A; CYP187A

	MSA
	T3pks
	1
	CYP135B 

	
	Other
	2
	CYP187A; CYP150A

	
	T1pks-Nrps
	1
	CYP136NSF2

	MRH
	T1pks
	2
	CYP189A; CYP102NSF1

	
	T1pks-Nrps
	1
	CYP1121A1

	
	Nrps
	1
	CYP125A

	
	Nrps
	1
	CYP189A

	
	Arylpolyene
	1
	CYP124A

	
	Arylpolyene
	1
	CYP144A

	MNE
	Other
	1
	CYP161NSF1










Table S10. Comparative analysis of P450s that are part of secondary metabolite biosynthetic gene clusters between the genera Streptomyces and Mycobacterium. The P450 families commonly found in both genera are highlighted in bold font. 
	Streptomyces
	Mycobacterium

	P450 family
	No. of P450s
	P450 family
	No. of P450s

	CYP107
	127
	CYP139
	32

	CYP105
	95
	CYP124
	24

	CYP157
	27
	CYP128
	22

	CYP154
	23
	CYP121
	17

	CYP163
	22
	CYP187
	14

	CYP170
	21
	CYP150
	13

	CYP113
	19
	CYP144
	10

	CYP183
	19
	CYP105
	9

	CYP158
	17
	CYP1128
	8

	CYP124
	12
	CYP135
	8

	CYP180
	11
	CYP189
	6

	CYP156
	10
	CYP279
	6

	CYP161
	10
	CYP138
	4

	CYP147
	9
	CYP1110
	3

	CYP285
	7
	CYP125
	3

	CYP251
	6
	CYP153
	3

	CYP121
	5
	CYP102
	2

	CYP162
	5
	CYP1034
	2

	CYP1029
	4
	CYP140
	2

	CYP1189
	4
	CYP143
	2

	CYP125
	3
	CYP147
	2

	CYP1278
	3
	CYP185
	2

	CYP1423
	3
	CYP188
	2

	CYP178
	3
	CYP1121
	1

	CYP184
	3
	CYP1122
	1

	CYP247
	3
	CYP126
	1

	CYP1005
	2
	CYP136
	1

	CYP1013
	2
	CYP161
	1

	CYP1035
	2
	CYP164
	1

	CYP1037
	2
	CYP292
	1

	CYP1048
	2
	CYP1123
	1

	CYP1060
	2
	
	

	CYP1190
	2
	
	

	CYP1191
	2
	
	

	CYP1192
	2
	
	

	CYP1198
	2
	
	

	CYP1420
	2
	
	

	CYP155
	2
	
	

	CYP1618
	2
	
	

	CYP165
	2
	
	

	CYP166
	2
	
	

	CYP171
	2
	
	

	CYP179
	2
	
	

	CYP181
	2
	
	

	CYP194
	2
	
	

	CYP208
	2
	
	

	CYP245
	2
	
	

	CYP102
	1
	
	

	CYP1031
	1
	
	

	CYP1038
	1
	
	

	CYP1039
	1
	
	

	CYP1041
	1
	
	

	CYP1056
	1
	
	

	CYP1057
	1
	
	

	CYP1058
	1
	
	

	CYP1059
	1
	
	

	CYP1064
	1
	
	

	CYP1193
	1
	
	

	CYP1194
	1
	
	

	CYP1196
	1
	
	

	CYP1197
	1
	
	

	CYP1207
	1
	
	

	CYP1223
	1
	
	

	CYP122
	1
	
	

	CYP123
	1
	
	

	CYP1248
	1
	
	

	CYP1274
	1
	
	

	CYP1341
	1
	
	

	CYP134
	1
	
	

	CYP136
	1
	
	

	CYP1373
	1
	
	

	CYP1416
	1
	
	

	CYP1418
	1
	
	

	CYP1424
	1
	
	

	CYP145
	1
	
	

	CYP1469
	1
	
	

	CYP146
	1
	
	

	CYP159
	1
	
	

	CYP1722
	1
	
	

	CYP186
	1
	
	

	CYP1995
	1
	
	

	CYP2045
	1
	
	

	CYP2238
	1
	
	

	CYP2266
	1
	
	

	CYP244
	1
	
	

	CYP246
	1
	
	

	CYP268
	1
	
	

	CYP283
	1
	
	





Table S11. Functional analysis of P450s. Functional analysis of P450s is presented at family level. Functional analysis of specific family members of the Streptomyces species is presented in Table S12. 
	P450 family
			General function
	References

	Functional analysis of Streptomyces P450s 

	CYP102
	Fatty acid hydroxylation
	66

	CYP105 
	Biotransformation or degradation of xenobiotics, and biosynthesis of secondary metabolites
	67, 68

	CYP107
	Biosynthesis of secondary metabolites 
	69

	CYP113
	Biosynthesis of secondary metabolites
	70

	CYP122
	Metabolism of terpenoids and polyketides
	71

	CYP158
	Biosynthesis of secondary metabolites (flaviolin) 
	72, 73

	CYP154
	Production of secondary metabolites and hydroxylation of steroids
	74, 75, 76

	CYP170
	Biosynthesis of secondary metabolites 
	77, 78, 79

	CYP1048 & CYP264
	Production of phytotoxins
	80, 81

	CYP161
	Biosynthesis of secondary metabolites
	82

	CYP151 & CYP248
	Biosynthesis of secondary metabolites
	83

	CYP163
	Biosynthesis of secondary metabolites
	84

	CYP129 & CYP131
	Biosynthesis of secondary metabolites
	85-87

	CYP162
	Biosynthesis of secondary metabolites
	88

	CYP245 & CYP244
	Biosynthesis of secondary metabolites
	89, 90

	CYP183
	Biosynthesis of secondary metabolites
	91

	Functional analysis of P450s from other microorganisms

	CYP121
	Synthesis of mycocyclosin, a natural product
	92

	CYP125
	Cholesterol oxidation 
	93, 94

	CYP124
	Cholesterol and lipids hydroxylation 
	95

	CYP152
	Alkene production 
	96

	CYP108
	Terpineol hydroxylation 
	97

	CYP116
	Degradation of toxic compounds (herbicides and alkyl aryl ethers) 
	98, 99

	CYP140
	Mycolactone toxin synthesis 
	100

	CYP165& CYP146
	Secondary metabolite production (vancomycin biosynthesis)
	101, 102

	CYP199
	Oxidation of benzoic acid derivatives 
	103, 104

	CYP268
	Hydroxylation of long chain branched acetate and ketone 
	105


















Table S12: Functional analysis of P450s. Functional analysis of P450s was presented at P450 subfamily level with respect to Streptomyces species. 

	Species name
	CYP P450
	Function
	References

	Streptomyces coelicolor A3(2)
	CYP170A1
	· Catalyzes the oxidation of epi-isozizaene to an epimeric mix of 5-albaflavenol
	79

	
	CYP102B1
	· Fatty acid hydroxylase
	66

	
	CYP105N1
	· Oxidase in coelibactin siderophore biosynthesis
· Monooxygenase involved in coelibactin synthesis
	106, 107

	
	CYP107U1
	· Putative steroid oxidase with role in sporulation and antibiotic synthesis
	108

	
	CYP154A1
	· Di-pentaenone cyclization
· Involved in polyketide metabolism
	75, 76

	
	CPY158A1
CYP158A2
	· C–C coupling in flaviolin polymerization
	72, 73

	
	CYP170A1
	· Two-step allylic oxidation of epi-isozizaene to albaflavenone in albaflavenone biosynthesis
	79

	
	CYP154C1
	· 12- and 14-carbon macrolactone monooxygenase 
e.g., narbomycin hydroxylase
	74

	Streptomyces avermitilis
	CYP102D1
C1-CYP105D6
C26-CYP105P1
	· Fatty acid hydroxylase

	109; 110

	
	CYP105D6
	· C1-hydroxylation of filipin
	109

	
	CYP105D7
	· Filipin hydroxylase
· 1-deoxypentalenic acid hydroxylase
	78

	
	CYP105P1
	· Filipin hydroxylation
	109

	
	CYP170A2
	· 2-step allylic oxidation of epi-isozizaene to albaflavenone
	111

	
	CYP171A1
	· C6 and C8a avermectin algycone hydroxylation
	112

	
	CYP183A
	· Pentalene hydroxylase
	91

	Streptomyces scabiei

	CYP1048A1
	· Direct nitration of L-tryptophan with NO, O2, redox partners, and NADPH
· Plays a novel catalytic role in the biosynthesis of a cyclic dipeptide phytotoxin
· Involved in the production of the plant toxin thaxtomin, responsible for potato common scab
	80, 113-115

	
	CYP246A1
	· Thaxtomin phenylalanyl di-hydroxylase in thaxtomin A biosynthesis
	81

	Streptomyces griseolus
	CYP105A1
	· Catalyze highly selective oxidations of diterpenoids
· Vitamin D3 hydroxylase involved in the conversion of vitamin D3 to its active form 1α,25-hydroxy vitamin D3
	116-118

	
	CYP154C3
	· Catalyzes monooxygenation reactions of a range of steroids
	119

	Streptomyces venezuelae
	CYP107L1
	· Involved in ring decoration of macrolide antibiotics
· Catalyzes regioselective C-12 hydroxylation of narbomycin (the final step of pikromycin biosynthesis)
· 12- and 14- carbon macrolactone, e.g narbomycin and YC-17 hydroxylation
	69

	Streptomyces natalensis
	CYP161A2 (PimD)
	· 4,5-Desepoxypimaricin epoxidase in pimaricin biosynthesis
	82

	Streptomyces thioluteus
	CYP151A (AurH)
	· Oxidation and ring formation to convert deoxyaureothin to aureothin
	83

	
	CYP248A1
	· Aureothin synthase
	83

	Streptomyces himastatinicus
ATCC 53653
	CYP107B (HmtN)
	· ʸ-Hydroxylation of an unusual pipera-zic acid (Pip) motif in himastatin biosynthesis
	70

	Streptomyces himastatinicus
ATCC 53653
	HmtT
	· Regio- and stereospecific C2/C3 epoxidation of L-tryptophan indole ring and subsequent cyclization forming hexahydropyrroloindole in himastatin biosynthesis
	70

	Streptomyces sp. Acta 2897
	CYP163B3 (P450 Sky)
	· 3 successive β-hydroxylations of separate PCP-bound L-amino acid precursors in skyllamycin biosynthesis
	84, 120

	Streptomyces nodosus
	CYP161A3 (AmphL)
CYP105H4 (AmphN)

	· Polyketide oxidative tailoring reactions
	121, 122

	Streptomyces thermotolerans
	CYP107C1
	· C12-C13 epoxidation of carbomycin B to make carbomycin C
	123

	Streptomyces bikiniensis
	ChmH1
	· C20 methyl macrolide hydroxylation
	124

	Streptomyces clavuligerus
	CYP105M1 (orf10)
	· Possible clavaminic acid derivative epoxidase
	125

	Streptomyces sp strain C5
	CYP129A2 (dox A)
CYP131A2 (dnrQ)
	· C10,C13, C14 anthracycline glycine DNR precursor hydroxylations and likely aglycone core oxidation
	85-87

	Streptomyces graminofaciens
	GfsF
	· C8-9 macrolide epoxidation then C10 hydroxylation
	126, 127

	Streptomyces tsukubaensis
	CYP122A4 (FkbD)
	· 4-Electron C-9 FK506 precursor oxidation
	71

	Streptomyces pulveraceus
	FosK
	· C18 fostriecin hydroxylation
	128, 129

	Streptomyces himastatinicus
	CYP107B (HmtN) and HmtT and HmtS
	· Piperazic acid (Pip) motif ʸ-hydroxylation and C2/C3L-tryptophan epoxidation cyclization to hexahydropyrroloindole and biaryl aromatic coupling of depsipeptide monomers
	130-132

	Streptomyces tendae
	CYP162A1
	· Histidine β-hydroxyation to form nikkomycins X and I
	88, 133

	Streptomyces spheroids
	CYP163A1 (NovI)
	· PCP-loaded tyrosine β-hydroxylation 
	134, 135

	Streptomyces peucetius
	CYP105F2
	· Oleandomycin tailoring hydroxylation
	136, 137

	
	CYP107A1
	· Catalyzes the H2O2-mediated dealkylation of 7-ethoxycoumarin
	138

	Streptomyces hygroscopicus 
	CYP107G1 (rapN)
CYP122A2 (rapJ)
CYP122A3
	· C9, C26, C27 and C32 rapamycin macrolactone hydroxylation 
	89, 90

	Streptomyces sp tp-a0274
	CYP245A1 (StaP) and CYP244 A1 (StaN)
	· Aryl-aryl coupling of chromopyrrolic acid and C-N linkage of staurosporine aglycone  
	89, 90

	Streptomyces griseochromogenes
	TauI/TmcR
	· C5 tautomycetin oxygenation
	139, 140

	Streptomyces fradiae
	CYP105L1 (TylH1,orf7), CYP113B1 (TylI), CYP154B1
	· Likely C23 methyl lactone ring oxidase (CYP105L1) and C20 methyl O-mycaminosyl-tylactone hydroxylation (CYP113B1)
	141, 142

	Streptomyces sp. 307-9
	TamI
	· C10 oxidation of tirandamycin C to E, then C11-12 epoxidation C18 hydroxylation 
	143, 144

	Streptomyces albus
	CYP170B1
	· Produces albaflavenone from epi-isozizaene
	77
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