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Fig. S1. A high-resolution phylogenetic tree of Mycobacterial P450s.
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Fig. S1. A high-resolution phylogenetic tree of Mycobacterial P450s.


Supplementary Table S1. List of mycobacterial species used in the study. As listed in the
table, 60 mycobacterial species were grouped under six different categories based on their
characteristic features, including ecological niches, nature of infection and site of infection as
described elsewhere (1-5). Also taxonomical grouping of mycobacterial is taken into

consideration as described elsewhere (6).

Mycobacterium tuberculosis complex (MTBC)

1 Mycobacterium africanum GM041182

2 Mycobacterium tuberculosis C

3 Mycobacterium tuberculosis F11

4 Mycobacterium tuberculosis H37Ra

5 Mycobacterium tuberculosis H37Rv

6 Mycobacterium tuberculosis Haarlem

7 Mycobacterium tuberculosis KZN 1435

8 Mycobacterium tuberculosis KZN 605

9 Mycobacterium tuberculosis KZN 4207

10 Mycobacterium tuberculosis RGTB327

11 Mycobacterium tuberculosis CDC1551

12 Mycobacterium tuberculosis strains CCDC5079
13 Mycobacterium tuberculosis 7199-99

14 Mycobacterium tuberculosis Beijing/NITR203
15 Mycobacterium tuberculosis CAS/NITR204

16 Mycobacterium tuberculosis EAIS

17 Mycobacterium tuberculosis EAIS/NITR206

18 Mycobacterium tuberculosis Erdman= ATCC 35801
19 Mycobacterium tuberculosis UT205

20 Mycobacterium canetii CIPT 140010059

21 Mycobacterium canetii CIPT 140060008

22 Mycobacterium canetii CIPT 140710010

23 Mycobacterium bovis AF 2122/97

24 Mycobacterium bovis BCG Pasteur 1173P2

25 Mycobacterium bovis BCG Korea 1168P

26 Mycobacterium bovis BCG Mexico

27 Mycobacterium bovis BCG Tokyo 172
Mycobacterium chelonae-abscessus complex (MCAC)

28 Mycobacterium abscessus ATCC 19977

29 Mycobacterium abscessus subsp. bolletii 50594
30 Mycobacterium abscessus 47J26

31 Mycobacterium abscessus103

32 Mycobacterium abscessus subsp. bolletii MA 1948
33 Mycobacterium abscessus VO6705
Mycobacterium avium complex (MAC)

34 Mycobacterium Avium 104

35 Mycobacterium Avium subsp. paratuberculosis K10




36 Mycobacterium avium subsp. paratuberculosis MAP4
37 Mycobacterium intracellulare ATCC 13950
38 Mycobacterium intracellulare MOTT-02
39 Mycobacterium Intracellulare MOTT-64
40 Mycobacterium intracellulare MOTT-36Y
41 Mycobacterium Indicus pranii MTCC 9506
Mycobacteria causing leprosy (MCL)

42 Mycobacterium leprae Br4923

43 Mycobacterium Leprae TN
Nontuberculous mycobacteria (NTM)

44 Mycobacterium sp. JDM601

45 Mycobacterium liflandii 128FXT

46 Mycobacterium ulcerans Agy99

47 Mycobacterium Marinum

48 Mycobacterium massiliense

49 Mycobacterium kansassii ATCC 12478
Saprophytes (SAP)

50 Mycobacterium sp. JLS

51 Mycobacterium sp. KMS

52 Mycobacterium sp. MCS

53 Mycobacterium vanbaalenii PYR-1

54 Mycobacterium smegmatis MC2 155

55 Mycobacterium chubuense NBB4

56 Mycobacterium gilvum PYR-GCK

57 Mycobacterium gilvum Spyrl

58 Mycobacterium smegmatis JS623

59 Mycobacterium rhodesiae NBB3

60 Mycobacterium neoaurum VKM Ac-1815D




Supplementary Table S2. Information on mycobacterial species genome databases and their

web links used in the study.

Database | Weblink Reference

B http://genome.tbdb.org/tbdb_sysbio/Genomesindex.html | 1, 2

Database

KEGG http://www.genome.jp/kegg- 3,4
bin/show_organism?category=Mycobacterium

UniProt | http://www.uniprot.org/taxonomy/36809 5




Supplementary Table S3. Genome data-mining, identification and annotation of cytochrome
P450 monooxygenases in 60 mycobacterial species. Open reading frames (ORFs) for each

species were obtained from KEGG database®*.

Name of the species P450 | Families | Sub- OR | % of
count families | Fs P450s
Mycobacterium tuberculosis complex (MTBC)
Mycobacterium africanum GM041182 17 16 17 3830 | 0.4
Mycobacterium tuberculosis C 20 19 20 3851 | 0.5
Mycobacterium tuberculosis F11 20 19 20 3941 | 0.5
Mycobacterium tuberculosis H37Ra 20 19 20 4034 | 0.5
Mycobacterium tuberculosis H37Rv 20 19 20 3936 | 0.5
Mycobacterium tuberculosis Haarlem 19 18 19 3866 | 0.5
Mycobacterium tuberculosis KZN 1435 20 19 20 4059 | 0.5
Mycobacterium tuberculosis KZN 605 20 19 20 4001 | 0.5
Mycobacterium tuberculosis KZN 4207 21 19 20 3996 | 0.5
Mycobacterium tuberculosis RGTB327 14 14 14 3691 | 0.4
Mycobacterium tuberculosis CDC1551 20 19 20 4189 | 0.5
Mycobacterium tuberculosis strains 20 19 20 3646 | 0.5
CCDC5079
Mycobacterium tuberculosis 7199-99 19 18 19 3994 | 0.5
Mycobacterium tuberculosis 20 19 20 4110 | 0.5
Beijing/NITR203
Mycobacterium tuberculosis CAS/NITR204 | 17 16 16 3959 | 0.4
Mycobacterium tuberculosis EAIS 19 18 19 3902 | 0.5
Mycobacterium tuberculosis 20 19 20 4019 | 0.5
EAI5/NITR206
Mycobacterium tuberculosis Erdman= 19 18 19 4246 | 0.4
ATCC 35801
Mycobacterium tuberculosis UT205 19 18 19 3794 | 0.5
Mycobacterium canetii CIPT 140010059 19 18 19 3861 | 0.5
Mycobacterium canetii CIPT 140060008 18 17 18 3981 | 0.5
Mycobacterium canetii CIPT 140710010 21 19 20 3861 | 0.5
Mycobacterium bovis AF 2122/97 18 17 18 3920 | 0.5
Mycobacterium bovis BCG Pasteur 1173P2 | 18 17 18 3952 | 0.5
Mycobacterium bovis BCG Korea 1168P 18 17 18 4139 | 0.4
Mycobacterium bovis BCG Mexico 18 17 18 3951 | 0.5
Mycobacterium bovis BCG Tokyo 172 18 17 18 3944 | 0.5
Mycobacterium chelonae-abscessus complex (MCAC)
Mycobacterium abscessus ATCC 19977 25 19 22 4942 | 0.5
Mycobacterium abscessus subsp. bolletii 5185 | 0.4
50594 22 18 20
Mycobacterium abscessus 47J26 25 19 22 4823 | 0.5
Mycobacterium abscessus103 25 19 22 4867 | 0.5
Mycobacterium abscessus subsp. bolletii 4883
MA 1948 24 18 21 0.5




Mycobacterium abscessus VO6705 128 |19 | 24 5129 [ 0.5
Mycobacterium avium complex (MAC)

Mycobacterium Avium 104 48 29 34 5120 | 0.9
Mycobacterium Avium subsp. 4350
paratuberculosis K10 43 30 33 1.0
Mycobacterium avium subsp. 4326
paratuberculosis MAP4 43 30 33 1.0
Mycobacterium intracellulare ATCC 13950 | 43 26 31 5144 | 0.8
Mycobacterium intracellulare MOTT-02 47 26 31 5149 | 0.9
Mycobacterium Intracellulare MOTT-64 42 25 28 5249 | 0.8
Mycobacterium intracellulare MOTT-36Y | 48 29 34 5129 | 0.9
Mycobacterium Indicus pranii MTCC 9506 | 61 30 36 5254 | 1.2
Mycobacteria causing leprosy (MCL)

Mycobacterium leprae Br4923 1 1 1 1604 | 0.1
Mycobacterium Leprae TN 1 1 1 1605 | 0.1
Nontuberculous mycobacteria (NTM)

Mycobacterium sp. JDM601 37 24 26 4346 | 0.9
Mycobacterium liflandii 128FXT 35 29 30 5064 | 0.7
Mycobacterium ulcerans Agy99 20 18 18 4241 | 0.5
Mycobacterium Marinum 47 36 39 5452 | 0.9
Mycobacterium massiliense 19 16 19 4314 1 0.4
Mycobacterium kansassii ATCC 12478 42 32 35 5866 | 0.7
Saprophytes (SAP)

Mycobacterium sp. JLS 56 30 38 5739 | 1.0
Mycobacterium sp. KMS 54 29 35 5975 | 0.9
Mycobacterium sp. MCS 53 28 34 5615 | 0.9
Mycobacterium vanbaalenii PYR-1 49 31 37 5979 | 0.8
Mycobacterium smegmatis MC2 155 42 27 30 6717 | 0.6
Mycobacterium chubuense NBB4 46 26 31 5843 | 0.8
Mycobacterium gilvum PYR-GCK 51 29 34 5579 | 0.9
Mycobacterium gilvum Spyrl 51 28 33 5349 | 1.0
Mycobacterium smegmatis JS623 51 30 38 6939 | 0.7
Mycobacterium rhodesiae NBB3 70 35 43 6147 | 1.1
Mycobacterium neoaurum VKM Ac-1815D | 23 19 23 5318 | 0.4




Supplementary Table S4. Comparative analysis of P450 families between different
mycobacterial categories. For each P450 family, the number of member P450s (P450 count)
and their percentage in the total number of P450s (1 786) found in mycobacterial species
were shown. This includes CYP164 P450s from the Mycobacterium causing leprosy (MCL).
However, the MCL category is not presented in the table, considering the presence of a single
P450 CYP164 in their genome. The number of species belonging to different categories
(MTBC, MCAC, MAC, NTM and SAP) used in the analysis is shown in parenthesis next to
the category name. The distribution of member P450s in the category is as follows: min-max
number of P450s or number of member P450s in the category members/number of category
members possessing the member P450. The empty boxes with green fluorescent color
indicate the absence of P450 family members in the category. Abbreviations: MTBC,
Mycobacterium tuberculosis complex; MCAC, Mycobacterium chelonae-abscessus complex;

MAC, Mycobacterium avium complex; NTM, Nontuberculous mycobacteria; SAP,

Saprophytes.

f:f;ﬁ?y (;tsr% Percentage M(12-7B)C M%')A‘C Négc NTM (6) ?f‘lli
CYP51 54 3.0
CYP123 | 63 3.5
CYP125 | 114 6.4
CYP130 | 51 2.9
CYP135 | 81 4.5
CYP136 | 82 4.6
CYP138 | 72 4.0
CYP140 | 72 4.0
CYP144 | 58 3.2




0.6

CYP1128| 10
CYP108 | 56 31
CYP164 | 29 16
CYP124 | 59 3.3
CYP126 | 50 2.8
CYP128 | 32 18
CYP142 | 59 3.3
CYP143 | 62 3.5
CYP105 | 45 2.5
CYP185 | 18 1.0
CYP187 | 54 3.0
Cypi8s | 39 2.2
CYP189 | 86 4.8
CYP190 | 44 2.5
CYPl9l | 21 12
cYp243 | 6 0.3
CYP268 | 28 16
CYP279 | 47 2.6
CYP150 | 84 a1
CYP1027| 6 0.3
CYP137 | 32 18
CYP139 | 33 18
CYP1134| 7 0.4
CYp286 | 8 0.4
CYP153 | 11 0.6
cYpi6l | 8 0.4




1.5

CYP132 | 27
cYP12 | 5 0.3
CYP1110| 5 0.3
CYP1130 | 16 0.9
CYPL132| 7 0.4
cyp2r2 | 4 0.2
CYP291 | 15 0.8
CYP1034| 3 0.2
CYPL124| 6 0.3
CYP1129| 6 0.3
CYPL07 | 2 0.1
CYP147 | 5 0.3
cyp278 | 4 0.2
CYP121 | 23 13
CYP141 | 19 1.1
CYP1131| 1 0.1
CYP1016 | 2 0.1
CYPL017 | 2 0.1
CYP1018| 6 0.3
CYP1019| 4 0.2
CYP1067 | 1 0.1
CYP183 | 2 0.1
CYP226 2 0.1
CYP269 | 2 0.1
CYpP271 1 0.1
cYp274 | 2 0.1




0.1

CYP276
CYP1120 0.1
CYP1123 0.1
CYP1133 0.1
CYP1127 0.1
CYPL10 0.2
CYP145 0.2
CYP151 0.1
CYP186 0.2
CYP289 0.1
CYP292 0.3
CYP1119 0.1
CYP1121 0.1
CYP1122 0.1
CYP1125 0.1

0.1

CYP1126




Supplementary Table S5. Clan-level classification of mycobacterial P450 families.
Abbreviations: MTBC, Mycobacterium tuberculosis complex; MCAC, Mycobacterium

chelonae-abscessus complex; MAC, Mycobacterium avium complex; NTM, Nontuberculous

mycobacteria; SAP, Saprophytes.

Clan CYP family Group
1 CYP183, CYP274, CYP102, CYP185, CYP1131, MTBC, MCAC, MAC,
CYP1132, CYP1130, CYP1121, CYP1133, NTM, SAP
CYP1134, CYP132
2 CYP1119, CYP186, CYP286 SAP, MCAC, NTM, SAP
3 CYP139 MTBC, MAC, NTM
4 CYP51 MTBC, MCAC, MAC,
NTM, SAP
5 CYP136 MTBC, MCAC, MAC,
NTM, SAP
6 CYP110, CYP137, CYP138, CYP135 MTBC, MCAC, MAC,
NTM, SAP
7 CYP1125, CYP226, CYP1034, CYP187 MAC, SAP, NTM, MTBC
8 CYP276, CYP161, CYP151, CYP279 NTM, MCAC, MAC, SAP
9 CYP141, CYP1127, CYP105 MTBC, NTM, MAC, SAP
10 CYP147, CYP1128, CYP164 MTBC, MCAC, MAC,
NTM, SAP
11 CYP1067, CYP1110, CYP140 MTBC, MCAC, MAC,
NTM, SAP
12 | CYP278, CYP1016, CYP269, CYP121, CYP1120, MTBC, MCAC, MAC,
CYP1126, CYP144, CYP150 NTM, SAP
13 | CYP1122, CYP1123, CYP128, CYP145, CYP289, MTBC, MCAC, MAC,
CYP1018, CYP1019, CYP292, CYP1017, NTM, SAP
CYP1129, CYP243, CYP188, CYP271, CYP272,
CYP1027, CYP143




14

CYP123, CYP130, CYP190, CYP189

MTBC, MCAC, MAC,
NTM, SAP

15

CYP191, CYP142, CYP108, CYP291, CYP153,
CYP125, CYP126, CYP268, CYP124, CYP1124

MTBC, MCAC, MAC,
NTM, SAP




Supplementary Table S6. P450 diversity percentage analysis in mycobacterial species.

Comparative analysis of P450 diversity percentage between mycobacterial species with other

lower eukaryote microbes such as fungi and oomycetes are also shown in the table. The P450

diversity percentage data for lower eukaryotes such as fungi and oomycetes were retrieved

from published literature’?,

Group Number of | P450 diversity

species percentage
MTBC 27 95
NTM 6 79
MCAC 6 75
MAC 8 61
SAP 11 59

Number of Average Average Average P450
species number of number of diversity
P450s P450 families percentage

Mycobacterial 60 29.75 21.5 72
species
Saccharomycetes 19 8.11 4.79 59
Pezizomycetes 17 87.35 59.71 68
Basidiomycetes 13 157.00 32.85 21
Zygomycetes 3 50.33 15.00 30
Oomycetes 13 27.38 4.00 15




Supplementary Table S7. Conserved amino acid analysis in mycobacterial P450s. The
conservation score (5-9) obtained via PROMALS3D is shown in the table, where the number

“9” indicates conserved amino acid in P450 members.

P450 family Number of member PROMALS3D conservation score
CYP141 19 0 0 0 0 398
CYP51 54 11 102 0 0 264
CYP137 32 146 0 0 0 267
CYP132 27 0 0 0 0 325
CYP121 23 0 0 0 0 391
CYP191 21 56 51 54 0 197
CYP140 72 65 24 57 0 72
CYP139 33 130 0 0 0 211
CYP124 59 60 23 86 0 111
CYP126 50 54 89 36 0 140
CYP123 58 86 9 76 0 69
CYP108 55 76 9 90 0 91
CYP130 51 48 35 66 0 186
CYP190 44 54 14 82 0 92
CYP144 56 33 7 88 0 88
CYP185 18 84 23 82 0 89
CYP291 15 0 128 0 0 89
CYP188 39 66 34 76 0 163
CYP136 82 61 20 76 0 76
CYP268 28 61 29 62 0 74
CYP142 65 99 55 48 0 67
CYP143 62 66 12 73 0 60
CYP135 81 51 30 73 0 60
CYP138 72 44 38 31 30 56
CYP128 32 0 147 0 0 120
CYP189 86 42 36 37 21 61
CYP164 29 58 30 60 121
CYP187 54 37 29 60 55
CYP150 84 43 50 23 30 36
CYP279 47 42 31 74 1 69
CYP105 45 41 18 34 23 37
CYP125 114 43 34 41 18 44




Supplementary Table S8. Amino acid conservation analysis in P450 families from different
biological kingdoms. The conservation score (5-9) obtained via PROMALS3D is shown in
the table where the number “9” indicates conserved amino acid in P450 members. P450

families were arranged in order of the highest to the lowest number of amino acids conserved.

P450 Number Kingdom PROMALS3D conservation Rank (highest
family of Index to lowest
member conservation)
P450s 5 6 7 8 9

CYP141 29 Bacteria 0 0 0 0 389 1

CYP51 50 Bacteria 11 102 |0 0 264 2

CYP137 38 Bacteria 145 |0 0 0 251 3

CYP121 34 Bacteria 0 0 0 0 233 4

CYP132 39 Bacteria 175 |0 0 0 217 5

CYP124 71 Bacteria 52 35 5 |0 170 6

CYP188 67 Bacteria 62 0 100 | O 141 7

CYP123 74 Bacteria 62 0 82 |0 137 8

CYP108 67 Bacteria 52 12 92 |0 134 9

CYP126 78 Bacteria 65 16 98 |0 132 10
CYP21 84 Animal 84 30 104 |0 126 11
CYP139 54 Bacteria 126 |0 0 0 116 12
CYP291 23 Bacteria 0 111 |0 0 115 13
CYP142 90 Bacteria 60 6 83 |0 112 14
CYP501 106 Fungi 44 60 113 |0 106 15
CYP128 49 Bacteria 0 132 |0 0 106 15
CYP164 50 Bacteria 49 9 94 |0 99 16
CYP130 98 Bacteria 31 31 91 |0 93 17
CYP73 155 Plant 52 69 57 |71 |91 18
CYP5 71 Animal 37 48 117 |0 89 19
CYP116 93 Bacteria 98 92 39 |55 |89 19
CYP195 52 Bacteria 35 38 54 |21 |89 19
CYP24 65 Animal 87 11 9% |0 84 20
CYP84 62 Plant 68 64 48 |44 |80 21
CYP98 77 Plant 68 83 44 |48 |76 22
CYP190 76 Bacteria 34 19 87 |0 75 23
CYP185 42 Bacteria 65 20 72 |0 68 24
CYP61 70 Fungi 54 63 38 |25 |68 24
CYP191 36 Bacteria 92 29 92 |0 65 25
CYP202 84 Bacteria 34 34 27 |23 |65 25
CYP39 51 Animal 51 47 79 |0 64 26
CYP78 112 Plant 40 51 36 |40 |61 27
CYP106 93 Bacteria 38 27 64 |9 60 28




CYP28 51 Animal 84 59 44 |28 |55 29
CYP97 100 Plant 37 49 29 |25 |55 29
CYP17 99 Animal 56 68 44 |29 |54 30
CYP46 53 Animal 53 42 9 |0 54 30
CYP279 71 Bacteria 38 49 26 |37 |54 30
CYP19 176 Animal 53 57 44 |60 |53 31
CYP187 103 Bacteria 35 33 42 |13 |52 32
CYP135 124 Bacteria 48 46 22 |23 |51 33
CYP140 113 Bacteria 38 32 21 |26 |50 34
CYP7 89 Animal 69 43 34 |26 |50 34
CYP144 107 Bacteria 45 33 34 |35 |47 35
CYP26 131 Animal 69 63 30 |46 |47 35
CYP143 103 Bacteria 43 43 28 |30 |45 35
CYP147 52 Bacteria 45 29 35 |32 |45 35
CYP138 114 Bacteria 42 44 24 |32 |44 36
CYP51 82 Fungi 64 42 39 |33 |43 37
CYP705 50 Plant 66 49 41 |28 |43 37
CYP33 67 Animal 61 49 34 |40 |42 38
CYP706 51 Plant 53 49 34 |32 |42 39
CYP86 139 Plant 64 39 34 |29 |40 40
CYP707 100 Plant 59 54 47 |57 |40 40
CYP714 58 Plant 58 43 25 |26 |40 40
CYP136 171 Bacteria 48 34 25 |28 |39 41
CYP268 73 Bacteria 43 43 27 |33 |37 42
CYP125 103 Bacteria 42 39 29 |17 |37 42
CYP27 116 Animal 66 46 25 |25 |37 42
CYP150 164 Bacteria 59 45 20 |35 |36 43
CYPS8 91 Animal 65 34 36 |37 |36 43
CYP96 61 Plant 57 40 29 |30 |35 44
CYP11 171 Animal 46 47 27 |29 |33 45
CYP153 164 Bacteria 41 34 37 |28 |33 45
CYP53 102 Fungi 64 45 48 |33 |31 46
CYP79 102 Plant 67 55 30 |31 |31 46
CYP90 117 Plant 63 44 44 130 |30 47
CYP152 90 Bacteria 46 38 19 |25 |30 47
CYP55 60 Fungi 34 56 51 |21 |29 48
CYP709 113 Plant 50 42 18 |26 |29 48
CYP189 188 Bacteria 54 37 17 |27 |28 49
CYP704 109 Plant 45 43 33 |43 |27 50
CYP5152 | 66 Fungi 46 28 25 |15 |26 51
CYP12 119 Animal 59 37 23 |20 |26 51
CYP505 165 Fungi 95 76 48 |31 |25 52
CYP93 151 Plant 68 42 26 |20 |24 53
CYP58 106 Fungi 52 43 29 |21 |23 54




CYP75 251 Plant 74 48 31 29 23 54
CYP584 96 Fungi 56 35 30 |21 |23 54
CYP65 203 Fungi 38 25 13 |11 |22 55
CYP72 208 Plant 57 27 28 |27 |20 56
CYP89 134 Plant 48 38 28 |25 |20 56
CYP52 161 Fungi 51 26 24 19 17 57
CYP110 113 Bacteria 50 27 17 |18 |17 57
CYP325 53 Animal 50 31 19 10 17 57
CYP5035 | 129 Fungi 37 30 17 |9 15 58
CYP620 178 Fungi 33 21 12 |17 |15 58
CYP102 333 Bacteria 45 43 16 |19 |14 59
CYP63 133 Fungi 51 39 23 |13 |12 60
CYP5139 | 181 Fungi 35 12 3 9 12 60
CYP9 312 Animal 45 24 9 10 |12 60
CYP92 167 Plant 51 32 33 |17 |12 60
CYP716 103 Plant 53 30 17 |23 |12 60
CYP5136 |68 Fungi 44 42 20 |15 |11 61
CYP74 159 Plant/Animal | 40 29 23 19 11 61
CYP105 329 Bacteria 28 14 19 |6 11 61
CYP157 115 Bacteria 44 26 26 18 11 61
CYP5150 | 336 Fungi 48 26 8 7 10 62
CYP51 409 Bacteria/fungi | 36 19 11 |13 |10 62
/animal/plant
CYP94 170 Plant 39 44 34 |26 |10 62
CYP1 289 Animal 67 28 26 |24 |9 63
CYP3 248 Animal 59 44 27 |20 |9 63
CYP5141 | 86 Fungi 40 21 13 11 8 64
CYP512 247 Fungi 25 12 8 5 8 64
CYP82 174 Plant 68 31 20 |21 |8 64
CYP87 78 Plant 58 29 23 |20 |8 64
CYP107 217 Bacteria 40 25 8 12 |8 64
CYP6 921 Animal 21 9 7 8 6 65
CYP5037 | 261 Fungi 19 6 7 5 5 65
CYP5144 | 514 Fungi 10 4 5 3 5 65
CYP76 206 Plant 56 31 21 |10 |5 65
CYP81 235 Plant 40 30 29 |14 |5 65
CYP4 1076 Animal 27 11 5 6 4 66
CYP2 857 Animal 48 18 10 |9 3 67
CYP71 780 Plant 22 7 6 5 3 67




Supplementary Table S9. Evolutionary rate analysis of P450 families. The maximum

likelihood estimates for P450 evolutionary rates. Substitution pattern and rates were

estimated under the Tamura-Nei model (+G)*. A discrete Gamma distribution was used to

model evolutionary rate differences among sites. The rate of substitution for each site is

drawn from a Gamma distribution with shape parameter a. If a is <1, the distribution implies

that there is a relatively large amount of rate variation, with many sites evolving very slowly

but some sites evolving at a high rate. For values of a >1, the shape of the distribution

changes qualitatively, with less variation and most sites having roughly similar rates'.

CYP Biological kingdom Shape parameter | Ranking (highest to lowest
family (o) rate of evolution)
CYP505 Fungi 0.4034 1
CYP126 Bacteria 0.4646 2
CYP130 Bacteria 0.5066 3
CYP188 Bacteria 0.5089 4
CYP191 Bacteria 0.5125 5)
CYP73 Plant 0.5186 6
CYP98 Plant 0.5341 7
CYP24 Animal 0.5525 8
CYP142 Bacteria 0.555 9
CYP501 Fungi 0.557 10
CYP195 Bacteria 0.5709 11
CYP26 Animal 0.5711 12
CYP97 Plant 0.5816 13
CYP19 Animal 0.5959 14
CYP55 Fungi 0.5982 15
CYP84 Plant 0.6002 16
CYP190 Bacteria 0.6028 17
CYP53 Fungi 0.6119 18
CYP116 Bacteria 0.6236 19
CYP78 Plant 0.6308 20
CYP63 Fungi 0.6371 21
CYP5144 Fungi 0.647 22
CYP153 Bacteria 0.6485 23
CYP202 Bacteria 0.654 24
CYP584 Fungi 0.654 24
CYP106 Bacteria 0.6603 25
CYP189 Bacteria 0.6673 26
CYP512 Fungi 0.6681 27




CYP65 Fungi 0.6746 28
CYP5150 Fungi 0.6756 29
CYP164 Bacteria 0.6781 30
CYP86 Plant 0.6854 31
CYP125 Bacteria 0.6934 32
CYP187 Bacteria 0.695 33
CYP707 Plant 0.6989 34
CYP75 Plant 0.7185 35
CYP150 Bacteria 0.7188 36
CYP144 Bacteria 0.7228 37
CYP185 Bacteria 0.726 38
CYP279 Bacteria 0.7342 39
CYP143 Bacteria 0.7398 40
CYP5141 Fungi 0.7465 41
CYP136 Bacteria 0.7472 42
CYP52 Fungi 0.7476 43
CYP61 Fungi 0.7514 44
CYP5136 Fungi 0.7543 45
CYP6 Animal 0.7618 46
CYP71 Plant 0.7618 46
CYP33 Animal 0.763 47
CYP5035 Fungi 0.7634 48
CYP5152 Fungi 0.7641 49
CYP110 Bacteria 0.7748 50
Animal/Plant/
CYP51 Bacteria/Fungi 0.7794 51
CYP27 Animal 0.7858 52
CYP74 Plant/Animal 0.7879 53
CYP108 Bacteria 0.7896 54
CYP152 Bacteria 0.7904 55
CYP12 Animal 0.7908 56
CYP90 Plant 0.7922 57
CYP147 Bacteria 0.794 58
CYP58 Fungi 0.7948 59
CYP135 Bacteria 0.7983 60
CYP9 Animal 0.8016 61
CYP268 Bacteria 0.8037 62
CYP123 Bacteria 0.8084 63
CYP17 Animal 0.8148 64
CYP4 Animal 0.8196 65
CYP5037 Fungi 0.8245 66
CYP72 Plant 0.8262 67
CYP5139 Fungi 0.8267 68
CYP124 Bacteria 0.8361 69
CYP706 Plant 0.8369 70




CYP620 Fungi 0.8391 71
CYP138 Bacteria 0.8462 72
CYP5 Animal 0.8516 73
CYP709 Plant 0.8529 74
CYP94 Plant 0.8562 75
CYP1 Animal 0.8636 76
CYP93 Plant 0.8768 77
CYP8 Animal 0.8791 78
CYP704 Plant 0.8941 79
CYP28 Animal 0.8978 80
CYP105 Bacteria 0.915 81
CYP705 Plant 0.9213 82
CYP157 Bacteria 0.9259 83
CYP325 Animal 0.9344 84
CYP716 Plant 0.9416 85
CYP140 Bacteria 0.9464 86
CYP7 Animal 0.9584 87
CYP2 Animal 0.9639 88
CYP107 Bacteria 0.969 89
CYP102 Bacteria 0.9767 90
CYP46 Animal 0.995 91
CYP714 Plant 1.0019 92
CYP92 Plant 1.0027 93
CYP76 Plant 1.0065 94
CYP39 Animal 1.0091 95
CYP82 Plant 1.0158 96
CYP81 Plant 1.0219 97
CYP89 Plant 1.0247 98
CYP79 Plant 1.0276 99
CYP96 Plant 1.053 100
CYP21 Animal 1.0927 101
CYP121 Bacteria 1.2102 102
CYP87 Plant 1.2841 103
CYP137 Bacteria 1.4553 104
CYP291 Bacteria 1.5395 105
CYP128 Bacteria 1.7168 106
CYP132 Bacteria 1.7932 107
CYP139 Bacteria 1.9896 108
CYP3 Animal 2.9595 109
CYP11 Animal 3.1065 110
CYP141 Bacteria 3.2104 111




Supplementary Table S10. Clan-level classification of 113 P450 families belonging to
different biological kingdoms such as bacteria, fungi, animal and plant. A hundred and
thirteen P450 families were classified into different clans based on their phylogenetic

relationships, as shown in Fig. 6, and following the procedure described elsewhere'?,

Clan CYP family Biological kingdoms

1 CYPT71, CYP73, CYP75, CYP76, CYP78, CYPT9, Plant, Fungi
CYP81, CYP82, CYP84, CYP89, CYP92, CYP93,
CYP98, CYP620, CYP705, CYP706, CYP5037,
CYP5144, CYP5152

2 CYP7, CYPS8, CYP19, CYP39 Animal

3 CYP11, CYP12, CYP24, CYP27 Animal

4 CYP26, CYP51, CYP53, CYPS58, CYP61, CYP65, Animal, Fungi, Plant,
CYP87, CYP90, CYP110, CYP116, CYP135, Bacteria

CYP136, CYP137, CYP138, CYP501, CYP512,
CYP707, CYP716, CYP5035

5 CYP97, CYP132, CYP185 Plant, Bacteria

6 CYP55, CYP74, CYP102, CYP105, CYP106, Fungi, Plant, Animal,
CYP141, CYP153, CYP505 Bacteria

7 CYP46 Animal

8 CYP157 Bacteria

9 CYP101, CYP107, CYP108, CYP121, CYP123, Bacteria

CYP124, CYP125, CYP126, CYP128, CYP130,
CYP140, CYP142, CYP144, CYP147, CYP150,
CYP164, CYP187, CYP188, CYP189, CYP190,
CYP191, CYP195, CYP202, CYP268, CYP279,

CYP291
10 CYP143 Bacteria
11 CYP3, CYP5, CYP6, CYP9, CYP28, CYP5136, Animal, Fungi

CYP5139, CYP5141, CYP5150

12 CYP72, CYP709, CYP714 Plant




13 CYP4, CYP325 Animal

14 CYP52, CYP63, CYP86, CYP94, CYP96, CYP584, Plant, Fungi
CYP704

15 CYP1, CYP2, CYP17, CYP21, CYP33, CYP139, Animal, Bacteria

CYP152




Supplementary Table S11. Family-level functional analysis of P450s. P450s known for their major role (majority of member P450s function) is
shown in the table.

Clan | CYP Broader biological/functional role Biological References
family kingdoms

1 CYP71 Synthesis of indole aldoxime (hormones) -terpenoid metabolism Plant, Fungi 15
CYP73 Biosynthesis of lignin (Cinnamic acid hydroxylation) 16-18
CYP75 Biosynthesis of lignin (Flavonoid hydroxylation) 19
CYP76 Terpenoid metabolism; biosynthesis of secoiridoids and terpene indole alkaloids; 20,21

herbicide metabolism; 7-ethoxycoumarin O-de-ethylation (hydroxylation of geraniol
and its derivatives, monoterpenes and diterpenes and phenylurea)

CYP78 Fatty acid hydroxylation; growth and gametophore formation 22-24
CYP79 Synthesis of indole aldoxime (hormones) 25,26
CYP81 Indole glucosinolates hydroxylation 27
CYP82 Terpenoic metabolism 27
CYP84 Biosynthesis of lignin (coniferaldehyde/coniferyl alcohol 5-hydroxylase) 29, 30
CYP89 Formation of major chlorophyll catabolites during leaf senescence 31
CYP92 Brassinosteroid synthesis 32
CYP93 Flavonoid biosynthesis 33
CYP98 Biosynthesis of lignin (3’-hydroxylation of phenolic esters p-coumaroyltyramine 16

meta-hydroxylation)

CYP620 Orphan

CYP705 Sterols desaturation and triterpenoid metabolism 16, 30

CYP706 Sesquiterpenoid synthesis (nootkatol and nootkatone) 34

CYP5037 | Plant defence chemicals and degradation of compounds derived from plant 10, 35, 36
components (lignin, cellulose or hemicellulose; coumarin)

CYP5144 | Polycyclic aromatic hydrocarbons and plant defence chemicals and degradation of 10, 35, 36
compounds derived from plant components (lignin, cellulose or hemicellulose)

CYP5152 | Plant defence chemicals and degradation of compounds derived from plant 10, 35, 36

components (lignin, cellulose or hemicellulose)




CYP7 Steroids hydroxylation (bile acid biosynthesis -cholesterol 7a-hydroxylation) Animal 37,38
CYP8 Steroids hydroxylation (Prostacyclin and bile acid biosynthesis) 38,39
CYP19 Steroids (aromatase: aromatization of androgens into estrogens) 38, 40
CYP39 Steroids hydroxylation (cholesterol hydroxylation; Steroid 7-alpha hydroxylase) 38
CYP11 Steroids hydroxylation (steroids biosynthesis) Animal 38
CYP12 Insecticide resistance 41
CYP24 Steroids hydroxylation (vitamin D) 38
CYP27 Steroids hydroxylation (bile acid biosynthesis and viamin D) 38
CYP26 Retinoic acid hydroxylation (Vitamin A) Animal, Fungi, 38

Plant, Bacteria
CYP51 Steroid metabolism (biosynthesis of membrane ergosterol) 42
CYP53 Benzoate and its derivatives hydroxylation; plant material stiloene demethylation 10, 35, 36
CYP58 Mycotoxin biosynthesis (Aflatoxin and trichothecene) 43
CYP61 Steroid metabolism (biosynthesis of membrane ergosterol) 44
CYP65 Myecotoxin biosynthesis (Trichothecene and fumonisin) 45-47
CYP87 Triterpoind biosynthesis (Maesasaponins - C-16a oxidations of 3-amyrin) 48
CYP90 Steroid hydroxylation (Brassinosteroids) 49
CYP110 Fatty acid w-hydroxylase 50
CYP116 | Xenobiotics degradation 51, 52
CYP135 Orphan
CYP136 Orphan (up-regulated by hydrocarbons)
CYP137 Orphan
CYP138 Orphan
CYP501 Orphan
CYP512 Steroids hydroxylation (progesterone and testosterone and dehydroabietic acid) 10, 35, 36
CYP707 Hormones hydroxylaiton (Abscisic acid - plants) 53
CYP716 | Triterpoind biosynthesis (Maesasaponins - oxidation of b-amyrin to oleanolic acid) 48
CYP5035 | Plant chemicals, i.e. resin and flavonoids and the pharmaceutical chemical naproxen 10, 35, 36
CYP97 Tetraterpenoids hydroxylaiton (carotenoids) Plant, Bacteria 54




CYP132 Orphan
CYP185 Orphan (up-regulated by hydrocarbons)
6 CYP55 Denitrification Fungi, Plant, 55
Animal, Bacteria
CYP74 Conversions of fatty acid hydroperoxides to bioactive oxylipins 56, 57
CYP102 | Fatty acid hydroxylation 58
CYP105 Diterpenoids oxidation (abietic acid, dehydroabietic acid, isopimaric acid); 59
Biosynthesis of drugs-antibiotics
CYP106 Steroids, di- and triterpene hydroxylation (progesterone, 11-deoxycortisol; 60
dehydroepiandrosterone; 11-keto-f-boswellic acid)
CYP141 Orphan
CYP153 | Alkane hydroxylation 61
CYP505 Fatty acid hydroxylation and mycotoxin biosynthesis (fumonisin) 62
7 CYP46 Steroids hydroxylation (cholesterol) Animal 38, 63
8 CYP157 | Orphan (no EXXR) Bacteria 64
9 CYP101 | Terpenoid hydroxylaiton (camphor) Bacteria 65
CYP107 Macrolide hydroxylation (antibiotics/drugs), fatty acids oxidative cleavage, steroid 66-68
hydroxylation (vitamin D3)
CYP108 | Terpineol oxidation 69
CYP121 Mycocyclosin production via intramolecular C-C bond formation of cyclo (L-tyr-L- 70
tyr) (cY'Y)-highly specific
CYP123 Orphan
CYP124 | Steroids and fatty acids hydroxylation (Omega hydroxylation of methyl-branched 71,72
fatty acids and cholesterol/cholest-4-en-3-one oxidation)
CYP125 Steroids hydroxylation ( cholesterol and 4-cholesten-3-one oxidation) 73
CYP126 Orphan
CYP128 Menaquinone hydroxylaiton (prediction) 74
CYP130 Orphan
CYP140 Macrolide hydroxylation (mycolactone synthesis) 75
CYP142 Steroid hydroxylation ( cholesterol and 4-cholesten-3-one oxidation) 76




CYP144 | Orphan
CYP147 Omega-fatty acid hydroxylation 77
CYP150 polycyclic aromatic hydrocarbon hydroxylation (pyrene, dibenzothiophene and 7- 78
methylbenz(alpha)anthracene)
CYP164 Fatty acid hydroxylation 79
CYP187 Orphan
CYP188 Orphan
CYP189 Orphan
CYP190 Orphan
CYP191 Orphan
CYP195 Orphan
CYP202 Orphan
CYP268 Orphan
CYP279 Orphan
CYP291 Orphan
10 CYP143 Orphan Bacteria
11 CYP3 Drug/Xenobiotic metabolism Animal, Fungi 38
CYP5 Eicosanoids hydroxylation (Thromboxane A2 synthesis) 38
CYP6 Xenobiotic metabolism (fatty acids, insecticides), plant chemicals (furanocoumarins) 80
CYP9 Monoterpene conversion into pheromones, xenobiotics 80
CYP28 Orphan
CYP5136 | Xenobiotics degradation (Polycyclic aromatic and alkylphenols hydroxylation) 10, 35, 36
CYP5139 | Xenobioitics degradation (7-ethoxycoumarin; carbazole and phenanthrene) 10, 35, 36
CYP5141 | Plant defense chemicals or degradation of compounds derived from plant 10, 35, 36
components (lignin, cellulose or hemicellulose)
CYP5150 | Xenobiotics degradation (Polycyclic aromatic compounds) 10, 35, 36
12 CYP72 Steroid catabolism (Brassinosteroids) Plant 81
CYP709 Fatty acid hydroxylation 82
CYP714 | Diterpene hydroxylation (Gibberellins) 30




13 CYP4 Arachidonic acid and fatty acid hydroxylation; insecticide resistance Animal 38
CYP325 Insecticide resistance (based on up-regulation) 83,84

14 CYP52 Alkanes and fatty acid hydroxylation Plant, Fungi 85,86
CYP63 Xenobiotics degradation (alkanes, polycyclic aromatic compounds and alkylphenols) 87
CYP86 Fatty acid hydroxylation 38
CYP94 Fatty acid hydroxylation 38
CYP96 Alkane hydroxylation 88
CYP584 Orphan
CYP704 Fatty acid hydroxylation 89

15 CYP1 Drug/xenobiotic metabolism; Steroids hydroxylation Animal, Bacteria | 38,90
CYP2 Drug/xenobiotic and steroid metabolism; Fatty acids hydroxylation 38,90
CYP17 Steroid biosynthesis (testosterone and estrogen biosynthesis) 38,90
CYP21 Steroid biosynthesis 38,90
CYP33 Orphan
CYP139 Orphan
CYP152 Fatty acid hydroxylation 91




Supplementary Table S12. Classification of P450s based on their main substrate class as described elsewhere (38). Percent of P450s is
calculated considering 75 P450s that are functionally characterized as 100% for each of the substrate class. Considering study is aimed to find
common functions of all P450s and many P450s are involved in oxidation of different class of xenobiotics, xenobiotics as substrate class data is
not represented. This table is derived from the functional data presented in Table S11.

Substrate P450s Number of Percent of
class P450s P450s

Terpenes CYP714,CYP9,CYP108,CYP101,CYP106,CYP105,CYP97,CYP716,CYP87,CYP706,CYP705,C 16 21
YP82,CYP81,CYP79,CYP76,CYP71

Lignin CYP5141,CYP5139,CYP5152,CYP5144,CYP5037,CYP98,CYP84,CYP76,CYP73 9 12

constituents

Fatty acids | CYP152,CYP2,CYP704,CYP94,CYP86,CYP63,CYP52,CYP4,CYP709,CYP6,CYP164,CYP147, 19 25
CYP124,CYP107,CYP505,CYP102,CYP74,CYP110,CYP78

Steroids CYP121,CYP17,CYP2,CYP72,CYP142,CYP125,CYP124,CYP46,CYP106,CYP512,CYP90, 22 29
CYP61,CYP51,CYP27,CYP11,CYP39,CYP19,CYP8,CYP7,CYP705,CYP92,CYP76

Alkanes CYP96,CYP52,CYP153 3 4

Vitamins CYP107,CYP26,CYP27,CYP24 4 5

Eicosanoids | CYP4, CYP5 2 3
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