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Rice is shown in red, Arabidopsis in black, Populus in blue

Subfamilies present in Arab. and rice are highlighted in yellow.

Families absent in rice or Arab. are highlighted in cyan.

The Populus pseudogenes (203 sequences) are highlighted cyan.  The pseudogenes 

end in several conventions –de for detritus exon near the parent gene,

-se for solo exon not associated with a parent gene.  –un for pseudogenes 

unassigned to a specific subfamily.  The capital P on the end of a gene indicates

a more complete pseudogene, not just one or two exons.

There are 310 unique named cottonwood P450s.  In addition to these there are

52 probable alleles with slightly different sequences to these 310.  The alleles

are marked as v1, v2, v3 etc. on the end of the names.  Some of these might be due to

sequence errors on duplicated contigs.  13 of the 310 sequences are incomplete, 

with part of the sequence in a sequence gap or split into non-overlapping contigs.

[71D27, 71D44, 71D28, 76T4, 80C2, 81B10, 81S2, 82C8, 89A25, 98A26, 72D2, 714E2, 716C3]

13 sequences have a duplicate seq on another contig that is 100% identical 

or has just one or two aa differences.  These 13 are 

[71B40v1, 71B40v2, 71D22v1, 71D22v2, 71D29v1, 71D29v2, 71D38v1, 71D38v2, 

71D40Pv1, 71D40Pv2, 74C6v1, 74C6v2, 74C7v1, 74C7v1, 85A1, 85A1P, 98A25v1, 

98A25v2, 704A12, 704A12P, 705B4Pv1, 705B4Pv2, 711A7v1, 711A7v2, 715A2v1, 715A2v2]

many of these have one partner on a high numbered scaffold.  These scaffolds

are less reliable and may be haplotypic to the genome assembly i.e. alleles.

CYP72D2 has two entries because one entry has exon 1 and the other has exons 2-5.

We believe this is one gene, but cannot prove it yet.

The sum of 310 genes + 203 pseudogene sequences + 52 possible alleles +

One extra entry for 72D2 = 566 P450 Sequences found in the Populus genome data.

Sequences thought to derive from the recent genome duplication will be shaded

gray, but this is still in progress.

Arabidopsis                              Rice                        Populus

        synonyms           ATG number

CYP51G1 CYP51A2             At1g11680    CYP51G1                     51G1
CYP51G2 CYP51A1             At2g17330    CYP51G3                     51G5
                                         CYP51G4P 
                                         CYP51H1  
                                         CYP51H2P 
                                         CYP51H3  
                                         CYP51H4  
                                         CYP51H5  
                                         CYP51H6  
                                         CYP51H7  
                                         CYP51H8  
                                         CYP51H9  
CYP71A12                    At2g30750             
CYP71A13                    At2g30770             
CYP71A14                    At5g24960             
CYP71A15                    At5g24950             
CYP71A16                    At5g42590             
CYP71A17P                                         
CYP71A18                    At1g11610             
CYP71A19                    At4g13290             
CYP71A20                    At4g13310             
CYP71A21                    At3g48320             
CYP71A22                    At3g48310             
CYP71A23                    At3g48300             
CYP71A24                    At3g48290             
CYP71A25                    At3g48280             
CYP71A26                    At3g48270             
CYP71A27P                   At4g20240a            
CYP71A28                    At4g20240b            
CYP71B2                     At1g13080             
CYP71B3                     At3g26220             
CYP71B4                     At3g26280             
CYP71B5                     At3g53280                                71B38
CYP71B6                     At2g24180                                71B39P
CYP71B7                     At1g13110                                71B40v1
CYP71B8                     At5g35715                                71B40v2
CYP71B9                     At2g02580                                71B41
CYP71B10                    At5g57260                                71B41-de1b
CYP71B11                    At5g25120                                71B42P
CYP71B12                    At5g25130                                71B43P
CYP71B13                    At5g25140                                71B44P
CYP71B14                    At5g25180                                71B45P
CYP71B15 PAD3               At3g26830             
CYP71B16                    At3g26150             
CYP71B17                    At3g26160             
CYP71B18                                          
CYP71B19                    At3g26170             
CYP71B20                    At3g26180             
CYP71B21                    At3g26190             
CYP71B22                    At3g26200             
CYP71B23                    At3g26210             
CYP71B24                    At3g26230             
CYP71B25                    At3g26270             
CYP71B26                    At3g26290             
CYP71B27                    At1g13070             
CYP71B28                    At1g13090             
CYP71B29                    At1g13100             
CYP71B30P                   At3g53290             
CYP71B31                    At3g53300             
CYP71B32                    At3g53305             
CYP71B33                                          
CYP71B34                    At3g26300             
CYP71B35                    At3g26310             
CYP71B36                    At3g26320             
CYP71B37                    At3g26330             

CYP71B38                    At3g44250             

                                         CYP71C12 
                                         CYP71C13P
                                         CYP71C14 
                                         CYP71C1  
                                         CYP71C16 
                                         CYP71C17 
                                         CYP71C18 

                                         CYP71C19 
                                         CYP71C20 

                                         CYP71C21 
                                         CYP71C22P
                                         CYP71C23P

                                                                     71D22

                                                                     71D22P
                                                                     71D23P
                                                                     71D24P
                                                                     71D25Pv1
                                                                     71D25Pv2
                                                                     71D26

                                                                     71D27

                                                                     71D28v1

                                                                     71D28v2

                                                                     71D29v1

                                                                     71D29v2

                                                                     71D29-se1[1]
                                                                     71D29-se2[1]
                                                                     71D29-se3[1]
                                                                     71D30P
                                                                     71D31P
                                                                     71D32P
                                                                     71D33P
                                                                     71D34

                                                                     71D35P
                                                                     71D36Pv1
                                                                     71D36Pv2
                                                                     71D36Pv3
                                                                     71D37P
                                                                     71D38v1

                                                                     71D38v2

                                                                     71D38v2-de2b
                                                                     71D38v2-de2c
                                                                     71D39

                                                                     71D40Pv1
                                                                     71D40Pv2
                                                                     71D41

                                                                     71D42

                                                                     71D43

                                                                     71D44

                                                                     71D45P
                                                                     71D46P
                                                                     71D53P
                                         CYP71E4  
                                         CYP71E5  
                                         CYP71E6  

                                         CYP71K2P 
                                         CYP71K3  
                                         CYP71K4  
                                         CYP71K5  
                                         CYP71K6  
                                         CYP71K7P 
                                         CYP71K8  
                                         CYP71K9  
                                         CYP71K10 
                                         CYP71K11 
                                         CYP71K12 
                                         CYP71K13P

                                         CYP71P1  
                                         CYP71P2P 
                                         CYP71Q1  
                                         CYP71Q2  
                                         CYP71Q3P 
                                         CYP71Q4P 
                                         CYP71R1  
                                         CYP71R2P 
                                         CYP71R3  
                                         CYP71S1  
                                         CYP71S2  
                                         CYP71T1  
                                         CYP71T2  
                                         CYP71T3  
                                         CYP71T4  
                                         CYP71T5  
                                         CYP71T6  
                                         CYP71T7  
                                         CYP71T10P
                                         CYP71U1P 
                                         CYP71U2  
                                         CYP71U3  
                                         CYP71V1  
                                         CYP71V2  
                                         CYP71V3  
                                         CYP71V4  
                                         CYP71V5  
                                         CYP71V6P 
                                         CYP71W1  
                                         CYP71W2P 
                                         CYP71W3  
                                         CYP71W4  
                                         CYP71W5P 
                                         CYP71W6P 
                                         CYP71X1P 
                                         CYP71X2  
                                         CYP71X3  
                                         CYP71X4  
                                         CYP71X5  
                                         CYP71X6  
                                         CYP71X7  
                                         CYP71X8  
                                         CYP71X9P 
                                         CYP71X10 
                                         CYP71X11 
                                         CYP71X12 
                                         CYP71X13P
                                         CYP71X14 
                                         CYP71X15 
                                         CYP71X16 
                                         CYP71X17P
                                         CYP71Y1  
                                         CYP71Y2P 
                                         CYP71Y3  
                                         CYP71Y4  
                                         CYP71Y5  
                                         CYP71Y6  
                                         CYP71Y7  
                                         CYP71Y8  
                                         CYP71Y9P 
                                         CYP71Z1  
                                         CYP71Z2  
                                         CYP71Z3  
                                         CYP71Z4  
                                         CYP71Z5  
                                         CYP71Z6  
                                         CYP71Z7  
                                         CYP71Z8  
                                         CYP71Z9/Z10
                                         CYP71AA1 
                                         CYP71AA2 
                                         CYP71AA3 
                                         CYP71AA4P
                                         CYP71AA5 
                                         CYP71AB1 
                                         CYP71AB2 
                                         CYP71AB3 
                                         CYP71AC1 
                                         CYP71AC2 
                                         CYP71AC3P
                                         CYP71AC5P
                                         CYP71AC6P
                                         CYP71AC7P
                                         CYP71AD1 
                                         CYP71AE1 
                                         CYP71AE2 
                                         CYP71AF1 
                                         CYP71AG1 

                                         CYP71AK1 
                                         CYP71AK2 

                                                                     CYP71AN1

                                                                     CYP71AN2v1

                                                                     CYP71AN2v2

                                                                     CYP71AN3

                                                                     CYP71AN4

                                                                     CYP71AN5
                                                                     CYP71AP1

                                                                     CYP71AP2v1

                                                                     CYP71AP2v2

                                                                     CYP71AP3

                                                                     CYP71AP4

                                                                     CYP71AQ1

                                                                     CYP71-un1
                                                                     CYP71-un2
                                                                     CYP71-un3
                                                                     CYP71-un4
                                                                     CYP71-un5
CYP72A7                     At3g14610    CYP72A17                    CYP72A42v1
CYP72A8                     At3g14620    CYP72A18                    CYP72A42v2
CYP72A9                     At3g14630    CYP72A19                    CYP72A42v3
CYP72A10                    At3g14640    CYP72A20                    CYP72A42v4
CYP72A11                    At3g14650    CYP72A21                   CYP72A42-de5b
CYP72A12P                                CYP72A22                    CYP72A43
CYP72A13                    At3g14660    CYP72A23                    CYP72A44
CYP72A14                    At3g14680    CYP72A24                   CYP72A44-de5b
CYP72A15                    At3g14690    CYP72A25                   CYP72A44-de5c
                                         CYP72A31P                  CYP72A44-de5d
                                         CYP72A32                    CYP72A45P1
                                         CYP72A33                    CYP72A45P2
                                         CYP72A34                    CYP72A46P1
                                         CYP72A35                    CYP72A46P2
                                         CYP72A36P                   CYP72A47
                                         CYP72A37P                   CYP72A48P
                                         CYP72A38P                   CYP72A49P
                                                                     CYP72A50P
CYP72C1                     At1g17060

                                                                     CYP72D1

                                                                     CYP72D2

CYP73A5 C4H, CA4H           At2g30490    CYP73A38                    CYP73A42
                                         CYP73A39                    CYP73A43
                                         CYP73A40                    CYP73A44
                                         CYP73A41                    CYP73A45P
CYP74A1 AOS                 At5g42650    CYP74A4                     CYP74A1
                                         CYP74A5  OsAOS              CYP74A7
CYP74B2 HPL                 At4g15440                                CYP74B7
                                                                     CYP74C6v1

                                                                     CYP74C6v2

                                                                     CYP74C6v3

                                                                     CYP74C7v1

                                                                     CYP74C7v2

                                                                     CYP74C8

                                         CYP74E1  
                                         CYP74E2  
                                         CYP74E3P 
                                         CYP74F1  

                                         CYP75A11                    CYP75A12
                                                                     CYP75A13
CYP75B1 TT7 F3'H            At5g07990    CYP75B3                     CYP75B12
                                         CYP75B11 
                                                                     CYP76A8

                                                                     CYP76A9P
                                                                    CYP76A9P-de2b
CYP76C1                     At2g45560
CYP76C2                     At2g45570
CYP76C3                     At2g45580
CYP76C4                     At2g45550
CYP76C5                     At1g33730
CYP76C6                     At1g33720
CYP76C7                     At3g61040

                                                                     CYP76F3

                                                                     CYP76F4

CYP76G1                     At3g52970                               CYP76G-se1[2]
                                                                    CYP76G-se2[1]
                                                                     CYP76G2

                                                                     CYP76G3

                                                                     CYP76G4

                                                                     CYP76G5

                                         CYP76H4  
                                         CYP76H5  
                                         CYP76H6  
                                         CYP76H7  
                                         CYP76H8  
                                         CYP76H9  
                                         CYP76H10 
                                         CYP76H11 
                                         CYP76H12P
                                         CYP76H13P
                                         CYP76H14P
                                         CYP76H15P
                                         CYP76H16P
                                         CYP76K1  
                                         CYP76K2P 
                                         CYP76L1  
                                         CYP76M1  
                                         CYP76M2  
                                         CYP76M3P 
                                         CYP76M4P 
                                         CYP76M5  
                                         CYP76M6  
                                         CYP76M7  
                                         CYP76M8  
                                         CYP76M9  
                                         CYP76M10 
                                         CYP76M11P
                                         CYP76M12P
                                         CYP76M13 
                                         CYP76M14 
                                         CYP76N1  
                                         CYP76N2  
                                         CYP76N3  
                                         CYP76N4P 
                                         CYP76P1  
                                         CYP76P2  
                                         CYP76P3  
                                         CYP76P4P 
                                         CYP76P5  
                                         CYP76P6  
                                         CYP76Q1  
                                         CYP76Q2  
                                                                     CYP76T1

                                                                     CYP76T2

                                                                     CYP76T3

                                                                     CYP76T4

                                                                     CYP76T5

                                                                     CYP76T6

CYP77A4                     At5g04660    CYP77A9                     CYP77A10
CYP77A5P                                                             CYP77A11P
CYP77A6                     At3g10570             
CYP77A7                     At3g10560             
CYP77A8P                                          

CYP77A9                     At5g04630             

CYP77B1                     At1g11600    CYP77B2                     CYP77B3

                                                                     CYP77B4

CYP78A5                     At1g13710    CYP78A11 PLA1               CYP78A18
CYP78A6                     At2g46660                                CYP78A19
CYP78A7                     At5g09970                                CYP78A20
CYP78A8                     At1g01190                                CYP78A21v1
CYP78A9                     At3g61880                                CYP78A21v2
CYP78A10                    At1g74110                                CYP78A22
                                                                     CYP78A23

                                                                     CYP78A24

                                                                     CYP78A25

                                                                     CYP78A26P
                                         CYP78B4  
                                         CYP78B5  
                                         CYP78B6  
                                         CYP78C5  
                                         CYP78C6  
                                         CYP78C7  
                                         CYP78D1                     CYP78D2

                                                                     CYP78D3v1

                                                                     CYP78D3v2

                                                                    CYP78D-se1[2]
CYP79A2                     At5g05260    CYP79A7  
CYP79A3P                    At5g35917    CYP79A9  
CYP79A4P                    At5g35920    CYP79A10 
                                         CYP79A11 
CYP79B2                     At4g39950             
CYP79B3                     At2g22330             
CYP79B4P                                          

CYP79C1                     At1g73370             
CYP79C2                     At1g58260             
CYP79C3P                                          
CYP79C4P                                          
CYP79C5P                    At1g58265             

                                                                     CYP79D5

                                                                     CYP79D6v1

                                                                     CYP79D6v2

                                                                     CYP79D7

                                                                     CYP79D8

                                                                     CYP79D9P
CYP79F1                     At1g16410             
CYP79F2                     At1g16400             

                                         CYP81A5  
                                         CYP81A6  
                                         CYP81A7  
                                         CYP81A8  

                                                                     CYP80C1

                                                                    CYP80C1-se[1]
                                                                     CYP80C2

                                                                     CYP80D1

                                                                    CYP80D1-se[1]
                                                                     CYP80D2

                                                                     CYP80E1

                                                                     CYP80E2

                                                                     CYP81B3v1

                                                                     CYP81B3v2

                                                                     CYP81B4

                                                                     CYP81B5

                                                                     CYP81B6

                                                                     CYP81B6P
                                                                     CYP81B7

                                                                     CYP81B8P1
                                                                     CYP81B8P2
                                                                     CYP81B9P
                                                                     CYP81B10

                                                                     CYP81B11

                                                                     CYP81B12

                                                                    CYP81B12-de2b
                                                                     CYP81B13P
                                                                    CYP81B-se1[2]
                                                                    CYP81B-se2[1]
                                                                    CYP81B-se3[1]
                                                                     CYP81C3

                                                                     CYP81C4

                                                                     CYP81C5

CYP81D1 CYP91A1             At5g36220             
CYP81D2                     At4g37367             
CYP81D3                     At4g37340             
CYP81D4                     At4g37330             
CYP81D5                     At4g37320             
CYP81D6                     At2g23220             
CYP81D7                     At2g23190             
CYP81D8                     At4g37370             
CYP81D10                    At1g66540             
CYP81D11                    At3g28740             

CYP81F1 CYP91A2             At4g37430             
CYP81F2                     At5g57220             
CYP81F3                     At4g37400             
CYP81F4                     At4g37410             
CYP81G1                     At5g67310             
CYP81H1                     At4g37310             

CYP81K1                     At5g10610             
CYP81K2                     At5g10600             

                                         CYP81L2  
                                         CYP81L3  
                                         CYP81L4  
                                         CYP81L5  
                                         CYP81M1  
                                         CYP81N1  
                                         CYP81N2  
                                         CYP81N3P 
                                         CYP81P1  
                                                                     CYP81R1

                                                                     CYP81R2

                                                                     CYP81R3P
                                                                     CYP81R4

                                                                     CYP81R5P
                                                                     CYP81R6

                                                                     CYP81R6-de2b
                                                                     CYP81S1v1

                                                                     CYP81S1v2

                                                                     CYP81S1v3

                                                                     CYP81S2

                                                                     CYP81S3

                                                                     CYP81S4

                                                                     CYP81S5P
                                                                     CYP81S6

                                                                     CYP81S7

                                                                     CYP81S8

                                                                     CYP81S9

                                                                     CYP81S10P
                                                                     CYP81S11

                                                                     CYP81S12v1

                                                                     CYP81S12v2

                                                                     CYP81S13

                                                                     CYP81S14v1

                                                                     CYP81S14v2

                                                                    CYP81S-se1[2]
                                                                     CYP81T1

                                                                     CYP81T1-de2b
                                                                     CYP81T1-de2c
CYP82C2                     At4g31970                                CYP82C5
CYP82C3                     At4g31950                                CYP82C5P
CYP82C4                     At4g31940                                CYP82C6P
                                                                     CYP82C7Pv1
                                                                     CYP82C7Pv2
                                                                     CYP82C8P1
                                                                     CYP82C8P2
                                                                     CYP82C8P3
                                                                     CYP82C9

                                                                     CYP82C9P1
                                                                     CYP82C9P2
                                                                     CYP82C10

                                                                     CYP82C10P
                                                                     CYP82C11

                                                                     CYP82C11P1
                                                                     CYP82C11P2
                                                                     CYP82C12P1
                                                                  CYP82C12P1-de2b
                                                                     CYP82C12P2
                                                                     CYP82C13P
                                                                     CYP82C14P
                                                                     CYP82C15v1

                                                                     CYP82C15v2

                                                                     CYP82C15v3

                                                                    CYP82C-se1[2]
                                                                    CYP82C-se2[2]
                                                                    CYP82C-se3[2]
                                                                    CYP82C-se4[2]
                                                                    CYP82C-se5[2]
                                                                     CYP82D2

CYP82F1                     At2g25160             
CYP82G1                     At3g25180             

                                                                     CYP82J1

                                                                     CYP82J1P
                                                                     CYP82J2P
                                                                     CYP82K1

                                                                     CYP82L1

                                                                     CYP82L2

CYP83A1                     At4g13770             
CYP83B1 SUR2 RNT1           At4g31500             
                                                                     CYP83F1

                                                                   CYP83F1-se1[1]
                                                                   CYP82F1-se2[1]
                                                                     CYP83F2

                                                                   CYP82F2-se1[1]
                                                                   CYP83F2-se2[2]
                                                                   CYP83F2-se3[2]
                                                                   CYP83F2-se4[1]
                                                                   CYP83F2-se5[1]
                                                                     CYP83F3v1

                                                                   CYP83F3v1-de1b
                                                                     CYP83F3v2

                                                                     CYP83F3v3

                                                                   CYP83F3-se1[2]
                                                                   CYP83F3-se2[2]
                                                                   CYP83F3-se3[2]
                                                                     CYP83F4

                                                                     CYP83F4-de2b
                                                                     CYP83F5

                                                                   CYP83F5-de2bv1
                                                                   CYP83F5-de2bv2
CYP84A1                     At4g36220    CYP84A5                     CYP84A10
                                         CYP84A6                     CYP84A11
                                         CYP84A7                     CYP84A12
                                         CYP84A8P                    CYP84A13P
CYP85A1                     At5g38970    CYP85A1                     CYP85A1
CYP85A2                     At3g30180                                CYP85A1P
                                                                     CYP85A4
                                                                     CYP85A5
CYP86A1                     At5g58860    CYP86A9                     CYP86A18
CYP86A2                     At4g00360    CYP86A10                    CYP86A19
CYP86A4                     At1g01600    CYP86A11                    CYP86A20
CYP86A7                     At1g63710    CYP86A12P                   CYP86A21
CYP86A8 LCR                 At2g45970    CYP86A13P
                                         CYP86A14P
                                         CYP86A15P
                                         CYP86A16P
                                         CYP86A17P

CYP86B1                     At5g23190    CYP86B3                     CYP86B4
CYP86B2                     At5g08250                                CYP86B5
CYP86C1                     At1g24540                                CYP86C5v1
CYP86C2                     At3g26125                                CYP86C5v2
CYP86C3                     At1g13140                                CYP86C6
CYP86C4                     At1g13150             
                                         CYP86E1  

CYP87A2                     At1g12740    CYP87A4                     CYP87A7
CYP87A3P                                 CYP87A5                     CYP87A8
                                         CYP87A6  
                                         CYP87B1  
                                         CYP87B2  
                                         CYP87B3  
                                         CYP87B4  
                                         CYP87B5  
                                         CYP87C1P 
                                         CYP87C2  
                                         CYP87C3  
                                         CYP87C4  
                                         CYP87C5P 
                                                                     CYP87D1

                                                                     CYP87D1P
                                                                     CYP87D2v1

                                                                     CYP87D2v2

                                                                     CYP87D3

                                                                     CYP87D4

                                                                     CYP87D5

                                                                     CYP87D6P
                                                                     CYP87D7P
                                                                     CYP87D8

                                                                     CYP87D9

                                                                     CYP87D10

                                                                     CYP87D11

                                                                     CYP87D12

                                                                    CYP87D12-de1b
                                                                     CYP87D13P
                                                              CYP87D-se1[4:5:6:7]
                                                              CYP87D-se2[6:7]
CYP88A3                     At1g05160    CYP88A5                     CYP88A8
CYP88A4                     At2g32440                                CYP88A9
                                                                     CYP88A10P
                                                                  CYP88A-se1[1:2]
CYP89A2                     At1g64900                                CYP89A11
CYP89A3                     At5g61320                                CYP89A12
CYP89A4                     At2g12190                                CYP89A13
CYP89A5                     At1g64950                                CYP89A14P
CYP89A6                     At1g64940                                CYP89A15v1
CYP89A7                     At1g64930                                CYP89A15v2
CYP89A9                     At3g03470                                CYP89A15v3

                                                                     CYP89A16P
                                                                     CYP89A17

                                                                     CYP89A18

                                                                     CYP89A19P
                                                                     CYP89A20P
                                                                     CYP89A21P
                                                                     CYP89A22

                                                                     CYP89A23

                                                                     CYP89A24P
                                                                     CYP89A25

                                                                     CYP89A26

                                                                     CYP89A27P
                                         CYP89B1  
                                         CYP89B2  
                                         CYP89B3  
                                         CYP89B4  
                                         CYP89B5  
                                         CYP89B6  
                                         CYP89B7P 
                                         CYP89B8P 
                                         CYP89B9  
                                         CYP89B10 
                                         CYP89B11 
                                         CYP899B12P
                                         CYP89B13P
                                         CYP89B14P
                                         CYP89B15P
                                         CYP89C1  
                                         CYP89C2  
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