
TABLE S1. qRT-PCR primers used in this study

	Target gene
	Primers
	Sequence (5’to 3’)

	qRT-PCR primers

	g7750
	1F1
	CCAATCGTCGTCGTGTTC

	g7750
	1R1
	CTTTAGTCAGGTTCGGGTCT

	g8957
	2F1
	TCAACGGTTGAAACCGACTA

	g8957
	2R1
	AACCAATTGGGCCGAGGTT

	GAPDH
	3F1
	CCAAGAAGGTTGTCATCTCC

	GAPDH
	3R1
	CATGAGACCCTCAACGATAC

	g1056
	4F1
	ATCAGTTCCTCCTCGTACAG

	g1056
	4R1
	CCGTCGTATAGTTCGTATAC

	g11415
	5F1
	TGCTCCTGGCGACACAATA

	g11415
	5R1
	CGGATGGTGAGTTAGGTAGA

	g9749
	6F1
	CAACGAGACCATGCGTCTC

	g9749
	6R1
	CATTTCTCGGGATCGAAGTA

	g761
	7F1
	AGAACGAGGACTCGGAGA

	g761
	7R1
	GGTAGCGGCAGGATTTGA

	g14002
	8F1
	ATGGCAATGATACAACGG

	g14002
	8R1
	ATGGGTTCAAACGCAAAA

	g1223
	9F1
	GCTCCTACCCACCGATTG

	g1223
	9R1
	ATTCCGTCCAAGGCAGTT

	g8277
	10F1
	GGAGTCGCTCACCTACACG

	g8277
	10R1
	CGAGCCAGTTCTTGGTCTT

	g9011
	11F1
	CCGCAATCACGGCAATAC

	g9011
	11R1
	GGATCAACGCCAACAGGTC

	g13268
	12F1
	AGATCGGCAAGGGTGTTAC

	g13268
	12R1
	TTCTCCCTCAACCAACTCA

	g11502
	13F1
	ACAGGGCATCTAATGAGGG

	g11502
	13R1
	CACTGGGTGGCAGACAATC

	g8360
	14F1
	CCTTGCTTGCCCGAAACCT

	g8360
	14R1
	GTCTGCTTGCCCGAAACCT

	g11827
	15F1
	TTGACACCGCTCAGAAAT

	g11827
	15R1
	GACAAGCCGTAGTATCCCT

	g5245
	16F1
	CTACTGCTAATGCCTTGC

	g5245
	16R1
	TCACTGCTGCTTGTTGTT

	g12387
	17F1
	CAGAGTTGGGTGGTCAGG

	g12387
	17R1
	AGGTGGTGCTGCTACTGC

	g9146
	18F1
	AAGAACCCGTCTGTTTACC

	g9146
	18R1
	GAAGGATTCTGGCTCTGC

	g1074
	19F1
	TGGGCTTGCTACCTGCTT

	g1074
	19R1
	GGATAATACGAGTGCCTTT

	g7925
	20F1
	ATCCAGTAGCGGTTCAGC

	g7925
	20R1
	ACTTTGTCCGTGGTCGTG

	g10645
	21F1
	CCATGAATTGATCTCCCTC

	g10645
	21R1
	TCGCCCTTGTTGTCTGTG

	g6116
	22F1
	AGGTATTGGGTCCTGCTCT

	g6116
	22R1
	GCTCCATGCCATCTTACTC

	g5182
	23F1
	GGCGTTGTTTGACTTGCT

	g5182
	23R1
	GGTTTACGGTGACCTCCTG

	g4123
	24F1
	ATGTCTCGCAATCCTGG

	g4123
	24R1
	TGCCCTTTGTAACGTAAAT

	g9566
	25F1
	ACGAAACGCAACGACGAC

	g9566
	25R1
	GGGAGGTTGGAGCCGGACT

	g11101
	26F1
	TGAACGAGGACGAAACGG

	g11101
	26R1
	CCTTGAAAGAGGCTGGATT

	g5812
	27F1
	CCCGATTGTTCGTATTAGC

	g5812
	27R1
	GGTTTCCGAGTTGTTCCTG

	g9931
	28F1
	GTGACAAGGCAGAGCAAA

	g9931
	28R1
	CCATAGGAGATAGGTTAGC

	g7202
	29F1
	CGAAAGACAATGGGACGA

	g7202
	29R1
	CGCAAACGGATCAGCAAC

	g874
	30F1
	TGGACGGAGTGGGTAGATG

	g874
	30R1
	TGCGGCAGAGTTGACAGG

	g5853
	31F1
	GCCCTCGTTGGCTACCTT

	g5853
	31R1
	CGCCTTCTTGTCGTGGAT

	g11345
	32F1
	ATCGCTGCTCCTCCTTTCAC

	g11345
	32R1
	TCGTCAGCTCGGCTTTCATC

	g6654
	33F1
	CCCTTCCTGCTGGCGATGA

	g6654
	33R1
	ACGAACGGCTCCTGCTCTG

	g3468
	34F1
	TATGGGCATTGCGTATCTG

	g3468
	34R1
	GAAGTGGTCCTCATCGTAG

	g10390
	35F1
	CGCCTGCATCCCTTTACC

	g10390
	35R1
	CCAGCGAGCAACACCAGA

	g7796
	36F1
	CGAACGCATAGCACTGACA

	g7796
	36R1
	GTCTAGCCCTCGCTTGTTG

	g10231
	37F1
	AGACACGACGGCATCAACG

	g10231
	37R1
	CGACAAACGGCTGAGCAA

	g9674
	38F1
	CTTGCTGCGGCTATTGTTCC

	g9674
	38R1
	GCTGATTTCGTCCTCGGTC

	g9710
	39F1
	CATCAGTCTCGCCTTCCTC

	g9710
	39R1
	AATCTTGACCTCGGTTGTG

	g7423
	40F1
	GGAGGCTCACGCGAAACTG

	g7423
	40R1
	CGTGCCTGCGGGAATGTAT

	g13120
	41F1
	ACCCGCTGGGTCGGTTC

	g13120
	41R1
	CCAGGGAGCCTTGGTGC

	g4471
	42F1
	ACCCGCTGGGTCGGTTC

	g4471
	42R1
	GCGGCTCAAATTCCTTCA

	g9980
	43F1
	CTTGCGTGGTTGATGTTG

	g9980
	43R1
	CCTCGTCGGTGATGTAGTG

	g5432
	44F1
	CCGCCAAAGCCATCCTCT

	g5432
	44R1
	CGCCGCTATCGAACAATT

	g4558
	45F1
	CTCAAGGCGGACTTCTACG

	g4558
	45R1
	AGCGTCAAGGGAGGCGTA


TABLE S2. Differentially expressed P450 candidates Genes identified by Comparing 6 h induction with no-induction transcriptomes
	Gene ID
	Assembled 

transcript             

size (bp)
	Putative function
	Fold Change (2 -ΔΔCT)

	g7750
	1797
	Probable hydroxylase
	10784.7

	g8957
	1530
	Probable P450 monooxygenase 
	953.0

	g1056
	1468
	6-beta-hydroxylase 
	-0.6

	g11415
	1235
	C-15 hydroxylase 
	N

	g9749
	659
	Probable cytochrome P450
	1.7

	g761
	639
	Probable cytochrome P450
	-2.0

	g14002
	1336
	Probable cytochrome P450
	1.4

	g1223
	891
	Probable capping enzyme
	3.3

	g8277
	1287
	Probable cytochrome P450
	0.9

	g9011
	1604
	Probable cytochrome P450
	1.1

	g13268
	1453
	Steroid17-alpha-hydroxylase
	-0.1

	g11502
	1446
	Probable cytochrome P450  
	0.6

	g8360
	630
	Probable P450 monooxygenase 
	N

	g11827
	424
	Probable cytochrome P450
	-1.6

	g5245
	941
	Secologanin synthase
	1.3

	g12387
	986
	Probable cytochrome P450
	-1.8

	g9146
	1854
	Probable P450 monooxygenase 
	N

	g1074
	1161
	Probable cytochrome P450
	-1.6

	g7925
	1181
	Ent-kaurene oxidase 
	N

	g10645
	1252
	Omega-hydroxylase
	-1.1

	g6116
	1743
	C-15 hydroxylase 
	1.1

	g5182
	881
	Trichodiene oxygenase
	-1.7

	g4123
	649
	Probable cytochrome P450
	1.2

	g9566
	1525
	Probable cytochrome P450
	1.4

	g11101
	1660
	Steroid 21-hydroxylase
	-1.3

	g5812
	564
	Trichodiene oxygenase 
	0.6

	g9931
	817
	Probable cytochrome P450 
	0.3

	g7202
	561
	Ent-kaurene oxidase
	N

	g874
	1503
	Cytochrome P450 
	N

	g5853
	440
	Probable cytochrome P450 
	0.7

	g11345
	1517
	Probable cytochrome P450 
	1.6

	g6654
	651
	Cytochrome P450
	0.9

	g3468
	1503
	Probable cytochrome P450 
	N

	g10390
	998
	Benzoate 4-monooxygenase 
	0.9

	g7796
	1342
	Probable monooxygenase 
	1.4

	g10231
	604
	Probable cytochrome P450 
	-2.1

	g9674
	1567
	Putative cytochrome P450 
	-1.3

	g9710
	555
	Sterol 26-hydroxylase
	1.6

	g7423
	1342
	Isotrichodermin C-15 hydroxylase 
	N

	g13120
	1356
	Probable P450 monooxygenase
	0.9

	g4471
	534
	Probable monooxygenase 
	0.1

	g9980
	780
	Probable cytochrome P450
	0.1

	g5432
	1920
	Probable cytochrome P450
	-0.2

	g4558
	1545
	Probable monooxygenase
	0.7


“N” stands for no significant differences

FIG. S3. 1H NMR for 16,17α-epoxyprogesterone
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FIG. S4. 1H NMR for 11α-OH-16,17α-epoxyprogesterone.
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FIG. S5. 1H NMR for D-ethylgonendione
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FIG. S6. 1H NMR for 11α-OH-ethylgonendione.
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FIG. S7. 13C NMR for 16,17α-epoxyprogesterone  
[image: image5.png]BROUKER
[ )

—205.23
—198.42
171.07
123.72

T T
210 200 1% 180 170 160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 10 0 -10 ppm



 
FIG. S8. 13C NMR for 11α-OH-16,17α-epoxyprogesterone. [image: image6.png]BROUKER
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FIG. S9. 13C NMR for D-ethylgonendione.
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FIG. S10. 13C NMR for 11α-OH-ethylgonendione
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FIG. S11. Insertion of the HYG cassette (shaded sequences) into the CYP68J5 gene between 914- and 915-bp of its ORF. 
1        ATGCCCTTCT TCACTGGGCT TCTGGCGATT TACCATAGTC TCATACTCGA CAACCCAGTC

61       CAAACCCTGA GCACCATTGT CGTATTGGCG GCAGCGTACT GGCTCGCAAC GCTCCAGCCG

121      AGCGACCTTC CTGAGCTGAA TCCCGCCAAA CCATTCGAGT TCACCAATCG TCGTCGTGTT

181      CATGAGTTTG TTGAAAATAG TAAGAGCTTG CTTGCTCGGG GGAGGGAATT GCACGGGCAC

241      GAGCCGTACA GACTCATGTC TGAATGGGGA TCCTTGATTG TCCTGCCCCC AGAGTGCGCC

301      GACGAGCTGC GCAACGACCC AAGAATGGAC TTTGAGACGC CCACCACCGA CGTAAGTAGG

361      TCCCAGTAAG CCTTTTATGC TGGAAATAGA GGCTTACAGG AGCGTGGCTG CAGGACTCCC

421      ACGGATATAT CCCTGGCTTC GACGCTCTCA ACGCAGACCC GAACCTGACT AAAGTGGTCA

481      CCAAGTACCT CACAAAAGCA TTGAGTAAGC AATATGTGCA TAACAGCATG AGAGATCACG

541      ATGATTAGAG CGACTGACGA ACAATATGTC CGCAGACAAG CTTACTGCTC CGATCTCGCA

601      TGAAGCGTCC ATCGCCATGA AAGCGGTGCT GGGTGACGAT CCAGGTATGA TGCATAAATA

661      ACCCAAGAGC TCGGCAGCCC GCGGGTCCTT CCTGTATTAG AAGCTGATCT GCTATTTTAT

721      TCTAGATTGG CGTGAGATCT ACCCAGCCAG AGACTTGCTC CAGCTCGTCG CCCGGATGTC

781      GACAAGAGTG TTCCTTGGCG AGGAAATGTG CAATAACCAG GATTGGATCC AAACCTCATC

841      ACAATACGCG GCCCTTGCCT TCGGTGTCGG TGACAAGCTT AGAATATACC CGAGAATGAT

901      CAGACCGATA GTACCTCGAG GTCGACGCTC TCCCTTATGC GACTCCTGCA TTAGGAAGCA

961      GCCCAGTAGT AGGTTGAGGC CGTTGAGCAC CGCCGCCGCA AGGAATGGTG CATGCAAGGA

1021     GATGGCGCCC AACAGTCCCC CGGCCACGGG GCCTGCCACC ATACCCACGC CGAAACAAGC

1081     GCTCATGAGC CCGAAGTGGC GAGCCCGATC TTCCCCATCG GTGATGTCGG CGATATAGGC

1141     GCCAGCAACC GCACCTGTGG CGCCGGTGAT GCCGGCCACG ATGCGTCCGG CGTAGAGGAT

1201     CCTCTAGAAA GAAGGATTAC CTCTAAACAA GTGTACCTGT GCATTCTGGG TAAACGACTC

1261     ATAGGAGAGT TGTAAAAAAG TTTCGGCCGG CGTATTGGGT GTTACGGAGC ATTCACTAGG

1321     CAACCATGGT TACTATTGTA TACCCATCTT AGTAGGAATG ATTTTCGAGG TTTATACCTA

1381     CGATGAATGT GTGTCCTGTA GGCTTGAGAG TTCAAGGAAG AAACAGTGCA ATTATCTTTG

1441     CGAACCCAGG GGCTGGTGAC GGAATTTTCA TAGTCAAGCT ATCAGAGTAA AGAAGAGGAG

1501     CATGTCAAAG TACAATTAGA GACAAATATA TAGTCGCGTG GAGCCAAGAG CGGATTCCTC

1561     AGTCTCGTAG GTCTCTTGAC GACCGTTGAT CTGCTTGATC TCGTCTCCCG AAAATGAAAA

1621     TAGACTCTGC TAAGCTATTC TTCTGCTTCG CCGGAGCCTG AAGGGCGTAC TAGGGTTGCG

1681     AGGTCCAATG CATTAATGCA TTGCAGATGA GCTGTATCTG GAAGAGGTAA ACCCGAAACG

1741     CGTTTTATTC TTGTTGACAT GGAGCTATTA AATCACTAGA AGGCACTCTT TGCTGCTTGG

1801     ACAAATGAAC GTATCTTATC GAGATCCTGA ACACCATTTG TCTCAACTCC GGAGCTGACA

1861     TCGACACCAA CGATCTTATA TCCAGATTCG TCAAGCTGTT TGATGATTTC AGTAACGTTA

1921     AGTGGATCCC GGTCGGCATC TACTCTATTC CTTTGCCCTC GGACGAGTGC TGGGGCGTCG

1981     GTTTCCACTA TCGGCGAGTA CTTCTACACA GCCATCGGTC CAGACGGCCG CGCTTCTGCG

2041     GGCGATTTGT GTACGCCCGA CAGTCCCGGC TCCGGATCGG ACGATTGCGT CGCATCGACC

2101     CTGCGCCCAA GCTGCATCAT CGAAATTGCC GTCAACCAAG CTCTGATAGA GTTGGTCAAG

2161     ACCAATGCGG AGCATATACG CCCGGAGCCG CGGCGATCCT GCAAGCTCCG GATGCCTCCG

2221     CTCGAAGTAG CGCGTCTGCT GCTCCATACA AGCCAACCAC GGCCTCCAGA AGAAGATGTT

2281     GGCGACCTCG TATTGGGAAT CCCCGAACAT CGCCTCGCTC CAGTCAATGA CCGCTGTTAT

2341     GCGGCCATTG TCCGTCAGGA CATTGTTGGA GCCGAAATCC GCGTGCACGA GGTGCCGGAC

2401     TTCGGGGCAG TCCTCGGCCC AAAGCATCAG CTCATCGAGA GCCTGCGCGA CGGACGCACT

2461     GACGGTGTCG TCCATCACAG TTTGCCAGTG ATACACATGG GGATCAGCAA TCGCGCATAT

2521     GAAATCACGC CATGTAGTGT ATTGACCGAT TCCTTGCGGT CCGAATGGGC CGAACCCGCT

2581     CGTCTGGCTA AAGATCGGCC GCAGCGATCG CATCCATGGC CTCCGCGACC GGCTGCAGAA

2641     ACAGCGGGCA GTTCGGTTTC AGGCAGGTCT TGCAACGTGA CACCCTGTGC ACGGCGGGAG

2701     ATGCAATAGG TCAGGCTCTC GCTGAATTCC CCAATGTCAA GCACTTCCGG AATCGGGAGC

2761     GCGGCCGATG CAAAGTGCCG ATAAACATAA CGATCTTTGT AGAAACCATC GGCGCAGCTA

2821     TTTACCCGCA GGACATATCC ACGCCCTCCT ACATCGAAGC TGAAAGCACG AGATTCTTCG

2881     CCCTCCGAGA GCTGCATCAG GTCGGAGACG CTGTCGAACT TTTCGATCAG AAACTTCTCG

2941     ACAGACGTCG CGGTGAGTTC AGGCTTTTTC ATATCGATGC TTGGGTAGAA TAGGTAAGTC

3001     AGATTGAATC TGAAATAAAG GGAGGAAGGG CGAACTTAAG AAGGTATGAC CGGGTCGTTC

3061     ACTTACCTTG CTTGACAAAC GCACCAAGTT ATCGTGCACC AAGCAGCAGA TGATAATAAT

3121     GTCCTCGTTC CTGTCTGCTA ATAAGAGTCA CACTTCGAGC GCCGCCGCTA CTGCTACAAG

3181     TGGGGCTGAT CTGACCAGTT GCCTAAATGA ACCATCTTGT CAAACGACAC AAATTTTGTG

3241     CTCACCGCCT GGACGACTAA ACCAAAATAG GCATTCATTG TTGACCTCCA CTAGCTCCAG

3301     CCAAGCCCAA AAAGTGCTCC TTCAATATCA TCTTCTGTCG ACGGTATCGA TAAGCTTATT

3361     GGTTCATGTC CTCCTGTTGG GAGCTGCGCC GATCGCTGCG ACGCTGCCGA CAGATTCTCA

3421     CGCCGTACAT TCACAAACGC AAGTCCCTGA AGGGGACCAC GGACGAGCAG GGCAAGCCCC

3481     TTATGTTTGA TGATTCCATC GAGTGGTTCG AGCGAGAGCT GGGTCCCAAC CACGACGCGG

3541     TCCTGAAGCA GGTCACGCTC TCCATAGTTG CTATCCACAC CACGAGTGAC CTACTCTTGC

3601     AGGCCATGAG CGATCTCGCG CAGAACCCGA AAGTGCTACA AGCAGTGCGC GAGGAGGTGG

3661     TCCGAGTGCT GAGCACCGAG GGGCTCAGCA AGGTCTCGCT TCACAGTCTC AAGCTCATGG

3721     ACAGCGCGTT GAAGGAAAGC CAGCGTCTCA GGCCTACGCT TCTCGGTATG TGATGTCCCT

3781     TCTTTTCTTA GTTTCTCACC TCTCGCCATC TCCCTGTCCG CGTGATCACA TGATATCAAA

3841     GGCTCCTTTT GTCGGCAGGC AACGAATGAC ATCAAGCTGA AGAGCGGGTT TGTCATAAAG

3901     AAAGGGACTA GAGTCGTGAT CGACAGCACC CATATGTGGA ATCCCGAGTA TTACACTGAC

3961     CCTCTCCAGT ACGACGGGTA CCGCTACTTC AACAAGCGGC AGACACCCGG CGAGGACAAG

4021     AACGCGTTGC TCGTCAGCAC AAGCGCCAAC CACATGGGAT TCGGTCACGG CGTTCACGCC

4081     TGTCCTGGCA GATTCTTCGC CTCCAACGAG ATCAAGATTG CCTTGTGTCA TATCATCTTA

4141     AATTATGAGT GGCGTCTTCC AGACGGCTTC AAGCCCCAGC CTCTCAACAT CGGGATGACT

4201     TATCTGGCGG ATCCCAATAC CAGGATGCTG ATCAGGCCAC GCAAGGCGGA GATCGATATG

4261     GCGAGTTTAA CTGTGTAG

FIG. S12.
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FIG. S12. Electrophoresis of PCR products for verification of reconstituted strains. PCR products were separated on a 0.8% agarose gel. (A) PCR amplification of the marker gene BLE: Lane 1, A. ochraceus wild type genomic DNA; Lane 2, BLE containing vector. Lane 3, 4, reconstituted strains. (B) PCR amplification of CYP68J5: Lane 1 the complementation vector; lane 2, reconstituted strains, lane 3, cyp68j5 mutant; lane4, the wild-type strain.
