ZmO0034ab186500_Motsw) N S
Zmi0042ab182240 (Tzig) NN
Zm00041ab183220_(Tx303) N R
Zm00040ab187630_(P39) (I
Zmi0033ab178070_(oh43) N DN
Zm00037ab 177220 (Ncass) NN DN
Zmoo03sabi1s1810_(nc3so) N N
Zm0003sab181350_ms71) NI RINEEN
ZmO0038ab178590_(oh7h) NN

Zm00033ab186170_miczw)  EEEEEREN
Zm0003zabi81350_warw) N N
Zmii031abis2620_(kyz1) [NNNEIEGEGEGGEGEGEGE NN
Zmooi30abi76220 (Ki11) NN
Zmi0Z9ab182350 (Kiz) NN N
Zm000zsabi1g1260_(1114H) NG
Zm000z7ab 178480 (Hr301) NN

ZmOM026ab177640_(CL233) RN

Zmozsabisz400 (caLizz) RN NN

Zmi024ab179060_(cMLz77) I

Zm0M023abig1030_(caz47) RN NN

Zm00022ab17go000_(crizze) I BN

Zmi021ab178180_(cML103) N N
Zm00020ab177930_(cmLcy) NN N
Zm009ab166130_(cmLsz) RN S
Zmi0igabi1szze0 (B57) NG NN

ZmO0014a036415_(Moi7_Tood) RIS NN
ZmooH1a7ez0_(F7) NI
Zm000at17813_(Er1) N

ZmO000Ea015881_(PH2o7) NN NN
Zmooiboz1215 (wzz) NI

Zmo0eb176130_(B73vs) NN
B75 ZmKSL1 _

O 250 500 THO

Position in seguence

Match |__| ROI Zm0D024ab178060_{CMLZTT) DDXXD 562-568

Mizmatch | ROI ZmD002Z8ab182350_{1G3) DDXKD 562-568

Gap | ROI ZmD0030ab176220_{1i11) DDXXD 562-566
| ROI Zm0DM0BS01EE81_(PH20T) DDXXD 562586 | | ROI ZmDD03ab182820_(Ky21) DDNND 562-588
|| ROI Zm0D010a017813_(EP1) DDXXD 562-566 || ROI Zm0D0223b181350_(M3TW) DDXXD 562-566
| ROI ZmD0D11aD17920_(FT) DDXXD 562-565 | ROI ZmD0033ab185170_(M1862W) DDXXD 562-566
| ROI ZmD0D14a036415_(Mo17_TODT) DDXXD 562586 | | ROI Zm00024ab185500_(Mo18W) DDXXD 562-565
| ROl Zm0DD18ab152250_{BST) DDXXD 562-566 | ROl ZmDM035ab181250_(MsT1) DDYXD S62-566
|| ROI Zm0D019ab186130_(CMLE2) DDXXD 562-568 | | ROI ZmD00358ab181810_(NC350) DDXXD 562-566
| ROI Zm00020ab177930_(CMLES) DDXXD 562-566 | | ROI Zm0M037ab177220_(NC358) DDXXD 562-566
| ROl Zm0DXZ1ab178180_{CML102) DOXND 562-566 | | ROI Zm00038ab178550_{OhTh) DDXXD 562-566
|| ROI Zm0D022ab178000_(CML228) DDXD 562-586 || ROI ZmD0033ab178070_(Oh43) DDXKD 562-566
| | ROI Zm000233b181030_(CML247) DDXXD 562-566 | | ROI Zm00041ab183220_(Tx303) DDXXD 562-568

Supplementary Fig. S1 | Protein sequence alignment of ZmTPS42/KSL1 sequences
derived from selected maize lines.
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Supplementary Fig. S2 | Mass spectra of products from the pairwise reaction of ZmTPS42/KSL1 with different
maize class Il diterpene synthases. Mass spectrum of Agrobacterium-mediated Nicotiana benthamiana co-
expression assays of ZmMTPS38/CPS2/AN2, ZmTPS39/CPS3, and ZmTPS40/CPS4 alone as well as in combination
with ZmTPS42/KSL1. Ent-CPP is the major product of ZmTPS38/CPS2/AN2. (+)-CPP is the major product of
ZmTPS39/CPS3 and compounds 4 and 5 are minor products. Compounds 3-8 were found in the ZmTPS39/CPS3 +
ZmTPS42/KSL1 combination and compounds 3, 6-8 are unique to ZmTPS39/CPS3 + ZmTPS42/KSL1 combination.
Compound 3 was identified as sandaracopimaradine by using a standard. 8,13-CPP is the major product of
ZmTPS40/CPS4 and compounds 9-12 are minor products.



Position 5C (ppm) OH (ppm)
1a 1.626
b 21.183 1.358
2a 1.589
b 22.094 1.477
3a 1.665
b 36.906 1.121
4 38.843
5 76.675
6a 1,722
b 32.623 1.572
7 a 1.524
b 25.07 1.121
8 41.669 1.2869
9 36.688
10 48.63 1.338
11 a 1.585
b 35.083 1.111
12 a 1.578
b 31.95 1.204
13 36.361
14 a 1.422
b 39.21 1.003
15 151.426 5.831
16 a 4.934
b 108.574 4.859
17 23.1 1.0507
18 24.42 0.884
19 24.01 1.0342
20 12.004 0.919
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Supplementary Fig. S3 | NMR structural elucidation of compound 1 (5-
rosanol). a, chemical structure depicted with key structural elements solved
by experimental NMR including COSY (bold) and HMBC (arrows). Other
structural elements including stereochemistry were confirmed utilizing computation
NMR. b, 5-rosanol ™C and 'H assignments and chemical shift table. 5-rosanol
NMR spectra: ¢, 'H NMR; d, *C NMR; e, HSQC; f, COSY; g, NOESY.
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Supplementary Fig. S4 | MEP plots of the chemical steps in the ZmTPS42/KSL1-catalyzed
mechanism, as obtained from RxnNet. a, MEP plot for the 11 - 12 step of the
ZmTPS42/KSL1-catalyzed reaction mechanism generated using RxnNet. b, MEP plot for
the 12 = 12NA step. ¢, MEP plot for the 12NA - I3 step. d, MEP plot for the I3 = 14 step. e,
MEP plot for the 14 >14NA step. f, MEP plot for the 14NA = I5 step.



Position oC (ppm) OH (ppm)
1a 1.626
b 21.1785 1358
2a 1.589
b 22.0695 1.477
3a 1.665
b 36.8689 1121
4 38.8302
76.6062
6 a 1.722
b 32.5735 1572
7a 1.524
b 25.0819 1121
8 41.1534 1.2869
9 36.7478
10 48.5204 1.338
11 a 1.585
b 34.5873 1111
12 a 1.578
b 29.3628 1.204
13 33.365
14 a 1.422
b 34.4213 1.003
15 61.1037 5.831
16 a 4.934
b 43.4778 4.859
17 20.4828 1.0507
18 24.3954 0.884
19 23.977 1.0342
20 11.9278 0.919
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Supplementary  Fig. S5 | NMR  structural  elucidation of  compound
13 (epoxyrosanol). a, chemical structure depicted with key structural elements
solved Dby experimental NMR including COSY (bold) and HMBC (arrows). b,
Epoxyrosanol C and 'H assignments and chemical shift table. Epoxyrosanol NMR
spectra: ¢, '"H NMR; d, *C NMR; e, HSQC; f, COSY; g, HMBC; h, NOESY.



Position oC (ppm) OH (ppm)
1a 1.802
b 26.5654 2093
2a 1.595
b 21.9358 1539
3a 1.412
b 40.8027 1937
4 35.8912
5 145.8443
6 116.2253 5.492
7a 2.19
b 30.2062 1677
8 35.6569 1.455
9 34.8835
10 47.1978 1.923
11 a 1.698
b 33.7430 1970
12 a 1.560
b 29.8558 1931
13 33.3388
14 a 1.222
b 34.2599 1.010
15 61.2331 2.72
16 a 2.678
b 43.3800 2 644
17 19.5772 0.946
18 29.3412 1.029
19 29.7230 1.081
20 12.3750 0.674
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Supplementary Fig. S6 | NMR structural elucidation of compound 14
(epoxyrosaene). a, chemical structure depicted with key structural elements solved by
experimental NMR including COSY (bold) and HMBC (arrows). b, Epoxyrosaene 13C
and 1H assignments and chemical shift table. Epoxyrosaene NMR spectra: ¢, 1H
NMR; d, 13C NMR; e, HSQC,; f, COSY; g, HMBC; h, NOESY.
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Supplementary Fig. S7 | Functional analysis of maize P450 enzymes for 5-rosanol conversion.
Individually scaled total ion chromatograms (TIC) of reaction products resulting from Nicotiana
benthamiana co-expression assays of ZmTPS38CPS2/AN2 and ZmTPS42/KSL1 only, or
with the addition of known maize diterpenoid-metabolic P450 enzymes, ZmCYP71Z16,
ZmCYP71219, ZmCYP701A26, and ZmCYP701A43. Highlighted peak depicts 5-rosanol.
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Position OC (ppm) OH (ppm)
1a 1.578
b 20.6 1.469
2a 1.567
b 21.94 1.506
3a 1.749
b 36.49 1.063
4 38.49
5 76.45
6a 1.778
b 31.94 1.571
7 a 1.571
b 2513 1.092
8 41.21 1.251
9 36.41
10 48.69 1.31
11a 1.596
34.7 1.119
12 a 1.683
b 28.99 1.083
13 36.39
14 a 1.412
b 35.79 1.093
15 81.71 3.2
16 a 3.45
b 62.15 372
17 18.39 0.935
18 23.75 0.863
19 23.2 1.026
20 11.14 0.945
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Supplementary Fig. S8 | NMR structural elucidation of compound 15
(trihydroxyrosanol, THR). a, chemical structure. b, Trihydroxyrosanol 13C and 1H

assignments and chemical shift table. Trihydroxyrosanol NMR spectra: ¢, 1TH NMR; d,
13C NMR; e, HSQC.



Epoxyrosanol

300000
250000
=
ey
.00
o 200000
T
X~
3 150000
[
o)
2
w© 100000
©
o
50000
0
F.vert_Epoxyrosanol A.para_Epoxyrosanol R.micro_Epoxyrosanol
THR
10000000

9000000
8000000

7000000
6000000
5000000
4000000
3000000
2000000
1000000

0

F.vert_Trihydroxyrosanol A.para_Trihydroxyrosanol R.micro_Trihydroxyrosanol

Relative Peak Height

Supplementary Fig. S9 | Recovered epoxyrosanol and trihydroxyrosanol (THR) from
fungal bioactivity assays. A total amount of 50 ug/mL assays were extracted after 48 h
using 80% methanol and analyzed by LC-MS/MS. F.vert = Fusarium ferticilliodies; A.

para = Aspergillus parasiticus; R. micro = Rhizopus microspores.
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