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1. Experimental

1.1 General

Optical rotations were obtained on an Autopol IV-T digital polarimeter (Rudolph, Hackettstown, USA).
CD spectra were measured on a Chirascan Circular Dichroism Spectrometer (Applied Photophysics
Limited, Leatherhead, Surrey, UK). 1D and 2D NMR spectra were obtained on a Bruker Avance Ill 600
MHz spectrometer (Bruker Corporation, Karlsruhe, Germany). Structural assignments were made with
additional information from gHSQC experiments. Chemical shifts were given in & (ppm) with solvent peaks
as references (CDCls, 61 7.26, 6c 77.16). All GC-MS analyses were performed on an Agilent 8890 GC with
a 5977C MSD instrument with a HP-5MS column (30 m, 250 ym i.d., 0.25 ym film, Agilent Technologies).
A flow rate of 1 mL min-1 of helium was used as carrier gas and electronic impact was 70 eV. Oven
temperature was programmed from 50°C to 190°C in 14 min, and then to 250°C in 8 min, and hold at
250°C for further 5 min. Preparative high performance liquid chromatography (prep-HPLC) was performed
on an Agilent 1260 Infinity 1l liquid chromatography system equipped with a YMC Triart C18 column
(particle size 5 um, dimension 4.6 mm i.d. x 250 mm, flow rate 4 mL-min~") and a DAD detector (Agilent
Technologies, Santa Clara, CA, USA). Silica gel (200-300 mesh, Qingdao Haiyang Chemical Co., Ltd.,
China) and Sephadex LH-20 (GE Healthcare, Sweden) were used for column chromatography (CC). Silica
gel GF2s4 plates (Qingdao Haiyang Chemical Co., Ltd., China) was used for thin layer chromatography
(TLC). The spots on TLC were visualized by immersing the plate into vanillin-sulfuric acid-ethanol, and
then heating.

Oligonucleotide primers (Table S1) and E. coli TOP10 were ordered from Beijing Tsingke Biotech Co.,
Ltd (Wuhan Branch). E. coli BL21(DE3) (Novagen) used for protein expression and chassis cell was
purchased from Sigma-Aldrich (No. 69450). AxyPrep Plasmid Miniprep Kit (AP-MN-P-250G) was used for
plasmid extraction. Restriction enzymes Hind Ill and Notl were purchased from Takara Bio Inc. The

PrimeSTAR® Max DNA Polymerase (Cat. No. R045A), used for PCR was purchased from Takara Bio Inc.



PCR reactions were performed using a Bio-Rad C1000 Touch™ Thermal Cycler. ClonExpress Ultra One
Step Cloning Kit V2 (Cat. No. C116) used for cloning was purchased from Vazyme Biotech Co., Ltd
(Nanijing, China). Sanger sequencing was performed by Beijing Tsingke Biotech Co., Ltd (Wuhan Branch).
The LB medium used for protein expression (containing 5 g/L yeast extract, 10 g/L tryptone, 10 g/NaCl).
The TB medium used for terpene production (containing 20 g/L peptone, 24 g/L yeast extracts, 4 mL
glycerol, 12.54 g of Ko:HPO4, 2.31 g of KH2PO.). gDNA of S. cerevisiae INVSc1 was purified by CTAB
method.
1.2 Protein purifications

The E. coli cells were collected by centrifugation at 6000 g, 4°C for 20 min, and resuspended in lysis
buffer (50 mM Tris-HCI, pH 7.5, 200 mM NaCl, 5 % glycerol) with lysozyme (Biofroxx) and lysed by
sonication on ice. The lysate were centrifuged at 9000 rpm, 4°C for 20 min to remove the cellular debris.
The supernatants were loaded on a Ni-NTA affinity column, which was then washed with 120 mL wash
buffer (50 mM Tris-HCI, pH 7.5, 200 mM NaCl, 30 mM imidazole, 5% glycerol). Hiss-tagged proteins were
eluted from the column by using 15 mL elute buffer (50 mM Tris-HCI, pH 7.5, 200 mM NaCl, 300 mM
imidazole, 5% glycerol). The protein solution was ultrafiltrated and concentrated using 30 kDa Amicon
Ultra-15 Centrifugal Filter (Millipore) at 4°C, 4000 rpm with imidazole-free buffer (50 mM Tris-HCI, pH 7.5,
200 mM NaCl, 5% glycerol). The purity of each purified protein was examined by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) (Figure S2). The protein concentrations were determined
by the Azso value which were measured by a NanoDrop One spectrophotometer (Thermo Scientific). The
purified proteins were flash frozend in liquid nitrogen and stored at —80°C for subsequent enzyme assay

in vitro.



2. The chemical shift assignments of the isolated compounds.

AS-protoilludene (1): CisH.4, colorless oil. '"H NMR (600 MHz, CDCl3) éx 1.34 (1H, ddd, J=12.5, 8.0, 1.8
Hz, H-1a), 1.29 (1H, m, H-1b), 2.16 (1H, m, H-2), 1.80 (1H, m, H-4a), 1.74 (1H, m, H-4b), 2.72, (1H, m, H-
5a), 2.53 (1H, m, H-5b), 1.85 (1H, m, H-8a), 1.65 (1H, m, H-8b), 2.34 (1H, m, H-9), 1.53 (1H, ddd, J=12.2,
7.4, 1.8 Hz, H-10a), 0.97 (1H, dd, J = 12.2, 2.0 Hz, H-10b), 1.05 (3H, s, H-12), 1.04, (3H, s, H-13), 0.93
(3H, s, H-14), 1.57 (3H, dd, J = 1.0, 1.0 Hz, H-15); 3C NMR (150 MHz, CDCl3) 6c41.2 (t, C-1),47.2 (d, C-
2),45.8 (s, C-3), 37.0 (t, C-4), 25.7 (t, C-5), 141.9 (s, C-6), 123.3 (s, C-7), 34.3 (t, C-8), 40.7 (d, C-9), 48.7
(t, C-10), 39.4 (s, C-11), 20.6 (q, C-12), 29.9 (q, C-13), 27.6 (q, C-14), 17.5 (g, C-15).

Nephthene (2): C1sHa4, colorless oil. TH NMR (600 MHz, CDCls) &1 1.95 (1H, m, H-1), 2.32 (1H, m, H-2a),
2.16 (1H, m, H-2b), 1.71 (1H, m, H-3a), 1.54 (1H, m, H-3b), 5.99 (1H, s, H-5), 1.69 (1H, m, H-7), 1.65 (2H,
m, H-8), 1.82 (1H, m, H-9a), 1.32 (1H, m, H-9b), 2.36 (1H, m, H-10), 1.85 (1H, m, H-11), 0.92 (3H, d, J =
6.6 Hz, H-12), 0.75 (3H, d, J = 6.6 Hz, H-12), 4.68 (1H, s, H-14a), 4.63 (1H, s, H-14b), 0.87 (3H, d, J= 7.0
Hz, H-15); 13C NMR (150 MHz, CDCls) 8¢ 35.0 (d, C-1), 29.7 (t, C-2), 27.3 (t, C-3), 144.5 (s, C-4), 126.6
(d, C-5), 144.8 (s, C-6), 51.3 (d, C-7), 22.9 (t, C-8), 29.5 (t, C-9), 37.1 (d, C-10), 27.4 (d, C-11), 21.5 (g, C-
12), 21.9 (g, C-13), 108.1 (t, C-14), 15.0 (g, C-15).

(-)-Trans-cadina-1(6),4-diene (2a): C1sH24, colorless oil. '"H NMR (600 MHz, CDCls) &4 1.91-2.20 (2H, ov,
H-2), 1.91-2.20 (2H, ov, H-3), 5.61 (1H, s, H-5), 1.91-2.20 (1H, ov, H-7), 1.62 (1H, m, H-8a), 1.38/1.16 (1H,
m, H-8b), 1.62 (1H, m, H-9a), 1.38/1.16 (1H, m, H-9b), 1.91-2.20 (1H, ov, H-10), 1.91-2.20 (1H, ov, H-11),
0.70 (3H, d, J = 6.6 Hz, H-12), 0.92 (3H, d, J = 6.6 Hz, H-13), 1.79 (3H, s, H-14), 0.96 (3H, d, J = 7.0 Hz,
H-15); *C NMR (150 MHz, CDCls) 8¢ 133.0 (s, C-1), 28.9 (t, C-2), 30.4 (t, C-3), 132.4 (s, C-4), 122.7 (d,
C-5), 130.1 (s, C-6), 42.8 (d, C-7), 20.7 (t, C-8), 27.3 (t, C-9), 33.7 (d, C-10), 29.7 (d, C-11), 17.5 (q, C-12),
21.3 (q, C-13), 23.3 (q, C-14), 19.2 (q, C-15).

(+)-5-Cadinene (3): C1sHa4, colorless oil. 'H NMR (600 MHz, CDCls) &1 2.70 (1H, ddd, J = 12.8, 4.8, 2.4
Hz, H-2a), 2.03-1.86 (1H, ov, H-2b), 2.03-1.86 (2H, ov, H-3), 5.45 (1H, br s, H-5), 2.52 (1H, d, J = 9.8 Hz,
H-6), 1.05 (1H, m, H-7), 1.61 (1H, m, H-8a), 1.16 (1H, m, H-8b), 2.03-1.86 (2H, ov, H-9), 2.05 (1H, m, H-
11), 0.78 (3H, d, J = 6.9 Hz, H-12), 0.96 (3H, d, J = 6.9 Hz, H-13), 1.67 (3H, s, H-14), 1.65 (3H, s, H-15);
13C NMR (150 MHz, CDCls) 8¢ 130.1 (s, C-1), 26.9 (t, C-2), 32.1 (t, C-3), 134.4 (s, C-4), 124.8 (d, C-5),
39.6 (d, C-6), 45.5 (s, C-7), 21.3 (t, C-8), 32.5 (t, C-9), 124.7 (s, C-10), 26.8 (d, C-11), 15.8 (q, C-12), 21.9
(g, C-13), 23.7 (q, C-14), 18.7 (g, C-15).

(+)-Cubenene (4): C1sHas, colorless oil. 'H NMR (600 MHz, CDCls) &4 5.33 (1H, s, H-2), 2.58 (2H, m, H-
3), 5.54 (1H, s, H-5), 2.38 (1H, m, H-6), 1.13 (1H, m, H-7), 1.66 (1H, m, H-8a), 0.96 (1H, m, H-8b), 1.84
(1H, m, H-9a), 1.22 (1H, m, H-9b), 1.91 (1H, m, H-10), 2.09 (1H, m, H-11), 0.88 (3H, d, J = 7.0 Hz, H-12),
0.84 (3H, d, J = 7.0 Hz, H-13), 1.70 (3H, m, H-14), 1.03 (3H, d, J = 6.5 Hz, H-15); *C NMR (150 MHz,
CDCls) 8¢ 143.3 (s, C-1), 112.7 (t, C-2), 36.9 (t, C-3), 131.5 (s, C-4), 121.3 (d, C-5), 51.3 (d, C-6), 37.6 (d,
C-7), 24.7 (t, C-8), 31.6 (t, C-9), 42.0 (d, C-10), 26.7 (d, C-11), 15.2 (g, C-12), 21.6 (q, C-13), 23.5 (q, C-
14), 18.3 (q, C-15).



litremulanol A (5): C1sH260, colorless oil. '"H NMR (600 MHz, CDCls) 6w 2.28 (1H, m, H-3), 1.79 (1H, m,
H-4a), 1.69 (1H, m, H-4b), 1.88 (1H, m, H-5a), 1.56 (1H, m, H-5b), 1.73 (1H, m, H-6a), 22.94 (1H, m, H-
7),1.54 (1H, ddd, J=12.2, 8.2, 2.3 Hz H-8), 1.84 (1H, m, H-10), 2.07 (1H, dd, J = 14.9, 2.2 Hz H-10), 1.69
(3H, t, J=2.0 Hz, H-11), 3.77 (1H, dd, J = 10.7, 9.7 Hz, H-12a), 3.69 (1H, dd, J = 10.7, 6.2 Hz H-12b), 0.8
(3H, d, J = 6.9 Hz, H-13), 0.83 (3H, s, H-14), 1.05 (3H, s, H-15); *C NMR (150 MHz, CDCl3) 6c 139.9 (s,
C-1), 127.7 (s, C-2), 48.8 (d, C-3), 20.7 (t, C-4), 32.0 (t, C-5), 31.9 (d, C-6), 46.0 (s, C-7), 45.9 (t, C-8),
37.0 (s, C-9), 49.0 (t, C-10), 23.8 (q, C-11), 61.4 (t, C-12), 12.2 (q, C-13), 27.2 (q, C-14), 28.8 (q, C-15).

E-p-farnesene (6): C1sHz4, colorless oil. '"H NMR (600 MHz, CDCls) 61 1.68 (3H, s, H-1), 5.16 (2H, ddd, J
=5.9,5.8,1.2 Hz, H-3), 2.06 (2H, m, H-4), 1.99 (2H, m, H-5), 5.10 (1H, ddd, J= 5.9, 5.8,1.2 Hz, H-7), 2.19
(2H, m, H-8), 1.60 (3H, s, H-9), 1.60 (3H, s, H-10), 2.22 (2H, m, H-11), 6.38 (1H, dd, J = 17.6, 10.8 Hz, H-
13), 5.25 (1H, d, J = 17.6 Hz, H-14a), 5.06 (1H, d, J = 10.8 Hz, H-14b), 5.01 (2H, d, J = 10.8 Hz, H-15);
3C NMR (150 MHz, CDCl;) &c 25.8 (q, C-1), 131.5 (s, C-2), 124.2 (d, C-3), 26.7 (t, C-4), 39.8 (t, C-5),
135.6 (s, C-6), 124.5 (d, C-7), 26.8 (t, C-8), 17.8 (q, C-9), 16.2 (q, C-10), 31.5 (t, C-11), 146.3 (s, C-12),
139.1 (d, C-13), 113.2 (t, C-14), 115.9 (t, C-15).

Germacrene A (7): CisHas, colorless oil. 'TH NMR (600 MHz, CDCls) 6y 4.91 (1H, dd, J = 11.8, 2.8 Hz, H-
1), 2.94-1.93 (2H, ov, H-2), 2.94-1.93 (2H, ov, H-3), 4.67 (1H, br d, J = 10.0 Hz, H-5), 2.94-1.93 (2H, ov,
H-6), 2.94-1.93 (1H, ov, H-7), 2.94-1.93 (2H, ov, H-8), 2.94-1.93 (2H, ov, H-9), 1.71 (3H, s, H-12), 4.80
(1H, br s, H-13a), 4.70 (1H, br s, H-13b), 1.53 (3H, s, H-14), 1.66 (3H, s, H-15); 13C NMR (150 MHz, CDCl3)
5c126.5 (d, C-1), 26.8 (t, C-2), 39.7 (t, C-3), 129.1 (s, C-4), 131.8 (d, C-5), 35.0 (t, C-6), 51.5 (d, C-7), 33.8
(t, C-8), 41.8 (t, C-9), 138.3 (s, C-10), 153.9 (s, C-11), 20.4 (q, C-12), 108.2 (t, C-13), 16.4 (g, C-14), 16.8
(g, C-15).

B-Selinene (7a): C1sHz4, colorless oil. '"H NMR (600 MHz, CDCls) &n 1.43 (1H, ov, H-1a), 1.27 (1H, ov, H-
1b), 1.61 (2H, m, H-2), 2.30 (1H, br d, J = 13.4 Hz, H-3a), 2.00 (1H, m, H-3b), 1.82 (1H, brd, J = 12.4 Hz,
H-5), 1.55 (1H, ov, H-6a), 1.29 (1H, ov, H-6b), 1.96 (1H, m, H-7), 1.55 (2H, ov, H-8), 1.49 (1H, m, H-9a),
1.28 (1H, m, H-9b), 4.71 (2H, d, J = 7.8 Hz, H-12), 1.75 (3H, s, H-13), 4.69 (1H, ov, H-14a), 4.43 (1H, br
d, J = 1.6 Hz, H-14b), 0.72 (3H, s, H-15); *C NMR (150 MHz, CDCls) 6c42.1 (t, C-1), 23.6 (t, C-2), 37.0
(t, C-3), 151.1 (s, C-4), 50.0 (d, C-5), 29.8 (t, C-6), 46.0 (d, C-7), 26.9 (t, C-8), 41.3 (t, C-9), 36.1 (s, C-10),
151.2 (s, C-11), 22.8 (q, C-12), 108.3 (t, C-13), 105.5 (t, C-14), 16.5 (q, C-15).

Germacrene D (8): CisHzs, colorless oil. 'H NMR (600 MHz, CDCls) 84 5.13 (1H, dd, J = 11.5,4.8 Hz, H-
1), 2.40 (1H, m, H-2a), 2.00 (2H, ov, H-2b), 2.43 (1H, m, H-3a), 2.10 (1H, m, H-3b), 5.78 (1H, d, J = 15.9
Hz, H-5), 5.25 (1H, dd, J = 15.9, 9.9 Hz, H-6), 2.00 (1H, ov, H-7), 1.43 (2H, ov, H-8), 2.36 (1H, m, H-9a),
2.23 (1H, m, H-9b), 1.43 (1H, ov, H-11), 0.86 (3H, d, J = 6.7 Hz, H-12), 0.81 (3H, d, J = 6.7 Hz, H-13), 4.79
(1H, d, J = 2.2 Hz, H-14a), 4.74 (1H, d, J = 2.2 Hz, H-14b), 1.51 (3H, s, H-15); 13C NMR (150 MHz, CDCl3)
5c 129.8 (d, C-1), 29.4 (t, C-2), 34.6 (t, C-3), 149.0 (s, C-4), 135.6 (d, C-5), 133.7 (d, C-6), 53.0 (d, C-7),
26.6 (t, C-8), 40.8 (t, C-9), 134.2 (s, C-10), 32.9 (d, C-11), 19.5 (g, C-12), 20.9 (g, C-13), 109.2 (g, C-14),
16.1 (t, C-15).



Germacra-1(10),5-dien-44-ol (9): C1sH260, colorless oil. '"H NMR (600 MHz, CDCls) 61 4.95 (1H, brd, J
=11.5 Hz, H-1), 2.50 (1H, m, H-2a), 1.94 (1H, br d, J = 14.5 Hz, H-2b), 2.24 (3H, m, H-3), 5.25 (1H, d, J =
15.7 Hz, H-5), 5.17 (1H, dd, J = 15.7, 9.6 Hz, H-6), 2.01 (1H, m, H-7), 1.63 (1H, m, H-8a), 1.54 (1H, ov, H-
8b), 1.38 (2H, m, H-9), 1.42 (1H, m, H-11), 0.78 (3H, d, J = 6.8 Hz, H-12), 0.82 (3H, d, J = 6.8 Hz, H-13),
1.19 (3H, s, H-14), 1.54 (3H, br s, H-15); *C NMR (150 MHz, CDCls) ¢ 129.0 (d, C-1), 23.8 (t, C-2), 41.4
(t, C-3), 73.3 (d, C-4), 140.2 (d, C-5), 125.8 (d, C-6), 52.9 (d, C-7), 39.7 (t, C-8), 26.1 (t, C-9), 132.7 (s, C-
10), 33.1 (d, C-11), 19.1 (q, C-12), 20.7 (q, C-13), 30.8 (q, C-14), 16.9 (q, C-15).

a-Muurolene (10): C1sH.4, colorless oil. 'H NMR (600 MHz, CDCl3) &+ 1.80-2.01 (1H, ov, H-1), 1.76 (1H,
m, H-2a), 1.42 (1H, ov, H-2b), 1.80-2.01 (2H, ov, H-3), 5.48 (1H, s, H-5), 2.05 (1H, m, H-6), 2.05 (1H, m,
H-7), 1.80-2.01 (2H, ov, H-8), 5.41 (1H, s, H-9), 1.80-2.01 (1H, ov, H-11), 0.89 (3H, d, J = 6.9 Hz, H-12),
0.83 (3H, d, J = 6.9 Hz, H-13), 1.69 (3H, s, H-14), 1.69 (3H, s, H-15); "*C NMR (150 MHz, CDCl;3) 6¢ 39.2
(d, C-1),24.8 (t, C-2), 30.6 (t, C-3), 134.6 (1, C-4), 124.3 (d, C-5), 36.8 (s, C-6), 41.1 (d, C-7), 24.6 (t, C-8),
121.6 (d, C-9), 136.6 (s, C-10), 26.7 (d, C-11), 15.9 (q, C-12), 21.5 (q, C-13), 24.1 (q, C-14), 21.8 (q, C-
15).

(+)-Torreyol (11): C4sH260, colorless oil. '"H NMR (600 MHz, CDCl3) 61 1.59 (1H, m, H-1), 1.99 (2H, m, H-
2), 1.49 (1H, m, H-3a), 1.09 (1H, m, H-3b), 5.52 (1H, d, J = 5.8 Hz, H-5), 2.01 (1H, m, H-6), 1.30 (1H, m,
H-7), 1.88 (1H, m, H-8a), 1.56 (1H, m, H-8b), 1.55 (1H, m, H-9a), 1.51 (1H, m, H-9b), 1.97 (1H, m, H-11),
0.81 (3H, d, J = 7.0 Hz, H-12), 0.89 (3H, d, J = 7.0 Hz, H-13), 1.65 (3H, s, H-14), 1.29 (3H, s, H-15); 3C
NMR (150 MHz, CDCls) 6c45.7 (d, C-1), 31.3 (t, C-2), 21.6 (t, C-3), 134.5 (d, C-4), 124.7 (d, C-5), 36.9 (d,
C-6),44.2 (d, C-7), 18.6 (t, C-8), 35.5 (t, C-9), 72.7 (s, C-10), 26.5 (d, C-11), 15.4 (q, C-12), 21.8 (q, C-13),
23.8 (q, C-14), 28.1 (q, C-15).



3. Supplementary Tables

Table S1. Primers used in this study.

p15A_F TGCCGCCGTGGGTTTCTCGAACGGGGCGGAGATTTCC
p15A_R CCACTTTTTGCCGGAGCTCGAGAAATATTTTATCTGATTAA
pBBR1_15A F CTCCGGCAAAAAGTGGCCCC

pBBR1_15A R GAAACCCACGGCGGCAATGC

pET28a_tHMG1_F

GTCGCGGATCCGAATTCGTTTTAACCAATAAAACAGT

pET28a_tHMG1_R

AGTGCGGCCGCAAGCTTTAGGATTTAATGCAGGTGAC

tHMG1_F GGAGGATTACACTATGGGCAGCAGCCATCATCA

tHMG1_R TAGAACTAGTGGATCCTTAGGATTTAATGCAGGTGAC

AtoB_F CGAATTCCTGCAGCCCGGGGATCCTCTAGAGTCGACTAGGAGGAATATAAAATGAAAAATTGTGTCATCGTC
AtoB_R CATTTAGCTGTCCTCCTTAATTCAACCGTTCAATCACC

Erg13_F GGAGGACAGCTAAATGAAACTCTCAACTAAACTTTG

Erg13_R CATAGTGTAATCCTCCTTATTTTTTAACATCGTAAG

ScPMK_F TTACCATGGACTTCATAAGAGGCAGATCAAATGTCAGAACTAAGGGCATTTAG

ScPMK_R GAGTATTACCTCTTATTTGTCCAGGTACGTCTCC

pET28a_EcIDI_F

CGCGCGGCAGCCATATGCAAACGGAACACGTCATTT

pET28a_EcIDI_R

GTGCGGCCGCAAGCTTTATTTAAGCTGGGTAAATGC

EcIDI_28a_F CTGCAGCCCGGGAGGAGGATTACTATATGGGCAGCAGCCATCATCATC
EcIDI_28a_R GGGCGAATTGGAGCTCTTATTTAAGCTGGGTAAATGCAG

ERG12_F TATCGAATTCCTGCAGTAGGAGGAATTAACCATGTCATTACCGTTCTTAACT
ERG12_R TTATGAAGTCCATGGTAAATTCG

MVD1_F ATAAGAGGTAATACTCATGACCGTTTACACAGCATCCG

MVD1_R TCCTCCCGGGCTGCAGTTATTCCTTTGGTAGACCAGTC

LrhTS1_ispA_F

AGCCTGCGGTTGTGAAGCTTTAATTTAAGAAGGAGATATACCATGGACTTTCCGCAGCA

LrhTS2_ispA_F

AACAGCAGCAGTCAAAGCTTTAATTTAAGAAGGAGATATACCATGGACTTTCCGCAGCA

LrhTS3 ispA_F

CTTCATCGAAGCTTGCGGCCTAATTTAAGAAGGAGATATACCATGGACTTTCCGCAGCA

LrhTS4_ispA_F

TTGCTGCGGCGGCGAAGCTTTAATTTAAGAAGGAGATATACCATGGACTTTCCGCAGCA

LrhTS5_ispA_F

CGGATGATGAGGAGAAGCTTTAATTTAAGAAGGAGATATACCATGGACTTTCCGCAGCA

pMX1-seq1 GACGCATGGAGTTTCGAGAG
pMX2-seq1 ATGGAGCTTCAAGACCCAAC
pMX3-seq1 CAGGACTGGATGGTCGGTGC
pMX4-seq1 TCCCGAAGCGTCCGCAGAAC
ispA_seq1 TAGACGCTGAAGGCAAACAC

Idi_pET22b_HindIll_R

GTGCTCGAGTGCGGCCGCAAGCTTTTATTTAAGCTGGGTAAATG

Idi_pET22b_Notl_R

TGGTGGTGCTCGAGTGCGGCCGCTTATTTAAGCTGGGTAAATGCAG

pFZ81_seq_int3 CATGTCGTACCAAAGAGATTT
pMH1_seq_int3 GGTGCCTGTAAGATATGGTTAG
T7_promoter TAATACGACTCACTATAGGG

T7_terminator

GCTAGTTATTGCTCAGCGGTG




Table S2. DNA sequences used in this study.

>ScPMKop (The optimized DNA sequence of ScPMK)
ATGTCAGAACTAAGGGCATTTAGTGCTCCCGGAAAAGCTTTGCTGGCGGGTGGCTATCTCGTTCTGGACACCAAATACGAGG
CGTTTGTTGTTGGTCTTTCTGCGCGTATGCATGCAGTTGCACATCCGTATGGCTCCCTGCAGGGTTCTGACAAATTTGAGGT
GCGTGTTAAGTCCAAGCAATTTAAGGACGGCGAATGGCTGTATCACATCAGCCCGAAGTCGGGCTTCATTCCGGTGTCGATA
GGCGGTAGCAAGAACCCGTTTATCGAAAAGGTGATCGCAAACGTTTTTAGCTATTTCAAACCAAATATGGATGACTACTGCAA
CCGCAACTTGTTTGTGATCGATATTTTCTCTGACGACGCCTACCACAGCCAAGAAGATAGCGTGACCGAGCACCGCGGTAAT
CGTCGCCTGTCGTTCCACAGCCACCGTATTGAGGAGGTGCCGAAAACCGGTCTGGGTTCGAGCGCGGGTCTGGTCACTGT
ACTCACAACCGCGTTAGCTAGCTTCTTCGTGAGCGACTTGGAGAACAACGTGGACAAGTACCGCGAAGTGATTCACAACCT
GGCGCAGGTTGCGCATTGTCAGGCGCAGGGTAAAATCGGTAGCGGCTTTGATGTTGCGGCTGCTGCGTATGGTAGCATTCG
TTATCGTCGTTTCCCGCCTGCACTGATTAGCAACCTGCCGGATATCGGTTCAGCTACCTACGGTTCCAAATTGGCGCACCTG
GTCGATGAAGAAGATTGGAATATTACCATTAAATCCAATCATTTACCGTCCGGCTTAACCCTGTGGATGGGTGATATTAAAAAC
GGCTCTGAAACGGTTAAATTGGTGCAAAAAGTTAAGAACTGGTATGACAGCCACATGCCGGAGTCGCTGAAGATCTATACCG
AGCTGGACCACGCCAACAGCCGTTTCATGGACGGCCTGAGTAAGCTGGATCGTCTGCATGAAACCCATGACGACTACAGCG
ACCAGATTTTCGAGAGCCTGGAACGTAATGATTGTACCTGCCAAAAATACCCGGAGATCACCGAAGTACGTGATGCAGTGGC
CACCATCCGCAGAAGCTTTCGTAAGATCACCAAAGAATCTGGTGCGGATATTGAACCGCCAGTTCAGACTTCATTGCTGGAC
GATTGCCAAACCTTGAAGGGTGTTCTTACGTGCCTGATTCCGGGTGCTGGCGGCTACGATGCGATCGCAGTCATCACCAAG
CAAGATGTGGACCTGCGTGCACAGACGGCCAATGATAAACGCTTCAGCAAGGTGCAATGGTTGGACGTGACCCAGGCGGA
CTGGGGTGTTCGCAAAGAGAAGGACCCGGAGACGTACCTGGACAAATAA

>LrTS1
ATGCCTTTGTCTTCGTCTGTTGTCGCTTTCCGCCTTCCTGACACGCTTGGGTGCTGGCCATGGCGACGCTGCCTGAACACG
CATTATGTGGAGGCCAAACAGGATTCGGCATCCTGGCTGGAGTCATTCCACCCGTTCGGCCCCAAGGCACAAAGGGCCTTC
AACAAGTGCGACTTCAACCTTCTCGCGTCCCTAGCGTATCCGGTGGCCAGCAAAGACCAACTGCGTGCAGGGTGTGACCT
GATGAACGTCTTCTTCGTCTTCGACGAGTACTCTGATGTCGAGAACGAGAAGACGGTCCAGCAGCTCGCGGACATCATCAT
GGACGCACTGCGAAACCCTCACAAGCCTCGTCCTGCAGGAGAATCTCTCGTGGGCGAAATCACTAGGCAGTTCTGGGCGC
GCACGATCAAGGTAGCGAGCGAACCGTCGCAGCGCCGATTCATCGAGACCTTTGACGACTACTGCCAGTCCGTAGTCCAAC
AGGCTGCGGACCGGTCGCAGAACCACTTGCGTGACGTCGAGAGCTACTTGGAGAACCGGAGGGAGAACATCGGCGCCAA
GCCGTCGTTTGCACTGCTCGAGTTGGACATGAACCTCCCCGACGAGGTGATCGAGCACCCGACCATCGTCAACCTGACGA
CATGGGCCATTGACATGATCATCCTGGGAAACGACATTGTCTCGTACAACGTGGAGCAGGCGCGTGGCGACGACGGACACA
ACGTCGTGACCATCGTCATGCATCACTACAACGTCGACGTGCAGGGTGCCATGGACCGCATCGCCGAGTGGCACCAGAGG
CTGGCGGACCAGTTCCTCACCAACTACAACAAGCTGCCGTCGTGGGGACGCGAGATTGACGCGCAAGTTGAGCGGTACAT
CCAGGGCATCGGAAACTGGGTACGCGCGAACGACGCATGGAGTTTCGAGAGCGAGAGGTACTTTGGATTGAACGGACGCG
AGATCGAGCAGAGTCGTTGGGTAACCCTACTCCCTCGGGTCTCCGCGGAGAAGCCTGCGGTTGTGTAA

>LrTS2
ATGGCCATCCAACAATTTATCCTCCCTGACCTGCTGGCGATGTGCCCTTTTGAGGGTTCAACAAGTCCACACTACGCCAAGG
CGTCAGCCGAATCCCGAGCATGGGTCAACAGCTACCACCTTTTTAAGGGAAGCAAGCTCGCCTTCTTTCTGCAGGGAAGCA
ACGAGCTTCTCGTCTCCCACACCTATCCCTACGCTGGATACGATCAGTTCAGGACCTGTTGCGACTTTGTCAATCTGCTCTTC
GTCGTGGACGAAGTCAGCGACGACCAGGACGGCAGAGGGGCCCGCAACACCGGCGAGGTGTTCCTGAACGCTATGCGCT
ACCCTGATTGGGATGATGGCTCTGCCCTGGCCAAGATGACTCGCGAGTTCAAACAACGTCTGCTGGAGCACGCCGGGCCC
GACTGCTACCGTCGATTTCTGATTCATTGCGCCGACTACGTTAACGCGGTTGCGCGAGAAGCCGAGCTCAGGGAACGGGG
CGAGGTCCTCGACACGGCGGACTTCCAGACATTACGTCGGGAGAACAGTGCTATTCGACTGTGCTTTGGCCTGTTCGAGTT
CGTGCTCGGTGTCGATTTGCCGGATGTCGTGTTCCAAGACGAGCATTTTATGACATTGTACTGGGCCGCGGCCGATATGGTT
TGCTGGTCTAACGATGTCTACTCGTACAACATGGAGCAAGCGAAGGGTCATACAGGGAACAACATCGTCACCGTTCTCATGT
ACGAGAAAAACATTGGTCTCCAGGCCGCGGCCGACCTCGTTGGCGAGCAGTTCCACCAGCTGATGAACCGATTTGTGGAG



ACTAAGCGACGCCTCCCGTCGTTCGCTGGGGGCGTTGACACCGCCGTCGCCAAGTATGTTGCCGCCATGGAGCATTGGGT
AATCGGGAACCTCGCATGGAGCTTCAAGACCCAACGCTACTTCGGCGCGGAGCATGGGCGGGTAAAAGAGACGCGAGTAG
TCGTGCTGCGCCCGCGCGAGCACGGGGACGATCAACAGCAGCAGTCATAA

>LrTS3
ATGCGCGCTCGATCGTTCATTCTTCCCGACCTCGTGTCGGATTGCCCATATACGCTCAGGTGCAACTCCAATTGCGAAGCTG
TTGCGCGCGCTTCAGAGGCCTGGATGCTCGAAGACGCGAATCTCTCACCGAAACGTCGTGACGCCTTCCTGCGTCTGCGG
GGGGGAGAACTCACGGCAGCGTGCTACCCCGATACGGACGAGGCCTGCCTGCGAGTCGCCGCGGACTTCCTCAATTTCCT
GTTTAGTTTGGACGACTGGTCGGACGAGTTCAGTATGGAGGACACTTGCGGGCTCGCGCAGTGCGTCATGTGTGTGCTCCA
TGATCCTGATGACTTCCAGACTGAAAAGGCTGCTGGCAAGCTCGCCAAAAGCTTTTTCAATCGGTTCCGGCAGACGGCGGG
GCCGAGGTGTACTCGTCGATTCATCGATAGTATGGACCTCTTCTTTCATGCGATTGCACAGCAAGCCCAGGACCGCGCGTCC
GGGTCTGCTCCCTCACTCGAAGAATATGTGGCCCTCCGCGAGGACACGAGCGGGTGCAAGCCCTGCTTCGCTCTCATCGA
ATACGCCGCGGGTATGGACCTTCCAGACCACGTCGCCCATCATCCAACAATCACCGCCCTCGAGCGGGAAGCCAACGCGT
GTATATCATGGTCGAACGATCTCTTCTCGTACAACGTCGAGCAAGCGCGGGGTGACACACACAACATGATTGCGGTGATCAT
GCGCGAGGACGGGCGCAGCTTGCAAGAAGCCGTTGAATACTTGGGCGCTCTCTGCAAGCTCTGCATAGTGCACTTCGAGG
AAAACCGAGCCATGCTGCCATCGTGGGGTCCGGAGATTGACGGGGAAGTCGACAGGTATGTGCTCGGCCTCCAGGACTGG
ATGGTCGGTGCCCTCCATTGGAGCTTCGACACCGCACGTTATTTCGGGGATGAAGGCCCTGCGATCAAGAAGCACGGTGTC
GTGACACTACTACCGCGGAAGTCTTCATCGTAA

>LrTS4
ATGTCTGCTGCCACTACTTTTGCCTCTGCGGTTGCGCCCAAGAAGTCTATCGTCGTCCAGACAGAGGACGGACCCACACAG
AGGTACCTGTACCTCCCGGATACGATGTCCAACTGGCCTTGGCCACGCATGATCAACCCGTACTACGAGGAGGTCACTCTC
GAGTCGAATGCGTGGTTCAAGTCCTTTAAGCCGTTCACTCCTGAGTCGCAGTATGCCTACGACAAATGTGATTTCGGCCGCC
TCGCATCCCTCGCCTACCCGGATATCTCACGGGAGGCGCTTCGAACCGGAATTGATTTGATGAACGTGTTCTTCGTCGTCGA
CGAATACACCGACGTCGAGCCTGCCCCCGTCGTCCGCGAGATGATCGAGATTGTTATTGACGCTCTGCACAACCCCGACAA
GCCCCGTCCTGAGGGCGAGATTCTCCTTGGCGAGATAACCAGACAGTTTTGGGCTCGTGGCCGCACAACGGCAACGCCCG
AGGCGGCGAAACACTTTGTTGAAGCGTTCACCGACTACCTGCGGTCGGTGATCTACCAGGCCGAGGACCGTGACAGCAAC
ACCGTCCGCACGATCGACAGCTACCTTGAAACGCGACGGGAGAACATTGGCGCCCGCCCCTCATACGTTCCGGGCGAGCT
GCATCTTTCCATCCCGGACGAGGCCTTCTACCACCCTGTCATCAAGGAACTCGAGTATCTTATCGCGGACCTTATCATCCTCG
ACAACGACATCGCGTCGTACAACAAAGAGCAGGCGACTGGCGACGATCGGCACAACATTCTCACGATCGCCATGCACCAGT
TCAACTGCGACTTCGACACCGCGATGGAGTGGGTCGTCAACTACCACAAGGACGTCGAGATGCGCTTCATAGACGGGCTCA
AGCGCGTGCCGTCCTGGGGCCCTAAGGTTGACGCGGAAGTGCAGGTGTACATCACGCACCTTGCCAACTGGCCACGTTGT
AACGACTGCTGGAACTTCGAGTCTGGGAGGTACTTTGGCAGCAAGGGCCTCGAGTACCAGAGGACCCGTCTCGTGCCGAT
GCTCCCGAAGCGTCCGCAGAACCCGACCCTGCGCCGCGAGCTCGTCGAAGTTCCGCTAGTTGAGAAGCTCGAACAGCTC
CCGTTGGAGCCCGCAGGCACAATTATTGCTGCGGCGGCGTAA
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Figure S1. Phylogenetic tree.
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Figure S2. SDS-PAGE analysis of the purified proteins.
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the products.



+EI TIC

x10 2
LrhTS3_boiled
0
10 2 ‘EI TIC .
LrhTS3_full reaction
0
10 2 YEI TIC
LrhTS3_w/o enzyme
0
10 2 *EITIC
LrhTS3_w/o Mg2*
0
10 2 ‘EITIC
LrhTS3_w/o FPP
0
9 10 11 12 13 14 15 16
min
10 6 +ET (rt: 14.043 min) gl 868-Full-compound §
X
™~
0.8 —
=
0.6 ~
— L - N
e g g @ W% e WY ek e o e
0.2 g 8 g l I ‘ g z = ]
N IO IOY P 11| VOO | O Mo S Y | A N
10 6 +E1 (rt: 14.043 min) compound 5§
X
9. ™
&
1.5 T
If i — '_: :: — ™
- = - g ¥ 5 8 g L o
0 f.l\l‘ || | MIU H. :.‘. .|. | | wndl \ vl 1l I [. |. 1\ | |

20 40 60 80 100 120 140 160 180 200 220 240
(m/z)
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Figure S6. GC-MS chromatograms of the in vitro enzymatic assay of LrhTS4 and the EI-MS of
the products.
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3 L +EI pp (rt: 12.899 min) g18365-5-Fu... 40 4| 41 58| 42 4| 43 19| 44 1|
4 L +Elpp (rt: 11.145 min) g18365-4-Fu... 50 2| 51 10| 52 4| 53 19| 54 2| |
5 L +Elpp(r: 12,671 min) g18365-7-Fu.. 55 38] 56 3| 57 7| 58 1| 62 1| £
6 L +Elpp(rt: 13.636 min) g18365-7-Fu.. gg g} g‘; 23} gg 22} 9? g} % 33}
. . 50+
7L+l (it 12963 min) g18365-5-Fu.. 76 2] 77 61| 78 20| 78 76| 20 10|
8 L +EI pp (rt: 12.899 min) g18365-5-Fu... 81 03] 82 0| & 4| 8 1| 8 5|
9 L +Elpy(rt: 11.285 min) g18365-6-Fu.. 105 91204] 92 31| 93 81| 94 9| 95 22|
10 L +El pp (rt: 13.636 min) g18365-7-Fu... b o 119 204 96 2| 97 1] 101 1| 102 5| 103 25|
" ST T 104 19| 105258| 106 33| 107 34| 108 6|
ames /| Structures pee 55 67 147 100 5] 110 1] 112 1] 113 1] 115 44|
[mainlib; replib; 350643 total spectra ol 27‘ .I. by I|| ‘||. e T A ..|| J 7818 116 17| 117 63| 118 16| 119177| 120 62|
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 121 13| 122 3] 123 3] 126 1| 127 7|
(Text File) +El pp (rt: 12.645 min) pMX2-1-1.D 128 21| 129 20| 130 8| 131 29| 132 9| -
Plot/Text of Search Spectrum /_Plot of Search Spectrum }, Spec List /
100-| 161
1
50+
o g1 105 119 138 204
1 27 41 5558 62 67 lsa el 05 |1|97 L 0 139 14745 1 173 189 )
57 - } -+ i g TH e -+ i I
1000 900 M 55 67 71 o a3 99 103[107 11|9 133 147 [ 2||}4
# Lib. Match Prob.(%) Name ~ 1 sod o1 105
m1 M 948 437 cis-Muurola-4(15),5-diene
2 M 906 980 Bicyclosesquiphellandrene 1
m3 M 902 827 (+)-epi-Bicyclosesquiphellandrene = | 100 161
m4 M 900 763 1R,25,65,75,85)-8-1 11-met... y ; ; T y ; ; ; T T i T T i T T T T & T 1
5 N ss s ch o 1)3 s°lpr°p" 1';'1 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220
L -Cyclopental1,3]cyclopropal1,2]b... [ FE pp (1t: 12.645 min) pMX2-1-1.0 T Fead to Tail MF=948 RMF=059 4 Gis-Muurola-4(15),5-diene
=6 M 892 704 1H-Cyclopenta(1,3]eyclopropa[1,2]b.. Difference_\Head to Tail £ Side by Side A 7 948 3,77
M 883 426 (15.4S 4aS)-1-Isopropyl-4,7-dimeth... N oMo A5 e -
R 880 3.77 G_ermacrene D ) 1004 161 Formula: G15Ho4 =
Mo 868 251 Bicyclo]4.4.0]dec-1-ene, 2-isopropyl... MW 204 Exact Mass: 204.1878 CAS#: 157477-72-0 NISTH: 412432 ID#. 187419 DB: mainiib L
M 860 187 (15.4aR,8aS)-1-Isopropyl-7-methyl-... H Other DBs: None I
R 856 158 Naphthalene, 1,2,3.4.4a,5,6,8a-octa... Contributor: NIST Mass Spectrometry Data Center
R 840 704 1H-Cyclopenta[1,3]eyclopropa[1,2]b... InChIKey RNDFUOKDULDZPR-UHFFFAOYSA-N Non-stereo
M 846 111 isoledene 70 m/z Values and Intensities:
: 27 15| 29 14| 39 36| 41109 42 7|
R 842 763 (1R,25,65,75.85)-8-Isopropyl-1-met... 43 48] 51 19| 52 10| 53 34| 54 9|
R 839 158 Naphthalene, 1,2,3.4.4a,5,6,8a-octa... 504 \ 55 76| 56 6| 57 12| 63 12| 64 6|
M 836 078 a-Cubebene 65 42| 66 8| 67 53| 69 48| 70 4|
R 85 111 isoledene o 105 71 19] 72 4| 77 89| 78 30| 79103|
80 10| 81121 8 13| 83 6| 89 7|
R 832 066 -Muurol
y-Muurolene 119 208 90 2| 91273 92 39| 93101 95 29|
M 832 158 Naphthalene, 1,2,3.4.4a,5,6,8a-octa... 99 43| 100 3| 102 5| 103 39| 104 25|
Mo 831 064 1-Isopropyl-4,7-dimethyl-1,2,3,5,6 8... 27 | || | | 147 | 105315| 106 37| 107 36| 115 60| 116 21|
M 828 066 y-Muurolene o | .|| |II. | Ll I.. ) A 117 80| 118 21| 119205| 120 54| 127 8|
R 828 056 Copaene 20 30 40 50 60 70 80 Q0 100 110 120 130 140 150 160 170 180 190 an 210 220 128 28] 120 241 130 17| 131 36| 132 12| -
m23 R___820 (044 1H-Cye Inanhthalene, 1a.2 ~ | (mainlib) cis-Muurcla-4(15),5-diene < I 1 v
Names | Siructus 7 TLib = 141, HitList |\ Plot/Text of Hit / Plot of Fiit 7
Lib. Search [ Other Search Nanes | Compare ] Librarian |

Figure S8. Prediction results of compound 2 mass spectrometry using the NIST database.
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E] NIST MS Search 24 - [Ident, Presearch Default - InLil

["iFile Search

EC=N )]

iew Tools Options Window Help
LECERES

@IS W 1 +Elmumu, (rt 12963min < |B @ Q@ Y

- Name +EI pp (it: 12.963 min) g18365-5-Ful D -

# Src. Name 161 il
1 A +Elpp (: 12.963 min) g18365-5-Fu... 100+ e A D 9608, Towt Fle.

2 A HElpp(rt 2-95Dmfn)918355”u--- 26 2| 27 33| 28325 29 44| 32 14|

3 A +El pp (it 13.102 min) pMX2-1-3.D 38 2| 39 49| 40 26| 41191| 42 29| L
4 A +Elpp (it 12.645 min) pMX2-1-1.D 43218| 44 17| 50 5| 51 18] 52 9| F
5 L +El pp (it 12645 min) pMX2-1-1.D - 53 46| 54 9| 55154| 56 53| 57270]

6 L +Elpy (rt: 13,636 min) g18365-7-Fu... 119 134 gg m g 53} gg 12} 2;133 38 ‘;i}

i : 50

7 L *Elpp(re 14412 min) g18365-7-Fu... 71285 72 18| 73 3| 75 3| 77107| |
8 L +Elpp(rt: 11.208 min) g18365-7-Fu... 78 34| 79100| 80 14| 81192| 82 26|

9 L +Elpp (rt: 12671 min) g18365-7-Fu... 83 52| 84 55| 85205 86 13| 87 3|

10 L +El pp (rt: 12492 min) pMX4-1-3.D 4 189 89 9| 91285 92 74| 93135] 94 19|

" a7 e 95 43| 96 11| 97 26| 98 16| 99 66|
ames Soces pec 145 176 100 6] 102 9| 103 39| 104 18] 105446 |
[mainlib; replib; 350643 total spectra o 1) I ([ e g L. 225 240 253 281 106 83| 107 64| 108 12| 109 22| 110 9|
10 20 40 60 80 100 120 140 160 130 200 220 240 260 280 1471 112 41| 113 841 114 9] 115 81|
(Text File) +El pp (rt: 12.863 min) g18365-5-Full.D 116 34| 117 98| 118 42| 119553 120 77| -
Plot/Text of Search Spectrum /,_Plot of Search Spectrum }, Spec List /
100+ 161
1
204
189
1 145155 || qes 76 183 | 197 | 225 240 253 281
i e + |
1000 000 147 | 175 |
189
# Lib. Match Prob. (%) Name = 50| 105 119 134
m1 R 8% 306 Naphthalene, 1,2,4a,5,8 8a-hexahyd... 204
=2 M 848 229 T-lsopropyl-4,7-dimethyl-1,2.3,5,6 8... 1
=3 R 827 972 Naphthalene, 1,2,3,5,6.8a-hexahydr... = | 1004 -
4 M 825 972 Naphthalene, 1.2,3,5,6.8a-hexahydr... T T T T T T T T T T T T T T T T T T T T T T T T T T T
5 N o o napntatens. Toave neanycr 20 30 40 50 60 70 8 80 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290
) ! _ 2,356, ydr... Y +ET pyL (. 12.968 min) g18866-6-Full.D T Head to Tall MF =856 RMF=808 [WNaphthalene, 1,2 4a,5,8 8a hexahydro4,7-dimethyl 1-(1-methylethyl)-, [1.
6 M 804 355 Tau-Cadinol acstate Difierence J\Head to Tail /,_Side by Side J, 7 856 30.6P
m7 R 802 9.72 Naphthalene, 1,2,3,5,6,8a-hexahydr...
Name: Na 12,4258, -4,7-dimethyl-1-(1 , [15-(1,4ap, 8aa)- i
28 R 800 9.72 Naphlhalene.1.2.3.5.6,Seffhexahyd . 1004 161 Formula: C15Hp4 M
Moo 220 (15,65,7R,105)-10-Isothiocyanato-4... MW: 204 Exact Mass: 204.1878 CASH: 523-47-7 NIST#: 22553 ID#: 31768 DB: replib =
R 78 211 Copaene Other DBs: NIH
M 787 195 isoledene InChiKey USDOQCCMRDNVAH-UHFFFAOYSAN Non-stereo
R 78 172 tau.-Cadinol N Related CASK 5743-03-3
M 781 152 Muurolene 104 miz Values and Intensities:
: M 27 66| 28 15| 29 62| 39 80| 40 15|
R 775 119 Naphthalene, 1,2,3.4.4a,5,6,8a-octa... 204 41252| 42 15| 43 58| 44 7| 50 7|
R 774 119 Naphthalene, 1,2,3.4,4a,5,6,8a-octa... 504 105 119 134 51 20| 52 11| 53 66| 54 7| 55131
M 773 241 Copaene 56 11| 57 11| 63 15| 64 15| 65 51|
R 772 195 isoledene " 81 66 11| 67 58| 68 11| 69 91] 70 11|
- 1 01 71 11| 74 4| 75 7| 76 15| 77117|
R 772 105 (1R 25.,65,73,85)-8-Isopropyl-1-met... 189 78 33| 70102| 60 15| 61200] 2 26|
M7 101 Cyclohexene, 6-sthenyl-6-methyl-1-... 83 11| 89 7| o1241| 92 66| 93157]
M 760 172 tau.-Cadinol 175 94 26| 95 51| 96 7| 97 7| 102 7|
R 768 089 Azulene, 1,2.3,3a,4,5,6,7-octahydro-... ol 103 26| 104 15| 105438| 106 80| 107 73|
R 767 152 y-Muurolene 20 40 60 80 100 120 140 160 180 200 220 240 260 280 108 15| 100 26| 110 7] 115 98] M6 22| =
m23 R___76] 086 47-Meth lene. 1.2.3.45.6.7.8- ~ | (replib) Naphthalene, 1,2,4a,5,8,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-, [15-(1a,4aB,8aa)]- 4] il ] y
Names f Structures | InLib = -258, HitList |\ Plot/Text of Hit { Plot of Hit /.
Lib. Search | Other Search Nanes | Conpare | Librarian |

Type of Search: Ident Displayed: Ident

Figure S9. Prediction results of compound 3 mass spectrometry using the NIST database.



] NIST MS Search 2.4 - [Ident, Presearch Default - InLib = 1

[iFile Search View Tools Options Window Help
LT EEERE ]

@I B[] +ELmumu. (rt 13,090 min +|[® W& Q@ ¥
# Src. Name 1o Name: +E| pyu (- 13.090 min) pMX2-1-3.D -
; MW. N/A ID# 81 DB: Text File M
1 A +Elp(rt 13.090 MX2-1-3.0 2 WADE: 81 U5
2 A +EI Z - 12.645 m!") pMX21 1D 120 m/z Values and Intensities:
B (rt: 12,645 min) pMX2-1-1. 26 1| 27 18| 28 &| 29 21| 30 1]
3L +El py (rt: 12.950 min) g18365-5-Fu... 32 1] 38 1| 39 32| 40 6| 41106]
4 L +Elpp (it 12.899 min) g18365-5-Fu.. 105 42 11| 43 27| 44 2| 50 2| 51 14| L
5 L +El py (rt: 11.145 min) g18365-4-Fu... 161 52 5| 53 24| 54 3| 55 83| 56 40|
6 L +Elpy (it 12671 min) g18365-7-Fu... g; ;g} gg ;} g 13}} gg i} gg sg\
. ; 50+
7 L +Elpp (13,636 min) g18365-7-Fu.. 7020] 71 3] 4 1] 75 2| 76 3
8 L +El py (rt: 12.963 min) g18365-5-Fu... 77 86| 78 22| 79 61| 80 13| 81 49|
9 L +Elpp (it 12.899 min) g18365-5-Fu... o1 204 8 10| 8 7| 84 3| 8 1| 87 1
10 L +El py (rt: 11.285 min) g18365-6-Fu... o 89 8| 91220 92742] 937129| 94 18|
N Srstas 7 e 41 77 95 11| 96 1| 97 4| 101 1] 102 7|
e e pec e 55 69 183 47 189 103 41| 104 25| 105675| 106 77| 107 27|
imainlib; replib; 350643 total spectra ol |.|.|| DU PN | UYL N 108 5| 109 6] 110 1| 111 1] 113 1]
10 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 14 1] 115 561 116 18] 117 79| 118 42|
(Text File) +El pp (rt: 13.000 min) pMX2-1-3.0 119099| 120197| 121196] 122 40| 123 5| ~
Plot/Text of Search Spectrum ,i_Plot of Search Spectrum J, Spec List /
100 19
1
109 161
50
“ 7 91 121 204
1 2 o o o5 W ses eoly o L I 28 19 Mis |l 175 189 |
‘ ‘ T L s Tt G T 73 Lo 1 T T e 1 ! '
1000 900 18 28 3 55 69 0 77 &1 133 147 |
4 91 121 204
# Lib. Match Prob. (%) Name | s
s1 R 937 329 Naphthalene, 1,2,3,4,4a,7-hexahyd 161
B2 M 935 304 Cubenene | 105
=3 R 884 6.11 Copaene = | 1004 118
24 M 882 329 1.2,3.4,4a,7-hexahyd T T T : , : T T T T T T T T T T T T T T T
5 R 812 407 Cubebe 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220
. a-tubsbene [a FET pt (rt: 13.090 min) pMX2-1-3.0 T Head to Tail MF=037 RMF=047 [ Naphthalene, 1,2,3,4,4a,]-hexahydro-1,6-dimethyl-4-(1-methylethyl)-
26 M 868 4.07 a-Cubebene [\ Difference ) Head to Tail /{ Side by Side T 937 32.9P
7 M 8% 263 3,5,59-Tetramethyl-4a,5,6,7,8,9-hex...
,5,5,9-Tetramethyl-4a,5,6,7.8,9-hex Name: Nay 123443, 1,6-dimethyl-4-(1 i
28 M 858 6.11 Copaene 100 119 Formula: C15H24. =
9 M 840 185 (15:42R 8aS)-1-lsopropyl-7-methyl-... MW: 204 Exact Mass: 204.1878 CAS#: 16726-99-7 NIST#- 9229 ID#: 23431 DB: replib 4
210 R 845 6.11 Copaene Other DBs: None I
a1l M 845 157 (1545,4aS)-1-Isopropyl-4,7-dimeth... InChiKey: JUQGWBAOQUBVFP-UHFFFAOYSA-N Non-stereo
m12 M 845 157 (3R,3aS5,8aS)-3,6,8,8-Tetramethyl-2,... W o 27 57| 2 )
13 M 844 150 (1R 3a5,8a5)-7-Isopropyl-1 4-dimet... 20 64| 31 6] 32 27| 30 80| 40 10|
=14 R 841 611 Copaene 161 41216| 42 20| 43 62| 44 13| 45 22|
=15 R 839 121 y-Muurolene 50 5| 51 21| 52 8| 53 41| 54 5|
=16 M 837 112 isoledene 55149| 56 77| 57 27| 58 6| 63 8|
S s v e 204 G| 70 3| 7 o 75 72| 7 5l
=18 M 836 1.07 Ylangene ) 77 94| 78 26| 79 66| 80 15| 81 60|
219 M 835 1.03 cis-muurola-3,5-diene 82 14| 83 12| 84 5| 8 5| 89 11
20 M 829 0.81 a-Cuprenene 133 447 90 8| 91217| 92176| 93153| 94 22|
=21 R 828 078 Naphthalene, 1,2,3,4,4a,5,6,8a-0cta... |.|||| et |.‘| U E— 95 15| 97 6| 102 9| 103 43| 104 31|
@22 R 827 407 a-Cubebene 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 105680 106 80| 107 30| 108 6] 109 8| -
23 R824 066 1H-3a.7-Math lene. 2.34.7.8 ~ | (replib) Naphthalene, 1,2,3,4,4a,7-hexahydro-1,6-dimethyl-4-(1-methylethyl)- < il ] b
Names | Structures /| InLib = 160, Hit List ~ [\ Plot/Text of Hit / Plot of Hit /
Lib. Search | Other Search Nanes | Conpare | Librarian |
Type of Search: Ident Displayed: Ident

Figure S10. Prediction results of compound 4 mass spectrometry using the NIST database.



ﬂ NIST MS Search 2.4 - [Ident, Presearch Default -

[1File Search Vi

LTI R

w Tools Options Window Help

DPF = 1 +Elmumu (rt14043min B =0 &Y
#  Src. Name 11 Name: +E| p (it: 14.043 min) g18365-1-Full.D <]
1 A +Elpy (it 14.043 min) g18365-1-Fu.. 100+ MW: NIA ID# 57 DB: Text File
2 A “EI b2l - 12.963 m!n) 91 8365»&Fu 156 m/z Values and Intensities:
H (rt: 12.963 min) g U 26 1| 27 22| 28 34| 20 42] 3 45)
3 A +Elpp(rt: 12.950 min) g18365-5-Fu... 32 2| 39 50| 40 11| 41162] 42 12| 3
4 A +Elpp (it 13.102 min) pMX2-1-3.D 43 64| 44 4| 45 2| 50 3| 51 18] I
5 A +El py (rt: 12,645 min) pMX2-1-1.D 52 9| 53 64| 54 8| 55192 56 17|
L 206 a1 gl g2 eals
. . 50
7 L +El pp (rt: 13.636 m!n) g18365-7-Fu... 05 121 69173| 70 22| 71 21| 72 2] 73 1]
8 L +El pp (rt: 14.412 min) g18365-7-Fu... 222 74 1| 75 2| 77160| 78 35| 79166
9 L +Elpp(rt: 11.208 min) g18365-7-Fu... 80 28| 81357 82 33| 83117] 84 11|
10 L +El py (rt: 12.671 min) g18365-7-Fu... g 8 13| 86 1] & 1| 88 1] 8 5|
" TS —Thr 207 91295| 92 50| 93278| 94 44| 95392|
mes Soohey pot 96 38| 97146 98 24| 99 11| 100 1|
imainlib; replib; 350643 total spectra o 101 1] 102 4] 103 29| 104 14| 105241|
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 106 73| 107364 108 47| 109222| 110 26|
(Text File) +El py (rt: 14.043 min) g18365-1-Full.D 11 27] 112 4] 113 2] 115 42| 116 16| ~
Plot/Text of Search Spectrum /{_Plot of Search Spectrum J, Spec List /
191
100+
1
50+ 121
81 o1 95 107 135 222
4 55 69 79 97 119 175 189) 207
2 | | 3 A N A I |
1 P il'l ol b lillil'l BQI'iI Hili ] [t il . - 183 'Ili | 1
1000 900 800 glg 39 4|;5 53|57 55| | 7|7 8|3 | I 9|s 1||15| 111 | [ 139) 148 161 179 I 207
% Lb. Match Prob (%) Name | sl 55 67 J ot 121
1M 783 166 (7a-Isopropenyl-4,5-dimethyloctahy... 41 93 109 135
B2 M 777 1341 Amberonne (isomer 2) i 95
®3 M 769 9.76 1-Naphthalenemethanol, 1,4,4a,5,6,... = | 1004 191
24 M 768 09.38 Ambe i 3 T T T T T T T T T T T T T T T T T T T T T T
5 M 754 587 A'"bem""e (isomer 1) 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230
- mberonne (isomer 1) = +ET pp (1t: 14.043 min) g18366-1-Full.D T Head to Tail MF=783 RMF=844 4 (7a-Isopropenyl-4,5-dimethyloctahydroinden-4-yl)methanol
@6 R 748 461 1H-Benzocyclohepten-7-ol, 2,3,4,4a... Diference )\ Head to Tail £ Side by Side } 7 o5 D
7 M 74 39 4,8-Methanoazulen-9-ol, decahydro...
Name: (7a-Isopropenyi-4,5 4 -
&8 M 743 374 (75.73R, 135)-9-Methoxy-4,4.7.7a 100 191 Formula: C15H260 =
9 M Jar 204 1-{1,6-Dimethyl-4-(4-methyl-3-pent... MW 222 Exact Mass: 222.198365 NIST#. 167020 ID#: 221491 DB: mainlib
10 M 725 1.96 Drim-7-en-11-o0l Contributor: Chemical Concepts
g1 M 724 188 5-(7a-lsopropenyl-4,5-dimethyl-octa... OH InChiKey: JWXHLUIZEXNANU-UHFFFAOYSAN Non-stereo L
12 M 720 159 Ta-Isopropenyl-4,5-dimethyloctahyd... 114 m/z Values and Intensities: I
@13 M 718 146 [5-(Hydroxymethyl)-2,5,8a-trimethyl... 27 91| 28 20| 20154| 31 43| 39131]
> " 40 24| 41490| 42 34| 43241| 44 13|
=14 M n7 141 2-Butenal, 2-methyl-4-(2,6,6-trimeth... 45 18] 50 6] 51 31| 52 17] 53137]
15 M Ay 141 (-)-Isolongifolol, methyl ether 50 54 22| 55394| 56 37| 57115 58 10|
=16 M 712 113 Junenol 50 13| 63 12| 64 7| 65 80| 66 33|
17 M 705 087 5-(7a-Isopropenyl-4,5-dimethyl-octa. .. = g 3?3} ?2 4” 32 31;} ;gwgg} ;; ig}
18 M 704 0.83 1470xatr|t.:yclo[9..2.1.D(1 10)Jtetrade... 79386 80 95| 81460| 82107 83173
1M 702 077 2-(4a,8-Dimethyl-6-0x0-1,2,3,4,4a,5,... us 161 179 34 31| 85 70| 86 &| 01280 92 58]
=20 M 701 074 Uvidin C | | 207 03492| 04187| 95746| 96 86| 97120
@21 M 700 071 5-(1-Isopropenyl-4,5-dimethylbicycl... o L .|I L[/ |..|.‘ ] 98168| 99 21| 103 23| 104 14| 105223 |
22 M 699 068 Cedran-diol, (85,14)- 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 23p | 106 56| 107413] 108 183 109505| 110 65|
0.66 Labd-8-en-15-0l ~_ | (mainlib) (7a-lsopropenyl-4,5-dimethyloctahydroinden-4-yl) methanol 11 67| 112 14| 115 28| 116 13| 117 34| ~
InLib = -520, Hit List ~ |\ Plot/Text of Hit /i Plot of Hit /
Lib. Search [ Other Search | Nanes Conpare | Librarian |
Type of Search: Ident Displayed: Ident

Figure S11. Prediction results of compound 5 mass spectrometry using the NIST database.



EENIST M Search 24 ~ident, Presearch Defauit - InGBIZ 127,

B

miFile Search View Tools Options Window Help
fErSEEEE -7 |
@S E (1 4ELmumu (112022 min <@ @ B & Y
# Sro. Name - 6 Name: +EI pp (1t 12.022 min) pMX4-1-1.D -
1 A +Elpp (it 12022 min) pMX4-1-1.D 100 MW. NiA ID#: 85 DB: Text File
. . . 91 m/z Values and Intensities:
2L El pp (rt: 12.976 min) pMX4-1-1.0 27 47| 28297| 28 31| 32 37| 38 10|
3 L +Elpp (12022 min) pMX4-1-1.D 30 96| 40 72| 41536| 42 26| 43 37|
4 L +Elpp (it 12.899 min) g18365-5-Fu... 44 30| 51 27| 52 17| 53106| 54 12|
5 L +El pp (rt: 13.090 min) pMX2-1-3.D 9 55 139| 56 11| 57 33| 65 53| 66 16| =
6 L +El g (rt: 12.645 niin) pMX2-1-1.0 41 67209| 68 67| 69999 70 50| 71 23|
i ) 50| 73 22| 777130| 78 28| 79229| 80 43|
7L Bl 12.950 min) g18365-5-Fu. . 81193| 82 68| 83 10| 91182| 92 93|
8 L +Elpp(rt: 12.899 min) g18365-5-Fu... 2 133 93632| o4 78| 95 67| 96 11| 97 8|
9 L +Elpp (rt: 11.145 min) g18365-4-Fu... 2 120 103 8| 105 84| 106 31| 107108| 108 18|
10 L +Elpp (rt: 12671 min) g18365-7-Fu... 0 55 161 109 70| 110 10| 111 7] 112 10] 115 8| B
Names { Structures / Spec it 107 117 11 119101| 120228| 121 65| 122 9|
.||4 |l|. 148 204 253 397 105 123 20| 133325| 134 65| 135 57| 136 17|
mainlib; replib; 350643 total spectra o L nne I 1 e A L e 137 8| 147 37| 148 39| 149 14| 156 10|
10 30 60 90 120 150 180 210 240 270 300 330 360 390 158 9] 160 8| 161178] 162 32] 165 8|
(Text File) +El pp (rt: 12.022 min) pMX4-1-1.D 175 10| 189 23| 191 9] 195 8| 197 8| -
Plot/Text of Search Spectrum /,_Plot of Search Spectrum }, Spec List /
69
: 100+
50 133
P 161
1 o oo |,, 48 | 475 18y 204 253 a0 281 37 343 405
i } ; i 1
1000 900 o L l 189 204
120 433
# Lib. Match Prob. (%) Name = 50|
=1 M 80 316 cis-B-Farnesene
=2 R 80 316 (E)-p-Famesene | 69
=3 R 833 316 (E)-p-Famesene = | 1004 i
=4 M 816 316 E)-B-F. L I B ™ e L B e e e e B
5 R 82 316 (.)&Far"ese"e 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410
- cis-p-Famesens [ FEl ppt (. 12.022 min) pMXA-11.0 Head to Tail MF=860 RMF=033 d Gisp-Farnesene
6 R 790 459 Caryophyllens Difference }, Head to Tail {_Side by Side % 7 (50 GHAP
m7 R 788 423 Bicyclo[7.2.0]undec-4-ene, 4,11,11-t...
. Name: cis-B-Farnesene -
B8 R 786 31.6 Dlsf[}Famesene_ ) 100 41 Formula: C15Hp4 M
B9 Mo 785 3 156,10-Dodecatriene, 7,11-dimethyi-... MW 204 Exact Mass: 204.1876 CAS#: 28973-97-9 NIST#: 141110 1D4: 3673 DB mainib -
210 M 783 3.45 (18,5S,6R)-6-Methyl-2-methylene-6... 69 Other DBs: None
1M 782 3.31 (1S,58)-4-Methylene-1-((R)-6-meth... Contributor: Mark Whitten, Florida Museum of Natural History, U. of Florida
=12 R 780 450 Caryophyllene InChiKey JSNRRGGBADWTMC-QINSGFPZSA-N Non-stereo
=13 R 780 459 Caryophyllene AN \ 83m/z Values and Intensities:
: aryophy 41099 42 49| 43 75| 44 4| 50 10|
=14 M 778 423 Bicyclo[7.2.0]undec-4-ene, 4,11,111... 51 41| 52 27| 53187| 54 19| 55174
m15 M 774 247 Bicyclo[7.2.0]undec-4-ene, 4,11,11-t... 504 56 14| 57 40| 56 2| 62 2| 63 10]
=16 R 772 459 Caryophyllene N 64 4| 65 76| 66 26| 67236 68 93|
m17 R 77 3.31 (1S,5S)-4-Methylene-1-((R)-6-meth... ?3 ?g;l ;g gg} 5;28?} ;é 3§I ;? 21”
=18 R 771 423 Bicyolof72.0]undec-d-ene, 4,11,11-1.. @ 60| & 12| 64 4] g0 4] 01175
=19 R 768 247 Bicyclo[7.2.0]undec4-ene, 4,11,11... 92 87| ©@3464| 04 58| 95 72| 96 7|
20 R 765 179 Cyclohexene, 3-(1,5-dimethyl-4-hex... 97 2| 102 2| 103 9| 105 83| 106 29|
21 M 762 158 B-Bisabolene o i 107 89| 108 15| 109 52| 110 6] 111 8]
2 R 760 179 Cyclohexene, 3-(1,5-dimethyl-4-hex... 30 60 90 120 150 180 210 240 270 300 330 360 390 112 5] M3 3| 115 7] 116 2] M7 9| =
23 R 9 8 &-Bisahal ~ |(mainlib) cis-B-Farnesene < I | ’
InCib = 127, Hit List |\ PlotiText of Hit { Plot of Fit

Lib. Search | Other Search | Nanes | Conpare | Librarian |

Type of Search: Ident Displayed: Ident

Figure S12. Prediction results of compound 6 mass spectrometry using the NIST database.



@ NIST MS Search 2.4 - [Ident, Presearch Default - InLib = -1

[1File Search View Tools Options Window Help

X
BEE

PERSEWEE - 7|

@PE = L +ElLmumu (E11.298min ~|[® B2 @ @ Y

# Sre. Name - Name: +EI py (rt: 11.288 min) g18365-7-Full.D -
. - MW: N/A ID#: 86 DB: Text File
LI iEI W(rt: 1'298m:")g18365774:u"' 111 m/z Values and Intensities:
2 L El pp (t: 12.022 min) pMX4-1-1.D 26 5| 27 61| 28439 20 81| 32 22|
3 L FEl pp (rtz 12 30182| 40 82| 41371| 42 45| 43155|
4 L +Elpp(rt 12.022 min) pMX4-1-1.D 44 17| 50 9| 51 44| 52 31| 53202| |
5 L +El pp (rt: 12.899 min) g18365-5-Fu... 54 28| 55308 56 50| 57199| 58 10| I
U 19090 oD T
7L Bl (rt 12.645 min) pMX2-1-1.0 0 161 73 5| 77291| 78 63| 79550| 80131]
8 L +Elpp (rt: 12,950 min) g18365-5-Fu.. 189 81895| 82 87| 83 38| 84 20| 85 95| |
9 L +Elpu(rt: 12.899 min) g18365-5-Fu.. 86 7| 80 7| 91444| 02141] 93999|
10 L +El pp (rt: 11.145 min) g18365-4-Fu... i 94276| 95272| 96 38| 97 31| 98 26|
Mames { e T ST 175 99 31| 102 6] 103 28| 104 15| 105418]
— - | | 204 106 156| 107 680 108339| 109 127| 110 14|
imainlib; replib; 350643 total spectra pealll ‘| P N [ 111 12 112 9] 113 16| 115 28| 116 10|
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 117 321 118 15] 119362 | 120 139| 121491|
(Text File) +El pp (rt: 11.298 min) g18365-7-Full.D 122123] 123 92| 124 14] 125 6] 126 7| <
PlotiText of Search Spectrum /{_Plot of Search Spectrum J, Spec List /.
; 100+
504
1 o
1000 900 700
# Lib. Match Prob.(%) Name ke | 504
=1 M 802 177 Cyclohexane, 1-ethenyl-1-methyl-2,...

R 890 17.7 Cyclohexane, 1-ethenyl-1-methyl-2....

M 883 8.57 8-Isopropenyl-1,5-dimethyl-cyclode... = | 1004

x :ng ?75; g:z:z:::::: :::::;::::’r::::;:j 20 30 40 50 60 70 80 % 100 110 120 130 140 150 160 170 180 190 200 210 220

: g [ +El gyt (rt: 11.298 min) g18365-7-Full.D I Head to Tail MF=902 RMF=012 [¥ Cyclohexane, 1-sthenyl-1-methyl-2 4-bis(1-methylsthenyl)-, [15-(10,2B.4]

M 866 4.68 Cyclohexane, 1-ethenyl-1-methyl-2,... Difference )\ Head to Tail {_Side by Side J, 7 902 17.7P

M85 449 15-Cyclodeoadiens, 1.5-dimathyl-&-... Name: Cyclohexane, 1-ethenyl-1-methy}-2,4-bis(1-methylethenyl)-, [15-(10,2B 4Bl =

R 85 449 Naphthalene, decahydro-4 hyl-... 81 ;

1004 Formula: C15H24

M 85 326 Azulene. 1,2.3.5.6.7.8.8a-octahydro-... . MW-: 204 Exact Mass: 204.1878 CAS#: 515-13- NIST#: 22550 |D# 62615 DB: mainlib 3

M 856 3.26 Bicyclo[5.3.0]decane, 2-methylene-... Other DBs: RTECS

R 83 326 Azulene, 1,2,3,5,6,7,8,8a-octahydro-.. . InChiKey. OPFTUNCRGUEPRZ UHFFFAOYSAN Nonstereo

R 852 3.26 Azulene, 1,2,3,5,6,7,8,8a-octahydro-... W&u 0 5 % 7]

M 849 2.50 Naphthalene, 1,2,3,5.6,7.8,8a-octahy. 30261] 40 84| 41582| 42 53| 43130]

R 846 449 Naphthalene, decahydro-4a-methyl-... 41 5| 50 12| 51 48| 52 20| 53343

M 846 221 a-Guaiene 50+ 54 34| 55406| 56 19| 57 39| 58 5|

R 845 326 Azulene, 1,2,3,5,6.7.8,8a-octahydro-... 147 50 2| 63 14| 64 10| 65 99| 66 68|

R 845 212 Cyclohexane, 1-ethenyl-1-methyl-2-... 1o . % 482} ?g 743} gg 218} ;g 12} ;; 22;}

R 845 326 Azulene, 1,2.3,5,678 8a-ootahydro-.. 189 76 48] 7941| 0| 99| 82 6]

R 843 195 2,6,10,10-Tetramethylbicyclo[7.2.0Ju... 83 22| 84 5| & 5| 8 7| 90 5|

M 841 180 Cycloheptane, 4-methylene-1-meth... 175 204 91283| 92114 93870| 04256| 95249]

M 840 173 1R,32,95-4,11,11-Trimethyl-8-meth... . I‘ ‘|| B TN ' A 96 29| 97 14| 103 17| 104 10| 105290]

M 840 1.73 Bicyclo[4.3.0]nonane, 7-methylene-... 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 106 121 107 522 108 251| 109 111| 110 74| -
=23 R 838 291 «-Guaiene ~ | (mainlib) Cyclohexane, 1-sthenyl-1-methyl-2,4-bis(1-methylethenyl)-, [15-(1a,2.4B)]- 4 I ¢
Names f Structures | InLib =-134, HitList |\ PlotiText of Hit £ Plot of Hit /

Lib. Search | Other Search | Hanes Compare | Librarian |

Type of Search: Ident

Figure S13. Prediction results of compound 7 mass spectrometry using the NIST database.
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EE] NIST Ms Search 2.4 - [ident, Presearch Default - InLib = 101, 100 spectra e S

[iFile Search View Tools Options Window Help & |[x
SEEED" « ?
@PE = L tELmumu (E 12492 min ~|[® B2 Q@
# Src. Name s 161 Name: +EI pp (it: 12.492 min) pMX4-1-3.D -
= MW N/A ID#: 87 DB: Text File M
1 A +Elpp (rt 12492 MX4-1-3.D CUL WA T2, 87 Lb.
. Mo ( ) m:")P 120 m/z Values and Intensities:
2 A El ppt (rt: 11.298 min) g18365-7-Fu... 26 1| 27 33| 28 8| 29 22| 30 1]
3 L FEl pp (rtz 12 32 1] 38 2| 39 61| 40 14| 417149|
4 L +Elpp (it 12.976 min) pMX4-1-1.D 42 9| 43 49| 44 2| 50 4| 51 23| L
5 L +El pp (rt: 12.022 min) pMX4-1-1.D 52 13| 53 4] 54 9| 55101 56 7|
6 L +Elpp (1t 12.899 min) g18365-5-Fu.. 105 g; ;g} gg él g; g%} gg 15” g‘; 7‘;}
. . 504
7 L +EI pp (rt: 3.DQDm!n) pMX2-1-3.D o1 70 6] 71 12| 72 1] 73 1| 74 1]
8 L +El pp (rt: 12.645 min) pMX2-1-1.D 119 75 1| 76 3| 77182 78 52| 79235|
9 L +Elpu(rt: 12950 min) g18365-5-Fu.. 81 80 66| &1265| & 28| 83 10| 84 1|
10 L +El pp (rt: 12.899 min) g18365-5-Fu... i " 133 204 gg 5115\ gé 352I g? 82\ wg? 201\ ng Qi\
Names £ Structures Spec List 55 67 I | I I I
97 L i 147 103 27| 104 18| 105487| 106 72| 107 101 |
[mainlib; replib; 350643 total spectra ol % |L J.l] ‘ [ O 518e | N1 227 108 16] 100 5] 10 2] 11 1] 112 1]
10 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 113 1] 115 32| 116 12| 117 61] 118 16|
(Text File) +El pp (rt: 12.402 min) pMX4-1-3.D 119315] 120274 121 49| 122 8| 123 25| -
PlotiText of Search Spectrum {_Plot of Search Spectum }, Spec List
100 161
1
5o o 105
&1 o 119
4 5 o7 | 133 204
1 7 a2 i|i i| i . I|i - |I- ol “?7 Al 175 189 l 253 281 327
1000 900 700 27 3 | [ 7 os | | | 147 |
5% 67 03 133 204
# Lib. Match Prob. (%) Name -1 &0l 41 31
m1 R 958 403 Germacrene D o 119
=2 M 939 196 (1R.2S,68,75,85)-8-Isopropyl-1-met... | 105
R 927 13.0 1H-Cyclopenta[1,3]cyclopropa[1,2]b... = | 1004 161
M 922 13.0 1H-Cycl ta[1,3] | 1.2]b... T T T T T T T T T T T T T T T T T T & T T T T T T T T T T T T T T
M %00 583 .MVDOF:ST][5 g'.wpmpa[ 1 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340
g cis-Muurola-4(18).5-diene [N “El (& 12492 min) pMX4-1-3.D I Head to Tail MF=958 RMF=971 i Germacrens D
M 895 3.09 (15.4aR 8a5)-1-Isopropyl-7-methyl-... Difference }, Head to Tail £ Side by Side }, Subtraction 958 40.3P
M 893 403 Germacrene D T cm———1
R 887 2.30 Naphthalene, 1,2,3,4,4a,5,6,8a-octa 1004 161 Formula: G15H24
R 86 196 (1R.25,65.75.85)-8-Isopropyl-1-met... MW: 204 Exact Mass: 204.1878 CAS#: 23986-74-5 NIST#: 383943 |D#: 31625 DB: replib L
M 883 194 Tricyclo[4.4.0.0(2,7)]decane, 1-meth... 105 Other DBs: None
M 880 172 (*)-epi-Bicyclosesquiphellandrene Contributor: NIST Mass Spectrometry Data Center, 2010
R 879 165 v-Muurolene InChiKey: GAIBLDCXCZKKJE-BZXLUOIMSA-N Non-stereo
86 m/z Values and Intensities:
R 878 13.0 1H-Cyclopenta[1,3]eyclopropal1,2]b... 91 26 1) 27 42| 29 31| 30 1] 38131
M 878 159 (5.12.6Z)-8-Isopropyl-1-methyl-5-m... 110 40 28| 41302] 42 19| 43 91| 52 28|
R 877 165 y-Muurolene 50+ 53130| 54 17| S55174| 56 12| 57 27|
M 874 134 Bicyclo[4.4.0]dec-1-ene, 2-isopropyl... 81 / 58 2| 62 3| 63 20| 64 8| 65120]
M 870 113 @-Cubebene 41 66 30| 67196] 71 18| 77332 78 91|
g o 133 79370 80 96| 81395 82 41| 83 15|
R 86 196 (1R.25,65.75,85)-8-Isopropyl-1-met.. o 67 204 89 8] 90 3] 9157 S2111| 93274]
R 85 0 isoledene 95 72| 96 7| 97 5| 98 1| 101 1]
R 863 2.30 Naphthalene, 1,2,3,4,4a.5,6,8a-0cta... 27 147 l 102 6] 103 46| 104 27| 105826| 106 115]
R 89 113 a-Cubebene o " IJI. . - . . . . : : 107 149| 108 22| 109 19| 110 2| 111 1|
B2 R 858 1.65 y-Muurolene 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 115 56| 116 21| 117100] 118 26| 119492] -
" 23 ? 855 064 Copaene ~ | (replib) Germacrene D 4] I ] f
Names £ Structures InLib = 101, Hit List PlotiText of Hit £ Plot of Hit
Lib. Search [ Other Search | Hanes | Compare ] Librarian ]
Type of Search: Ident Displayed: Ident

Figure S14. Prediction results of compound 8 mass spectrometry using the NIST database.



@ NIST MS Search 2.4 - [Ident, Presearch Default - In

[1File Search View Tools Options Window Help

X
BEE

PERSEWEE - 7|

@PE = L +ElLmumu (h13636min ~|[® B2 @ @ Y

# Src. Name - 81 Name: +EI py (rt: 13.636 min) g18365-7-Full.D &
= MW N/A ID#: 91 DB: Text File M
p . T MW. N/A ID#: 91 DB:
LI +EI W(rt: 3'638m:")g183657 Fu.. 127 m/z Values and Intensities:
2 A El pp (rt: 14.412 min) g18365-7-Fu... 27 32| 28213] 29 31| 31 2| 32 11]
3 A Bl (e 11 918365-/-Fu... 38 2| 39 54| 40 26| 41165 42 20|
4 A +Elpp (it 12.671 min) g18365-7-Fu... 43205| 44 16| 45 9| 50 2| 51 11| 3
5 L +EI pp (rt: 12.492 min) pMX4-1-3.D 52 8| 53 58] 54 13| 55129| 56 26|
6 L +Elpp(rt: 11.298 min) g18365-7-Fu... gé ?g} ggégl gg 23} 23123} ?g g”
. . 504
7oL Bt 12.022 min) pMX4-1-1.D 71153] 72 10| 73 3| 77 82| 78 18|
8 L +El pp (rt: 12.976 min) pMX4-1-1.D 79142| 80169| 81999| 82 93| 83 60|
9 L +Elpp (rt: 12.022 min) pMX4-1-1.D 84 26| 85 44| 8 4| 01110 92 25|
10 L +El pp (rt: 12.899 min) g18365-5-Fu... i 93151| 94 40| 95150| 96 30| 97 /9|
" ST T 98 13| 99 20| 102 2| 103 11| 104 8|
ames f| Suclures pec 105173| 106 33| 107 85| 108 50| 109 141 |
[mainlib; replib; 350643 total spectra 110 22| 111 40| 112 9] 113 10] 115 11|
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 116 4] 117 17] 118 7] 119118| 120 28|
(Text File) +El pp (rt: 13.636 min) g18365-7-Full.D 121139 122 47| 123225| 124 62| 125 18| -
PlotiText of Search Spectrum /{_Plot of Search Spectrum J, Spec List /.
100+ &
1
o 43
123 161
28 | 55 7 95 o0 105 . | 125 e | 150 207
1 - - L2 ol HI IHI,. HHI I'“I' H=|' i 47 151 I 9 179 18 i 22
‘ p i 111 133 147151 164 171 178 189 222
1000 900 55 67 71 03 105 123 161 207
# Lib. Match Prob.(%) Name . 504 a1
=1 R 905 485 (2E4S,7E)-4-Isopropyl-1,7-dimethyl...
M 898 485 (2E.4S,7E)4-Isopropyl-1,7-dimethyl... | 43
M 826 5.53 (3S.3aR,3bR,4S,7R,7aR)-4-Isoprop... = | 1004 81
T T T T T T T T T T T T T T T T T T T T & T
E :1 ? ggg (SSSI.,SaSF_{:li{‘fSIJR. 7aR)-4-lsoprop.. 20 30 10 50 60 70 80 % W00 10 120 130 140 150 160 170 180 190 200 210 220 230
. ehn-oren-daro [ +El ppt (rt: 13.636 min) g16365-/-Full.D I Head to Tail MF=905 RMF=018 4 (2E 45,7E)-4-Isopropyl-1,7-dimethylcyclodeca-2, /-dienol
R 810 322 (3R 3aR 3bR 43, 7R 7aR)-4-Isoprop... Diferance  Head to Tail /| Side by Gide 7 905 45.5P
M 806 272 Cyclohexanol, 3-ethenyl-3-methyl-2...
Name: (2E,4S,7E)-4-Isopropyl-1,7-dimethyicyclodeca-2,7-dienol -
M 805 322 (3R 3aR,3bR 45, 7R, 7aR)-4-Isoprop... 100 81 Formula: C15H260 =
R 802 229 (1aR.45,4aR. /R 7aS5.7bS)-1.1.4.7-T... MWV 222 Exact Mass: 222.198365 CAS#: 198991-79-6 NIST#: 141062 ID#: 14191 DB: replib s
M 800 212 Globulol Other DBs: None T
M 798 1.95 (-)-Globulol 43 Contributor: Mark Whitten, Florida Museum of Natural History, U. of Florida
M 797 188 Humulane-1,6-dien-3-ol [‘nn(éh\}je\g F‘eHCTxit‘thRLc;/BN-BMCYRRRCSA-N Non-stereo
m/z Values and Intensities:
Mo7e7 188 B-Acorenol 41304] 43766| 44 21| 45 25| 50 4]
M 792 151 (1aR.3a5,75,7aS,7bR)-1,1,3a,7-Tetr... 51 22| 53110] S5514| 56 15| 57 44|
M 791 229 (1aR454aR, 7R 7a5,7bS)-1,1,4,7-T... 58 22| 59 9| 63 5| 65 42| 67166]
M 791 145 Neointermedeol 68 20| 69132| 71132 72 9| 73 1|
M 787 123 1H-CyclopropleJazulen-4-ol, decah... ;g 9;} ;é 2” ;3 1?2} ggwg} g; 992}
R 786 272 Cynlohex.anol. 3-ethenyl-3-methyl-2... 91110] 92 27| 93154| o4 42| 95156]
R 78 113 tau-Cadinol 9 25| o7 72| 93 7| 9 5| 102 1]
M 784 1.09 Cubenol 103 8| 105172| 106 31| 107 88| 108 46|
R 784 109 Ledol 109 129] 110 17| 111 26| 112 3| 113 1|
B2 R 784 100 Ledol 20 30 40 50 60 70 &0 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 115 9] 116 4] 117 12| 119105] 120 27| =
m23 M 783 104 It isabinene hvdrate ~ | (replib) (2E 4S,7E)-4-Isopropyl-1,7-dimethylcyclodeca-2,7-diencl ] i f
Names /, Structures [ InLib = 165, Hit List Plot/Text of Hit /{ Plot of Hit /
Lib. Search | Other Search | Hanes Compare | Librarian |

Type of Search: Ident Displayed: Ident

Figure S15. Prediction results of compound 9 mass spectrometry using the NIST database.



ﬂ NIST Ms Search 2.4 - [Ident, Presearch Default -

{t1File Search View Tools Options Window Help [=]x]
LI EEERE Y
@D F = |1 +Elmu.mu. (12671 min ~ [ = &2 QT
# Src. Name B 105 Name: +EI pyt (it: 12.671 min) g18365-7-Full.D B
1 A +Elpp(rt 12671 min) g18365-7-Fu... |2 | 100+ MW NIA ID# 88 DB Text File
3 L +El pp (rt: 12402 min) pMX4-1-3.D 127 miz Values and Intensities:
Hp (L 1 ") P - 26 4| 27 56| 28288 29 65| 32 14|
3 L +El ppa (rt: 11.298 min) g18365-7-Fu... 30130 40 54| 41307 42 45| 43249|
4 L +Elpp(rt 12.022 min) pMX4-1-1.D 44 18| 50 8| 51 40| 52 21| 53185] =
5 L +El pp (rt: 12.976 min) pMX4-1-1.D 161 54 21| 55224] 56 51| 57280| 58 17|
8L SEw(t 120 1D 2.8l Dol Bl EE e
: i 50
7 L +El pp (rt: 2.899m!n)g183655»Fu... 72 17| 73 3| 75 3| 77214| 78 55|
8 L +El ppa (rt: 13.090 min) pMX2-1-3.D 79348| 80 78| 81394 82 42| 83 52|
9 L +Elpp(rt: 12.645 min) pMX2-1-1.D 180 204 34 45| 85236 86 16| 89 0| 91375]
10 L +El pp (rt: 12.950 min) g18365-5-Fu... g 92116| 93612| 094317] 95191| 96 27|
" Sroess T e TL Y 97 16| 98 12| 99 78| 100 8| 102 8|
ames /| Snures pec 175 103 38| 105999| 106192| 107348| 108 164 |
[mainlib; replib; 350643 total spectra o ol b b 210 i) 109 77| 110 22| 111 23] 112 17| 113 64
10 20 40 60 80 100 120 140 160 180 200 220 240 260 280 115 60| 116 25| 117 70| 118 28] 119334
(Text File) +El py (rt: 12.671 min) g18365-7-Full.D 120 88| 121239 122 63| 123 68] 124 7| -
Plot/Text of Search Spectrum _Plot of Search Spectrum , Spec List ]
100+ 15
1
161
119 153 e 180 204
1 , L, 195 ) 169 175 183 |, 197 | 254 281
r r T |I Uil 175 | T
1000 900 800 700 115 133 147 189
119
# Lib. Match Prob. (%) Name = 204
@1 R 846 571 Naphthalene, 1,24a,5,6 8a-hexahyd.. 161
22 R 842 4.83 Naphthalene, 1,2,4a,5,6,8a-hexahyd... |
=3 M 839 571 Naphthalene, 1,2,4a,5,6 8a-hexahyd... = | 1004 105
4 M 838  4.08 Naphthalene, 1,2,3,5,6,7.8 8a-octahy... T y y y y y y y T T T T T T T T T T & T T T T T T T T
5 v s ags Naphthale"e 1“&568“*) :dy 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290
. apnthatene, 1.¢,9a,9,5,8a-hexahyd.. [a +Elpy (rt: 12.671 min) g18365-/-Full D I Hoad to Tail MF-846 RMF-884 [WNaphthalene, 1,2.4a,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-, (1
6 M 85 360 Patchoulene Diference \ Head to Tail 4 Side by Side A 7 846 5.71P
M 833 332 Longifolene-(V4)
Name: 1,243,586, -4, 7-dimethyl-1-(1 , (1a,4aa,8aa)- -
R 832 319 Azulene, 1,2,3,5,6,7,8,8a-octahydro-... 100 105 Formula: G15H24 =
mo8s2 319 Alloaromadendrene MW: 204 Exact Mass: 204 1878 CAS#: 31983-22-9 NIST#: 141065 ID#: 20512 DE: replib 3
R 831 3.07 Aromandendrene Other DBs: None
R 829 4.08 Naphthalene, 1,2,3,5,6,7.8,8a-octahy... Contributor: Mark Whitten, Florida Museum of Natural History, U. of Florida
M 89 283 Azulene, 1,2,3,32,4,5,6,7-octahydro-... InChiKey: QMAYBMKBYCGXDH-UHFFFAOYSA-N Non-stereo
R 828 3.07 Aromandendrene 77 miz Values and Intensities:
. 41456 42 33| 43191 44 9| 50 10|
R 827 261 a-Muurolene 161 51 56| 52 20| 53145| 55170] 56 19|
R 86 251 Naphthalene, 1,2,3,5,6,7.8 8a-octahy... 50 4 57 34| 63 19| 65103] 66 29| 67102]
R 86 251 a-Guaiene 204 68 18| 69 84| 70 8| 71 8| 77238]
R 826 283 Azulene, 1,2,3,32,4,5,6,7-octahydro-... gg ?g} gg 2;38} g? 3‘;?} S; 3?3: gg ng}
M 826 251 1H-Benzocycloheptene, 2.4.5.6.7.5.. 04255] 95 92| 95 9] 102 11] 103 39|
R 825 241 1,2_.4»Me(hem}1Hfmdene.ome!hydr... 133 147 189 105999| 106171| 107 114| 108 29| 109 21|
M 823 222 Spiro[5.5]undec-2-ene, 3,7,7-trimeth... | 175 | 115 77| 116 25| 117 79| 118 32| 110266 |
M 823 261 a-Muurolene - My I| TR T - . : : 120 55| 121 97| 122 25| 123 43| 127 17|
m22 R 823 222 1H-Gycloprop[eazulene, 1a,2,3,5.6.... 20 40 80 80 100 120 140 160 180 200 220 240 260 280 128 46| 129 46| 130 17] 131 56] 132 18| -
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Figure S16. Prediction results of compound 10 mass spectrometry using the NIST database.
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Figure S17. Prediction results of compound 11 mass spectrometry using the NIST database.
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Figure S18. Prediction results of compound marked with asterisk symbols in Figure 2 mass spectrometry using the NIST database.
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Figure S19. 'H NMR spectrum of 1 in CDCl3 at 600 MHz.
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Figure S20. '3C NMR spectrum of 1 in CDClI3 at 600 MHz.
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Figure S21. 'H NMR spectrum of 2 in CDCl3 at 600 MHz.
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Figure S22. '3C NMR spectrum of 2 in CDCI3z at 600 MHz.
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Figure $23. HSQC spectrum of 2 in CDCl3z at 600 MHz.
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Figure S24. 'H NMR spectrum of 2a in CDClI3 at 600 MHz.
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Figure S25. '3C NMR spectrum of 2a in CDClz at 600 MHz.
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Figure S26. 'H NMR spectrum of 3 in CDCl3 at 600 MHz.
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Figure S27. '3C NMR spectrum of 3 in CDClI3 at 600 MHz.
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Figure S28. 'H NMR spectrum of 4 in CDClI3 at 600 MHz.
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Figure S29. '3C NMR spectrum of 4 in CDClI3 at 600 MHz.
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Figure S30. 'H NMR spectrum of 5 in CDCl3 at 600 MHz.
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Figure S31. '3C NMR spectrum of 5 in CDClI3 at 600 MHz.



38 geens N283 833
©© [CRERLRLN] NNN~- =«
N Y NNV
/
/

;
QF
219,

43

2.314
3.30.

6.07~

. Jﬁl JMJL Mbu@

T T T T T T
5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0

Figure S32. 'H NMR spectrum of 6 in CDCI3 at 600 MHz.
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Figure S33. '3C NMR spectrum of 6 in CDClI3 at 600 MHz.
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Figure S34. 'H NMR spectrum of 7 in CDClI3 at 600 MHz.
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Figure S35. '3C NMR spectrum of 7 in CDClI3 at 600 MHz.
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Figure S$36. 'H NMR spectrum of 7 4% in CDCIz at 600 MHz.
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Figure S37. '3C NMR spectrum of 7 2% in CDCl3 at 600 MHz.
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Figure S38. 'H NMR spectrum of 8 in CDCl3 at 600 MHz.
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Figure S39. '3C NMR spectrum of 8 in CDClI3 at 600 MHz.
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Figure S40. 'H NMR spectrum of 9 in CDClI3 at 600 MHz.
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Figure S41. '3C NMR spectrum of 9 in CDClI3 at 600 MHz.
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Figure S42. 'H NMR spectrum of 10 in CDCls at 600 MHz.
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Figure S43. '3C NMR spectrum of 10 in CDCIz at 600 MHz.
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Figure S44. 3C NMR spectrum of 11 in CDClI3 at 600 MHz.
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Figure S45. '3C NMR spectrum of 11 in CDCI3 at 600 MHz.
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Figure S46. HSQC spectrum of 11 in CDCIs at 600 MHz.



