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Figure S1. The relationship between the phylogeny of the N-terminal and C-terminal domains of PdiTPSs the motifs related to product skeleton and function, and the classification level of enzyme sources. The phylogenetic tree indicates the ID, product type, and product skeleton classification of each PdiTPSs. A) N-terminal domain, DXDD is the signature motif of the N-terminal domain; B) C-terminal domain, DDXXD motif is the signature motif of the C-terminal domain. The extended motifs of these two motifs are shown here.
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Figure S2. Representative structural superpositions of the minimum, 25% (Q1), 50% (Q2), 75% (Q3), and maximum observed values of the distribution of topological similarity between PdiTPS I, PdiTPS II, and PdiTPS I/II.
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Figure S3. Specific residue structures and topology formed by residues at 4Å and 6Å radial distances from the substrate of PdiTPSs producing the SK1 skeleton type.
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Figure S4. Specific residue structures and topology formed by residues at 4Å and 6Å radial distances from the substrate of PdiTPSs producing the SK2 skeleton type.
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Figure S5. Specific residue structures and topology formed by residues at 4Å and 6Å radial distances from the substrate of PdiTPSs producing the SK3 skeleton type.
[image: ]
Figure S6. Specific residue structures and topology formed by residues at 4Å and 6Å radial distances from the substrate of PdiTPSs producing the SK4 skeleton type.
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Figure S7. Specific residue structures and topology formed by residues at 4Å and 6Å radial distances from the substrate of PdiTPSs producing the SK5 skeleton type.
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Figure S8. Specific residue structures and topology formed by residues at 4Å and 6Å radial distances from the substrate of PdiTPSs producing the SK6 skeleton type.
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Figure S9. Specific residue structures and topology formed by residues at 4Å and 6Å radial distances from the substrate of PdiTPSs producing the SK7 skeleton type.
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Figure S10. Specific residue structures and topology formed by residues at 4Å and 6Å radial distances from the substrate of PdiTPSs producing the SK8 skeleton type.
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Figure S11. Specific residue structures and topology formed by residues at 4Å and 6Å radial distances from the substrate of PdiTPSs producing the SK9 skeleton type.
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Figure S12. Specific residue structures and topology formed by residues at 4Å and 6Å radial distances from the substrate of PdiTPSs producing the SK10 skeleton type.
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Figure S13. Specific residue structures and topology formed by residues at 4Å and 6Å radial distances from the substrate of PdiTPSs producing the SK11 skeleton type.
[image: ]
Figure S14. Specific residue structures and topology formed by residues at 4Å and 6Å radial distances from the substrate of PdiTPSs producing the SK12 skeleton type.
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Figure S15. Specific residue structures and topology formed by residues at 4Å and 6Å radial distances from the substrate of PdiTPSs producing the SK13 skeleton type.
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Figure S16. Specific residue structures and topology formed by residues at 4Å and 6Å radial distances from the substrate of PdiTPSs producing the SK14 skeleton type.
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Figure S17. Specific residue structures and topology formed by residues at 4Å and 6Å radial distances from the substrate of PdiTPSs producing the SK15 skeleton type.
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Figure S18. Topological structure and specific residues within 4Å, 6Å, and 8Å radial of the substrate of PdiTPSs, which produce ntcpp and have confirmed functional residues.
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[bookmark: _Hlk131429185]Figure S19. Topological structure and specific residues within 4Å, 6Å, and 8Å radial of the substrate of PdiTPSs, which produce ntcpp and have confirmed functional residues.[image: ]
Figure S20. Topological structure and specific residues within 4Å, 6Å, and 8Å radial of the substrate of PdiTPSs, which produce ntcpp and have confirmed functional residues.
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Figure S21. Topological structure and specific residues within 4Å, 6Å, and 8Å radial of the substrate of PdiTPSs, which produce ntcpp and have confirmed functional residues.[image: ]
Fig.22. Topological structure and specific residues within 4Å, 6Å, and 8Å radial of the substrate of PdiTPSs, which produce klvnlpp and have confirmed functional residues.[image: ]
Figure S23. Topological structure and specific residues within 4Å, 6Å, and 8Å radial of the substrate of PdiTPSs, which produce lpp and have confirmed functional residues.










Supplementary Table 5
Pearson's correlation coefficients between different sequence types 
and structures of PdiTPSs
	Content
	Pearson's correlation coefficients

	Nsequence : 4 Å radial
	0.4

	Nsequence : 6 Å radial
	0.36

	Nsequence : 8 Å radial
	0.34

	Nsequence : 10 Å radial
	0.33

	Nsequence : Overall structure
	0.63

	Csequence : 4 Å radial
	0.55

	Csequence : 6 Å radial
	0.55

	Csequence : 8 Å radial
	0.52

	Csequence : 10 Å radial
	0.54

	Csequence : Overall structure
	0.34

	NCsequence : 4 Å radial
	0.6

	NCsequence : 6 Å radial
	0.59

	NCsequence : 8 Å radial
	0.55

	NCsequence : 10 Å radial
	0.56

	NCsequence : Overall structure
	0.55

	Overall sequence : 4 Å radial
	0.51

	Overall sequence : 6 Å radial
	0.46

	Overall sequence : 8 Å radial
	0.42

	Overall sequence : 10 Å radial
	0.42

	Overall sequence : Overall structure
	0.7


Note: All p values in the table's statistical results are < 0.001. 
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diTPS I: diITPS |

EntKaurene Synthase(AOASUODA92) Geranyllinalool Synthase(ROUNP3) Cis-Abienol Synthag63CCC1) Kaurene Synthase-like 2(A0A3G1S3U0) (FentKaurene Synthase(D2X8G3)
TPS8(A0A222G0T8) Entdaurene Synthase (QOXEI0) Geranyllinalool Synthase(ROUNP3) Entkaurene Synthase(QIXEI0) (--entKaurene Synthase(D2XEB3)
TM score - Min 05299 TM score : 25% 0.7548 TM score : 50% 0.8373 TM score : 75% 0.836 TM score : MAX 0.9983

TPS8(A0A222G0T8) Kaurene Synthase like 2(A0ATX9ISP7)  Bifunctional Levopimaradiene Synthase(Q947C4) Cis-abienol Synthase(H8ZM73) Pimaradiene Synthase(M4HY08)
TM score * Min 0.5408 TM score : 25% 0.7887 TM score : 50% 0.8358 TM score : 75% 0.8757 TM score : MAX 0.9833

diTPS |: diTPS II

Levopimaradiene Synthase(A0ASUODAHS) Diterpene Synthase TPS4(X5AHDS)  EntSandaracopimara-8(14),15-diene Synthase(Q2QQJ5Eopalyldiphosphate Synthase(Q9FXVS) (-entKaurene Synthase(D2X8G3)
Copalyl Diphosphate Synthase 2(A0A1X9IRP@palyl diphosphate Synthase(AOA288VHZS) Copalyl Diphosphate Synthase(Q9ZTN7) EntKaur-16-ene Synthase(Q39548) Entcopalyl Diphosphate Synthase(A0ASUODIP2)
TM score * Min 0.4153 TM score : 25% 0.7188 TM score : 50% 0.7841 TM score © 75% 0.8146 TM score : MAX 0.9576

diTPS I : diTPS VIl
Kolavenol Synthase(A0A2R6W0B4)  Bifunctional Levopimaradiene Synthase(F2XFB2) EntKaurene Synthase(G5CV50) EntKaur-16-ene Synthase(Q9SAK2) Levopimaradiene/Abietadiene Synthase(R9UQG4)

diTPS VIl : diITPS VIl

Kolavenol synthase(ADA2R6WOBM) Bifunctiona Levopimaradiene Synthase(M4HY05) Cis+olav-3,13e-dienol Synthase(ADABUODIPT)  Bifunctional Levopimaradiene Synthase(F2XFB2) Levopimaradiene/abietadiene synthase(RIUQGA)
Bifunctional Abietadiene synthase(Q38710) SmMDS(GIMANT) Isopimaradiene Synthase(F2XF92) Bifunctional Levopimaradiene Synthase(M4HYC6) Isopimaradiene synthase(F2XF92)
TM score : Min 0.8118 TM score © 25% 0.8736 TM score : 50% 0.9083 TM score : 75% 0.9391 TM score : MAX 0.9931

diTPS Il : diTPS 1ll

Bifunctional Levopimaradiene Synthase(ADASUODD35) ~ SmMDS(GIMANT) Copalyl Diphosphate Synthase(W8QQT6) LjuCPSKS(ADA2R6VZSS) Levopimaradiene/Abietadiene Synthase(RIUQGA)
Copalyl Diphosphate Synthase(AOATXIRP7) Copalyl Diphosphate Synthase(Q59J16)  Bifunctional Levopimaradiene Synthase(Q947C4) Copalyl Diphosphate Synthase(Q9ZTN8) Entcopalyl Diphosphate Synthase(A0ASUODIP2)
TM score * Min 0.4295 TM score © 25% 0.8102 TM score * 50% 0.8492 TM score : 75% 0.9694 TM score  MAX 0.9663

diTPS II: diTPS Il

Terpentedienyl Diphosphate Synthase(A0A2R6WZNG"t8-alpha-hydroxylabd-13-en-15-yI Copalyl Diphosphate Synthase(W8QQT6) Copalyl Diphosphate Synthase(G5CV38) EntCopalyl Diphosphate Synthase(D2X8G0)
Copalyl Diphosphate Synthase(A0A1XgIRP7) Diphosphate Synthase(ADADU2DICS) Copalyl Pyrophosphate Synthase(022667) ~ Copalyl Diphosphate Synthase(AOAOM3KRN4) EntCopalyl Diphosphate Synthase(D2X8G2)
TM score * Min 0.4266 Entcopalyl Diphosphate Synthase(Q38802) TM score - 50% 0.8759 TM score : 75% 0.8947 TM score : MAX 0.9951

TM score : 25% 0.8565
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