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Table S1 Germacrene D synthases from different organisms. 
	ID No.
	Protein
	Accession No.
	Organism
	Strain 
	Reference

	1
	SSLH2
	AF279456.1
	Lycopersicon esculentum
	SC1
	[1]

	2
	Can’t find 
	MG673512.1
	Rosa Hybrida
	—
	[2]

	3
	SCO6073
	NP_630182.1
	Streptomyces coelicolor A3(2)
	—
	[3]

	4
	PtdTPS1
	AAR99061.1
	Populus trichocarpa X Populus deltoides
	SC2
	[4]

	5
	Sc19
	AJ583448.1
	Solidago canadensis
	SC3
	[5]

	6
	ObGDS
	AAV63786.1
	Ocimum basilicum
	SC4
	[6]

	7
	Sc11
	AJ583447.1
	Solidago canadensis
	SC5
	[5]

	8
	VvGerD
	AAS66357.1
	Vitis vinifera L.
	SC6
	[7]

	9
	PatTpsBF2
	AAS86320.1
	Pogostemon cablin
	SC7
	[8]

	10
	PatTpsB15
	AAS86322.1
	Pogostemon cablin
	—
	[8]

	11
	unknown
	AY860846.1
	Zingiber oYcinale
	—
	[9]

	12
	AdGDS1
	AY789791.1
	Actinidia deliciosa
	SC8
	[10]

	13
	VvGwGerD
	HM807377.1
	Vitis vinifera
	SC9
	[11]

	14
	OvTPS3
	ADK73619.1
	Origanum vulgare
	SC10
	[12]

	15
	PtTS1
	AEI52901.1
	Populus trichocarpa
	—
	[13]

	16
	VMPSTS
	ABX57720.1
	Orchid Fragrance
	—
	[14]

	17
	VoTPS1
	J9RLZ7.1
	Valeriana officinalis
	—
	[15]

	18
	MrTPS5
	AFM43738.1
	Matricaria chamomilla
	SC11
	[16]

	19
	MdGDS-RG1
	JX848730.1
	Malus domestica
	SC12
	[17]

	20
	OrTPS1
	AIJ00876.1
	Oryza rufipogon
	—
	[18]

	21
	LaGERDS
	U3LVL5.1
	Lavandula angustifolia
	SC13
	[19]

	22
	TlTPS7414
	KR822706.1
	Nicotiana benthamiana
	SC14
	[20]

	23
	XsTPS1
	KT317705.1
	Xanthium strumarium
	SC15
	[21]

	24
	PnTPS3
	MF104556.1
	Black pepper
	SC16
	[22]

	25
	ZpTPS2
	BBD88589.1
	Zanthoxylum piperitum
	SC17
	[23]

	26
	STC1
	XM_023573743.1
	Fusarium fujikuroi
	SC18
	[24]

	27
	VvShirazTPS07
	NP_001268063.1
	Vitis vinifera L.
	—
	[25]

	28
	SgSTPS2
	Can’t find
	Sindora Glabra
	—
	[26]

	29
	AscTps2a
	LC387450.1
	Chengiopanax sciadophylloides
	—
	[27]

	30
	TcTPS8
	QGN65614.1
	Taiwania cryptomerioides
	SC19
	[28]

	31
	PvTPS55
	Can’t find 
	Panicum virgatum L.
	—
	[29]

	32
	McGDS2
	Unigene24738
	Matricaria chamomilla L
	—
	[30]

	33
	DcTPS7
	Can’t find 
	Daucus carota L.
	SC20
	[31]

	34
	AkTps1
	LC506578.1
	Angelica keiskei
	—
	[32]

	35
	FcTPS1
	MT086603.1
	Ficus carica
	—
	[33]

	36
	CaSTS2
	Can’t find 
	Celastrus angulatus
	—
	[34]

	37
	ZaTPS1
	UJH94377.1
	Zanthoxylum ailanthoides
	—
	[35]

	38
	ZaTPS2
	UJH94378.1
	Zanthoxylum ailanthoides
	—
	[35]

	39
	ZaTPS3
	UJH94379.1
	Zanthoxylum ailanthoides
	—
	[35]

	40
	Cop1
	XP_001832573.1
	Coprinus cinereus
	—
	[36]

	41
	Cop3
	XP_001832925.1
	Coprinus cinereus
	—
	[36]

	42
	Cop4
	XP_001836356.1
	Coprinus cinereus
	—
	[36]



Table S2 Strains and plasmids used in this study.
	Strains or plasmids
	Characteristics
	Source

	Strains

	JCR27
	ChrXII-2Δ:: HygR-PTEF1-Cas9; ChrXI-3Δ:: PGAL1-ERG8, PGAL10-tHMG1, PGAL7-ERG12; ChrX-3Δ:: PGAL1-ERG13, PGAL10-tHMG1; ChrXII-4Δ:: PGAL1-IDI1, PGAL10-ERG10, PGAL7-MVD1
	[37]

	LSc1
	pGAL1-Actps1, free replicating plasmid
	This study

	LSc2
	pGAL1-Actps2, free replicating plasmid
	This study

	LSc3
	pGAL1-Actps3, free replicating plasmid
	This study

	LSc4
	pGAL1-Actps4, free replicating plasmid
	This study

	LSc5
	pGAL1-Actps5, free replicating plasmid
	This study

	SC1
	rox1Δ:: PGAL1-SSLH2
	This study

	SC2
	rox1Δ:: PGAL1-PtdTPS1
	This study

	SC3
	rox1Δ:: PGAL1-Sc19
	This study

	SC4
	rox1Δ:: PGAL1-ObGDS
	This study

	SC5
	rox1Δ:: PGAL1-Sc11
	This study

	SC6
	rox1Δ:: PGAL1-VvGerD
	This study

	SC7
	rox1Δ:: PGAL1-PatTpsBF2
	This study

	SC8
	rox1Δ:: PGAL1-AdGDS1
	This study

	SC9
	rox1Δ:: PGAL1-VvGwGerD
	This study

	SC10
	rox1Δ:: PGAL1-OvTPS3
	This study

	SC11
	rox1Δ:: PGAL1-MrTPS5
	This study

	SC12
	rox1Δ:: PGAL1-MdGDS-RG1
	This study

	SC13
	rox1Δ:: PGAL1-LaGERDS
	This study

	SC14
	rox1Δ:: PGAL1-TlTPS7414
	This study

	SC15
	rox1Δ:: PGAL1-XsTPS1
	This study

	SC16
	rox1Δ:: PGAL1-PnTPS3
	This study

	SC17
	rox1Δ:: PGAL1-ZpTPS2
	This study

	SC18
	rox1Δ:: PGAL1-STC1
	This study

	SC19
	rox1Δ:: PGAL1-TcTPS8
	This study

	SC20
	rox1Δ:: PGAL1-DcTPS7
	This study

	SC21
	rox1Δ:: PGAL1-Actps1
	This study

	LSc53
	rox1Δ:: PGAL10-Actps1, PGAL1-tHMG1, PGAL7-ERG20
	This study

	LSc54
	rox1Δ:: PGAL10-Actps1, PGAL1-tHMG1, PGAL7-ERG20; exg1Δ:: PGAL1-Actps1, PGAL10-tHMG1; dpp1Δ:: PGAL1-Actps1, PGAL10-tHMG1
	This study

	LSc81
	rox1Δ:: PGAL10-Actps1, PGAL1-tHMG1, PGAL7-ERG20; exg1Δ:: PGAL1-Actps1, PGAL10-tHMG1; dpp1Δ:: PGAL1-Actps1, PGAL10-tHMG1; ERG9Δ:: PHXT1-ERG9
	This study

	Escherichia coli DH5α
	Used for routine cloning
	Gibco BRL

	Escherichia coli Rosseta
	Used for protein expression
	TransGen

	LEc1
	T7-Actps1, AcTPS1 protein expression strain
	This study

	Plasmids

	pRS462
	Routine cloning and expressing vector, 2 μ origin, AmpR, URA
	this lab

	pEASY-Blunt
	Routing cloning vector
	TransGen

	pET-45b
	Protein expression vector
	TransGen

	pCas
	Expressing Cas9 and gRNA vector for genome editing
	[38]

	SgRNA
	contain the sequences of tRNA and gRNA scaffold
	[38]

	KlURA3
	contain the truncated URA3
	[38]

	pLJJ1
	pRS426, pGAL1-Actps1, URA, AmpR
	This study

	pLJJ2
	pRS426, pGAL1-Actps2, URA, AmpR
	This study

	pLJJ3
	pRS426, pGAL1-Actps3, URA, AmpR
	This study

	pLJJ4
	pRS426, pGAL1-Actps4, URA, AmpR
	This study

	pLJJ5
	pRS426, pGAL1-Actps5, URA, AmpR
	This study

	pLJJ6
	pET-45b, T7-Actps1, AmpR
	This study

	pLJJ7
	Blunt, pGAL1- SSLH2, AmpR
	This study

	pLJJ8
	Blunt, pGAL1- PtdTPS1, AmpR
	This study

	pLJJ9
	Blunt, pGAL1- Sc19, AmpR
	This study

	pLJJ10
	Blunt, pGAL1- ObGDS, AmpR
	This study

	pLJJ11
	Blunt, pGAL1- Sc11, AmpR
	This study

	pLJJ12
	Blunt, pGAL1- VvGerD, AmpR
	This study

	pLJJ13
	Blunt, pGAL1- PatTpsBF2, AmpR
	This study

	pLJJ14
	Blunt, pGAL1- AdGDS1, AmpR
	This study

	pLJJ15
	Blunt, pGAL1- VvGwGerD, AmpR
	This study

	pLJJ16
	Blunt, pGAL1- OvTPS3, AmpR
	This study

	pLJJ17
	Blunt, pGAL1- MrTPS5, AmpR
	This study

	pLJJ18
	Blunt, pGAL1- MdGDS-RG1, AmpR
	This study

	pLJJ19
	Blunt, pGAL1- LaGERDS, AmpR
	This study

	pLJJ20
	Blunt, pGAL1- TlTPS7414, AmpR
	This study

	pLJJ21
	Blunt, pGAL1- XsTPS1, AmpR
	This study

	pLJJ22
	Blunt, pGAL1- PnTPS3, AmpR
	This study

	pLJJ23
	Blunt, pGAL1- ZpTPS2, AmpR
	This study

	pLJJ24
	Blunt, pGAL1- STC1, AmpR
	This study

	pLJJ25
	Blunt, pGAL1- TcTPS8, AmpR
	This study

	pLJJ26
	Blunt, pGAL1- DcTPS7, AmpR
	This study

	[bookmark: _Hlk95562872]pLJJ27
	Blunt, pGAL1- Actps1, AmpR
	This study

	pLJJ28
	pCas, gRNA_rox1, AmpR
	This study

	pLJJ29
	pRS426, pGAL10- Actps1, pGAL1- ERG20, pGAL7-tHMG1, URA, AmpR
	This study

	pLJJ30
	pCas, gRNA_exg1, gRNA_dpp1, AmpR
	This study

	pLJJ31
	pCas, gRNA_EGR9, AmpR
	This study

	pLJJ32
	pRS426, pGAL1- Actps1, pGAL10- tHMG1, URA, AmpR
	This study

	pLJJ33
	pRS426, pGAL1- Actps1, pGAL10- tHMG1, URA, AmpR
	This study

	pLJJ34
	pRS426, pHXT1- ERG9
	This study



Table S3 Primers used in this study.
	Primer name
	Primer sequence 5’-3’

	RT-Actps1-F
	ATGACCCAGACGGTCACACGCCC

	RT-Actps1-R
	TCAACCTCTTACTAGAACAGTCTCCTCCTT

	RT-Actps2-F
	ATGTCCCAGGCTGTGCTTACAACCA

	RT-Actps2-R
	CTATAGAATAAACGTTTGGCTTCCATCCTC

	RT-Actps3-F
	ATGCCCACAGCAAAGCAAACCAAG

	RT-Actps3-R
	TTATAGCGTGACCACGACGCCGC

	RT-Actps4-F
	ATGTCTGTGAGCATGACAGTCTCGT

	RT-Actps4-R
	CTAGAGCGTGATCGATACACCGCCT

	RT-Actps5-F
	ATGGTATGAACCGTTTGAAAAAGCAAACA

	RT-Actps5-R
	TCAGGCTCTGCAAGTCTGCATCAGA    

	RTActin-F
	AGTCCAAGCGTGGTATCC

	RTActin-R
	TAGAAGGCAGGGGCGTTG

	pLJJ1-1-F
	AAAAGCTGGAGCTCTAGTAGTTTAAACAGTCATGTAGCCGCCTAGCGAGCCTGGG

	pLJJ1-1-R
	GTTTTGGGACGCTCGAAGGCTTTAATTTGCGTAGTGCTGTCTGAACAGAATAAATG

	pLJJ1-2-F
	GCAAATTAAAGCCTTCGAGCGTCCCAAAAC

	pLJJ1-2-R
	ACAGGCCCCTTTTCCTTTGTCGATATCATGT

	pLJJ1-3-F
	ATGATATCGACAAAGGAAAAGGGGCCTGTTCAACCTCTGACCAAGACGGTTTCTTC

	pLJJ1-3-R
	AGTAAGAATTTTTGAAAATTCAATATAAATGACACAAACTGTTACCAGACCAGTTCC

	pLJJ1-4-F
	TATATTGAATTTTCAAAAATTCTTACTT

	pLJJ1-4-R
	TTGAGCGGTCCATTCGTCTATTAAGATTATAGTTTTTTCTCCTTGACGTTAAAGTAT

	pLJJ1-5-F
	TTTAACGTCAAGGAGAAAAAACTATAATCTTAATAGACGAATGGACCGCTCAAG

	pLJJ1-5-R
	CATTCAGGCTGCGCAACTGTTGTTTAAACGAGAAACTAGGCTAGTTTTAGCGGTG

	pLJJ1-6-F
	AGCCTAGTTTCTCGTTTAAACAACAGTTGCGCAGCCTGAATGGCGAATGGCGCGAC

	pLJJ1-6-R
	CCCAGGCTCGCTAGGCGGCTACATGACTGTTTAAACTACTAGAGCTCCAGCTTTTG

	pLJJ2-3-F
	ATATCGACAAAGGAAAAGGGGCCTGTTCATAAGATGAAAGTTTGAGAACCATC

	pLJJ2-3-R
	GTGGTGGTCAAAACAGCTTGGGACATTTATATTGAATTTTCAAAAATTCTT

	pLJJ3-3-F
	ATATCGACAAAGGAAAAGGGGCCTGTTCATAGAGTGACAACAACACCAC

	pLJJ3-3-R
	AAGAATTTTTGAAAATTCAATATAAATGCCAACCGCTAAGCAAACCAAGGCT

	pLJJ4-3-F
	ATGATATCGACAAAGGAAAAGGGGCCTGTCAAAGTAATAGAAACACCACCCTCC

	pLJJ4-3-R
	TAAGAATTTTTGAAAATTCAATATAAATGTCTGTCTCTATGACTGTCTCTTCT

	pLJJ5-3-F
	TGATATCGACAAAGGAAAAGGGGCCTGTCTCGAGAGCTCTACAAGTTTGCA

	pLJJ5-3-R
	TAAGAATTTTTGAAAATTCAATATAAATGGCTGCTGATCCAACTGTTACT

	pLJJ6-F
	CAGGCGCGCCGTGTACACGAGCTCTCAACCTCTGACCAAGACGGTTTCTTCCTTTTC

	pLJJ6-R
	AGAGTCCGGATCCCAATTGGGAGCTCATGACACAAACTGTTACCAGACCAGTT

	pLJJ7-F
	TATCGACAAAGGAAAAGGGGCCTGTTTAAATCTTGACAGACTCAATCAAA

	pLJJ7-R
	AAGAATTTTTGAAAATTCAATATAAATGGCTGCTTCTTTCGCTAATAAGT

	pLJJ8-F
	TATCGACAAAGGAAAAGGGGCCTGTTTACATTGGAACTGGGTCAATCAAC

	pLJJ8-R
	AAGAATTTTTGAAAATTCAATATAAATGTCTGTCGAGGGTTCTGCTATTT

	pLJJ9-F
	ATCGACAAAGGAAAAGGGGCCTGTTTAGACGGAAATGGCGTTGATGAAGC

	pLJJ9-R
	AAGAATTTTTGAAAATTCAATATAAATGGCTGCTAAACAAGGTGAAGTTG

	pLJJ10-F
	ATCGACAAAGGAAAAGGGGCCTGTTTATTTAATTGGATGGACCAAGACAC

	pLJJ10-R
	AAGAATTTTTGAAAATTCAATATAAATGACTAATATGTTTGCTTCTGCTG

	pLJJ11-F
	TCGACAAAGGAAAAGGGGCCTGTTTAGACAGACATGGCGTTAATGAAGC

	pLJJ11-R
	GCTTCGACATGTTTAGCAGCCATTTATATTGAATTTTCAAAAATTCTT

	pLJJ12-F
	TCGACAAAGGAAAAGGGGCCTGTTTAAATTGGGACTGGGTCAATCAGC

	pLJJ12-R
	TAAGAATTTTTGAAAATTCAATATAAATGTCTGTTCAGTCTTCTGGTGT

	pLJJ13-F
	TCGACAAAGGAAAAGGGGCCTGTTTAGGGAATTGGGTGGATGTACAAC

	pLJJ13-R
	TAAGAATTTTTGAAAATTCAATATAAATGGAGCTGAAAAATCAGTCTGTC

	pLJJ14-F
	ATATCGACAAAGGAAAAGGGGCCTGTTTAGTTAATTGGCATAGAGTCAA

	pLJJ14-R
	AAGAATTTTTGAAAATTCAATATAAATGCAATTGCCATGTGCTCAAGC

	pLJJ15-F
	GACAAAGGAAAAGGGGCCTGTTTAAATGACGGCGTTAATCAAGAC

	pLJJ15-R
	GTAAGAATTTTTGAAAATTCAATATAAATGTCTGGTCAAGTTTTGGCTTC

	pLJJ16-F
	TCGACAAAGGAAAAGGGGCCTGTTTAATGGCTGAAATTTGTGCTTCTGC

	pLJJ16-R
	AAGAATTTTTGAAAATTCAATATAAAATATGATACTCAATAGAGTGAATT

	pLJJ17-F
	ATCGACAAAGGAAAAGGGGCCTGTTTACAAAGCGACTGGCTCGACCAGA

	pLJJ17-R
	AAGAATTTTTGAAAATTCAATATAAATGTCTTCTGTCGAAGTTCCATTGT

	pLJJ18-F
	ATCGACAAAGGAAAAGGGGCCTGTTTAAATAGTCAATGGCTCGACGAAA

	pLJJ18-R
	GTAAGAATTTTTGAAAATTCAATATAAATGGAGATTCATTCTTCTGTTGT

	pLJJ19-F
	ATCGACAAAGGAAAAGGGGCCTGTTTAGACTGGGACGGGGTCCAACAAA

	pLJJ19-R
	AAGAATTTTTGAAAATTCAATATAAATGGCTATGTGTGTCAATTCTACT

	pLJJ20-F
	ATCGACAAAGGAAAAGGGGCCTGTTTAAATGGACATGGAGATAATGAA

	pLJJ20-R
	AGAATTTTTGAAAATTCAATATAAATGGAAGTTAAGCAAGAGGTTTTAA

	pLJJ21-F
	ATCGACAAAGGAAAAGGGGCCTGTTTACAATGGAATTGGTTGAACCAAA

	pLJJ21-R
	AAGAATTTTTGAAAATTCAATATAAATGGGTTTTTCTTTCGTCACTAA

	pLJJ22-F
	ATCGACAAAGGAAAAGGGGCCTGTTTACAATGGAATTGGTTGAACCAAA

	pLJJ22-R
	GAATTTTTGAAAATTCAATATAAATGGGTTTTTCTTTCGTCACTAATG

	pLJJ23-F
	ATCGACAAAGGAAAAGGGGCCTGTTTACAATGGAACTGGGTTAATCAAC

	pLJJ23-R
	AGAATTTTTGAAAATTCAATATAAATGTCTTGTAATGTCTCTGCTGCTC

	pLJJ24-F
	TCGACAAAGGAAAAGGGGCCTGTTTAACCCTTCAAAATGGTGAAGTAGA

	pLJJ24-R
	AAGAATTTTTGAAAATTCAATATAAATGGCTTACAAACCAGGTAGAGA

	pLJJ25-F
	ATCGACAAAGGAAAAGGGGCCTGTTTAAATTTGAATTGGGTCAATCAA

	pLJJ25-R
	GTCGTCACCTTTCAAAGAAGTCATTTATATTGAATTTTCAAAAATTCT

	pLJJ26-F
	TCGACAAAGGAAAAGGGGCCTGTTTAAATTGGGAAGGGGTCCAACAA

	pLJJ26-R
	AGAATTTTTGAAAATTCAATATAAATGTATGTCAATTCTACTTCTGGT

	pLJJ28-1-F
		GGTCTCGGATCTGTTCAGACAGCACTACCACGTTTTAGAGCTAGAAATAGCA




	pLJJ28-1-R
		GGTCTCTTGCGCAAGCCCGGAATCGAACC




	pLJJ28-2-F
		GGTCTCACGCATTTTTTTGGATCCATCTAAAGTCATTTCA




	pLJJ28-2-R
	GGTCTCAAAACCTTTTTCGATGATGTAGTTTCTGG

	pLJJ29-4-R
	TCTCTCCTAATTTCTTTTTCTGAAGCCATTATAGTTTTTTCTCCTTGACGTT

	pLJJ29-5-F
	AACGTCAAGGAGAAAAAACTATAATGGCTTCAGAAAAAGAAATTAGGAGAGA

	pLJJ29-5-R
	CTATTTGCTTCTCTTGTAAACTTTGTTCAAG

	pLJJ29-6-F
	GAACAAAGTTTACAAGAGAAGCAAATAGTTTGCCAGCTTACTATCCTTCTTG

	pLJJ29-6-R
	GAAATGACTGTTTTATTGGTTAAAACCATTTTTGAGGGAATATTCAACTG

	pLJJ29-7-F
	ATGGTTTTAACCAATAAAACAGTCATTTCTGG

	pLJJ29-7-R
	TTAGGATTTAATGCAGGTGACGGACCC

	pLJJ29-8-F
	GGGTCCGTCACCTGCATTAAATCCTAAGCGAATTTCTTATGATTTATGATT

	pLJJ29-8-R
	CCGGTAGAGGTGTGGTCAATAAGAGC

	pLJJ29-9-F
	GCTCTTATTGACCACACCTCTACCGGATCTTAATAGACGAATGGACCGCTCAAGGTGT

	pLJJ29-9-R
	CGCCATTCGCCATTCAGGCTGCGCAACTGTTGTTTAAACGAGAAACTAGG

	pLJJ30-1-F
	GGTCTCACGCACCAATCCGTGGTGTCAACATGTTTTAGAGCTAGAAATAGCA

	pLJJ30-1-R
	GGTCTCTATCCAAAAAAATGCGCAAGCCCGGAATCGAACCG

	pLJJ30-2-F
	GGTATCAGGATCCATCTAAAGTCATTTCAAC

	pLJJ30-2-R
	GGTCTCTGAGGGATCATTTATCTTTCACTGCGGAGAA

	pLJJ30-3-F
	GGTCTCACCTCATCCGGGATCCTCTGAGTTTTAGAGCTAGAAATAGCAAGTTAAA

	pLJJ30-3-R
	GGTCTCAAAACAAAAAAATGCGCAAGCCCGGAATCGAACCGG

	pLJJ31-1-F
	GGTCTCGGATCGAGCAGCGAGAACACGACCACGGGTTTTAGAGCTAGAAATAGCAAG

	pLJJ31-1-R
	GGTCTCTTGCGCAAGCCCGGAATCGAACC

	pLJJ31-2-F
	GGTCTCACGCATTTTTTTGGATCCATCTAAAGTCATTTCA

	pLJJ31-2-R
	GGTCTCAAAACCTTTTTCGATGATGTAGTTTCTGG

	pLJJ32-1-F
	CAAAAGCTGGAGCTCTAGTAGTTTAAACTAATAGTACGTAATGTAGGGAGCCTGCTTC

	pLJJ32-1-R
	TTTGGGACGCTCGAAGGCTTTAATTTGCTTGACACCACGGATTGGTTCTCCGAGGGAA

	pLJJ32-2-F
	GCAAATTAAAGCCTTCGAGCGTCCCAAA

	pLJJ32-2-R
	ACAGGCCCCTTTTCCTTTGTCGAT

	pLJJ32-3-F
	ATCGACAAAGGAAAAGGGGCCTGTTTAGGATTTAATGCAGGTGACGGACCCA

	pLJJ32-3-R
	ATGGTTTTAACCAATAAAACAGTCA

	pLJJ32-4-F
	TGACTGTTTTATTGGTTAAAACCATTTATATTGAATTTTCAAAAATTCTTAC

	pLJJ32-4-R
	TATAGTTTTTTCTCCTTGACGTTAAAGT

	pLJJ32-5-F
	ACTTTAACGTCAAGGAGAAAAAACTATAATGACACAAACTGTTACCAGACCA

	pLJJ32-5-R
	CGATTTCAATTCAATTCAATTCAACCTCTGACCAAGACGGTTTCTTCCTTT

	pLJJ32-6-F
	ATTGAATTGAATTGAAATCGATAGAT

	pLJJ32-6-R
	AACGAACGCAGAATTTTCGAGTTATTAAA

	pLJJ32-7-F
	TTTAATAACTCGAAAATTCTGCGTTCGTTTGGTTGGTTACTTCTTGAACCA

	pLJJ32-7-R
	CCATTCGCCATTCAGGCTGCGCAACTGTTGTTTAAACTTGTAACACCAGATAATCCAA

	pLJJ32-8-F
	TGGATTATCTGGTGTTACAAGTTTAAACAACAGTTGCGCAGCCTGAATGGCGAATGGC

	pLJJ32-8-R
	GAAGCAGGCTCCCTACATTACGTACTATTAGTTTAAACTACTAGAGCTCCAGCTTTTG

	pLJJ33-1-F
	TTTTATTGTTTCCTGTTGTTTTTCTCTTTC

	pLJJ33-1-R
	TGGGACGCTCGAAGGCTTTAATTTGCGAGGATCCCGGATGAGGAATTACATCCT

	pLJJ33-2-F
	GCAAATTAAAGCCTTCGAGCGTCCCAAA

	pLJJ33-7-R
	AACGAACGCAGAATTTTCGAGTTATTAAAC

	pLJJ33-8-F
	TTTAATAACTCGAAAATTCTGCGTTCGTTGTGACTGCTTCCTCCAGGGTGACATCTGA

	pLJJ33-8-R
	CCATTCGCCATTCAGGCTGCGCAACTGTTGTTTAAACTTTGTCGATCGGTTGTATATT

	pLJJ33-9-F
	AATATACAACCGATCGACAAAGTTTAAACAACAGTTGCGCAGCCTGAATGGCGAATGG

	pLJJ33-9-R
	AAAGAGAAAAACAACAGGAAACAATAAAAGTTTAAACTACTAGAGCTCCAGCTT

	pLJJ34-1-F
	GTTTAAACGTTCCGATTGCAGTTGGAATGCAAATG

	pLJJ34-1-R
	CAGGAGGGGGGAATTATATAAAAGAAAAAGGGCAAAGCAAATAGGATGGTAAG

	pLJJ34-2-F
	GCTTTGCCCTTTTTCTTTTATATAATTCCCCCCTCCTGAAGCAAA

	pLJJ34-2-R
	GGATGCAATGCCAATTGTAATAGCTTTCCCATGATTTTACGTATATCAACTAGTTGAC

	pLJJ34-3-F
	ATGGGAAAGCTATTACAATTGGCATTGCATCC

	pLJJ34-3-R
	GTTTAAACTTGATTTCAAAATTAAATAGCAGGTAGTAC




Table S4 Terpene synthases used for phylogenetic analysis. 
	Organism
	Accession number

	Arabidopsis thaliana
	AT2G24210

	
	AT4G16740

	
	AT4G16730

	
	AT1G61680

	
	AT1G79460

	
	AT1G61120

	
	AT3G25820

	populus trichocarpa
	Pt0004s02970

	
	Pt0004s03810

	
	Pt0002s05300

	
	Pt0005s23190

	
	Pt0008s08190

	Selaginella moellendorffii
	Selmol_112927

	
	Selmol_402351

	
	Selmol_407280

	
	Selmol_412139

	
	Selmol_418910

	Ginkgo biloba
	AAL09965

	Abies grandis 
	AAF61453

	
	AAF61454

	
	AAB71085

	
	AAB70707

	
	AAC05727

	
	AAC05728

	
	AAC24192

	
	AAB05407








[bookmark: _Hlk96892435]Table S5 The specific rotation of the product of AcTPS1 (G) and (-)-Germacrene D standard (S). 
	NO.
	Name
	C (mg/mL)
	L (dm)
	[α]
	solvent 
	Temp

	1
	G
	0.25
	1
	-28
	CHCl3
	20.00

	2
	G
	0.25
	1
	-32
	CHCl3
	20.00

	3
	G
	0.25
	1
	-32
	CHCl3
	20.00

	4
	S
	0.26
	1
	-42.307
	CHCl3
	20.00

	5
	S
	0.26
	1
	-46.153
	CHCl3
	20.00

	6
	S
	0.26
	1
	-46.153
	CHCl3
	20.00






















Table S6 The germacrene D production in different engineered yeast strains
	Strain
	Production (mg/L)
	Protein
	Organism

	SC1
	2.3±0.1
	SSLH2
	Lycopersicon esculentum

	SC2
	7.4±0.1
	PtdTPS1
	Populus trichocarpa X Populus deltoides

	SC3
	134.3±14.1
	Sc19
	Solidago canadensis

	SC5
	2.5±0.4
	Sc11
	Solidago canadensis

	SC9
	2.3±0.1
	VvGwGerD
	Vitis vinifera

	SC12
	2.3±0.3
	MdGDS-RG1
	Malus domestica

	SC13
	11.4±0.1
	LaGERDS
	Lavandula angustifolia

	SC15
	40.3±4.6
	XsTPS1
	Xanthium strumarium

	SC18
	2.2±0.1
	STC1
	Fusarium fujikuroi

	SC20
	7.6±0.1
	DcTPS7
	Daucus carota L.

	SC21
	344.4±32.6
	AcTPS1
	Acremonium chrysogenum
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[bookmark: _Hlk96892448]Fig. S1 Amino acids alignment of the sesquiterpene synthases from Acremonium chrysogenum. The conserved motifs are marked respectively. 
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Fig. S2 Amino acids alignment of STC1, AcTPS1 and AcTPS3.
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[bookmark: _Hlk96892460]Fig. S3 The transcription of Actps1 to Actps5 in Acremonium chrysogenum. g, genome DNA; c, cDNA; -, negative control.

[bookmark: _Hlk96892479] [image: 日程表
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Fig. S4 GC spectrum and the corresponding Mass spectra of sesquiterpenes biosynthesized by AcTPS5. The retention time of the main peak1 is shown with the corresponding Mass spectra. 

[image: ]

Fig. S5 GC spectrum and the corresponding Mass spectra of sesquiterpenes biosynthesized by AcTPS2. Peak 1 to peak 5 represent multiple products synthesized. their retention times are shown with the corresponding Mass spectra. Compounds were identified by comparison with the NIST database (National Institute of Standards and Technology) library and β-farnesene standard.

 [image: 图示

描述已自动生成]
Fig. S6 GC spectrum and the corresponding Mass spectra of sesquiterpenes biosynthesized by AcTPS3. The retention time of the main peak1 is shown with the corresponding Mass spectra. 
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Fig. S7 (-)-Germacrene D standard mass spectrum detected by GC-MS. shown by the 204 m/z ion in the chromatographic trace.
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Fig. S8 Purified AcTPS1 protein from recombinant Escherichia coli. M refers to the protein marker, V refers to the pET-45b total cell disruption components, T refers to the AcTPS1 total cell disruption components, P refers to the purified AcTPS1 protein.
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Fig. S9 The mass spectra of the AcTPS1 enzymatic product.
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[bookmark: _Hlk96892486]Fig. S10 13C NMR spectra of (-)-Germacrene D (400 MHz, CDCl3).
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[bookmark: _Hlk96892493]Fig. S11 1H NMR spectrum of (-)-Germacrene D (400 MHz, CDCl3).
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[bookmark: _Hlk96892532]Fig. S12 The schematic of gene editing with CRISPR/Cas9 system mediated by a recyclable gRNA plasmid. The gRNA plasmid pgRNA with URA3 gene as the selective marker and the donor DNA were transformed together into S. cerevisiae for genome editing. Then the gRNA plasmid pgRNA was lost by cultured in YPD medium combining screened with 5-FOA to fulfill recyclable utilization.
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[bookmark: _Hlk96892543]Fig. S13 GC spectrum of Sc1-Sc12. Peak1, the internal standard β-caryophyllene (CAS# 87-44-5); Peak 2, germacrene D.
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[bookmark: _Hlk96892563]Fig. S14 GC spectrum of Sc13-Sc21, JCR27 and germacrene D standard. The organic phase of SC21 cultures was diluted tenfold for quantitative analysis. Peak1, the internal standard β-caryophyllene (CAS# 87-44-5); Peak 2, germacrene D. JCR27, the start stain used in this study; Germacrene D standard, CAS# 37839-63-7.
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