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TABLE S1. Tobacco plant combinations.  
Name Genes expressed  Putative heterologous diterpene products 

Control CfGGPPS, CfDXS, p19 None 

TwTPS9+TwTPS27 CfGGPPS, CfDXS, p19, TwTPS9, 

TwTPS27 

dehydroabietadiene, miltiradiene 

DiTPS+PsCYP720B4 CfGGPPS, CfDXS, p19, TwTPS9, 

TwTPS27, PsCYP720B4 

Dehydroabietadiene, miltiradiene, dehydroabietic 

acid (DHA), “miltiradienic acid” (abieta-8,12-dien-

18-oic acid)   
TABLE S2. Yeast expression vectors. 
Name Promoter/Terminator Yeast selection 

pEVE1 PPGK1/TCYC1+PTEF1/TADH1 URA3 

pEVE2 PPGK1/TCYC1+PTEF1/TADH1 HIS3 

pEVE3 PCYC1/TADH2 LEU2                        



   

  
Figure S1. MS spectra and molecular weight (MW) of yeast produced products.  
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Figure S2. Diterpene production levels. Normalized levels (EIC area/OD600) of miltiradiene (1), 
dehydroabietadiene (2), dehydroabietic acid (3) and  miltiradienic acid (4) in yeast strains.  
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TABLE S3. Yeast codon optimized seqences.  
Name Sequence 

CO TwTPS9 ATGCACTCCTTGTTGATGAAGAAAGTCATCATGTACTCCTCCCAAACCACTCATGTTTTTCCATCTCCATTGCACTGTACTAT
CCCAAAGTCATCCTCATTTTTCTTGGATGCTCCAGTTGCTAGATTGCATTGCTTGTCTGGTCATGGTGCTAAAAAGAAGAGAT
TGCACTTCGATATCCAACAAGGTAGAAATGCTGTTTCTAAGACTCATACTCCAGATGACTTGTACGCTAAGCAAGAATACTCT
GTTCCAGAAATCGTTAAGGACGACGACAAAGAAGAAGAAGTCGTCAAGATCAAAGAACACGTTGACATCATCAAGTCCATGTT
GTCATCTATGGAAGATGGTGAAATTTCCATTTCCGCTTATGATACTGCTTGGGTTGCTTTGATTCAAGACATTCATAACAATG
GTGCTCCACAATTCCCATCATCTTTGTTGTGGATTGCCGAAAATCAATTGCCAGATGGTTCTTGGGGTGATTCTAGAGTTTTT
TTGGCTTTCGACAGAATCATTAACACCTTGGCTTGTGTTGTTGCCTTGAAGTCTTGGAATGTTCATCCAGATAAGTGCGAAAG
AGGTATCTCATTCTTGAAAGAAAACATCTCCATGTTGGAAAAGGACGACTCTGAACACATGTTGGTTGGTTTTGAATTTGGTT
TCCCAGTCTTGTTAGATATGGCTAGAAGATTGGGTATCGATGTTCCAGATGATTCTCCATTCTTACAAGAAATCTACGTCCAA
AGAGACTTGAAGTTGAAGAGAATCCCAAAGGATATCTTGCATAACGTTCCAACCACTTTGTTGCATTCCTTGGAAGCTATTCC
AGATTTGGATTGGACTAAGTTGTTGAAGTTGCAATGTCAAGACGGTTCCTTGTTGTTTTCTCCATCATCTACTGCTATGGCTT
TCATCAATACCAAGGACGAAAACTGCTTGAGATACTTGAATTACGTTGTCCAAAGATTCAATGGTGGTGCTCCTACTGTTTAT
CCATACGATTTGTTTGAACATAACTGGGCCGTTGACAGATTGCAAAGATTAGGTATTTCCAGATTCTTCCAACCAGAAATCAG
AGAATGTATGTCCTACGTTTACAGATACTGGACCAAGGATGGTATTTTCTGTACCAGAAACTCCAGAGTTCACGATGTTGATG
ATACAGCAATGGGTTTCAGATTATTGAGATTGCATGGTTACGAAGTTCACCCAGATGCTTTTAGACAATTCAAAAAGGGTTGC
GAATTCATCTGCTACGAAGGTCAATCTCATCCAACTGTTACTGTCATGTATAACTTGTACAGAGCCTCCCAATTGATGTTCCC
TGAAGAAAAGATTTTGGACGAAGCTAAGCAATTCACCGAAAAGTTTTTGGGTGAAAAGAGATCCGCTAACAAGTTGTTGGACA
AGTGGATTATTACCAAGGATTTGCCAGGTGAAGTTGGTTTCGCTTTGGATGTTCCATGGTATGCTTCATTGCCAAGAGTTGAA
GCTAGATTCTTCATCCAACATTACGGTGGTGAAGATGATGTTTGGTTGGATAAGGCATTATACAGAATGCCATACGTCAACAA
CAACGTCTATTTGGAATTGGCCAAGTTGGATTACAATTACTGTCAAGCCTTGCATAGAACTGAATGGGGTAGAATTCAAAAGT
GGTACGAAGAATGTAAGCCAAGAGATTTCGGTATCAGTAGAGAATGTTTGTTGAGAGCTTACTTTATGGCTGCTGCCTCTATT
TTTGAACCTGAAAGATCAATGGAAAGATTGGCTTGGGCTAAGACTGCTATTTTGTTGGAAATCATCGTTTCCTACTTCTCCGA
AGTTGGTAACTCTACCGAACAAAGAATTGCTTTCACTACCGAATTCTCTATTAGAGCTTCTCCAATGGGTGGTTACATTAACG
GTAGAAAATTGGACAAGATCGGTACTACCCAAGAATTGATCCAAATGTTGTTGGCTACCATCGACCAATTTTCACAAGATGCA
TTTGCTGCTTACGGTCATGATATTACTAGACACTTGCACAACTCATGGAAAATGTGGTTGTTGAAATGGCAAGAAGAAGGTGA
TAGATGGTTGGGTGAAGCCGAATTATTGATTCAAACCATTAACTTGATGGCCGATCATAAGATCGCTGAAAAGTTGTTTATGG
GTCACACCAACTACGAACAATTATTCTCTTTGACTAACAAGGTCTGCTACTCCTTGGGTCATCATGAATTGCAAAACAACAGA
GAATTGGAACACGATATGCAAAGATTGGTCCAATTGGTTTTGACCAACTCCTCTGATGGTATCGATTCCGATATTAAGAAAAC
CTTCTTGGCCGTTGCTAAGAGATTTTACTACACTGCTTTTGTTGATCCAGAAACCGTCAACGTTCATATTGCTAAGGTTTTGT
TCGAAAGAGTTGATTAA 

 
 

CO TwTPS27 ATGGCTCCATTGGTTGTCTCCTTGACCATCTCCCATTTCGTTATTCAAACTGGTTCTACTGCCTTGCATTATTCTGCTTTGCC
AGAAACCAGAACTAAGCACTGTCATTCTTCTAGACCATTCGCCTCTATTAACTCCAACTCCTTGCAAATGAATCAAAGACCAT
TGACCGATTACAGACCAGCTATTTGGAATCCAGAATTGATCGATTCTTTGAACACCCCATACTCCTATCAATCTCATGGTACT
CAATTGGACAAGTTGAGACAAGATGCCAAGAGATTATTGTCCTCTACTTCTGATCCATGCTTGTTGTTGAACCACGTTGAATC
TATGCAAAGATTGGGTATTGCCTACCACTTCCAAGAAGAAATCGATTACTTGTTGAACACCAGAATCCAACCATACTCTCCAG
ATGATCATGACTTGCATACAACTGCTTTGAGATTCAGAATCTTGAGAGACAACAACTTCCCAATCTCCTCTGATGTTTTCGGT
AAGTTCATGTCCAGAGAAGGTAAATTCTTGGATTCTTTGTCTAGAGATGTCAAGGGTTTGTTGTCCTTGTATGAAGCTAGTTT
CTTGGGTGTTGATGGTGAAGTTATTTTGGACGAAGCCAAAGAATTCTCCTCAAAGAATTTGAGAGCTTTGTTGGGTAGATTGG
AATCAACCTCTATTGATGTTGCCGAACAAGTCAAGCAATCATTGCAAATTCCTTTGTTTTGGAGAATGCCTAGAGTTGAAGCC
AGAAACTTCATTGACTTCTACCAAAAGAAGGACGCCAAATCTTCTACCTTGTTGGAATTGGCTAAGTTGGATTTTAACTTGGT
CCAATCCACCTACCAACAAGAATTGAAAGAATTGTCTAAGTGGTGGGAAAACTTGGGTTTCAAGCAAAAGTTGTCTTTCACCA
GAGACAGATTGATGCAATCTTACTTCTCTACTACCGGTATTACCTTCAAGCCACAATTTTCCAAAGCTAGAATTGCTGCTACC
AAGTTCATCAACATCGTTAACACCATCGATGATATCCACGATTACTACGGTTCTCAAGATGACTTGAAGTTGTTTGATTCCGC
TGTTAAGAGATGGGATTTGGCTGCTATGGAAGAATTGCCAGATTACATGAAGATTTGCTACTTCGCCATGTACAACTTGGTTA
ACGAATTGGCTTACGACGTCTTGATCAATCAAGGTATAGATGTTTTGCCATGCTTGAGAGAAGCCTGGACTAAGTTTTGTGGT
GCTGCATTTGTTGAATCCCAATGGTGTTATACTGGTTACACTCCATCTATGGATGACTACTTGAAGAACTGCTGGATTTCCAT
TGGTGTTCACGGTTCTTTGAATTTTGCTAGAGCACATCAACAAGGTTCCAGATCTCCAATTGCTAATACTCCATTGCATTGCT
TGGAAGATCCTTTGTTGTATTGGTCCTCTGTCATCTGTAGATTGAACAACGATTTGGCTACCTTCCAACACGAATCTAAAACT
GGTGAAGTCGTTTCTTTCGTCAAGTGCTACATGGTTGAAAAGGGTGTTTCTCAAGAACAAGCCTGTGACGAAATTAGAGAATT
GATTAAGCACGCCTGGAAGATGTTGAATACCGAAAGAAGAAGATCTGACTTGCCACCATTGATGGTAGAAATGTGTATGGATA
CCCCAAAGTTGTCACAATGCTTGTATCAACATGGTGATGGTTTCGGTGTTGCTATTGATTTGACTAAGGATGTCATGTCCTCA
TTGATCTTCAGACAAATCCCAATTTGA 

  
 


