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Table S1 Primers used in this study.
Name Seuqence Description

pJ-F1 ATGAGCGAATTACGTGCATTCAGC

pJ-R1
GTATATCTCCTTCTTAAAAGATCCTTAA
TTCTGACGAAATG

pJ-F2 GACAGTAATTAAAGCCGCCATTGAACG
pJ-R2 ACGTAATTCGCTCATATGATCTCCCT
pJ-F3 GCTTTAATTACTGTCGCCCCCAGG

pJ-R3
AAGAAGGAGATATACGGATCCAAACT
CGAGTAAGGATCTCC

Primers used to amplify the 
fragments for pJBEI6410-1

pJ-F4 CACAACGGCACGATCAACACG

pJ-R4
CTCGAGTTTGGATCCGTATATCTCCTTC
TTAAAAGATCCTGAAATTGT

pJ-F5 GTCCCGGTAAATGTTGTCACTCG
pJ-R5 GATCGTGCCGTTGTGGCTGTCTTTC
pJ-F6 GGATCCAAACTCGAGTAAGGATCTCC
pJ-R6 AACATTTACCGGGACGATTTCGG

pJ-R7
GTATATCTCCTTCTTAAAAGATCCTGA
AATTGT

IacE-F2
AAGAAGGAGATATACATGGCTATCTCA
ACCCCTTCCAAC

IacE-R2
CTCGAGTTTGGATCCTTAGTAGTAGAA
CTCG

Primers used to amplify the 
fragments for pJBEI6410-2 
and pJBEI6410-3

4CL-BamHI-F
ACCATCATCACCACAGCCAGGATCCGA
TGGCGCCGCAGGAACAG

4CL-NotI-R
GTTCGACTTAAGCATTATGCGGCCGCC
AGACCGTTCGCCAGTTTCG

STS-NdeI-F
GTATAAGAAGGAGATATACATATGGCG
TCTGTTGAAGAA  

STS-XhoI-R
GCAGCGGTTTCTTTACCAGATTAGTTG
GTAACGGTCGGA

Primers used to insert At4CL 
and VvSTS into pCDFDuet-1 
for pCDFRESa.

4CL-fusion-R
TTTCGCCGCCGCTTCCAGACCGTTCGCC
AGTTTCG

STS-fusion-F
GAAGCGGCGGCGAAAATGGCGTCTGTT
GAAGAA

Primers used for the fusion of 
At4CL-VvSTS, used with 
4CL-BamHI-F and STS-
XhoI-R to construct 
pCDFRESf.

Plac-pET28-F
TGCGTCCGGCGTAGAGGATCGTCTAGA
GACTGGAAAGCGGGCAGTG

Plac-R
CCTCCATGGTGAAATTGTTATCCGCTC
ACAATTCC

asgltA-lac-F
CGGATAACAATTTCACCATGGAGGAGG
AATTAACCATGCAGTGGTGGTGGTGGT

Primers for anti-sense RNA 
expressing plasmids
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GGTGCACATCCAGTTCAACAGCTG

asgltA-R
GCTGTCCACCAGTCATAGGAGGAATTA
ACCATGCAGTGGTGGTGGTGGTGGTGG
GTTTTCCCCTCTTTCACAG

lac-asacpS-F
GATAACAATTTCACCATGGAGGAGGAA
TTAACCATGCAGTGGTGGTGGTGGTGG
TGCATTCGTTATCGCTTAATACGC

asacpS-R
GCTGTCCACCAGTCATAGGAGGAATTA
ACCATGCAGTGGTGGTGGTGGTGGTGC
CATCCCTGAGATGCATG

lac-asacpT-F
GGATAACAATTTCACCATGGAGGAGGA
ATTAACCATGCAGTGGTGGTGGTGGTG
GTGATAGATGATCTCCGGTAGCG

ascapT-R
GCTGTCCACCAGTCATAGGAGGAATTA
ACCATGCAGTGGTGGTGGTGGTGGTGA
AAGGCGGTAGCAAACTG

Target-accA-F
GTAACTGGAGTTTGACTAATACGTTTT
AGAGCTAGAAATAGCAAGTT

Target-accA-R
GTATTAGTCAAACTCCAGTTACTAGTA
TTATACCTAGGACTGAGC

Target-accB-F
ATCACACTAAACAAAGAGTAGTTTTAG
AGCTAGAAATAGCAAGTT

Target-accB-R
TACTCTTTGTTTAGTGTGATACTAGTAT
TATACCTAGGACTGAGC

Target-acs-F
CATATTATTAACATCCTACAGTTTTAGA
GCTAGAAATAGCAAGTT

Target-acs-R
CTGTAGGATGTTAATAATATGACTAGT
ATTATACCTAGGACTGAGC

Primers used for sgRNA 
expressing plasmids 
pTargetF-accA, pTargetF-
accB, and pTargetF-ACS.

119-C-F
TTGACAGCTAGCTCAGTCCTAGGTATA
ATGCTAGCTAATAGAAATAATTTTGTT
TAACT

119-C-R
TGATGCATTCTTGCCTCTTAACTTTAAA
GTTAAACAAAATTATTTCTATTAGCTA
GCAT

For amplification of J23119 
promoter with an artificial 
RBS and a 6His tag.

accA-119-Dn-F
TAAGAGGCAAGAATGCATCATCACCAT
CACCACATGAGTCTGAATTTCCTTGATT
TTGA

accA-119-Dn-R GACGATAGCTTTATCGTCTGC
accA-119-UP-F GCTTGCTATCTCGCTGAC

accA-119-UP-R
GGACTGAGCTAGCTGTCAACACCGCCA
GAGATAATTAGTC

For amplification of accA 
homologous arms

119-accB-Dn-F
TAAGAGGCAAGAATGCATCATCACCAT
CACCACATGAGTCTGAATTTCCTTGATT
TTGA

For amplification of accB 
homologous arms
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119-accB-Dn-R GACGATAGCTTTATCGTCTGC
119-accB-UP-F GCTTGCTATCTCGCTGAC

119-accB-UP-R
GGACTGAGCTAGCTGTCAACACCGCCA
GAGATAATTAGTC  

119-acs-Dn-F
TAAGAGGCAAGAATGCATCATCACCAT
CACCACATGAGCCAAATTCACAAACAC
A

119-acs-Dn-R GCTGATATGTTTGCTCTGGC                                   
119-acs-UP-F CACGACAGTAACCGCACC                                     

119-acs-UP-R
GGACTGAGCTAGCTGTCAATGGCATAA
GCGTTAAATGTAGG              

For amplification of ACS 
homologous arms
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Table S2 DNA sequences
Name Seuqence Description

lac promoter

TCTAGAgactggaaagcgggcagtgagcgcaacgcaattaat
gtgagttagctcactcattaggcaccccaggctttacactttatgcttcc
ggctcgtatgttgtgtggaattgtgagcggataacaatttcaCCAT
GG

Amplified from pUC19 
with XbaI/NcoI added to 
either ends.

asgltA

aggaggaattaaccatgcagtggtggtggtggtggtgCACATC
CAGTTCAACAGCTGTGTCCCCGTTGAG
GGTGAGTTTTGCTTTTGTATCAGCCATT
TAAGGTCTCCTTAGCGCCTTATTGCGTA
AGACTGCCGGAACTTAAATTTGCCTTCG
CACATCAACCTGGCTTTACCCGTTTGTT
ATTTGGCTCGCCGCTCTGTGAAAGAGG
GGAAAACCcaccaccaccaccaccactgcatggttaattcct
cct

Anti-sense RNA for gltA. 
Underlined letters are post 
trascription reverse 
complementary structures, 
bolded letters are target 
mRNA complementary 
sequences.

asacpS

aggaggaattaaccatgcagtggtggtggtggtggtgCATTCG
TTATCGCTTAATACGCGGCGTGCCAGG
CGATCACCGGATCGGGCGATCACCGCT
TCGATGCGAGCGATCTCCACAATATCC
GTGCCTAAACCTAATATTGCCATTAGCC
ACGCGCTTCCAGCATCAGACGCTTCATT
TCTGCCACCGCATCTTTCAGTCCGGTCA
TCACTGCACGACCAATAATGGCATGAC
CGATATTCAGTTCATGCATCTCAGGGAT
GGcaccaccaccaccaccactgcatggttaattcctcct

Anti-sense RNA for acpS. 
Underlined letters are post 
trascription reverse 
complementary structures, 
bolded letters are target 
mRNA complementary 
sequences.

asacpT

aggaggaattaaccatgcagtggtggtggtggtggtgATAGAT
GATCTCCGGTAGCGGGGAAAGCGTGTG
CGAAAGCAATGCACGCCCCGCCAGCCA
GCGTTCGCGTCGTGGACCTTGCGGTGC
TTGCTCGCGTAAACCCGGTGGCAGTGG
AGCTGCGCTTAAGGTCGAAACTTTCCCC
AGAACTATCCGATACATATCAGGGCCA
ACGTTTAATGGAAAATGAAAGTGCGTAT
CGTATCACTTGTCGCCTCATCCCGGTAA
CCGACTTTTCGGTCTGCCCGGCCCCAG
TAAAATCGCCAGTTTGCTACCGCCTTTca
ccaccaccaccaccactgcatggttaattcctcct

Anti-sense RNA for acpS. 
Underlined letters are post 
trascription reverse 
complementary structures, 
bolded letters are target 
mRNA complementary 
sequences.

J23119 promoter 
region

ttgacagctagctcagtcctaggtataatgctagcTAATAGAAA
TAATTTTGTTTAACTTTAAAGTTAAGAGGCAA
GAATGCATCATCACCATCACCAC

Underlined letters are 
J23119 promoter 
sequence, italic letters are 
artificial RBS sequence, 
bolded letters are His tag 
sequence. 

sgRNA for accA AACTGGAGTTTGACTAATAC
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sgRNA for accB ATCACACTAAACAAAGAGTA
sgRNA for acs CATATTATTAACATCCTACA

DNA fragment 
used for accA 
promoter editing

GCTTGCTATCTCGCTGACGGACAGGCAAA
TTGATGACCAGCTTTTAAACCGACTCCGTC
AGTCTCTGGAACCCCACCGCTCTGGGACA
ATTCCAGTACATCTCTACTATCAGAGGGC
GGATGCACGCGCGCGGTTGCGTTTTGGCG
CGACGTGGCGTGTCTCTCCGAGCGATCGT
TTATTAAACGATCTCCGTGGCCTCATTGGT
TCGGAGCAGGTGGAACTGGAGTTTGACTA
ATTATCTCTTTGACAGCTAGCTCAGTCCTAG
GTATAATGCTAGCTAATAGAAATAATTTTGTTT
AACTTTAAAGTTAAGAGGCAAGAATGCATCAT
CACCATCACCACATGAGTCTGAATTTCCT
TGATTTTGAACAGCCGATTGCAGAGCT
GGAAGCGAAAATCGATTCTCTGACTGC
GGTTAGCCGTCAGGATGAGAAACTGGA
TATTAACATCGATGAAGAAGTGCATCGT
CTGCGTGAAAAAAGCGTAGAACTGACA
CGTAAAATCTTCGCCGATCTCGGTGCAT
GGCAGATTGCGCAACTGGCACGCCATC
CACAGCGTCCTTATACCCTGGATTACGT
TCGCCTGGCATTTGATGAATTTGACGAA
CTGGCTGGCGACCGCGCGTATGCAGAC
GATAAAGCTATCGTC

Underlined letters are 
upstream and downstream 
homologous arms, italic 
letters are J23119 
promoter region, bold 
letters are part of the 
coding region of accA 
gene.

DNA fragment 
used for accBC 
promoter editing

GCTGTTGATTATCTTCCCTGATAAGACCAG
TATTTAGCTGCCAATTGCTACGAAATCGTT
ATAATGTGCGACCTCGTCCTCCCTGACGC
AGTTTTTGCGCTGCGGAAAAGGTGACATT
GGCGCAACGAAGGTATATTTTGTTTTTTGC
CGGAGGATAGCAGCAGATCGCTGCACAAT
GTCCGTCAAGTCTAACATTGACACTCTGG
GGCAAAATAGACCGGCGTCCCGGCCTGCT
GGAATTTATCGCTATGCATACAGCTGTCG
GGGCATACGCTTTACAGACGGCGGTGAAA
CGCCTGTCACATTGACAGCTAGCTCAGTCCT
AGGTATAATGCTAGCTAATAGAAATAATTTTG
TTTAACTTTAAAGTTAAGAGGCAAGAATGCAT
CATCACCATCACCACATGGATATTCGTAA
GATTAAAAAACTGATCGAGCTGGTTGA
AGAATCAGGCATCTCCGAACTGGAAAT
TTCTGAAGGCGAAGAGTCAGTACGCAT
TAGCCGTGCAGCTCCTGCCGCAAGTTT
CCCTGTGATGCAACAAGCTTACGCTGC

Underlined letters are 
upstream and downstream 
homologous arms, italic 
letters are J23119 
promoter region, bold 
letters are part of the 
coding region of accB 
gene.
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ACCAATGATGCAGCAGCCAGCTCAATC
TAACGCAGCCGCTCCGGCGACCGTTCC
TTCCATGGAAGCGCCAGCAGCAGCGGA
AATCAGTGGTCACATCGTACGTTCCCCG
ATGGTTGGTACTTTCTACCGCACCCCAA
GCCCGGACGCAAAAGCGTTCATCGAAG
TGGGTCAGAAAGTCAACGTGGGCGATA
CCCTGTGCATCGTTGAAGCCATGAAAAT
GATGAACCAGATCGAAGC

DNA fragment 
used for acs 
promoter editing

CACGACAGTAACCGCACCTACACTGTCAT
GACATTGCTCGCCCCTATGTGTAACAAAT
AACCACACTGTGAATGTTGTCTTTAATCA
ATTGTAAGTGCATGTAAAATACCACTTTA
GAGTTAGTTAGTATCTTCCTCTTTTTCAAC
AGCATGCATAACTGCATGTTCCTCAAAGA
ATTAATCAACTTTTGTTGCTGACCTTCAAA
AATTACCCTGCCGTTTATTTGCACAATTCT
ACTTTTGCGTGATCTGTCGCCCAAATACTA
AACAAAACTGCCAATACCCCTACATTTAA
CGCTTATGCCATTGACAGCTAGCTCAGTCCT
AGGTATAATGCTAGCTAATAGAAATAATTTTG
TTTAACTTTAAAGTTAAGAGGCAAGAATGCAT
CATCACCATCACCACATGAGCCAAATTCA
CAAACACACCATTCCTGCCAACATCGCA
GACCGTTGCCTGATAAACCCTCAGCAG
TACGAGGCGATGTATCAACAATCTATTA
ACGTACCTGATACCTTCTGGGGCGAAC
AGGGAAAAATTCTTGACTGGATCAAAC
CTTACCAGAAGGTGAAAAACACCTCCTT
TGCCCCCGGTAATGTGTCCATTAAATGG
TACGAGGACGGCACGCTGAATCTGGCG
GCAAACTGCCTTGACCGCCATCTGCAA
GAAAACGGCGATCGTACCGCCATCATC
TGGGAAGGCGACGACGCCAGCCAGAGC
AAACATATCAGC

Underlined letters are 
upstream and downstream 
homologous arms, italic 
letters are J23119 
promoter region, bold 
letters are part of the 
coding region of acs gene.
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Information of genes used in this study:

Gene: At4CL

GenBank: KX817185.1

Codon optimized DNA sequence:

ATGGCGCCGCAGGAACAGGCGGTTTCTCAGGTTATGGAAAAACAGTCTAA
CAACAACAACTCTGACGTTATCTTCCGTTCTAAACTGCCGGACATCTACAT
CCCGAACCACCTGTCTCTGCACGACTACATCTTCCAGAACATCTCTGAATT
CGCGACCAAACCGTGCCTGATCAACGGTCCGACCGGTCACGTTTACACCT
ACTCTGACGTTCACGTTATCTCTCGTCAGATCGCGGCGAACTTCCACAAAC
TGGGTGTTAACCAGAACGACGTTGTTATGCTGCTGCTGCCGAACTGCCCG
GAATTCGTTCTGTCTTTCCTGGCGGCGTCTTTCCGTGGTGCGACCGCGACC
GCGGCGAACCCGTTCTTCACCCCGGCGGAAATCGCGAAACAGGCGAAAG
CGTCTAACACCAAACTGATCATCACCGAAGCGCGTTACGTTGACAAAATC
AAACCGCTGCAGAACGACGACGGTGTTGTTATCGTTTGCATCGACGACAA
CGAATCTGTTCCGATCCCGGAAGGTTGCCTGCGTTTCACCGAACTGACCCA
GTCTACCACCGAAGCGTCTGAAGTTATCGACTCTGTTGAAATCTCTCCGGA
CGACGTTGTTGCGCTGCCGTACTCTTCTGGTACCACCGGTCTGCCGAAAGG
TGTTATGCTGACCCACAAAGGTCTGGTTACCTCTGTTGCGCAGCAGGTTGA
CGGTGAAAACCCGAACCTGTACTTCCACTCTGACGACGTTATCCTGTGCGT
TCTGCCGATGTTCCACATCTACGCGCTGAACTCTATCATGCTGTGCGGTCT
GCGTGTTGGTGCGGCGATCCTGATCATGCCGAAATTCGAAATCAACCTGC
TGCTGGAACTGATCCAGCGTTGCAAAGTTACCGTTGCGCCGATGGTTCCG
CCGATCGTTCTGGCGATCGCGAAATCTTCTGAAACCGAAAAATACGACCT
GTCTTCTATCCGTGTTGTTAAATCTGGTGCGGCGCCGCTGGGTAAAGAACT
GGAAGACGCGGTTAACGCGAAATTCCCGAACGCGAAACTGGGTCAGGGT
TACGGTATGACCGAAGCGGGTCCGGTTCTGGCGATGTCTCTGGGTTTCGC
GAAAGAACCGTTCCCGGTTAAATCTGGTGCGTGCGGTACCGTTGTTCGTA
ACGCGGAAATGAAAATCGTTGACCCGGACACCGGTGACTCTCTGTCTCGT
AACCAGCCGGGTGAAATCTGCATCCGTGGTCACCAGATCATGAAAGGTTA
CCTGAACAACCCGGCGGCGACCGCGGAAACCATCGACAAAGACGGTTGG
CTGCACACCGGTGACATCGGTCTGATCGACGACGACGACGAACTGTTCAT
CGTTGACCGTCTGAAAGAACTGATCAAATACAAAGGTTTCCAGGTTGCGC
CGGCGGAACTGGAAGCGCTGCTGATCGGTCACCCGGACATCACCGACGTT
GCGGTTGTTGCGATGAAAGAAGAAGCGGCGGGTGAAGTTCCGGTTGCGTT
CGTTGTTAAATCTAAAGACTCTGAACTGTCTGAAGACGACGTTAAACAGT
TCGTTTCTAAACAGGTTGTTTTCTACAAACGTATCAACAAAGTTTTCTTCA
CCGAATCTATCCCGAAAGCGCCGTCTGGTAAAATCCTGCGTAAAGACCTG
CGTGCGAAACTGGCGAACGGTCTGTAA
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Gene: VvSTS

GenBank: NM_001281010.1

Codon optimized DNA sequence:

ATGGCGTCTGTTGAAGAATTCCGTAACGCGCAGCGTGCGAAAGGTCCGGC
GACCATCCTGGCGATCGGTACCGCGACCCCGGACCACTGCGTTTACCAGT
CTGACTACGCGGACTACTACTTCCGTGTTACCAAATCTGAACACATGACC
GAACTGAAAAAAAAATTCAACCGTATCTGCGACAAATCTATGATCAAAAA
ACGTTACATCCACCTGACCGAAGAAATGCTGGAAGAACACCCGAACATCG
GTGCGTACATGGCGCCGTCTCTGAACATCCGTCAGGAAATCATCACCGCG
GAAGTTCCGCGTCTGGGTCGTGACGCGGCGCTGAAAGCGCTGAAAGAATG
GGGTCAGCCGAAATCTAAAATCACCCACCTGGTTTTCTGCACCACCTCTGG
TGTTGAAATGCCGGGTGCGGACTACAAACTGGCGAACCTGCTGGGTCTGG
AAACCTCTGTTCGTCGTGTTATGCTGTACCACCAGGGTTGCTACGCGGGTG
GTACCGTTCTGCGTACCGCGAAAGACCTGGCGGAAAACAACGCGGGTGCG
CGTGTTCTGGTTGTTTGCTCTGAAATCACCGTTGTTACCTTCCGTGGTCCGT
CTGAAGACGCGCTGGACTCTCTGGTTGGTCAGGCGCTGTTCGGTGACGGT
TCTTCTGCGGTTATCGTTGGTTCTGACCCGGACGTTTCTATCGAACGTCCG
CTGTTCCAGCTGGTTTCTGCGGCGCAGACCTTCATCCCGAACTCTGCGGGT
GCGATCGCGGGTAACCTGCGTGAAGTTGGTCTGACCTTCCACCTGTGGCC
GAACGTTCCGACCCTGATCTCTGAAAACATCGAAAAATGCCTGACCCAGG
CGTTCGACCCGCTGGGTATCTCTGACTGGAACTCTCTGTTCTGGATCGCGC
ACCCGGGTGGTCCGGCGATCCTGGACGCGGTTGAAGCGAAACTGAACCTG
GAAAAAAAAAAACTGGAAGCGACCCGTCACGTTCTGTCTGAATACGGTAA
CATGTCTTCTGCGTGCGTTCTGTTCATCCTGGACGAAATGCGTAAAAAATC
TCTGAAAGGTGAAAAAGCGACCACCGGTGAAGGTCTGGACTGGGGTGTTC
TGTTCGGTTTCGGTCCGGGTCTGACCATCGAAACCGTTGTTCTGCACTCTG
TTCCGACCGTTACCAACTAA

Gene: IacE

GenBank: XM_007832623.1

DNA sequence:

ATGGCTATCTCAACCCCTTCCAACGGCGTAAGCCATGTCGCAAAGCCTCT
ACCCAACCTGAAAGAGGTCAATAAAGGCATTGAGACAGACAGTGAAGAC
CGAGCCTTCTGGTGGGGTGCCTTGTCTGAGCCTTTGGCCTCGCTCCTCGAG
GCAAATCACTACACCAAGGAAGTGCAACTTCACTACCTCCGTTGGTTTTAC
CAATGGATTCTACCGGCTCTGGGGCCACGACCTCTCGACGGCAAACCCTA
TTACGGGTCTTGGATTACTCATGATTTGTCGCCCTTTGAGTACAGTCTCAA
TTGGAAAGAAAAGAGTTCCAAACAGACCATCCGTTTCACTATTGAGGCGG
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TTACGAAGCAGTCTGGCACAGCCAGCGATCCTATCAACCAGCTCGGCGCA
AAGGAGTTCCTGGAAGCAGTCTCCAAGGATGTTCCTGGTATGGATCTCAC
GCGATTCAACCAGTTTCTTGAGGCAACCAACGTACCCAACGACTGCGTAG
ATGATGCCATTGCAAAGCACCCAGCACACTTCCCTCGCAGCCGCGTTTGG
ATCGCTTTTGACTTGGAGCACTCTGGCAACCTTATGGCCAAGTCATACTTC
CTGCCGCATTGGCGTGCGATCCAGAGCGGTATCTCGGCCAATACCATCAT
TGGCGATACGGTCAAGGAGTGCAACAAGGCGGACGGTTCGTCGTACGAC
GGGTCGCTGAACGCCATTGAGTCGTACCTGGCAACGTTCACGCGACCGGA
GGAGGCGCCGCAGATGGGACTGCTGTCAAATGACTGCGTGGCCGAAACG
CCCGGCTCGCGCCTCAAGGTCTATTTCCGCTCCTCGGCGGACACGCTCGCC
AAGGCCAAGGACATGTACAACTTGGGTGGCCGCCTGAAGGGCCCCAAGA
TGGATGCCAGCCTCAAGGGTATCAGTGATTTCTGGTACCACCTGTTTGGCC
TCGACAGCTCCGACCCGGCCTCTGATGACAAGGTCTGTATCGGCAACCAC
AAGTGCATTTTCGTCTACGAGATGCGCTCCTCGCAAGGCTCGGAGCCCGA
TATTGATGTCAAGTTCCACATCCCAATGTGGCAGCTTGGTAAGACGGATG
GGCAGATTAGCGAGCTGCTGGCTTCTTGGTTCGAGAGCCATGGTCACCCT
GATCTCGCCTCGAGGTATAAGTCTGACTTGGGCACGGCATTTCCCAAGCA
CAATATTACGGGCAAGAGTGTAGGAACCCATACTTACATCTCCATCACTC
ACACACCCAAGACGGGATTGTACATGACCATGTATCTCAGCCCGAAACTG
CCCGAGTTCTACTACTAA

Gene: accA

GenBank: NC_012892 (E. coli BL21(DE3) genome)

DNA sequence:

ATGAGTCTGAATTTCCTTGATTTTGAACAGCCGATTGCAGAGCTGGAAGC
GAAAATCGATTCTCTGACTGCGGTTAGCCGTCAGGATGAGAAACTGGATA
TTAACATCGATGAAGAAGTGCATCGTCTGCGTGAAAAAAGCGTAGAACTG
ACACGTAAAATCTTCGCCGATCTCGGTGCATGGCAGATTGCGCAACTGGC
ACGCCATCCACAGCGTCCTTATACCCTGGATTACGTTCGCCTGGCATTTGA
TGAATTTGACGAACTGGCTGGCGACCGCGCGTATGCAGACGATAAAGCTA
TCGTCGGTGGTATCGCCCGTCTCGATGGTCGTCCGGTGATGATCATTGGTC
ATCAAAAAGGTCGTGAAACCAAAGAAAAAATTCGCCGTAACTTTGGTATG
CCAGCGCCAGAAGGTTACCGCAAAGCACTGCGTCTGATGCAAATGGCTGA
ACGCTTTAAGATGCCAATCATCACCTTTATCGACACCCCGGGGGCTTATCC
GGGCGTGGGCGCAGAAGAGCGCGGTCAGTCTGAAGCCATTGCACGCAAC
CTGCGTGAAATGTCTCGCCTTAGCGTACCGACTATTTGTACCGTTATCGGT
GAAGGTGGTTCTGGCGGCGCGCTGGCGATTGGCGTGGGCGATAAAGTGAA
TATGCTGCAATACAGCACCTATTCCGTTATCTCGCCGGAAGGTTGTGCGTC
CATTCTGTGGAAGAGCGCTGATAAAGCGCCGCTGGCGGCTGAAGCGATGG
GTATCATCGCTCCGCGTCTGAAAGAACTAAAACTGATCGACTCCATCATC
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CCAGAACCGCTGGGTGGTGCTCACCGTAACCCGGAAGCGATGGCGGCATC
GTTGAAAGCGCAACTGTTGGCGGATCTGGCCGATCTCGACGTGTTAAGCA
CTGAAGATTTAAAAAATCGTCGTTATCAGCGCCTGATGAGCTACGGTTAC
GCGTAA

Gene: accBC

GenBank: NC_012892 (E. coli BL21(DE3) genome)

DNA sequence (the AccB coding sequence was underlined, AccC coding sequence was 

in bold):

ATGGATATTCGTAAGATTAAAAAACTGATCGAGCTGGTTGAAGAATCAGG
CATCTCCGAACTGGAAATTTCTGAAGGCGAAGAGTCAGTACGCATTAGCC
GTGCAGCTCCTGCCGCAAGTTTCCCTGTGATGCAACAAGCTTACGCTGCAC
CAATGATGCAGCAGCCAGCTCAATCTAACGCAGCCGCTCCGGCGACCGTT
CCTTCCATGGAAGCGCCAGCAGCAGCGGAAATCAGTGGTCACATCGTACG
TTCCCCGATGGTTGGTACTTTCTACCGCACCCCAAGCCCGGACGCAAAAG
CGTTCATCGAAGTGGGTCAGAAAGTCAACGTGGGCGATACCCTGTGCATC
GTTGAAGCCATGAAAATGATGAACCAGATCGAAGCGGACAAATCCGGTA
CCGTGAAAGCAATTCTGGTCGAAAGTGGACAACCGGTAGAATTTGACGAG
CCGCTGGTCGTCATCGAGTAACGAGGCGAACATGCTGGATAAAATTGTT
ATTGCCAACCGCGGCGAGATTGCATTGCGTATTCTTCGTGCCTGTAAA
GAACTGGGCATCAAGACTGTCGCTGTGCACTCCAGCGCGGATCGCGA
TCTAAAACACGTATTACTGGCAGATGAAACGGTCTGTATTGGCCCTGC
TCCGTCAGTAAAAAGTTATCTGAACATCCCGGCAATCATCAGCGCCG
CTGAAATCACCGGCGCAGTAGCAATCCATCCGGGTTACGGCTTCCTC
TCCGAGAACGCCAACTTTGCCGAGCAGGTTGAACGCTCCGGCTTTAT
CTTCATTGGCCCGAAAGCAGAAACCATTCGCCTGATGGGCGACAAAG
TATCCGCAATCGCGGCGATGAAAAAAGCGGGCGTCCCTTGCGTACCG
GGTTCTGACGGCCCGCTGGGCGACGATATGGATAAAAACCGTGCCAT
TGCTAAACGCATTGGTTATCCGGTGATTATCAAAGCCTCCGGCGGCG
GCGGCGGTCGCGGTATGCGCGTAGTGCGCGGCGACGCTGAACTGGC
ACAATCCATCTCCATGACCCGTGCGGAAGCGAAAGCTGCTTTCAGCA
ACGATATGGTTTACATGGAGAAATACCTGGAAAATCCTCGCCACGTC
GAGATTCAGGTACTGGCTGACGGTCAGGGCAACGCTATCTATCTGGC
GGAACGTGACTGCTCCATGCAACGCCGCCACCAGAAAGTGGTCGAAG
AAGCGCCAGCACCGGGCATTACCCCGGAACTGCGTCGCTACATCGGC
GAACGTTGCGCTAAAGCGTGTGTTGATATCGGCTATCGCGGTGCAGG
TACTTTCGAGTTCCTGTTCGAAAACGGCGAGTTCTATTTCATCGAAAT
GAACACCCGTATTCAGGTAGAACACCCGGTTACAGAAATGATCACCG
GCGTTGACCTGATCAAAGAACAGCTGCGTATCGCTGCCGGTCAACCG
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CTGTCGATCAAGCAAGAAGAAGTTCACGTTCGCGGCCATGCGGTGGA
ATGTCGTATCAACGCCGAAGATCCGAACACCTTCCTGCCAAGTCCGG
GCAAAATCACCCGTTTCCACGCACCTGGCGGTTTTGGCGTACGTTGG
GAGTCTCATATCTACGCGGGCTACACCGTACCGCCGTACTATGACTC
AATGATCGGTAAGCTGATTTGCTACGGTGAAAACCGTGACGTGGCGA
TTGCCCGCATGAAGAATGCGCTGCAGGAGCTGATCATCGACGGTATC
AAAACCAACGTTGATCTGCAGATCCGCATCATGAATGACGAGAACTT
CCAGCATGGTGGCACTAACATCCACTATCTGGAGAAAAAACTCGGTC
TTCAGGAAAAATAA

Gene: acs

GenBank: NC_012892 (E. coli BL21(DE3) genome)

DNA sequence:

ATGAGCCAAATTCACAAACACACCATTCCTGCCAACATCGCAGACCGTTG
CCTGATAAACCCTCAGCAGTACGAGGCGATGTATCAACAATCTATTAACG
TACCTGATACCTTCTGGGGCGAACAGGGAAAAATTCTTGACTGGATCAAA
CCTTACCAGAAGGTGAAAAACACCTCCTTTGCCCCCGGTAATGTGTCCATT
AAATGGTACGAGGACGGCACGCTGAATCTGGCGGCAAACTGCCTTGACCG
CCATCTGCAAGAAAACGGCGATCGTACCGCCATCATCTGGGAAGGCGACG
ACGCCAGCCAGAGCAAACATATCAGCTATAAAGAGCTGCACCGCGACGTC
TGCCGCTTCGCCAATACCCTGCTCGAGCTGGGCATTAAAAAAGGTGATGT
GGTGGCGATTTATATGCCGATGGTGCCGGAAGCCGCGGTTGCGATGCTGG
CCTGCGCCCGCATTGGCGCGGTGCATTCGGTGATTTTCGGCGGCTTCTCGC
CGGAAGCCGTTGCCGGGCGCATTATTGATTCCAACTCACGACTGGTGATC
ACTTCCGACGAAGGTGTGCGTGCCGGGCGCAGTATTCCGCTGAAGAAAAA
CGTTGATGACGCGCTGAAAAACCCGAACGTCACCAGCGTAGAGCATGTGG
TGGTACTGAAGCGTACTGGCGGGAAAATTGACTGGCAGGAAGGGCGCGA
CCTGTGGTGGCACGACCTGGTTGAGCAAGCGAGCGATCAGCACCAGGCGG
AAGAGATGAACGCCGAAGATCCGCTGTTTATTCTCTACACCTCCGGTTCTA
CCGGTAAGCCAAAAGGTGTGCTGCATACTACCGGCGGTTATCTGGTGTAC
GCGGCGCTGACCTTTAAATATGTCTTTGATTATCATCCGGGTGATATCTAC
TGGTGCACCGCCGATGTGGGCTGGGTGACCGGACACAGTTACTTGCTGTA
CGGCCCGCTGGCCTGCGGTGCGACCACGCTGATGTTTGAAGGCGTACCGA
ACTGGCCGACGCCTGCCCGTATGGCGCAGGTGGTGGACAAGCATCAGGTC
AATATTCTCTATACCGCGCCCACGGCGATTCGCGCGCTGATGGCGGAAGG
GGATAAAGCGATTGAAGGCACCGACCGATCGTCGCTGCGCATTCTCGGTT
CCGTGGGCGAGCCAATCAACCCGGAAGCGTGGGAGTGGTACTGGAAAAA
AATCGGCAACGAGAAATGTCCGGTGGTCGATACCTGGTGGCAGACCGAA
ACTGGCGGTTTCATGATCACGCCGCTGCCTGGCGCTACCGAGCTGAAAGC
CGGTTCGGCAACACGTCCGTTCTTCGGCGTGCAACCGGCGCTGGTCGATA



13

ACGAAGGTAACCCGCTGGAAGGCGCTACCGAAGGCAGCCTGGTGATCAC
CGACTCCTGGCCGGGTCAGGCGCGTACGCTGTTTGGCGATCACGAACGTT
TTGAACAGACCTACTTCTCCACCTTCAAAAATATGTATTTCAGCGGCGACG
GCGCGCGTCGCGATGAAGATGGCTATTACTGGATAACCGGGCGTGTGGAC
GATGTGCTGAACGTCTCCGGTCACCGTCTGGGAACGGCGGAGATTGAGTC
GGCGCTGGTGGCGCATCCGAAGATTGCCGAAGCCGCCGTAGTAGGTATTC
CGCACAATATTAAAGGTCAGGCGATCTACGCCTACGTCACGCTTAATCAC
GGGGAGGAACCGTCACCAGAACTGTACGCAGAAGTCCGCAACTGGGTGC
GTAAAGAGATTGGCCCGCTGGCGACGCCAGACGTGCTGCACTGGACCGAC
TCCCTGCCTAAAACCCGCTCCGGCAAAATTATGCGCCGTATTCTGCGCAA
AATTGCGGCGGGCGATACCAGCAACCTGGGCGATACCTCGACGCTTGCCG
ATCCTGGCGTAGTCGAGAAGCTGCTTGAAGAGAAGCAGGCTATCGCGATG
CCATCGTAA

Gene: gltA

GenBank: NC_012892 (E. coli BL21(DE3) genome)

DNA sequence:

ATGGCTGATACAAAAGCAAAACTCACCCTCAACGGGGACACAGCTGTTGA
ACTGGATGTGCTGAAAGGCACGCTGGGTCAAGATGTTATTGATATCCGTA
CTCTCGGTTCAAAAGGTGTGTTCACCTTTGACCCTGGCTTCACTTCAACCG
CATCCTGCGAATCTAAAATTACTTTTATTGATGGTGATGAAGGTATTTTGC
TGCACCGCGGTTTCCCGATCGATCAGCTGGCGACCGATTCTAACTACCTGG
AAGTTTGTTACATCCTGCTGAATGGTGAAAAACCGACTCAGGAACAGTAT
GACGAATTTAAAACTACGGTGACCCGTCATACCATGATCCACGAGCAGAT
TACCCGTCTGTTCCACGCTTTCCGTCGCGACTCACATCCAATGGCAGTCAT
GTGTGGTATTACCGGCGCGCTGGCGGCGTTCTATCACGACTCGCTGGATGT
TAACAATCCTCGTCATCGTGAAATTGCCGCGTTCCGCCTGCTGTCGAAAAT
GCCGACCATGGCAGCGATGTGTTACAAGTATTCCATTGGTCAGCCATTTGT
TTACCCGCGCAACGATCTCTCCTACGCCGGTAACTTCCTGAATATGATGTT
CTCTACGCCGTGCGAACCGTATGAAGTTAATCCGATTCTGGAACGTGCTAT
GGACCGTATTTTGATCCTGCACGCTGACCATGAACAGAACGCCTCCACCT
CCACCGTGCGTACCGCTGGCTCTTCGGGTGCGAACCCGTTTGCCTGTATCG
CAGCAGGTATTGCTTCACTGTGGGGACCTGCGCACGGTGGTGCTAACGAA
GCAGCGCTGAAAATGCTGGAAGAAATCAGCTCCGTTAAACACATTCCGGA
ATTTGTTCGTCGTGCGAAAGATAAAAATGATTCTTTCCGCCTGATGGGCTT
CGGTCACCGCGTGTACAAAAATTACGACCCGCGCGCCACCGTAATGCGTG
AAACCTGCCATGAAGTGCTGAAAGAGCTGGGCACGAAGGATGACCTGCT
GGAAGTGGCTATGGAGCTGGAAAACATCGCGCTGAACGACCCGTACTTTA
TCGAGAAGAAACTGTACCCGAACGTCGATTTCTACTCTGGTATCATCCTGA
AAGCGATGGGTATTCCGTCTTCCATGTTCACCGTCATTTTCGCAATGGCAC
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GTACCGTTGGCTGGATCGCCCACTGGAGCGAGATGCACAGTGACGGTATG
AAGATTGCCCGTCCGCGTCAGCTGTATACAGGATATGAAAAACGCGACTT
TAAAAGCGATATCAAGCGTTAA

Gene: acpS

GenBank: NC_012892 (E. coli BL21(DE3) genome)

DNA sequence:

ATGGCAATATTAGGTTTAGGCACGGATATTGTGGAGATCGCTCGCATCGA
AGCGGTGATCGCCCGATCCGGTGATCGCCTGGCACGCCGCGTATTAAGCG
ATAACGAATGGGCAATCTGGAAAACGCACCACCAGCCGGTGCGTTTTCTG
GCGAAGCGTTTTGCTGTGAAAGAAGCCGCAGCAAAAGCGTTTGGCACCGG
GATCCGCAATGGTCTGGCGTTTAATCAATTTGAAGTATTCAATGATGAGCT
CGGCAAACCACGGCTACGGCTATGGGGCGAGGCATTAAAACTGGCGGAA
AAGCTGGGCGTTGCAAATATGCATGTAACGCTGGCAGATGAGCGGCACTA
TGCTTGTGCCACGGTAATTATTGAAAGTTAA

Gene: acpT

GenBank: NC_012892 (E. coli BL21(DE3) genome)

DNA sequence:

ATGTATCGGATAGTTCTGGGGAAAGTTTCGACCTTAAGCGCAGCTCCACT
GCCACCGGGTTTACGCGAGCAAGCACCGCAAGGTCCACGACGCGAACGCT
GGCTGGCGGGGCGTGCATTGCTTTCGCACACGCTTTCCCCGCTACCGGAG
ATCATCTATGGCGAACAAGGCAAACCTGCATTTGCGCCGGAAATGCCGCT
ATGGTTCAACTTAAGCCATAGCGGTGACGATATCGCCCTGCTGTTGAGTG
ATGAAGGCGAAGTCGGCTGCGATATCGAAGTGATTCGCCCGCGCGCCAAC
TGGCGCTGGCTGGCGAACGCCGTATTCAGCCTCGGGGAACACGCTGAGAT
GGACGCCGTGCATCCTGATCAGCAACTGGAAATGTTCTGGCGCATCTGGA
CGCGCAAAGAAGCCATCGTTAAACAGCGTGGCGGCAGCGCCTGGCAAAT
CGTCAGCGTAGACAGCACCTATCACTCCTCGCTGTCAGTCAGCCATTGTCA
GCTTGAAAATTTAAGCCTTGCGATCTGCACCCCTACTCCCTTTACGCTCAC
CGCCGACAGTGTGCCATGGATCGATTCAGTTAACTGA



15

Fig. S1 The structure illustration of plasmid pJBEI-6410. The MTSA operon containing 

genes for the conversion of acetyl CoA to mevalonate was expressed by lac UV5 

promoter. AtoB: acetoacetyl-CoA synthase from E. coli; HMGS: HMG-CoA synthase 

from Staphylococcus aureus codon optimized for E. coli; HMGR: HMG-CoA 

reductase from S. aureus codon optimized for E. coli. MBI operon containing genes for 

the conversion of mevalonate to isoprenoid precursors (IPP and DMAPP) was 

expressed by trc promoter. MK: Mevalonate Kinase, PMK: Phosphomevalonate 

Kinase, and PMD: Phosphomevalonate Decarboxylase were from Saccharomyces 

cerevisiae; IDI: isopentenyl diphosphate isomerase from E. coli. GPPS: Geranyl 

pyrophosphate synthase from Abies grandis and codon optimized for E. coli; LS: 

Limonene synthase from Mentha spicata, a truncated version without plastidial 

targeting sequence and codon optimized for E. coli29.



16

Plasmid sequence of pJBEI-6410:
gacgtcggtgcctaatgagtgagctaacttacattaattgcgttgcgctcactgcccgctttccagtcgggaaacctgtcgtg
ccagctgcattaatgaatcggccaacgcgcggggagaggcggtttgcgtattgggcgccagggtggtttttcttttcaccag
tgagacgggcaacagctgattgcccttcaccgcctggccctgagagagttgcagcaagcggtccacgctggtttgcccca
gcaggcgaaaatcctgtttgatggtggttaacggcgggatataacatgagctgtcttcggtatcgtcgtatcccactaccgag
atgtccgcaccaacgcgcagcccggactcggtaatggcgcgcattgcgcccagcgccatctgatcgttggcaaccagcat
cgcagtgggaacgatgccctcattcagcatttgcatggtttgttgaaaaccggacatggcactccagtcgccttcccgttccg
ctatcggctgaatttgattgcgagtgagatatttatgccagccagccagacgcagacgcgccgagacagaacttaatgggc
ccgctaacagcgcgatttgctggtgacccaatgcgaccagatgctccacgcccagtcgcgtaccgtcttcatgggagaaa
ataatactgttgatgggtgtctggtcagagacatcaagaaataacgccggaacattagtgcaggcagcttccacagcaatg
gcatcctggtcatccagcggatagttaatgatcagcccactgacgcgttgcgcgagaagattgtgcaccgccgctttacag
gcttcgacgccgcttcgttctaccatcgacaccaccacgctggcacccagttgatcggcgcgagatttaatcgccgcgaca
atttgcgacggcgcgtgcagggccagactggaggtggcaacgccaatcagcaacgactgtttgcccgccagttgttgtgc
cacgcggttgggaatgtaattcagctccgccatcgccgcttccactttttcccgcgttttcgcagaaacgtggctggcctggtt
caccacgcgggaaacggtctgataagagacaccggcatactctgcgacatcgtataacgttactggtttcacattcaccacc
ctgaattgactctcttccgggcgctatcatgccataccgcgaaaggttttgcgccattcgatggtgtccgggatctcgacgct
ctcccttatgcgactcctgcattaggaagcagcccagtagtaggttgaggccgttgagcaccgccgccgcaaggaatggt
gcatgcaaggagatggcgcccaacagtcccccggccacggggcctgccaccatacccacgccgaaacaagcgctcat
gagcccgaagtggcgagcccgatcttccccatcggtgatgtcggcgatataggcgccagcaaccgcacctgtggcgccg
gtgatgccggccacgatgcgtccggcgtagaggatcgagatcgtttaggcaccccaggctttacactttatgcttccggctc
gtataatgtgtggaattgtgagcggataacaatttcagaattcaaaagatcttaggaggaatataaaatgaaaaattgtgtcat
cgtcagtgcggtacgtactgctatcggtagttttaacggttcactcgcttccaccagcgccatcgacctgggggcgacagta
attaaagccgccattgaacgtgcaaaaatcgattcacaacacgttgatgaagtgattatgggtaacgtgttacaagccgggc
tggggcaaaatccggcgcgtcaggcactgttaaaaagcgggctggcagaaacggtgtgcggattcacggtcaataaagt
atgtggttcgggtcttaaaagtgtggcgcttgccgcccaggccattcaggcaggtcaggcgcagagcattgtggcggggg
gtatggaaaatatgagtttagccccctacttactcgatgcaaaagcacgctctggttatcgtcttggagacggacaggtttatg
acgtaatcctgcgcgatggcctgatgtgcgccacccatggttatcatatggggattaccgccgaaaacgtggctaaagagt
acggaattacccgtgaaatgcaggatgaactggcgctacattcacagcgtaaagcggcagccgcaattgagtccggtgctt
ttacagccgaaatcgtcccggtaaatgttgtcactcgaaagaaaaccttcgtcttcagtcaagacgagttcccgaaagcgaa
ctcaacggctgaagcgttaggtgcattgcgcccggccttcgataaagcaggaacagtcaccgctgggaacgcgtctggta
ttaacgacggtgctgccgctctggtgattatggaagaatctgcggcgctggcagcaggccttacccccctggctcgcattaa
aagttatgccagcggtggcgtgccccccgcattgatgggtatggggccagtacctgccacgcaaaaagcgttacaactgg
cggggctgcaactggcggatattgatctcattgaggctaatgaagcatttgctgcacagttccttgccgttgggaaaaacctg
ggctttgattctgagaaagtgaatgtcaacggcggggccatcgcgctcgggcatcctatcggtgccagtggtgctcgtattc
tggtcacactattacatgccatgcaggcacgcgataaaacgctggggctggcaacactgtgcattggcggcggtcaggga
attgcgatggtgattgaacggttgaattgaggatctattcaggagaaaccttatgacaataggtatcgataaaataaacttttac
gttccaaagtactatgtagacatggctaaattagcagaagcacgccaagtagacccaaacaaatttttaattggaattggtca
aactgaaatggctgttagtcctgtaaaccaagacatcgtttcaatgggcgctaacgctgctaaggacattataacagacgaa
gacaaaaagaaaattggtatggtaattgtggcaactgaatcagcagttgatgctgctaaagcagccgctgttcaaattcacaa
cttattaggtattcaaccttttgcacgctgctttgaaatgaaagaagcttgttatgctgcaacaccagcaattcaattagctaaag
attatttagcaactagaccgaatgaaaaagtattagttattgctacagatacagcacgttatggattgaactcaggcggcgag
ccaacacaaggtgctggcgcagttgcgatggttattgcacataatccaagcattttggcattaaatgaagatgctgttgcttac
actgaagacgtttatgatttctggcgtccaactggacataaatatccattagttgatggtgcattatctaaagatgcttatatccg
ctcattccaacaaagctggaatgaatacgcaaaacgtcaaggtaagtcgctagctgacttcgcatctctatgcttccatgttcc
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atttacaaaaatgggtaaaaaggcattagagtcaatcattgataacgctgatgaaacaactcaagagcgtttacgttcaggat
atgaagatgctgtagattataaccgttatgtcggtaatatttatactggatcattatatttaagcctaatatcattacttgaaaatcg
agatttacaagctggtgaaacaatcggtttattcagttatggctcaggttcagttggtgaattttatagtgcgacattagttgaag
gctacaaagatcatttagatcaagctgcacataaagcattattaaataaccgtactgaagtatctgttgatgcatatgaaacatt
cttcaaacgttttgatgacgttgaatttgacgaagaacaagatgctgttcatgaagatcgtcatattttctacttatcaaatattga
aaataacgttcgcgaatatcacagaccagagtaattaggatctattcaggaaacagaccatgtccatgcaaagtttagataag
aattttcgacatttatctcgtaaagaaaagttacaacaattggttgataagcaatggttatcagaagaacaattcgacattttact
gaatcatccattaatcgatgaagaagtagccaatagtttaattgaaaatgtcatcgcgcaaggtgcattacccgttggattatta
ccgaatatcattgtggacgataaggcatatgttgtacctatgatggtggaagagccttcagttgtcgctgcagctagttatggt
gcaaagctagtgaatcagactggcggatttaaaacggtatcttctgaacgtattatgataggtcaaatcgtctttgatggcgtt
gacgatactgaaaaattatcagcagacattaaagctttagaaaagcaaattcataaaattgcggatgaggcatatccttctatt
aaagcgcgtggtggtggttaccaacgtatagcgattgatacatttcctgagcaacagttactatctttaaaagtatttgttgatac
gaaagatgctatgggcgctaatatgcttaatacgattttagaggccataactgcatttttaaaaaatgaatttccgcaaagcga
cattttaatgagtattttatccaatcatgcaacagcgtccgttgttaaagttcaaggcgaaattgatgttaaagatttagcaaggg
gcgagagaactggagaagaggttgccaaacgaatggaacgtgcttctgtattggcccaagtagatattcatcgtgcagcaa
cacataataaaggtgttatgaatggcatacatgctgttgttttagcaacaggaaatgatacgcgtggtgcagaagcaagtgc
gcatgcatacgcgagtcgtgacggacagtatcgtggtattgctacatggcgttacgatcaagatcgtcaacgattgattggta
caattgaagtgcctatgacattggcaatcgttggcggtggtacaaaagtattaccaattgctaaagcttcattagagctactaa
atgtagagtcagcacaagaattaggtcatgtagttgctgccgttggtttagcgcaaaactttgcagcatgtcgcgcgcttgtgt
cagaaggtattcaacaaggtcatatgagtttacaatataaatcattagctatcgttgtaggggcaaaaggtgatgaaattgcta
aagtagctgaagctttgaaaaaagaaccccgtgcaaatacacaagcagcggaacatattttacaagaaattagacaacaat
aattaggatctttttaaggatctccaggcatcaaataaaacgaaaggctcagtcgaaagactgggcctttcgttttatctgttgtt
tgtcggtgaacgctctctactagagtcacactggctcaccttcgggtgggcctttctgcgtttatagcgaattggatctggtttg
acagcttatcatcgactgcacggtgcaccaatgcttctggcgtcaggcagccatcggaagctgtggtatggctgtgcaggt
cgtaaatcactgcataattcgtgtcgctcaaggcgcactcccgttctggataatgttttttgcgccgacatcataacggttctgg
caaatattctgaaatgagctgttgacaattaatcatccggctcgtataatgtgtggaattgtgagcggataacaatttcaggatc
taggaggaaataaccatgtctctgccattcctgacgtctgcgccaggtaaggtgatcatcttcggcgagcactctgcggtgt
acaataagccggccgtcgccgcctctgtgtctgcgttacgcacctacctgctgatcagcgaatcttctgcaccggacacgat
cgagctggactttccggacatcagcttcaaccacaagtggagcatcaacgacttcaacgcgatcacggaggaccaggtga
acagccaaaagctggccaaagcccagcaagcaaccgacggtctgtctcaggagctggtgtctctgctggacccgctgtta
gcgcagttaagcgagagcttccattaccacgccgcgttctgcttcctgtacatgttcgtttgcctgtgcccgcacgcaaagaa
catcaagttcagcctgaagagcacgctgccgattggcgcaggcttaggctctagcgcatctatcagcgtgagcctggcgct
ggcgatggcctatctgggtggcctgattggcagcaacgacctggagaaactgagcgaaaacgacaagcacatcgtgaac
cagtgggcctttatcggcgagaagtgcattcatggcaccccgagcggcattgacaacgcagttgccacgtatggcaacgc
cctgctgttcgagaaagacagccacaacggcacgatcaacacgaacaacttcaagttcctggacgacttcccggcgatcc
cgatgattctgacctacacccgtatcccacgcagcaccaaggatttagtcgcccgcgtgcgtgttttagtcaccgaaaagttc
ccggaggtgatgaagccgatcctggacgcgatgggcgagtgcgcgctgcagggtctggagatcatgaccaagctgagc
aagtgcaagggcaccgacgatgaggcggtggagaccaacaatgagctgtacgagcagctgctggagctgatccgtatca
atcacggcctgctggtctctatcggtgtgtctcacccgggcctggaactgatcaaaaacctgagcgacgacctgcgcattg
gctctacgaaattaacgggtgcaggtggcggtggctgctctttaacgctgctgcgcagtgacattacgcaggagcaaatcg
acagcttcaagaagaagctgcaggacgacttcagctacgagacgttcgagacggacctgggcggcacgggctgttgcct
gctgagcgccaaaaatctgaacaaggacctgaagatcaaaagcctggtgttccagctgttcgaaaacaagacgaccacga
agcagcagatcgacgacctgttactgccgggtaacaccaatctgccgtggacgtcttgaggatctaggagggagatcatat
gagcgaattacgtgcattcagcgcgccaggtaaggcactgctggccggtggctacctggtgttagacaccaagtacgagg
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cgttcgtcgtcggcttatctgcccgtatgcatgcagttgcccacccgtatggtagcctgcagggctctgacaagttcgaagtg
cgtgtgaagagcaagcagttcaaggacggcgagtggctgtaccacattagcccaaagagcggcttcatcccggttagcat
tggtggcagcaagaacccatttatcgagaaggtcattgccaacgtcttcagctacttcaagccgaatatggacgattactgca
accgcaacctgttcgtcatcgacattttcagcgacgacgcgtaccacagccaagaggactctgttacggagcatcgtggta
accgccgcctgagcttccacagccatcgcattgaggaggtgccgaagacgggtctgggttctagcgccggtttagttaccg
tcttaacgacggcgttagcgagcttcttcgtgagcgacctggagaacaacgtggacaagtaccgcgaagtgattcataacc
tggcgcaggtggcacattgtcaggcccaaggtaagattggctctggttttgatgtggcagcggccgcctatggctctatccg
ctatcgccgctttccgccggccctgatcagcaatctgccggacatcggctctgcgacgtatggtagcaaactggcgcatct
ggtggacgaggaggactggaacatcaccattaagtctaatcacctgccgagcggcttaacgttatggatgggcgatatcaa
gaacggcagcgaaacggttaagctggtgcagaaagtgaaaaactggtacgacagccacatgccggaaagcctgaagatt
tacacggagctggaccacgccaatagccgtttcatggatggtctgagcaagctggaccgcctgcacgaaacccacgacg
actacagcgaccaaatcttcgagagcctggagcgcaatgactgcacctgccagaagtacccggagatcacggaggtccg
cgatgccgtggcaacgattcgccgtagcttccgcaaaattacgaaggagagcggcgcggatatcgaaccaccggtccag
acgtctctgctggacgactgtcaaaccttaaagggcgtgttaacgtgcctgattccgggcgcgggtggttacgacgccattg
ccgtcatcacgaaacaggacgtcgatctgcgcgcacaaacggccaacgacaaacgtttcagcaaagtccaatggctggat
gttacgcaggccgactggggtgttcgcaaggagaaggacccggaaacgtatctggataagtgaggatctaggaggattat
gagatgaccgtttacacagcatccgttaccgcacccgtcaacatcgcaacccttaagtattgggggaaaagggacacgaa
gttgaatctgcccaccaattcgtccatatcagtgactttatcgcaagatgacctcagaacgttgacctctgcggctactgcacc
tgagtttgaacgcgacactttgtggttaaatggagaaccacacagcatcgacaatgaaagaactcaaaattgtctgcgcgac
ctacgccaattaagaaaggaaatggaatcgaaggacgcctcattgcccacattatctcaatggaaactccacattgtctccg
aaaataactttcctacagcagctggtttagcttcctccgctgctggctttgctgcattggtctctgcaattgctaagttataccaat
taccacagtcaacttcagaaatatctagaatagcaagaaaggggtctggttcagcttgtagatcgttgtttggcggatacgtg
gcctgggaaatgggaaaagctgaagatggtcatgattccatggcagtacaaatcgcagacagctctgactggcctcagat
gaaagcttgtgtcctagttgtcagcgatattaaaaaggatgtgagttccactcagggtatgcaattgaccgtggcaacctccg
aactatttaaagaaagaattgaacatgtcgtaccaaagagatttgaagtcatgcgtaaagccattgttgaaaaagatttcgcca
cctttgcaaaggaaacaatgatggattccaactctttccatgccacatgtttggactctttccctccaatattctacatgaatgac
acttccaagcgtatcatcagttggtgccacaccattaatcagttttacggagaaacaatcgttgcatacacgtttgatgcaggt
ccaaatgctgtgttgtactacttagctgaaaatgagtcgaaactctttgcatttatctataaattgtttggctctgttcctggatgg
gacaagaaatttactactgagcagcttgaggctttcaaccatcaatttgaatcatctaactttactgcacgtgaattggatcttga
gttgcaaaaggatgttgccagagtgattttaactcaagtcggttcaggcccacaagaaacaaacgaatctttgattgacgcaa
agactggtctaccaaaggaataaggatctaggaggtaatgataatgcaaacggaacacgtcattttattgaatgcacaggga
gttcccacgggtacgctggaaaagtatgccgcacacacggcagacacccgcttacatctcgcgttctccagttggctgttta
atgccaaaggacaattattagttacccgccgcgcactgagcaaaaaagcatggcctggcgtgtggactaactcggtttgtg
ggcacccacaactgggagaaagcaacgaagacgcagtgatccgccgttgccgttatgagcttggcgtggaaattacgcct
cctgaatctatctatcctgactttcgctaccgcgccaccgatccgagtggcattgtggaaaatgaagtgtgtccggtatttgcc
gcacgcaccactagtgcgttacagatcaatgatgatgaagtgatggattatcaatggtgtgatttagcagatgtattacacggt
attgatgccacgccgtgggcgttcagtccgtggatggtgatgcaggcgacaaatcgcgaagccagaaaacgattatctgc
atttacccagcttaaataattaggatctcgcaaaaaaccccgcttcggcggggttttttcgccgactgcacggtgcaccaatg
cttctggcgtcaggcagccatcggaagctgtggtatggctgtgcaggtcgtaaatcactgcataattcgtgtcgctcaaggc
gcactcccgttctggataatgttttttgcgccgacatcataacggttctggcaaatattctgaaatgagctgttgacaattaatca
tccggctcgtataatgtgtggaattgtgagcggataacaatttcaggatcttttaaagaaggagatatacatatggaatttgact
tcaacaaatacatggactccaaagcgatgacggtaaatgaagcactgaacaaagcgatccctctgcgttatccgcagaaaa
tctacgaaagcatgcgttacagcctgctggcaggcggcaagcgtgttcgtccggttctgtgtattgccgcatgtgaactggt
aggtggtaccgaagaactggcgatcccgaccgcgtgcgcaattgaaatgatccacacgatgtccctgatgcacgatgatct
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gccgtgtatcgacaacgacgatctgcgtcgcggtaaaccgactaaccacaaaattttcggtgaggataccgcagtgactgc
tggtaacgcactgcactcttacgccttcgagcatatcgcggtttctacttctaaaaccgttggtgctgaccgcatcctgcgtat
ggtgtccgagctgggtcgtgctactggctctgaaggtgttatgggtggtcagatggtagacatcgcatccgaaggcgatcc
gtctatcgacctgcagaccctggaatggattcacatccacaaaaccgcaatgctgctggaatgctccgttgtttgcggtgca
atcattggcggtgccagcgaaatcgtaatcgaacgtgcccgtcgctacgcccgctgtgttggtctgctgttccaggtagttga
tgacattctggacgtaactaaaagcagcgacgaactgggtaagactgcgggcaaggacctgatctctgataaagccacct
acccaaagctgatgggtctggaaaaggccaaggagttctccgatgaactgctgaaccgtgcgaagggtgaactgtcctgc
ttcgacccagttaaagccgctccgctgctgggcctggcagactacgtggcatttcgtcagaattaaggtacttttaagaagga
gatatacatgcgtcgcagtggtaattacaacccgtcacgttgggatgtgaattttatccaatccctgctgagcgattacaaaga
ggacaaacacgtcattcgggcaagcgaactggttacactggttaaaatggaactggaaaaagaaacagaccaaattcgcc
aattagagctgattgacgacttacagcgcatggggctgagcgatcactttcagaatgagttcaaagagattctgtcatctatct
atctggaccaccattactataaaaacccttttccgaaagaggaacgtgatctgtatagcacaagcctggcctttcggttactgc
gtgagcatggcttccaagtagcacaagaggtattcgatagcttcaagaatgaagagggcgagttcaaagaatcactgtccg
atgatactcgtggcttattacaactgtatgaagcgagctttctgctgaccgagggggagacgactctggaaagcgcacggg
aatttgcgaccaaattcttagaagagaaagtaaatgaaggcggcgtagatggcgatctgttaacccgcatcgcgtattctctg
gacattccgttacactggcgtattaaacggccaaacgcgccggtgtggattgagtggtatcgcaaacgtccagacatgaac
ccggtggtgctggaattagcaattttagacttaaacatcgtgcaggctcaatttcaggaagaactgaaagaatcttttcgctgg
tggcgcaacaccggcttcgttgaaaaattaccgtttgcgcgcgatcgtctggttgaatgttatttctggaataccggcattatc
gaaccgcgccagcacgcgagcgcccgtattatgatgggtaaggtcaatgcgctgattactgtcattgacgatatttacgatg
tatacggcactctggaagaactggagcagtttacagatttaatccgccggtgggacatcaatagcatcgaccagctgccag
attacatgcagctgtgttttctggcgctgaataactttgtggacgacacctcttatgacgtcatgaaagaaaaaggcgtgaatg
ttatcccttatctgcgtcagagttgggtggatctggccgataaatatatggttgaggcacgctggttctacggtgggcacaaa
ccgagtttagaagaatatctggagaactcatggcagagtatcagtgggccatgcatgctgacgcatatcttctttcgcgtcac
ggattcatttaccaaggagacggtcgattccttatataaataccatgacctggttcgttggtcatctttcgtcctgcggctggcg
gacgatctgggtacgtctgtggaagaggtgtctcgtggggatgttccgaaatccttacagtgctacatgtccgattataacgc
aagtgaagctgaagctcgcaaacatgtgaagtggctgatcgccgaagtgtggaagaagatgaacgctgaacgtgtttcca
aggatagtccgtttggtaaggattttattggttgcgccgttgatctgggtcgtatggcccagctgatgtatcataacggtgatg
gtcatgggacccagcatcctattattcatcagcagatgacgcgtaccctgtttgcacctttcgcctaaggatccaaactcgagt
aaggatctccaggcatcaaataaaacgaaaggctcagtcgaaagactgggcctttcgttttatctgttgtttgtcggtgaacg
ctctctactagagtcacactggctcaccttcgggtgggcctttctgcgtttatacctagggatatattccgcttcctcgctcactg
actcgctacgctcggtcgttcgactgcggcgagcggaaatggcttacgaacggggcggagatttcctggaagatgccag
gaagatacttaacagggaagtgagagggccgcggcaaagccgtttttccataggctccgcccccctgacaagcatcacga
aatctgacgctcaaatcagtggtggcgaaacccgacaggactataaagataccaggcgtttccccctggcggctccctcgt
gcgctctcctgttcctgcctttcggtttaccggtgtcattccgctgttatggccgcgtttgtctcattccacgcctgacactcagtt
ccgggtaggcagttcgctccaagctggactgtatgcacgaaccccccgttcagtccgaccgctgcgccttatccggtaact
atcgtcttgagtccaacccggaaagacatgcaaaagcaccactggcagcagccactggtaattgatttagaggagttagtct
tgaagtcatgcgccggttaaggctaaactgaaaggacaagttttggtgactgcgctcctccaagccagttacctcggttcaa
agagttggtagctcagagaaccttcgaaaaaccgccctgcaaggcggttttttcgttttcagagcaagagattacgcgcaga
ccaaaacgatctcaagaagatcatcttattaatcagataaaatatttctagatttcagtgcaatttatctcttcaaatgtagcacct
gaagtcagccccatacgatataagttgttactagtgcttggattctcaccaataaaaaacgcccggcggcaaccgagcgttc
tgaacaaatccagatggagttctgaggtcattactggatctatcaacaggagtccaagcgagctcgtaaacttggtctgaca
gttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgcctgactccccgtcgtgtag
ataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgctcaccggctccaga
tttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcctccatccagtctatt
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aattgttgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtg
tcacgctcgtcgtttggtatggcttcattcagctccggttcccaacgatcaaggcgagttacatgatcccccatgttgtgcaaa
aaagcggttagctccttcggtcctccgatcgttgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactg
cataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatg
cggcgaccgagttgctcttgcccggcgtcaatacgggataataccgcgccacatagcagaactttaaaagtgctcatcattg
gaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaa
ctgatcttcagcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaata
agggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcgg
atacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgccacct
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Fig. S2 The structure illustration of plasmid pJBEI6410-1. In this plasmid, limonene 

synthase gene was deleted for GPP supplementation.
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Plasmid sequence of pJBEI6410-1:

gacgtcggtgcctaatgagtgagctaacttacattaattgcgttgcgctcactgcccgctttccagtcgggaaacctgtcgtg
ccagctgcattaatgaatcggccaacgcgcggggagaggcggtttgcgtattgggcgccagggtggtttttcttttcaccag
tgagacgggcaacagctgattgcccttcaccgcctggccctgagagagttgcagcaagcggtccacgctggtttgcccca
gcaggcgaaaatcctgtttgatggtggttaacggcgggatataacatgagctgtcttcggtatcgtcgtatcccactaccgag
atgtccgcaccaacgcgcagcccggactcggtaatggcgcgcattgcgcccagcgccatctgatcgttggcaaccagcat
cgcagtgggaacgatgccctcattcagcatttgcatggtttgttgaaaaccggacatggcactccagtcgccttcccgttccg
ctatcggctgaatttgattgcgagtgagatatttatgccagccagccagacgcagacgcgccgagacagaacttaatgggc
ccgctaacagcgcgatttgctggtgacccaatgcgaccagatgctccacgcccagtcgcgtaccgtcttcatgggagaaa
ataatactgttgatgggtgtctggtcagagacatcaagaaataacgccggaacattagtgcaggcagcttccacagcaatg
gcatcctggtcatccagcggatagttaatgatcagcccactgacgcgttgcgcgagaagattgtgcaccgccgctttacag
gcttcgacgccgcttcgttctaccatcgacaccaccacgctggcacccagttgatcggcgcgagatttaatcgccgcgaca
atttgcgacggcgcgtgcagggccagactggaggtggcaacgccaatcagcaacgactgtttgcccgccagttgttgtgc
cacgcggttgggaatgtaattcagctccgccatcgccgcttccactttttcccgcgttttcgcagaaacgtggctggcctggtt
caccacgcgggaaacggtctgataagagacaccggcatactctgcgacatcgtataacgttactggtttcacattcaccacc
ctgaattgactctcttccgggcgctatcatgccataccgcgaaaggttttgcgccattcgatggtgtccgggatctcgacgct
ctcccttatgcgactcctgcattaggaagcagcccagtagtaggttgaggccgttgagcaccgccgccgcaaggaatggt
gcatgcaaggagatggcgcccaacagtcccccggccacggggcctgccaccatacccacgccgaaacaagcgctcat
gagcccgaagtggcgagcccgatcttccccatcggtgatgtcggcgatataggcgccagcaaccgcacctgtggcgccg
gtgatgccggccacgatgcgtccggcgtagaggatcgagatcgtttaggcaccccaggctttacactttatgcttccggctc
gtataatgtgtggaattgtgagcggataacaatttcagaattcaaaagatcttaggaggaatataaaatgaaaaattgtgtcat
cgtcagtgcggtacgtactgctatcggtagttttaacggttcactcgcttccaccagcgccatcgacctgggggcgacagta
attaaagccgccattgaacgtgcaaaaatcgattcacaacacgttgatgaagtgattatgggtaacgtgttacaagccgggc
tggggcaaaatccggcgcgtcaggcactgttaaaaagcgggctggcagaaacggtgtgcggattcacggtcaataaagt
atgtggttcgggtcttaaaagtgtggcgcttgccgcccaggccattcaggcaggtcaggcgcagagcattgtggcggggg
gtatggaaaatatgagtttagccccctacttactcgatgcaaaagcacgctctggttatcgtcttggagacggacaggtttatg
acgtaatcctgcgcgatggcctgatgtgcgccacccatggttatcatatggggattaccgccgaaaacgtggctaaagagt
acggaattacccgtgaaatgcaggatgaactggcgctacattcacagcgtaaagcggcagccgcaattgagtccggtgctt
ttacagccgaaatcgtcccggtaaatgttgtcactcgaaagaaaaccttcgtcttcagtcaagacgagttcccgaaagcgaa
ctcaacggctgaagcgttaggtgcattgcgcccggccttcgataaagcaggaacagtcaccgctgggaacgcgtctggta
ttaacgacggtgctgccgctctggtgattatggaagaatctgcggcgctggcagcaggccttacccccctggctcgcattaa
aagttatgccagcggtggcgtgccccccgcattgatgggtatggggccagtacctgccacgcaaaaagcgttacaactgg
cggggctgcaactggcggatattgatctcattgaggctaatgaagcatttgctgcacagttccttgccgttgggaaaaacctg
ggctttgattctgagaaagtgaatgtcaacggcggggccatcgcgctcgggcatcctatcggtgccagtggtgctcgtattc
tggtcacactattacatgccatgcaggcacgcgataaaacgctggggctggcaacactgtgcattggcggcggtcaggga
attgcgatggtgattgaacggttgaattgaggatcttgaattaaggaggacagctaaatgacaataggtatcgataaaataaa
cttttacgttccaaagtactatgtagacatggctaaattagcagaagcacgccaagtagacccaaacaaatttttaattggaatt
ggtcaaactgaaatggctgttagtcctgtaaaccaagacatcgtttcaatgggcgctaacgctgctaaggacattataacaga
cgaagacaaaaagaaaattggtatggtaattgtggcaactgaatcagcagttgatgctgctaaagcagccgctgttcaaatt
cacaacttattaggtattcaaccttttgcacgctgctttgaaatgaaagaagcttgttatgctgcaacaccagcaattcaattag
ctaaagattatttagcaactagaccgaatgaaaaagtattagttattgctacagatacagcacgttatggattgaactcaggcg
gcgagccaacacaaggtgctggcgcagttgcgatggttattgcacataatccaagcattttggcattaaatgaagatgctgtt
gcttacactgaagacgtttatgatttctggcgtccaactggacataaatatccattagttgatggtgcattatctaaagatgcttat
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atccgctcattccaacaaagctggaatgaatacgcaaaacgtcaaggtaagtcgctagctgacttcgcatctctatgcttcca
tgttccatttacaaaaatgggtaaaaaggcattagagtcaatcattgataacgctgatgaaacaactcaagagcgtttacgttc
aggatatgaagatgctgtagattataaccgttatgtcggtaatatttatactggatcattatatttaagcctaatatcattacttgaa
aatcgagatttacaagctggtgaaacaatcggtttattcagttatggctcaggttcagttggtgaattttatagtgcgacattagt
tgaaggctacaaagatcatttagatcaagctgcacataaagcattattaaataaccgtactgaagtatctgttgatgcatatgaa
acattcttcaaacgttttgatgacgttgaatttgacgaagaacaagatgctgttcatgaagatcgtcatattttctacttatcaaat
attgaaaataacgttcgcgaatatcacagaccagagtaattaggatctattcaggaaacagaccatgtccatgcaaagtttag
ataagaattttcgacatttatctcgtaaagaaaagttacaacaattggttgataagcaatggttatcagaagaacaattcgacat
tttactgaatcatccattaatcgatgaagaagtagccaatagtttaattgaaaatgtcatcgcgcaaggtgcattacccgttgga
ttattaccgaatatcattgtggacgataaggcatatgttgtacctatgatggtggaagagccttcagttgtcgctgcagctagtt
atggtgcaaagctagtgaatcagactggcggatttaaaacggtatcttctgaacgtattatgataggtcaaatcgtctttgatg
gcgttgacgatactgaaaaattatcagcagacattaaagctttagaaaagcaaattcataaaattgcggatgaggcatatcctt
ctattaaagcgcgtggtggtggttaccaacgtatagcgattgatacatttcctgagcaacagttactatctttaaaagtatttgtt
gatacgaaagatgctatgggcgctaatatgcttaatacgattttagaggccataactgcatttttaaaaaatgaatttccgcaaa
gcgacattttaatgagtattttatccaatcatgcaacagcgtccgttgttaaagttcaaggcgaaattgatgttaaagatttagca
aggggcgagagaactggagaagaggttgccaaacgaatggaacgtgcttctgtattggcccaagtagatattcatcgtgca
gcaacacataataaaggtgttatgaatggcatacatgctgttgttttagcaacaggaaatgatacgcgtggtgcagaagcaa
gtgcgcatgcatacgcgagtcgtgacggacagtatcgtggtattgctacatggcgttacgatcaagatcgtcaacgattgatt
ggtacaattgaagtgcctatgacattggcaatcgttggcggtggtacaaaagtattaccaattgctaaagcttcattagagcta
ctaaatgtagagtcagcacaagaattaggtcatgtagttgctgccgttggtttagcgcaaaactttgcagcatgtcgcgcgctt
gtgtcagaaggtattcaacaaggtcatatgagtttacaatataaatcattagctatcgttgtaggggcaaaaggtgatgaaatt
gctaaagtagctgaagctttgaaaaaagaaccccgtgcaaatacacaagcagcggaacatattttacaagaaattagacaa
caataaggatctttttaaggatctccaggcatcaaataaaacgaaaggctcagtcgaaagactgggcctttcgttttatctgttg
tttgtcggtgaacgctctctactagagtcacactggctcaccttcgggtgggcctttctgcgtttatagcgaattgatctggtttg
acagcttatcatcgactgcacggtgcaccaatgcttctggcgtcaggcagccatcggaagctgtggtatggctgtgcaggt
cgtaaatcactgcataattcgtgtcgctcaaggcgcactcccgttctggataatgttttttgcgccgacatcataacggttctgg
caaatattctgaaatgagctgttgacaattaatcatccggctcgtataatgtgtggaattgtgagcggataacaatttcaggatc
taggaggaaataaccatgtctctgccattcctgacgtctgcgccaggtaaggtgatcatcttcggcgagcactctgcggtgt
acaataagccggccgtcgccgcctctgtgtctgcgttacgcacctacctgctgatcagcgaatcttctgcaccggacacgat
cgagctggactttccggacatcagcttcaaccacaagtggagcatcaacgacttcaacgcgatcacggaggaccaggtga
acagccaaaagctggccaaagcccagcaagcaaccgacggtctgtctcaggagctggtgtctctgctggacccgctgtta
gcgcagttaagcgagagcttccattaccacgccgcgttctgcttcctgtacatgttcgtttgcctgtgcccgcacgcaaagaa
catcaagttcagcctgaagagcacgctgccgattggcgcaggcttaggctctagcgcatctatcagcgtgagcctggcgct
ggcgatggcctatctgggtggcctgattggcagcaacgacctggagaaactgagcgaaaacgacaagcacatcgtgaac
cagtgggcctttatcggcgagaagtgcattcatggcaccccgagcggcattgacaacgcagttgccacgtatggcaacgc
cctgctgttcgagaaagacagccacaacggcacgatcaacacgaacaacttcaagttcctggacgacttcccggcgatcc
cgatgattctgacctacacccgtatcccacgcagcaccaaggatttagtcgcccgcgtgcgtgttttagtcaccgaaaagttc
ccggaggtgatgaagccgatcctggacgcgatgggcgagtgcgcgctgcagggtctggagatcatgaccaagctgagc
aagtgcaagggcaccgacgatgaggcggtggagaccaacaatgagctgtacgagcagctgctggagctgatccgtatca
atcacggcctgctggtctctatcggtgtgtctcacccgggcctggaactgatcaaaaacctgagcgacgacctgcgcattg
gctctacgaaattaacgggtgcaggtggcggtggctgctctttaacgctgctgcgccgtgacattacgcaggagcaaatcg
acagcttcaagaagaagctgcaggacgacttcagctacgagacgttcgagacggacctgggcggcacgggctgttgcct
gctgagcgccaaaaatctgaacaaggacctgaagatcaaaagcctggtgttccagctgttcgaaaacaagacgaccacga
agcagcagatcgacgacctgttactgccgggtaacaccaatctgccgtggacgtcttaaggatctaggagggagatcatat
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gagcgaattacgtgcattcagcgcgccaggtaaggcactgctggccggtggctacctggtgttagacaccaagtacgagg
cgttcgtcgtcggcttatctgcccgtatgcatgcagttgcccacccgtatggtagcctgcagggctctgacaagttcgaagtg
cgtgtgaagagcaagcagttcaaggacggcgagtggctgtaccacattagcccaaagagcggcttcatcccggttagcat
tggtggcagcaagaacccatttatcgagaaggtcattgccaacgtcttcagctacttcaagccgaatatggacgattactgca
accgcaacctgttcgtcatcgacattttcagcgacgacgcgtaccacagccaagaggactctgttacggagcatcgtggta
accgccgcctgagcttccacagccatcgcattgaggaggtgccgaagacgggtctgggttctagcgccggtttagttaccg
tcttaacgacggcgttagcgagcttcttcgtgagcgacctggagaacaacgtggacaagtaccgcgaagtgattcataacc
tggcgcaggtggcacattgtcaggcccaaggtaagattggctctggttttgatgtggcagcggccgcctatggctctatccg
ctatcgccgctttccgccggccctgatcagcaatctgccggacatcggctctgcgacgtatggtagcaaactggcgcatct
ggtggacgaagaagactggaacatcaccattaagtctaatcacctgccgagcggcttaacgttatggatgggcgatatcaa
gaacggcagcgaaacggttaagctggtgcagaaagtgaaaaactggtacgacagccacatgccggaaagcctgaagatt
tacacggagctggaccacgccaatagccgtttcatggatggtctgagcaagctggaccgcctgcacgaaacccacgacg
actacagcgaccaaatcttcgagagcctggagcgcaatgactgcacctgccagaagtacccggagatcacggaggtccg
cgatgccgtggcaacgattcgccgtagcttccgcaaaattacgaaggagagcggcgcggatatcgaaccaccggtccag
acgtctctgctggacgactgtcaaaccttaaagggcgtgttaacgtgcctgattccgggcgcgggtggttacgacgccattg
ccgtcatcacgaaacaggacgtcgatctgcgcgcacaaacggccaacgacaaacgtttcagcaaagtccaatggctggat
gttacgcaggccgactggggtgttcgcaaggagaaggacccggaaacgtatctggataagtgaggatctaggaggattat
gagatgaccgtttacacagcatccgttaccgcacccgtcaacatcgcaacccttaagtattgggggaaaagggacacgaa
gttgaatctgcccaccaattcgtccatatcagtgactttatcgcaagatgacctcagaacgttgacctctgcggctactgcacc
tgagtttgaacgcgacactttgtggttaaatggagaaccacacagcatcgacaatgaaagaactcaaaattgtctgcgcgac
ctacgccaattaagaaaggaaatggaatcgaaggacgcctcattgcccacattatctcaatggaaactccacattgtctccg
aaaataactttcctacagcagctggtttagcttcctccgctgctggctttgctgcattggtctctgcaattgctaagttataccaat
taccacagtcaacttcagaaatatctagaatagcaagaaaggggtctggttcagcttgtagatcgttgtttggcggatacgtg
gcctgggaaatgggaaaagctgaagatggtcatgattccatggcagtacaaatcgcagacagctctgactggcctcagat
gaaagcttgtgtcctagttgtcagcgatattaaaaaggatgtgagttccactcagggtatgcaattgaccgtggcaacctccg
aactatttaaagaaagaattgaacatgtcgtaccaaagagatttgaagtcatgcgtaaagccattgttgaaaaagatttcgcca
cctttgcaaaggaaacaatgatggattccaactctttccatgccacatgtttggactctttccctccaatattctacatgaatgac
acttccaagcgtatcatcagttggtgccacaccattaatcagttttacggagaaacaatcgttgcatacacgtttgatgcaggt
ccaaatgctgtgttgtactacttagctgaaaatgagtcgaaactctttgcatttatctataaattgtttggctctgttcctggatgg
gacaagaaatttactactgagcagcttgaggctttcaaccatcaatttgaatcatctaactttactgcacgtgaattggatcttga
gttgcaaaaggatgttgccagagtgattttaactcaagtcggttcaggcccacaagaaacaaacgaatctttgattgacgcaa
agactggtctaccaaaggaataaggatctaggaggtaatgataatgcaaacggaacacgtcattttattgaatgcacaggga
gttcccacgggtacgctggaaaagtatgccgcacacacggcagacacccgcttacatctcgcgttctccagttggctgttta
atgccaaaggacaattattagttacccgccgcgcactgagcaaaaaagcatggcctggcgtgtggactaactcggtttgtg
ggcacccacaactgggagaaagcaacgaagacgcagtgatccgccgttgccgttatgagcttggcgtggaaattacgcct
cctgaatctatctatcctgactttcgctaccgcgccaccgatccgagtggcattgtggaaaatgaagtgtgtccggtatttgcc
gcacgcaccactagtgcgttacagatcaatgatgatgaagtgatggattatcaatggtgtgatttagcagatgtattacacggt
attgatgccacgccgtgggcgttcagtccgtggatggtgatgcaggcgacaaatcgcgaagccagaaaacgattatctgc
atttacccagcttaaataaggatctcgcaaaaaaccccgcttcggcggggttttttcgccgactgcacggtgcaccaatgctt
ctggcgtcaggcagccatcggaagctgtggtatggctgtgcaggtcgtaaatcactgcataattcgtgtcgctcaaggcgc
actcccgttctggataatgttttttgcgccgacatcataacggttctggcaaatattctgaaatgagctgttgacaattaatcatc
cggctcgtataatgtgtggaattgtgagcggataacaatttcaggatcttttaagaaggagatatacatggaatttgacttcaac
aaatacatggactccaaagcgatgacggtaaatgaagcactgaacaaagcgatccctctgcgttatccgcagaaaatctac
gaaagcatgcgttacagcctgctggcaggcggcaagcgtgttcgtccggttctgtgtattgccgcatgtgaactggtaggtg
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gtaccgaagaactggcgatcccgaccgcgtgcgcaattgaaatgatccacacgatgtccctgatgcacgatgatctgccgt
gtatcgacaacgacgatctgcgtcgcggtaaaccgactaaccacaaaattttcggtgaggataccgcagtgactgctggta
acgcactgcactcttacgccttcgagcatatcgcggtttctacttctaaaaccgttggtgctgaccgcatcctgcgtatggtgt
ccgagctgggtcgtgctactggctctgaaggtgttatgggtggtcagatggtagacatcgcatccgaaggcgatccgtctat
cgacctgcagaccctggaatggattcacatccacaaaaccgcaatgctgctggaatgctccgttgtttgcggtgcaatcatt
ggcggtgccagcgaaatcgtaatcgaacgtgcccgtcgctacgcccgctgtgttggtctgctgttccaggtagttgatgaca
ttctggacgtaactaaaagcagcgacgaactgggtaagactgcgggcaaggacctgatctctgataaagccacctaccca
aagctgatgggtctggaaaaggccaaggagttctccgatgaactgctgaaccgtgcgaagggtgaactgtcctgcttcgac
ccagttaaagccgctccgctgctgggcctggcagactacgtggcatttcgtcagaattaaggatcttttaagaaggagatata
cggatccaaactcgagtaaggatctccaggcatcaaataaaacgaaaggctcagtcgaaagactgggcctttcgttttatct
gttgtttgtcggtgaacgctctctactagagtcacactggctcaccttcgggtgggcctttctgcgtttatacctagggatatatt
ccgcttcctcgctcactgactcgctacgctcggtcgttcgactgcggcgagcggaaatggcttacgaacggggcggagatt
tcctggaagatgccaggaagatacttaacagggaagtgagagggccgcggcaaagccgtttttccataggctccgccccc
ctgacaagcatcacgaaatctgacgctcaaatcagtggtggcgaaacccgacaggactataaagataccaggcgtttccc
cctggcggctccctcgtgcgctctcctgttcctgcctttcggtttaccggtgtcattccgctgttatggccgcgtttgtctcattc
cacgcctgacactcagttccgggtaggcagttcgctccaagctggactgtatgcacgaaccccccgttcagtccgaccgct
gcgccttatccggtaactatcgtcttgagtccaacccggaaagacatgcaaaagcaccactggcagcagccactggtaatt
gatttagaggagttagtcttgaagtcatgcgccggttaaggctaaactgaaaggacaagttttggtgactgcgctcctccaag
ccagttacctcggttcaaagagttggtagctcagagaaccttcgaaaaaccgccctgcaaggcggttttttcgttttcagagc
aagagattacgcgcagaccaaaacgatctcaagaagatcatcttattaatcagataaaatatttctagatttcagtgcaatttat
ctcttcaaatgtagcacctgaagtcagccccatacgatataagttgttactagtgcttggattctcaccaataaaaaacgcccg
gcggcaaccgagcgttctgaacaaatccagatggagttctgaggtcattactggatctatcaacaggagtccaagcgagct
cgtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgcc
tgactccccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagaccca
cgctcaccggctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaactttatc
cgcctccatccagtctattaattgttgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccatt
gctacaggcatcgtggtgtcacgctcgtcgtttggtatggcttcattcagctccggttcccaacgatcaaggcgagttacatg
atcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagtaagttggccgcagtgttatcact
catggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagt
cattctgagaatagtgtatgcggcgaccgagttgctcttgcccggcgtcaatacgggataataccgcgccacatagcagaa
ctttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgt
aacccactcgtgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaat
gccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcag
ggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttccccgaaaa
gtgccacct
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Fig. S3 The structure illustration of plasmid pJBEI6410-2. In this plasmid, the geranyl 

pyrophosphate synthase gene was further deleted for DMAPP supplementation.
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Plasmid sequence of pJBEI6410-2:
gacgtcggtgcctaatgagtgagctaacttacattaattgcgttgcgctcactgcccgctttccagtcgggaaacctgtcgtgccagctgcatta
atgaatcggccaacgcgcggggagaggcggtttgcgtattgggcgccagggtggtttttcttttcaccagtgagacgggcaacagctgattgc
ccttcaccgcctggccctgagagagttgcagcaagcggtccacgctggtttgccccagcaggcgaaaatcctgtttgatggtggttaacggc
gggatataacatgagctgtcttcggtatcgtcgtatcccactaccgagatgtccgcaccaacgcgcagcccggactcggtaatggcgcgcatt
gcgcccagcgccatctgatcgttggcaaccagcatcgcagtgggaacgatgccctcattcagcatttgcatggtttgttgaaaaccggacatg
gcactccagtcgccttcccgttccgctatcggctgaatttgattgcgagtgagatatttatgccagccagccagacgcagacgcgccgagaca
gaacttaatgggcccgctaacagcgcgatttgctggtgacccaatgcgaccagatgctccacgcccagtcgcgtaccgtcttcatgggagaa
aataatactgttgatgggtgtctggtcagagacatcaagaaataacgccggaacattagtgcaggcagcttccacagcaatggcatcctggtc
atccagcggatagttaatgatcagcccactgacgcgttgcgcgagaagattgtgcaccgccgctttacaggcttcgacgccgcttcgttctacc
atcgacaccaccacgctggcacccagttgatcggcgcgagatttaatcgccgcgacaatttgcgacggcgcgtgcagggccagactggag
gtggcaacgccaatcagcaacgactgtttgcccgccagttgttgtgccacgcggttgggaatgtaattcagctccgccatcgccgcttccacttt
ttcccgcgttttcgcagaaacgtggctggcctggttcaccacgcgggaaacggtctgataagagacaccggcatactctgcgacatcgtataa
cgttactggtttcacattcaccaccctgaattgactctcttccgggcgctatcatgccataccgcgaaaggttttgcgccattcgatggtgtccgg
gatctcgacgctctcccttatgcgactcctgcattaggaagcagcccagtagtaggttgaggccgttgagcaccgccgccgcaaggaatggt
gcatgcaaggagatggcgcccaacagtcccccggccacggggcctgccaccatacccacgccgaaacaagcgctcatgagcccgaagt
ggcgagcccgatcttccccatcggtgatgtcggcgatataggcgccagcaaccgcacctgtggcgccggtgatgccggccacgatgcgtc
cggcgtagaggatcgagatcgtttaggcaccccaggctttacactttatgcttccggctcgtataatgtgtggaattgtgagcggataacaatttc
agaattcaaaagatcttaggaggaatataaaatgaaaaattgtgtcatcgtcagtgcggtacgtactgctatcggtagttttaacggttcactcgct
tccaccagcgccatcgacctgggggcgacagtaattaaagccgccattgaacgtgcaaaaatcgattcacaacacgttgatgaagtgattatg
ggtaacgtgttacaagccgggctggggcaaaatccggcgcgtcaggcactgttaaaaagcgggctggcagaaacggtgtgcggattcacg
gtcaataaagtatgtggttcgggtcttaaaagtgtggcgcttgccgcccaggccattcaggcaggtcaggcgcagagcattgtggcgggggg
tatggaaaatatgagtttagccccctacttactcgatgcaaaagcacgctctggttatcgtcttggagacggacaggtttatgacgtaatcctgcg
cgatggcctgatgtgcgccacccatggttatcatatggggattaccgccgaaaacgtggctaaagagtacggaattacccgtgaaatgcagg
atgaactggcgctacattcacagcgtaaagcggcagccgcaattgagtccggtgcttttacagccgaaatcgtcccggtaaatgttgtcactcg
aaagaaaaccttcgtcttcagtcaagacgagttcccgaaagcgaactcaacggctgaagcgttaggtgcattgcgcccggccttcgataaag
caggaacagtcaccgctgggaacgcgtctggtattaacgacggtgctgccgctctggtgattatggaagaatctgcggcgctggcagcagg
ccttacccccctggctcgcattaaaagttatgccagcggtggcgtgccccccgcattgatgggtatggggccagtacctgccacgcaaaaag
cgttacaactggcggggctgcaactggcggatattgatctcattgaggctaatgaagcatttgctgcacagttccttgccgttgggaaaaacctg
ggctttgattctgagaaagtgaatgtcaacggcggggccatcgcgctcgggcatcctatcggtgccagtggtgctcgtattctggtcacactatt
acatgccatgcaggcacgcgataaaacgctggggctggcaacactgtgcattggcggcggtcagggaattgcgatggtgattgaacggttg
aattgaggatcttgaattaaggaggacagctaaatgacaataggtatcgataaaataaacttttacgttccaaagtactatgtagacatggctaaa
ttagcagaagcacgccaagtagacccaaacaaatttttaattggaattggtcaaactgaaatggctgttagtcctgtaaaccaagacatcgtttca
atgggcgctaacgctgctaaggacattataacagacgaagacaaaaagaaaattggtatggtaattgtggcaactgaatcagcagttgatgct
gctaaagcagccgctgttcaaattcacaacttattaggtattcaaccttttgcacgctgctttgaaatgaaagaagcttgttatgctgcaacaccag
caattcaattagctaaagattatttagcaactagaccgaatgaaaaagtattagttattgctacagatacagcacgttatggattgaactcaggcg
gcgagccaacacaaggtgctggcgcagttgcgatggttattgcacataatccaagcattttggcattaaatgaagatgctgttgcttacactgaa
gacgtttatgatttctggcgtccaactggacataaatatccattagttgatggtgcattatctaaagatgcttatatccgctcattccaacaaagctg
gaatgaatacgcaaaacgtcaaggtaagtcgctagctgacttcgcatctctatgcttccatgttccatttacaaaaatgggtaaaaaggcattaga
gtcaatcattgataacgctgatgaaacaactcaagagcgtttacgttcaggatatgaagatgctgtagattataaccgttatgtcggtaatatttata
ctggatcattatatttaagcctaatatcattacttgaaaatcgagatttacaagctggtgaaacaatcggtttattcagttatggctcaggttcagttg
gtgaattttatagtgcgacattagttgaaggctacaaagatcatttagatcaagctgcacataaagcattattaaataaccgtactgaagtatctgtt
gatgcatatgaaacattcttcaaacgttttgatgacgttgaatttgacgaagaacaagatgctgttcatgaagatcgtcatattttctacttatcaaat
attgaaaataacgttcgcgaatatcacagaccagagtaattaggatctattcaggaaacagaccatgtccatgcaaagtttagataagaattttcg
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acatttatctcgtaaagaaaagttacaacaattggttgataagcaatggttatcagaagaacaattcgacattttactgaatcatccattaatcgatg
aagaagtagccaatagtttaattgaaaatgtcatcgcgcaaggtgcattacccgttggattattaccgaatatcattgtggacgataaggcatatg
ttgtacctatgatggtggaagagccttcagttgtcgctgcagctagttatggtgcaaagctagtgaatcagactggcggatttaaaacggtatctt
ctgaacgtattatgataggtcaaatcgtctttgatggcgttgacgatactgaaaaattatcagcagacattaaagctttagaaaagcaaattcataa
aattgcggatgaggcatatccttctattaaagcgcgtggtggtggttaccaacgtatagcgattgatacatttcctgagcaacagttactatcttta
aaagtatttgttgatacgaaagatgctatgggcgctaatatgcttaatacgattttagaggccataactgcatttttaaaaaatgaatttccgcaaag
cgacattttaatgagtattttatccaatcatgcaacagcgtccgttgttaaagttcaaggcgaaattgatgttaaagatttagcaaggggcgagag
aactggagaagaggttgccaaacgaatggaacgtgcttctgtattggcccaagtagatattcatcgtgcagcaacacataataaaggtgttatg
aatggcatacatgctgttgttttagcaacaggaaatgatacgcgtggtgcagaagcaagtgcgcatgcatacgcgagtcgtgacggacagtat
cgtggtattgctacatggcgttacgatcaagatcgtcaacgattgattggtacaattgaagtgcctatgacattggcaatcgttggcggtggtaca
aaagtattaccaattgctaaagcttcattagagctactaaatgtagagtcagcacaagaattaggtcatgtagttgctgccgttggtttagcgcaa
aactttgcagcatgtcgcgcgcttgtgtcagaaggtattcaacaaggtcatatgagtttacaatataaatcattagctatcgttgtaggggcaaaa
ggtgatgaaattgctaaagtagctgaagctttgaaaaaagaaccccgtgcaaatacacaagcagcggaacatattttacaagaaattagacaa
caataaggatctttttaaggatctccaggcatcaaataaaacgaaaggctcagtcgaaagactgggcctttcgttttatctgttgtttgtcggtgaa
cgctctctactagagtcacactggctcaccttcgggtgggcctttctgcgtttatagcgaattgatctggtttgacagcttatcatcgactgcacgg
tgcaccaatgcttctggcgtcaggcagccatcggaagctgtggtatggctgtgcaggtcgtaaatcactgcataattcgtgtcgctcaaggcgc
actcccgttctggataatgttttttgcgccgacatcataacggttctggcaaatattctgaaatgagctgttgacaattaatcatccggctcgtataat
gtgtggaattgtgagcggataacaatttcaggatctaggaggaaataaccatgtctctgccattcctgacgtctgcgccaggtaaggtgatcatc
ttcggcgagcactctgcggtgtacaataagccggccgtcgccgcctctgtgtctgcgttacgcacctacctgctgatcagcgaatcttctgcac
cggacacgatcgagctggactttccggacatcagcttcaaccacaagtggagcatcaacgacttcaacgcgatcacggaggaccaggtgaa
cagccaaaagctggccaaagcccagcaagcaaccgacggtctgtctcaggagctggtgtctctgctggacccgctgttagcgcagttaagc
gagagcttccattaccacgccgcgttctgcttcctgtacatgttcgtttgcctgtgcccgcacgcaaagaacatcaagttcagcctgaagagcac
gctgccgattggcgcaggcttaggctctagcgcatctatcagcgtgagcctggcgctggcgatggcctatctgggtggcctgattggcagca
acgacctggagaaactgagcgaaaacgacaagcacatcgtgaaccagtgggcctttatcggcgagaagtgcattcatggcaccccgagcg
gcattgacaacgcagttgccacgtatggcaacgccctgctgttcgagaaagacagccacaacggcacgatcaacacgaacaacttcaagttc
ctggacgacttcccggcgatcccgatgattctgacctacacccgtatcccacgcagcaccaaggatttagtcgcccgcgtgcgtgttttagtca
ccgaaaagttcccggaggtgatgaagccgatcctggacgcgatgggcgagtgcgcgctgcagggtctggagatcatgaccaagctgagca
agtgcaagggcaccgacgatgaggcggtggagaccaacaatgagctgtacgagcagctgctggagctgatccgtatcaatcacggcctgc
tggtctctatcggtgtgtctcacccgggcctggaactgatcaaaaacctgagcgacgacctgcgcattggctctacgaaattaacgggtgcag
gtggcggtggctgctctttaacgctgctgcgccgtgacattacgcaggagcaaatcgacagcttcaagaagaagctgcaggacgacttcagc
tacgagacgttcgagacggacctgggcggcacgggctgttgcctgctgagcgccaaaaatctgaacaaggacctgaagatcaaaagcctg
gtgttccagctgttcgaaaacaagacgaccacgaagcagcagatcgacgacctgttactgccgggtaacaccaatctgccgtggacgtctta
aggatctaggagggagatcatatgagcgaattacgtgcattcagcgcgccaggtaaggcactgctggccggtggctacctggtgttagacac
caagtacgaggcgttcgtcgtcggcttatctgcccgtatgcatgcagttgcccacccgtatggtagcctgcagggctctgacaagttcgaagtg
cgtgtgaagagcaagcagttcaaggacggcgagtggctgtaccacattagcccaaagagcggcttcatcccggttagcattggtggcagca
agaacccatttatcgagaaggtcattgccaacgtcttcagctacttcaagccgaatatggacgattactgcaaccgcaacctgttcgtcatcgac
attttcagcgacgacgcgtaccacagccaagaggactctgttacggagcatcgtggtaaccgccgcctgagcttccacagccatcgcattga
ggaggtgccgaagacgggtctgggttctagcgccggtttagttaccgtcttaacgacggcgttagcgagcttcttcgtgagcgacctggagaa
caacgtggacaagtaccgcgaagtgattcataacctggcgcaggtggcacattgtcaggcccaaggtaagattggctctggttttgatgtggc
agcggccgcctatggctctatccgctatcgccgctttccgccggccctgatcagcaatctgccggacatcggctctgcgacgtatggtagcaa
actggcgcatctggtggacgaagaagactggaacatcaccattaagtctaatcacctgccgagcggcttaacgttatggatgggcgatatcaa
gaacggcagcgaaacggttaagctggtgcagaaagtgaaaaactggtacgacagccacatgccggaaagcctgaagatttacacggagct
ggaccacgccaatagccgtttcatggatggtctgagcaagctggaccgcctgcacgaaacccacgacgactacagcgaccaaatcttcgag
agcctggagcgcaatgactgcacctgccagaagtacccggagatcacggaggtccgcgatgccgtggcaacgattcgccgtagcttccgc
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aaaattacgaaggagagcggcgcggatatcgaaccaccggtccagacgtctctgctggacgactgtcaaaccttaaagggcgtgttaacgtg
cctgattccgggcgcgggtggttacgacgccattgccgtcatcacgaaacaggacgtcgatctgcgcgcacaaacggccaacgacaaacgt
ttcagcaaagtccaatggctggatgttacgcaggccgactggggtgttcgcaaggagaaggacccggaaacgtatctggataagtgaggat
ctaggaggattatgagatgaccgtttacacagcatccgttaccgcacccgtcaacatcgcaacccttaagtattgggggaaaagggacacga
agttgaatctgcccaccaattcgtccatatcagtgactttatcgcaagatgacctcagaacgttgacctctgcggctactgcacctgagtttgaac
gcgacactttgtggttaaatggagaaccacacagcatcgacaatgaaagaactcaaaattgtctgcgcgacctacgccaattaagaaaggaa
atggaatcgaaggacgcctcattgcccacattatctcaatggaaactccacattgtctccgaaaataactttcctacagcagctggtttagcttcct
ccgctgctggctttgctgcattggtctctgcaattgctaagttataccaattaccacagtcaacttcagaaatatctagaatagcaagaaaggggt
ctggttcagcttgtagatcgttgtttggcggatacgtggcctgggaaatgggaaaagctgaagatggtcatgattccatggcagtacaaatcgc
agacagctctgactggcctcagatgaaagcttgtgtcctagttgtcagcgatattaaaaaggatgtgagttccactcagggtatgcaattgaccg
tggcaacctccgaactatttaaagaaagaattgaacatgtcgtaccaaagagatttgaagtcatgcgtaaagccattgttgaaaaagatttcgcc
acctttgcaaaggaaacaatgatggattccaactctttccatgccacatgtttggactctttccctccaatattctacatgaatgacacttccaagcg
tatcatcagttggtgccacaccattaatcagttttacggagaaacaatcgttgcatacacgtttgatgcaggtccaaatgctgtgttgtactacttag
ctgaaaatgagtcgaaactctttgcatttatctataaattgtttggctctgttcctggatgggacaagaaatttactactgagcagcttgaggctttca
accatcaatttgaatcatctaactttactgcacgtgaattggatcttgagttgcaaaaggatgttgccagagtgattttaactcaagtcggttcaggc
ccacaagaaacaaacgaatctttgattgacgcaaagactggtctaccaaaggaataaggatctaggaggtaatgataatgcaaacggaacac
gtcattttattgaatgcacagggagttcccacgggtacgctggaaaagtatgccgcacacacggcagacacccgcttacatctcgcgttctcca
gttggctgtttaatgccaaaggacaattattagttacccgccgcgcactgagcaaaaaagcatggcctggcgtgtggactaactcggtttgtgg
gcacccacaactgggagaaagcaacgaagacgcagtgatccgccgttgccgttatgagcttggcgtggaaattacgcctcctgaatctatcta
tcctgactttcgctaccgcgccaccgatccgagtggcattgtggaaaatgaagtgtgtccggtatttgccgcacgcaccactagtgcgttacag
atcaatgatgatgaagtgatggattatcaatggtgtgatttagcagatgtattacacggtattgatgccacgccgtgggcgttcagtccgtggatg
gtgatgcaggcgacaaatcgcgaagccagaaaacgattatctgcatttacccagcttaaataaggatctcgcaaaaaaccccgcttcggcgg
ggttttttcgccgactgcacggtgcaccaatgcttctggcgtcaggcagccatcggaagctgtggtatggctgtgcaggtcgtaaatcactgca
taattcgtgtcgctcaaggcgcactcccgttctggataatgttttttgcgccgacatcataacggttctggcaaatattctgaaatgagctgttgac
aattaatcatccggctcgtataatgtgtggaattgtgagcggataacaatttcaggatcttttaagaaggagatatacggatccaaactcgagtaa
ggatctccaggcatcaaataaaacgaaaggctcagtcgaaagactgggcctttcgttttatctgttgtttgtcggtgaacgctctctactagagtc
acactggctcaccttcgggtgggcctttctgcgtttatacctagggatatattccgcttcctcgctcactgactcgctacgctcggtcgttcgactg
cggcgagcggaaatggcttacgaacggggcggagatttcctggaagatgccaggaagatacttaacagggaagtgagagggccgcggca
aagccgtttttccataggctccgcccccctgacaagcatcacgaaatctgacgctcaaatcagtggtggcgaaacccgacaggactataaag
ataccaggcgtttccccctggcggctccctcgtgcgctctcctgttcctgcctttcggtttaccggtgtcattccgctgttatggccgcgtttgtctc
attccacgcctgacactcagttccgggtaggcagttcgctccaagctggactgtatgcacgaaccccccgttcagtccgaccgctgcgccttat
ccggtaactatcgtcttgagtccaacccggaaagacatgcaaaagcaccactggcagcagccactggtaattgatttagaggagttagtcttga
agtcatgcgccggttaaggctaaactgaaaggacaagttttggtgactgcgctcctccaagccagttacctcggttcaaagagttggtagctca
gagaaccttcgaaaaaccgccctgcaaggcggttttttcgttttcagagcaagagattacgcgcagaccaaaacgatctcaagaagatcatctt
attaatcagataaaatatttctagatttcagtgcaatttatctcttcaaatgtagcacctgaagtcagccccatacgatataagttgttactagtgcttg
gattctcaccaataaaaaacgcccggcggcaaccgagcgttctgaacaaatccagatggagttctgaggtcattactggatctatcaacagga
gtccaagcgagctcgtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttg
cctgactccccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgctcaccg
gctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcctccatccagtctattaatt
gttgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtcacgctcgtcgtttg
gtatggcttcattcagctccggttcccaacgatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccg
atcgttgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttct
gtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggcgtcaatacgggataataccgcg
ccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgat
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gtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaa
aagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggata
catatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgccacct
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Fig. S4 The structure illustration of plasmid pJBEI6410-4. In this plasmid, the 

prenyltransferase IacE was inserted after the trc promoter.
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Plasmid sequence of pJBEI6410-3:
gacgtcggtgcctaatgagtgagctaacttacattaattgcgttgcgctcactgcccgctttccagtcgggaaacctgtcgtgccagctgcatta
atgaatcggccaacgcgcggggagaggcggtttgcgtattgggcgccagggtggtttttcttttcaccagtgagacgggcaacagctgattgc
ccttcaccgcctggccctgagagagttgcagcaagcggtccacgctggtttgccccagcaggcgaaaatcctgtttgatggtggttaacggc
gggatataacatgagctgtcttcggtatcgtcgtatcccactaccgagatgtccgcaccaacgcgcagcccggactcggtaatggcgcgcatt
gcgcccagcgccatctgatcgttggcaaccagcatcgcagtgggaacgatgccctcattcagcatttgcatggtttgttgaaaaccggacatg
gcactccagtcgccttcccgttccgctatcggctgaatttgattgcgagtgagatatttatgccagccagccagacgcagacgcgccgagaca
gaacttaatgggcccgctaacagcgcgatttgctggtgacccaatgcgaccagatgctccacgcccagtcgcgtaccgtcttcatgggagaa
aataatactgttgatgggtgtctggtcagagacatcaagaaataacgccggaacattagtgcaggcagcttccacagcaatggcatcctggtc
atccagcggatagttaatgatcagcccactgacgcgttgcgcgagaagattgtgcaccgccgctttacaggcttcgacgccgcttcgttctacc
atcgacaccaccacgctggcacccagttgatcggcgcgagatttaatcgccgcgacaatttgcgacggcgcgtgcagggccagactggag
gtggcaacgccaatcagcaacgactgtttgcccgccagttgttgtgccacgcggttgggaatgtaattcagctccgccatcgccgcttccacttt
ttcccgcgttttcgcagaaacgtggctggcctggttcaccacgcgggaaacggtctgataagagacaccggcatactctgcgacatcgtataa
cgttactggtttcacattcaccaccctgaattgactctcttccgggcgctatcatgccataccgcgaaaggttttgcgccattcgatggtgtccgg
gatctcgacgctctcccttatgcgactcctgcattaggaagcagcccagtagtaggttgaggccgttgagcaccgccgccgcaaggaatggt
gcatgcaaggagatggcgcccaacagtcccccggccacggggcctgccaccatacccacgccgaaacaagcgctcatgagcccgaagt
ggcgagcccgatcttccccatcggtgatgtcggcgatataggcgccagcaaccgcacctgtggcgccggtgatgccggccacgatgcgtc
cggcgtagaggatcgagatcgtttaggcaccccaggctttacactttatgcttccggctcgtataatgtgtggaattgtgagcggataacaatttc
agaattcaaaagatcttaggaggaatataaaatgaaaaattgtgtcatcgtcagtgcggtacgtactgctatcggtagttttaacggttcactcgct
tccaccagcgccatcgacctgggggcgacagtaattaaagccgccattgaacgtgcaaaaatcgattcacaacacgttgatgaagtgattatg
ggtaacgtgttacaagccgggctggggcaaaatccggcgcgtcaggcactgttaaaaagcgggctggcagaaacggtgtgcggattcacg
gtcaataaagtatgtggttcgggtcttaaaagtgtggcgcttgccgcccaggccattcaggcaggtcaggcgcagagcattgtggcgggggg
tatggaaaatatgagtttagccccctacttactcgatgcaaaagcacgctctggttatcgtcttggagacggacaggtttatgacgtaatcctgcg
cgatggcctgatgtgcgccacccatggttatcatatggggattaccgccgaaaacgtggctaaagagtacggaattacccgtgaaatgcagg
atgaactggcgctacattcacagcgtaaagcggcagccgcaattgagtccggtgcttttacagccgaaatcgtcccggtaaatgttgtcactcg
aaagaaaaccttcgtcttcagtcaagacgagttcccgaaagcgaactcaacggctgaagcgttaggtgcattgcgcccggccttcgataaag
caggaacagtcaccgctgggaacgcgtctggtattaacgacggtgctgccgctctggtgattatggaagaatctgcggcgctggcagcagg
ccttacccccctggctcgcattaaaagttatgccagcggtggcgtgccccccgcattgatgggtatggggccagtacctgccacgcaaaaag
cgttacaactggcggggctgcaactggcggatattgatctcattgaggctaatgaagcatttgctgcacagttccttgccgttgggaaaaacctg
ggctttgattctgagaaagtgaatgtcaacggcggggccatcgcgctcgggcatcctatcggtgccagtggtgctcgtattctggtcacactatt
acatgccatgcaggcacgcgataaaacgctggggctggcaacactgtgcattggcggcggtcagggaattgcgatggtgattgaacggttg
aattgaggatcttgaattaaggaggacagctaaatgacaataggtatcgataaaataaacttttacgttccaaagtactatgtagacatggctaaa
ttagcagaagcacgccaagtagacccaaacaaatttttaattggaattggtcaaactgaaatggctgttagtcctgtaaaccaagacatcgtttca
atgggcgctaacgctgctaaggacattataacagacgaagacaaaaagaaaattggtatggtaattgtggcaactgaatcagcagttgatgct
gctaaagcagccgctgttcaaattcacaacttattaggtattcaaccttttgcacgctgctttgaaatgaaagaagcttgttatgctgcaacaccag
caattcaattagctaaagattatttagcaactagaccgaatgaaaaagtattagttattgctacagatacagcacgttatggattgaactcaggcg
gcgagccaacacaaggtgctggcgcagttgcgatggttattgcacataatccaagcattttggcattaaatgaagatgctgttgcttacactgaa
gacgtttatgatttctggcgtccaactggacataaatatccattagttgatggtgcattatctaaagatgcttatatccgctcattccaacaaagctg
gaatgaatacgcaaaacgtcaaggtaagtcgctagctgacttcgcatctctatgcttccatgttccatttacaaaaatgggtaaaaaggcattaga
gtcaatcattgataacgctgatgaaacaactcaagagcgtttacgttcaggatatgaagatgctgtagattataaccgttatgtcggtaatatttata
ctggatcattatatttaagcctaatatcattacttgaaaatcgagatttacaagctggtgaaacaatcggtttattcagttatggctcaggttcagttg
gtgaattttatagtgcgacattagttgaaggctacaaagatcatttagatcaagctgcacataaagcattattaaataaccgtactgaagtatctgtt
gatgcatatgaaacattcttcaaacgttttgatgacgttgaatttgacgaagaacaagatgctgttcatgaagatcgtcatattttctacttatcaaat
attgaaaataacgttcgcgaatatcacagaccagagtaattaggatctattcaggaaacagaccatgtccatgcaaagtttagataagaattttcg
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acatttatctcgtaaagaaaagttacaacaattggttgataagcaatggttatcagaagaacaattcgacattttactgaatcatccattaatcgatg
aagaagtagccaatagtttaattgaaaatgtcatcgcgcaaggtgcattacccgttggattattaccgaatatcattgtggacgataaggcatatg
ttgtacctatgatggtggaagagccttcagttgtcgctgcagctagttatggtgcaaagctagtgaatcagactggcggatttaaaacggtatctt
ctgaacgtattatgataggtcaaatcgtctttgatggcgttgacgatactgaaaaattatcagcagacattaaagctttagaaaagcaaattcataa
aattgcggatgaggcatatccttctattaaagcgcgtggtggtggttaccaacgtatagcgattgatacatttcctgagcaacagttactatcttta
aaagtatttgttgatacgaaagatgctatgggcgctaatatgcttaatacgattttagaggccataactgcatttttaaaaaatgaatttccgcaaag
cgacattttaatgagtattttatccaatcatgcaacagcgtccgttgttaaagttcaaggcgaaattgatgttaaagatttagcaaggggcgagag
aactggagaagaggttgccaaacgaatggaacgtgcttctgtattggcccaagtagatattcatcgtgcagcaacacataataaaggtgttatg
aatggcatacatgctgttgttttagcaacaggaaatgatacgcgtggtgcagaagcaagtgcgcatgcatacgcgagtcgtgacggacagtat
cgtggtattgctacatggcgttacgatcaagatcgtcaacgattgattggtacaattgaagtgcctatgacattggcaatcgttggcggtggtaca
aaagtattaccaattgctaaagcttcattagagctactaaatgtagagtcagcacaagaattaggtcatgtagttgctgccgttggtttagcgcaa
aactttgcagcatgtcgcgcgcttgtgtcagaaggtattcaacaaggtcatatgagtttacaatataaatcattagctatcgttgtaggggcaaaa
ggtgatgaaattgctaaagtagctgaagctttgaaaaaagaaccccgtgcaaatacacaagcagcggaacatattttacaagaaattagacaa
caataaggatctttttaaggatctccaggcatcaaataaaacgaaaggctcagtcgaaagactgggcctttcgttttatctgttgtttgtcggtgaa
cgctctctactagagtcacactggctcaccttcgggtgggcctttctgcgtttatagcgaattgatctggtttgacagcttatcatcgactgcacgg
tgcaccaatgcttctggcgtcaggcagccatcggaagctgtggtatggctgtgcaggtcgtaaatcactgcataattcgtgtcgctcaaggcgc
actcccgttctggataatgttttttgcgccgacatcataacggttctggcaaatattctgaaatgagctgttgacaattaatcatccggctcgtataat
gtgtggaattgtgagcggataacaatttcaggatctaggaggaaataaccatgtctctgccattcctgacgtctgcgccaggtaaggtgatcatc
ttcggcgagcactctgcggtgtacaataagccggccgtcgccgcctctgtgtctgcgttacgcacctacctgctgatcagcgaatcttctgcac
cggacacgatcgagctggactttccggacatcagcttcaaccacaagtggagcatcaacgacttcaacgcgatcacggaggaccaggtgaa
cagccaaaagctggccaaagcccagcaagcaaccgacggtctgtctcaggagctggtgtctctgctggacccgctgttagcgcagttaagc
gagagcttccattaccacgccgcgttctgcttcctgtacatgttcgtttgcctgtgcccgcacgcaaagaacatcaagttcagcctgaagagcac
gctgccgattggcgcaggcttaggctctagcgcatctatcagcgtgagcctggcgctggcgatggcctatctgggtggcctgattggcagca
acgacctggagaaactgagcgaaaacgacaagcacatcgtgaaccagtgggcctttatcggcgagaagtgcattcatggcaccccgagcg
gcattgacaacgcagttgccacgtatggcaacgccctgctgttcgagaaagacagccacaacggcacgatcaacacgaacaacttcaagttc
ctggacgacttcccggcgatcccgatgattctgacctacacccgtatcccacgcagcaccaaggatttagtcgcccgcgtgcgtgttttagtca
ccgaaaagttcccggaggtgatgaagccgatcctggacgcgatgggcgagtgcgcgctgcagggtctggagatcatgaccaagctgagca
agtgcaagggcaccgacgatgaggcggtggagaccaacaatgagctgtacgagcagctgctggagctgatccgtatcaatcacggcctgc
tggtctctatcggtgtgtctcacccgggcctggaactgatcaaaaacctgagcgacgacctgcgcattggctctacgaaattaacgggtgcag
gtggcggtggctgctctttaacgctgctgcgccgtgacattacgcaggagcaaatcgacagcttcaagaagaagctgcaggacgacttcagc
tacgagacgttcgagacggacctgggcggcacgggctgttgcctgctgagcgccaaaaatctgaacaaggacctgaagatcaaaagcctg
gtgttccagctgttcgaaaacaagacgaccacgaagcagcagatcgacgacctgttactgccgggtaacaccaatctgccgtggacgtctta
aggatctaggagggagatcatatgagcgaattacgtgcattcagcgcgccaggtaaggcactgctggccggtggctacctggtgttagacac
caagtacgaggcgttcgtcgtcggcttatctgcccgtatgcatgcagttgcccacccgtatggtagcctgcagggctctgacaagttcgaagtg
cgtgtgaagagcaagcagttcaaggacggcgagtggctgtaccacattagcccaaagagcggcttcatcccggttagcattggtggcagca
agaacccatttatcgagaaggtcattgccaacgtcttcagctacttcaagccgaatatggacgattactgcaaccgcaacctgttcgtcatcgac
attttcagcgacgacgcgtaccacagccaagaggactctgttacggagcatcgtggtaaccgccgcctgagcttccacagccatcgcattga
ggaggtgccgaagacgggtctgggttctagcgccggtttagttaccgtcttaacgacggcgttagcgagcttcttcgtgagcgacctggagaa
caacgtggacaagtaccgcgaagtgattcataacctggcgcaggtggcacattgtcaggcccaaggtaagattggctctggttttgatgtggc
agcggccgcctatggctctatccgctatcgccgctttccgccggccctgatcagcaatctgccggacatcggctctgcgacgtatggtagcaa
actggcgcatctggtggacgaagaagactggaacatcaccattaagtctaatcacctgccgagcggcttaacgttatggatgggcgatatcaa
gaacggcagcgaaacggttaagctggtgcagaaagtgaaaaactggtacgacagccacatgccggaaagcctgaagatttacacggagct
ggaccacgccaatagccgtttcatggatggtctgagcaagctggaccgcctgcacgaaacccacgacgactacagcgaccaaatcttcgag
agcctggagcgcaatgactgcacctgccagaagtacccggagatcacggaggtccgcgatgccgtggcaacgattcgccgtagcttccgc
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aaaattacgaaggagagcggcgcggatatcgaaccaccggtccagacgtctctgctggacgactgtcaaaccttaaagggcgtgttaacgtg
cctgattccgggcgcgggtggttacgacgccattgccgtcatcacgaaacaggacgtcgatctgcgcgcacaaacggccaacgacaaacgt
ttcagcaaagtccaatggctggatgttacgcaggccgactggggtgttcgcaaggagaaggacccggaaacgtatctggataagtgaggat
ctaggaggattatgagatgaccgtttacacagcatccgttaccgcacccgtcaacatcgcaacccttaagtattgggggaaaagggacacga
agttgaatctgcccaccaattcgtccatatcagtgactttatcgcaagatgacctcagaacgttgacctctgcggctactgcacctgagtttgaac
gcgacactttgtggttaaatggagaaccacacagcatcgacaatgaaagaactcaaaattgtctgcgcgacctacgccaattaagaaaggaa
atggaatcgaaggacgcctcattgcccacattatctcaatggaaactccacattgtctccgaaaataactttcctacagcagctggtttagcttcct
ccgctgctggctttgctgcattggtctctgcaattgctaagttataccaattaccacagtcaacttcagaaatatctagaatagcaagaaaggggt
ctggttcagcttgtagatcgttgtttggcggatacgtggcctgggaaatgggaaaagctgaagatggtcatgattccatggcagtacaaatcgc
agacagctctgactggcctcagatgaaagcttgtgtcctagttgtcagcgatattaaaaaggatgtgagttccactcagggtatgcaattgaccg
tggcaacctccgaactatttaaagaaagaattgaacatgtcgtaccaaagagatttgaagtcatgcgtaaagccattgttgaaaaagatttcgcc
acctttgcaaaggaaacaatgatggattccaactctttccatgccacatgtttggactctttccctccaatattctacatgaatgacacttccaagcg
tatcatcagttggtgccacaccattaatcagttttacggagaaacaatcgttgcatacacgtttgatgcaggtccaaatgctgtgttgtactacttag
ctgaaaatgagtcgaaactctttgcatttatctataaattgtttggctctgttcctggatgggacaagaaatttactactgagcagcttgaggctttca
accatcaatttgaatcatctaactttactgcacgtgaattggatcttgagttgcaaaaggatgttgccagagtgattttaactcaagtcggttcaggc
ccacaagaaacaaacgaatctttgattgacgcaaagactggtctaccaaaggaataaggatctaggaggtaatgataatgcaaacggaacac
gtcattttattgaatgcacagggagttcccacgggtacgctggaaaagtatgccgcacacacggcagacacccgcttacatctcgcgttctcca
gttggctgtttaatgccaaaggacaattattagttacccgccgcgcactgagcaaaaaagcatggcctggcgtgtggactaactcggtttgtgg
gcacccacaactgggagaaagcaacgaagacgcagtgatccgccgttgccgttatgagcttggcgtggaaattacgcctcctgaatctatcta
tcctgactttcgctaccgcgccaccgatccgagtggcattgtggaaaatgaagtgtgtccggtatttgccgcacgcaccactagtgcgttacag
atcaatgatgatgaagtgatggattatcaatggtgtgatttagcagatgtattacacggtattgatgccacgccgtgggcgttcagtccgtggatg
gtgatgcaggcgacaaatcgcgaagccagaaaacgattatctgcatttacccagcttaaataaggatctcgcaaaaaaccccgcttcggcgg
ggttttttcgccgactgcacggtgcaccaatgcttctggcgtcaggcagccatcggaagctgtggtatggctgtgcaggtcgtaaatcactgca
taattcgtgtcgctcaaggcgcactcccgttctggataatgttttttgcgccgacatcataacggttctggcaaatattctgaaatgagctgttgac
aattaatcatccggctcgtataatgtgtggaattgtgagcggataacaatttcaggatcttttaagaaggagatatacatggctatctcaacccctt
ccaacggcgtaagccatgtcgcaaagcctctacccaacctgaaagaggtcaataaaggcattgagacagacagtgaagaccgagccttctg
gtggggtgccttgtctgagcctttggcctcgctcctcgaggcaaatcactacaccaaggaagtgcaacttcactacctccgttggttttaccaat
ggattctaccggctctggggccacgacctctcgacggcaaaccctattacgggtcttggattactcatgatttgtcgccctttgagtacagtctca
attggaaagaaaagagttccaaacagaccatccgtttcactattgaggcggttacgaagcagtctggcacagccagcgatcctatcaaccagc
tcggcgcaaaggagttcctggaagcagtctccaaggatgttcctggtatggatctcacgcgattcaaccagtttcttgaggcaaccaacgtacc
caacgactgcgtagatgatgccattgcaaagcacccagcacacttccctcgcagccgcgtttggatcgcttttgacttggagcactctggcaac
cttatggccaagtcatacttcctgccgcattggcgtgcgatccagagcggtatctcggccaataccatcattggcgatacggtcaaggagtgca
acaaggcggacggttcgtcgtacgacgggtcgctgaacgccattgagtcgtacctggcaacgttcacgcgaccggaggaggcgccgcag
atgggactgctgtcaaatgactgcgtggccgaaacgcccggctcgcgcctcaaggtctatttccgctcctcggcggacacgctcgccaaggc
caaggacatgtacaacttgggtggccgcctgaagggccccaagatggatgccagcctcaagggtatcagtgatttctggtaccacctgtttgg
cctcgacagctccgacccggcctctgatgacaaggtctgtatcggcaaccacaagtgcattttcgtctacgagatgcgctcctcgcaaggctc
ggagcccgatattgatgtcaagttccacatcccaatgtggcagcttggtaagacggatgggcagattagcgagctgctggcttcttggttcgag
agccatggtcaccctgatctcgcctcgaggtataagtctgacttgggcacggcatttcccaagcacaatattacgggcaagagtgtaggaacc
catacttacatctccatcactcacacacccaagacgggattgtacatgaccatgtatctcagcccgaaactgcccgagttctactactaaggatc
caaactcgagtaaggatctccaggcatcaaataaaacgaaaggctcagtcgaaagactgggcctttcgttttatctgttgtttgtcggtgaacgc
tctctactagagtcacactggctcaccttcgggtgggcctttctgcgtttatacctagggatatattccgcttcctcgctcactgactcgctacgctc
ggtcgttcgactgcggcgagcggaaatggcttacgaacggggcggagatttcctggaagatgccaggaagatacttaacagggaagtgag
agggccgcggcaaagccgtttttccataggctccgcccccctgacaagcatcacgaaatctgacgctcaaatcagtggtggcgaaacccga
caggactataaagataccaggcgtttccccctggcggctccctcgtgcgctctcctgttcctgcctttcggtttaccggtgtcattccgctgttatg



35

gccgcgtttgtctcattccacgcctgacactcagttccgggtaggcagttcgctccaagctggactgtatgcacgaaccccccgttcagtccga
ccgctgcgccttatccggtaactatcgtcttgagtccaacccggaaagacatgcaaaagcaccactggcagcagccactggtaattgatttag
aggagttagtcttgaagtcatgcgccggttaaggctaaactgaaaggacaagttttggtgactgcgctcctccaagccagttacctcggttcaa
agagttggtagctcagagaaccttcgaaaaaccgccctgcaaggcggttttttcgttttcagagcaagagattacgcgcagaccaaaacgatct
caagaagatcatcttattaatcagataaaatatttctagatttcagtgcaatttatctcttcaaatgtagcacctgaagtcagccccatacgatataag
ttgttactagtgcttggattctcaccaataaaaaacgcccggcggcaaccgagcgttctgaacaaatccagatggagttctgaggtcattactgg
atctatcaacaggagtccaagcgagctcgtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttc
gttcatccatagttgcctgactccccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgaga
cccacgctcaccggctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcctcca
tccagtctattaattgttgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtc
acgctcgtcgtttggtatggcttcattcagctccggttcccaacgatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagct
ccttcggtcctccgatcgttgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatcc
gtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggcgtcaatacg
ggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttga
gatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggcaa
aatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtct
catgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgccacct
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Fig. S5 The structure illustration of plasmid pCDFRESa. The codon optimized At4CL 

was inserted between restriction sites BamHI and NotI, so that it was expressed with a 

6 His tag at the N-terminal. The codon optimized VvSTS was inserted between ×

restriction sites NdeI and XhoI.
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Plasmid sequence of pCDFRESa:
ggggaattgtgagcggataacaattcccctgtagaaataattttgtttaactttaataaggagatataccatgggcagcagccatcaccatcatca
ccacagccaggatccgatggcgccgcaggaacaggcggtttctcaggttatggaaaaacagtctaacaacaacaactctgacgttatcttccg
ttctaaactgccggacatctacatcccgaaccacctgtctctgcacgactacatcttccagaacatctctgaattcgcgaccaaaccgtgcctga
tcaacggtccgaccggtcacgtttacacctactctgacgttcacgttatctctcgtcagatcgcggcgaacttccacaaactgggtgttaaccag
aacgacgttgttatgctgctgctgccgaactgcccggaattcgttctgtctttcctggcggcgtctttccgtggtgcgaccgcgaccgcggcga
acccgttcttcaccccggcggaaatcgcgaaacaggcgaaagcgtctaacaccaaactgatcatcaccgaagcgcgttacgttgacaaaatc
aaaccgctgcagaacgacgacggtgttgttatcgtttgcatcgacgacaacgaatctgttccgatcccggaaggttgcctgcgtttcaccgaac
tgacccagtctaccaccgaagcgtctgaagttatcgactctgttgaaatctctccggacgacgttgttgcgctgccgtactcttctggtaccaccg
gtctgccgaaaggtgttatgctgacccacaaaggtctggttacctctgttgcgcagcaggttgacggtgaaaacccgaacctgtacttccactct
gacgacgttatcctgtgcgttctgccgatgttccacatctacgcgctgaactctatcatgctgtgcggtctgcgtgttggtgcggcgatcctgatc
atgccgaaattcgaaatcaacctgctgctggaactgatccagcgttgcaaagttaccgttgcgccgatggttccgccgatcgttctggcgatcg
cgaaatcttctgaaaccgaaaaatacgacctgtcttctatccgtgttgttaaatctggtgcggcgccgctgggtaaagaactggaagacgcggt
taacgcgaaattcccgaacgcgaaactgggtcagggttacggtatgaccgaagcgggtccggttctggcgatgtctctgggtttcgcgaaag
aaccgttcccggttaaatctggtgcgtgcggtaccgttgttcgtaacgcggaaatgaaaatcgttgacccggacaccggtgactctctgtctcgt
aaccagccgggtgaaatctgcatccgtggtcaccagatcatgaaaggttacctgaacaacccggcggcgaccgcggaaaccatcgacaaa
gacggttggctgcacaccggtgacatcggtctgatcgacgacgacgacgaactgttcatcgttgaccgtctgaaagaactgatcaaatacaaa
ggtttccaggttgcgccggcggaactggaagcgctgctgatcggtcacccggacatcaccgacgttgcggttgttgcgatgaaagaagaag
cggcgggtgaagttccggttgcgttcgttgttaaatctaaagactctgaactgtctgaagacgacgttaaacagttcgtttctaaacaggttgtttt
ctacaaacgtatcaacaaagttttcttcaccgaatctatcccgaaagcgccgtctggtaaaatcctgcgtaaagacctgcgtgcgaaactggcg
aacggtctggcggccgcataatgcttaagtcgaacagaaagtaatcgtattgtacacggccgcataatcgaaattaatacgactcactataggg
gaattgtgagcggataacaattccccatcttagtatattagttaagtataagaaggagatatacatatgatggcgtctgttgaagaattccgtaacg
cgcagcgtgcgaaaggtccggcgaccatcctggcgatcggtaccgcgaccccggaccactgcgtttaccagtctgactacgcggactacta
cttccgtgttaccaaatctgaacacatgaccgaactgaaaaaaaaattcaaccgtatctgcgacaaatctatgatcaaaaaacgttacatccacc
tgaccgaagaaatgctggaagaacacccgaacatcggtgcgtacatggcgccgtctctgaacatccgtcaggaaatcatcaccgcggaagtt
ccgcgtctgggtcgtgacgcggcgctgaaagcgctgaaagaatggggtcagccgaaatctaaaatcacccacctggttttctgcaccacctct
ggtgttgaaatgccgggtgcggactacaaactggcgaacctgctgggtctggaaacctctgttcgtcgtgttatgctgtaccaccagggttgct
acgcgggtggtaccgttctgcgtaccgcgaaagacctggcggaaaacaacgcgggtgcgcgtgttctggttgtttgctctgaaatcaccgttg
ttaccttccgtggtccgtctgaagacgcgctggactctctggttggtcaggcgctgttcggtgacggttcttctgcggttatcgttggttctgaccc
ggacgtttctatcgaacgtccgctgttccagctggtttctgcggcgcagaccttcatcccgaactctgcgggtgcgatcgcgggtaacctgcgt
gaagttggtctgaccttccacctgtggccgaacgttccgaccctgatctctgaaaacatcgaaaaatgcctgacccaggcgttcgacccgctg
ggtatctctgactggaactctctgttctggatcgcgcacccgggtggtccggcgatcctggacgcggttgaagcgaaactgaacctggaaaa
aaaaaaactggaagcgacccgtcacgttctgtctgaatacggtaacatgtcttctgcgtgcgttctgttcatcctggacgaaatgcgtaaaaaat
ctctgaaaggtgaaaaagcgaccaccggtgaaggtctggactggggtgttctgttcggtttcggtccgggtctgaccatcgaaaccgttgttct
gcactctgttccgaccgttaccaactaatctggtaaagaaaccgctgctgcgaaatttgaacgccagcacatggactcgtctactagcgcagct
taattaacctaggctgctgccaccgctgagcaataactagcataaccccttggggcctctaaacgggtcttgaggggttttttgctgaaacctca
ggcatttgagaagcacacggtcacactgcttccggtagtcaataaaccggtaaaccagcaatagacataagcggctatttaacgaccctgccc
tgaaccgacgaccgggtcatcgtggccggatcttgcggcccctcggcttgaacgaattgttagacattatttgccgactaccttggtgatctcgc
ctttcacgtagtggacaaattcttccaactgatctgcgcgcgaggccaagcgatcttcttcttgtccaagataagcctgtctagcttcaagtatgac
gggctgatactgggccggcaggcgctccattgcccagtcggcagcgacatccttcggcgcgattttgccggttactgcgctgtaccaaatgc
gggacaacgtaagcactacatttcgctcatcgccagcccagtcgggcggcgagttccatagcgttaaggtttcatttagcgcctcaaatagatc
ctgttcaggaaccggatcaaagagttcctccgccgctggacctaccaaggcaacgctatgttctcttgcttttgtcagcaagatagccagatcaa
tgtcgatcgtggctggctcgaagatacctgcaagaatgtcattgcgctgccattctccaaattgcagttcgcgcttagctggataacgccacgg
aatgatgtcgtcgtgcacaacaatggtgacttctacagcgcggagaatctcgctctctccaggggaagccgaagtttccaaaaggtcgttgatc
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aaagctcgccgcgttgtttcatcaagccttacggtcaccgtaaccagcaaatcaatatcactgtgtggcttcaggccgccatccactgcggagc
cgtacaaatgtacggccagcaacgtcggttcgagatggcgctcgatgacgccaactacctctgatagttgagtcgatacttcggcgatcaccg
cttccctcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaa
tagctagctcactcggtcgctacgctccgggcgtgagactgcggcgggcgctgcggacacatacaaagttacccacagattccgtggataa
gcaggggactaacatgtgaggcaaaacagcagggccgcgccggtggcgtttttccataggctccgccctcctgccagagttcacataaaca
gacgcttttccggtgcatctgtgggagccgtgaggctcaaccatgaatctgacagtacgggcgaaacccgacaggacttaaagatccccacc
gtttccggcgggtcgctccctcttgcgctctcctgttccgaccctgccgtttaccggatacctgttccgcctttctcccttacgggaagtgtggcg
ctttctcatagctcacacactggtatctcggctcggtgtaggtcgttcgctccaagctgggctgtaagcaagaactccccgttcagcccgactgc
tgcgccttatccggtaactgttcacttgagtccaacccggaaaagcacggtaaaacgccactggcagcagccattggtaactgggagttcgca
gaggatttgtttagctaaacacgcggttgctcttgaagtgtgcgccaaagtccggctacactggaaggacagatttggttgctgtgctctgcgaa
agccagttaccacggttaagcagttccccaactgacttaaccttcgatcaaaccacctccccaggtggttttttcgtttacagggcaaaagattac
gcgcagaaaaaaaggatctcaagaagatcctttgatcttttctactgaaccgctctagatttcagtgcaatttatctcttcaaatgtagcacctgaa
gtcagccccatacgatataagttgtaattctcatgttagtcatgccccgcgcccaccggaaggagctgactgggttgaaggctctcaagggcat
cggtcgagatcccggtgcctaatgagtgagctaacttacattaattgcgttgcgctcactgcccgctttccagtcgggaaacctgtcgtgccag
ctgcattaatgaatcggccaacgcgcggggagaggcggtttgcgtattgggcgccagggtggtttttcttttcaccagtgagacgggcaacag
ctgattgcccttcaccgcctggccctgagagagttgcagcaagcggtccacgctggtttgccccagcaggcgaaaatcctgtttgatggtggtt
aacggcgggatataacatgagctgtcttcggtatcgtcgtatcccactaccgagatgtccgcaccaacgcgcagcccggactcggtaatggc
gcgcattgcgcccagcgccatctgatcgttggcaaccagcatcgcagtgggaacgatgccctcattcagcatttgcatggtttgttgaaaaccg
gacatggcactccagtcgccttcccgttccgctatcggctgaatttgattgcgagtgagatatttatgccagccagccagacgcagacgcgcc
gagacagaacttaatgggcccgctaacagcgcgatttgctggtgacccaatgcgaccagatgctccacgcccagtcgcgtaccgtcttcatg
ggagaaaataatactgttgatgggtgtctggtcagagacatcaagaaataacgccggaacattagtgcaggcagcttccacagcaatggcatc
ctggtcatccagcggatagttaatgatcagcccactgacgcgttgcgcgagaagattgtgcaccgccgctttacaggcttcgacgccgcttcgt
tctaccatcgacaccaccacgctggcacccagttgatcggcgcgagatttaatcgccgcgacaatttgcgacggcgcgtgcagggccagac
tggaggtggcaacgccaatcagcaacgactgtttgcccgccagttgttgtgccacgcggttgggaatgtaattcagctccgccatcgccgctt
ccactttttcccgcgttttcgcagaaacgtggctggcctggttcaccacgcgggaaacggtctgataagagacaccggcatactctgcgacat
cgtataacgttactggtttcacattcaccaccctgaattgactctcttccgggcgctatcatgccataccgcgaaaggttttgcgccattcgatggt
gtccgggatctcgacgctctcccttatgcgactcctgcattaggaaattaatacgactcactata
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Fig. S6 The structure illustration of plasmid pCDFRESf. The codon optimized At4CL 

and VvSTS were expressed as a fusion protein, linked with a rigid linker (EAAAK) 

between the C-terminal of At4CL and the N-terminal of VvSTS. The fusion protein 

was inserted between restriction sites BamHI and NotI, so that it was expressed with a 

6 His tag at the N-terminal.×
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Plasmid sequence of pCDFRESf:
ggggaattgtgagcggataacaattcccctgtagaaataattttgtttaactttaataaggagatataccatgggcagcagccatcaccatcatca
ccacagccaggatccgatggcgccgcaggaacaggcggtttctcaggttatggaaaaacagtctaacaacaacaactctgacgttatcttccg
ttctaaactgccggacatctacatcccgaaccacctgtctctgcacgactacatcttccagaacatctctgaattcgcgaccaaaccgtgcctga
tcaacggtccgaccggtcacgtttacacctactctgacgttcacgttatctctcgtcagatcgcggcgaacttccacaaactgggtgttaaccag
aacgacgttgttatgctgctgctgccgaactgcccggaattcgttctgtctttcctggcggcgtctttccgtggtgcgaccgcgaccgcggcga
acccgttcttcaccccggcggaaatcgcgaaacaggcgaaagcgtctaacaccaaactgatcatcaccgaagcgcgttacgttgacaaaatc
aaaccgctgcagaacgacgacggtgttgttatcgtttgcatcgacgacaacgaatctgttccgatcccggaaggttgcctgcgtttcaccgaac
tgacccagtctaccaccgaagcgtctgaagttatcgactctgttgaaatctctccggacgacgttgttgcgctgccgtactcttctggtaccaccg
gtctgccgaaaggtgttatgctgacccacaaaggtctggttacctctgttgcgcagcaggttgacggtgaaaacccgaacctgtacttccactct
gacgacgttatcctgtgcgttctgccgatgttccacatctacgcgctgaactctatcatgctgtgcggtctgcgtgttggtgcggcgatcctgatc
atgccgaaattcgaaatcaacctgctgctggaactgatccagcgttgcaaagttaccgttgcgccgatggttccgccgatcgttctggcgatcg
cgaaatcttctgaaaccgaaaaatacgacctgtcttctatccgtgttgttaaatctggtgcggcgccgctgggtaaagaactggaagacgcggt
taacgcgaaattcccgaacgcgaaactgggtcagggttacggtatgaccgaagcgggtccggttctggcgatgtctctgggtttcgcgaaag
aaccgttcccggttaaatctggtgcgtgcggtaccgttgttcgtaacgcggaaatgaaaatcgttgacccggacaccggtgactctctgtctcgt
aaccagccgggtgaaatctgcatccgtggtcaccagatcatgaaaggttacctgaacaacccggcggcgaccgcggaaaccatcgacaaa
gacggttggctgcacaccggtgacatcggtctgatcgacgacgacgacgaactgttcatcgttgaccgtctgaaagaactgatcaaatacaaa
ggtttccaggttgcgccggcggaactggaagcgctgctgatcggtcacccggacatcaccgacgttgcggttgttgcgatgaaagaagaag
cggcgggtgaagttccggttgcgttcgttgttaaatctaaagactctgaactgtctgaagacgacgttaaacagttcgtttctaaacaggttgtttt
ctacaaacgtatcaacaaagttttcttcaccgaatctatcccgaaagcgccgtctggtaaaatcctgcgtaaagacctgcgtgcgaaactggcg
aacggtctggaagcggcggcgaaaatggcgtctgttgaagaattccgtaacgcgcagcgtgcgaaaggtccggcgaccatcctggcgatc
ggtaccgcgaccccggaccactgcgtttaccagtctgactacgcggactactacttccgtgttaccaaatctgaacacatgaccgaactgaaa
aaaaaattcaaccgtatctgcgacaaatctatgatcaaaaaacgttacatccacctgaccgaagaaatgctggaagaacacccgaacatcggt
gcgtacatggcgccgtctctgaacatccgtcaggaaatcatcaccgcggaagttccgcgtctgggtcgtgacgcggcgctgaaagcgctga
aagaatggggtcagccgaaatctaaaatcacccacctggttttctgcaccacctctggtgttgaaatgccgggtgcggactacaaactggcga
acctgctgggtctggaaacctctgttcgtcgtgttatgctgtaccaccagggttgctacgcgggtggtaccgttctgcgtaccgcgaaagacct
ggcggaaaacaacgcgggtgcgcgtgttctggttgtttgctctgaaatcaccgttgttaccttccgtggtccgtctgaagacgcgctggactctc
tggttggtcaggcgctgttcggtgacggttcttctgcggttatcgttggttctgacccggacgtttctatcgaacgtccgctgttccagctggtttct
gcggcgcagaccttcatcccgaactctgcgggtgcgatcgcgggtaacctgcgtgaagttggtctgaccttccacctgtggccgaacgttcc
gaccctgatctctgaaaacatcgaaaaatgcctgacccaggcgttcgacccgctgggtatctctgactggaactctctgttctggatcgcgcac
ccgggtggtccggcgatcctggacgcggttgaagcgaaactgaacctggaaaaaaaaaaactggaagcgacccgtcacgttctgtctgaat
acggtaacatgtcttctgcgtgcgttctgttcatcctggacgaaatgcgtaaaaaatctctgaaaggtgaaaaagcgaccaccggtgaaggtct
ggactggggtgttctgttcggtttcggtccgggtctgaccatcgaaaccgttgttctgcactctgttccgaccgttaccaactaatctggtaaaga
aaccgctgctgcgaaatttgaacgccagcacatggactcgtctactagcgcagcttaattaacctaggctgctgccaccgctgagcaataacta
gcataaccccttggggcctctaaacgggtcttgaggggttttttgctgaaacctcaggcatttgagaagcacacggtcacactgcttccggtagt
caataaaccggtaaaccagcaatagacataagcggctatttaacgaccctgccctgaaccgacgaccgggtcatcgtggccggatcttgcgg
cccctcggcttgaacgaattgttagacattatttgccgactaccttggtgatctcgcctttcacgtagtggacaaattcttccaactgatctgcgcg
cgaggccaagcgatcttcttcttgtccaagataagcctgtctagcttcaagtatgacgggctgatactgggccggcaggcgctccattgcccag
tcggcagcgacatccttcggcgcgattttgccggttactgcgctgtaccaaatgcgggacaacgtaagcactacatttcgctcatcgccagccc
agtcgggcggcgagttccatagcgttaaggtttcatttagcgcctcaaatagatcctgttcaggaaccggatcaaagagttcctccgccgctgg
acctaccaaggcaacgctatgttctcttgcttttgtcagcaagatagccagatcaatgtcgatcgtggctggctcgaagatacctgcaagaatgt
cattgcgctgccattctccaaattgcagttcgcgcttagctggataacgccacggaatgatgtcgtcgtgcacaacaatggtgacttctacagcg
cggagaatctcgctctctccaggggaagccgaagtttccaaaaggtcgttgatcaaagctcgccgcgttgtttcatcaagccttacggtcaccg
taaccagcaaatcaatatcactgtgtggcttcaggccgccatccactgcggagccgtacaaatgtacggccagcaacgtcggttcgagatgg
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cgctcgatgacgccaactacctctgatagttgagtcgatacttcggcgatcaccgcttccctcatactcttcctttttcaatattattgaagcatttat
cagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaatagctagctcactcggtcgctacgctccgggcgtgag
actgcggcgggcgctgcggacacatacaaagttacccacagattccgtggataagcaggggactaacatgtgaggcaaaacagcagggcc
gcgccggtggcgtttttccataggctccgccctcctgccagagttcacataaacagacgcttttccggtgcatctgtgggagccgtgaggctca
accatgaatctgacagtacgggcgaaacccgacaggacttaaagatccccaccgtttccggcgggtcgctccctcttgcgctctcctgttccg
accctgccgtttaccggatacctgttccgcctttctcccttacgggaagtgtggcgctttctcatagctcacacactggtatctcggctcggtgtag
gtcgttcgctccaagctgggctgtaagcaagaactccccgttcagcccgactgctgcgccttatccggtaactgttcacttgagtccaacccgg
aaaagcacggtaaaacgccactggcagcagccattggtaactgggagttcgcagaggatttgtttagctaaacacgcggttgctcttgaagtg
tgcgccaaagtccggctacactggaaggacagatttggttgctgtgctctgcgaaagccagttaccacggttaagcagttccccaactgactta
accttcgatcaaaccacctccccaggtggttttttcgtttacagggcaaaagattacgcgcagaaaaaaaggatctcaagaagatcctttgatctt
ttctactgaaccgctctagatttcagtgcaatttatctcttcaaatgtagcacctgaagtcagccccatacgatataagttgtaattctcatgttagtc
atgccccgcgcccaccggaaggagctgactgggttgaaggctctcaagggcatcggtcgagatcccggtgcctaatgagtgagctaactta
cattaattgcgttgcgctcactgcccgctttccagtcgggaaacctgtcgtgccagctgcattaatgaatcggccaacgcgcggggagaggcg
gtttgcgtattgggcgccagggtggtttttcttttcaccagtgagacgggcaacagctgattgcccttcaccgcctggccctgagagagttgcag
caagcggtccacgctggtttgccccagcaggcgaaaatcctgtttgatggtggttaacggcgggatataacatgagctgtcttcggtatcgtcg
tatcccactaccgagatgtccgcaccaacgcgcagcccggactcggtaatggcgcgcattgcgcccagcgccatctgatcgttggcaacca
gcatcgcagtgggaacgatgccctcattcagcatttgcatggtttgttgaaaaccggacatggcactccagtcgccttcccgttccgctatcggc
tgaatttgattgcgagtgagatatttatgccagccagccagacgcagacgcgccgagacagaacttaatgggcccgctaacagcgcgatttg
ctggtgacccaatgcgaccagatgctccacgcccagtcgcgtaccgtcttcatgggagaaaataatactgttgatgggtgtctggtcagagac
atcaagaaataacgccggaacattagtgcaggcagcttccacagcaatggcatcctggtcatccagcggatagttaatgatcagcccactgac
gcgttgcgcgagaagattgtgcaccgccgctttacaggcttcgacgccgcttcgttctaccatcgacaccaccacgctggcacccagttgatc
ggcgcgagatttaatcgccgcgacaatttgcgacggcgcgtgcagggccagactggaggtggcaacgccaatcagcaacgactgtttgcc
cgccagttgttgtgccacgcggttgggaatgtaattcagctccgccatcgccgcttccactttttcccgcgttttcgcagaaacgtggctggcct
ggttcaccacgcgggaaacggtctgataagagacaccggcatactctgcgacatcgtataacgttactggtttcacattcaccaccctgaattg
actctcttccgggcgctatcatgccataccgcgaaaggttttgcgccattcgatggtgtccgggatctcgacgctctcccttatgcgactcctgc
attaggaaattaatacgactcactata
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Fig. S7 The structure illustration of plasmid pETlac-asgltA. The T7 promoter was 

replaced by lac promoter amplified from pUC19, followed with the anti-gltA RNA 

frame.
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Plasmid sequence of pETlac-asgltA:
atccggatatagttcctcctttcagcaaaaaacccctcaagacccgtttagaggccccaaggggttatgctagttattgctcagcggtggcagc
agccaactcagcttcctttcgggctttgttagcagccggatctcagtggtggtggtggtggtgctcgagtgcggccgcaagcttgtcgacgga
gctcgaattcggatccgcgacccatttgctgtccaccagtcatgctagccatatgaggaggaattaaccatgcagtggtggtggtggtggtgg
gttttcccctctttcacagagcggcgagccaaataacaaacgggtaaagccaggttgatgtgcgaaggcaaatttaagttccggcagtcttacg
caataaggcgctaaggagaccttaaatggctgatacaaaagcaaaactcaccctcaacggggacacagctgttgaactggatgtgcaccacc
accaccaccactgcatggttaattcctcctccatggtgaaattgttatccgctcacaattccacacaacatacgagccggaagcataaagtgtaa
agcctggggtgcctaatgagtgagctaactcacattaattgcgttgcgctcactgcccgctttccagtctctagaagatctcgatcctctacgccg
gacgcatcgtggccggcatcaccggcgccacaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgcc
acttcgggctcatgagcgcttgtttcggcgtgggtatggtggcaggccccgtggccgggggactgttgggcgccatctccttgcatgcaccat
tccttgcggcggcggtgctcaacggcctcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcgtcgagatcccgga
caccatcgaatggcgcaaaacctttcgcggtatggcatgatagcgcccggaagagagtcaattcagggtggtgaatgtgaaaccagtaacgt
tatacgatgtcgcagagtatgccggtgtctcttatcagaccgtttcccgcgtggtgaaccaggccagccacgtttctgcgaaaacgcgggaaa
aagtggaagcggcgatggcggagctgaattacattcccaaccgcgtggcacaacaactggcgggcaaacagtcgttgctgattggcgttgc
cacctccagtctggccctgcacgcgccgtcgcaaattgtcgcggcgattaaatctcgcgccgatcaactgggtgccagcgtggtggtgtcgat
ggtagaacgaagcggcgtcgaagcctgtaaagcggcggtgcacaatcttctcgcgcaacgcgtcagtgggctgatcattaactatccgctgg
atgaccaggatgccattgctgtggaagctgcctgcactaatgttccggcgttatttcttgatgtctctgaccagacacccatcaacagtattattttc
tcccatgaagacggtacgcgactgggcgtggagcatctggtcgcattgggtcaccagcaaatcgcgctgttagcgggcccattaagttctgtc
tcggcgcgtctgcgtctggctggctggcataaatatctcactcgcaatcaaattcagccgatagcggaacgggaaggcgactggagtgccat
gtccggttttcaacaaaccatgcaaatgctgaatgagggcatcgttcccactgcgatgctggttgccaacgatcagatggcgctgggcgcaat
gcgcgccattaccgagtccgggctgcgcgttggtgcggatatctcggtagtgggatacgacgataccgaagacagctcatgttatatcccgc
cgttaaccaccatcaaacaggattttcgcctgctggggcaaaccagcgtggaccgcttgctgcaactctctcagggccaggcggtgaagggc
aatcagctgttgcccgtctcactggtgaaaagaaaaaccaccctggcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcatta
atgcagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtaagttagctcactcattaggcaccgggat
ctcgaccgatgcccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgccgcacttatgactgtcttcttt
atcatgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgatcggcctgtc
gcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgccaccaaacgtttcggcgagaagcaggccattatcgcc
ggcatggcggccccacgggtgcgcatgatcgtgctcctgtcgttgaggacccggctaggctggcggggttgccttactggttagcagaatga
atcaccgatacgcgagcgaacgtgaagcgactgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttc
gtaaagtctggaaacgcggaagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctac
atctgtattaacgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgccagttgtttaccctcacaacgttccagt
aaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaaatcccccttacacg
gaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagacattaacgcttctggagaaactcaacga
gctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctgatgagctttaccgcagctgcctcgcgcgtttcggtgatga
cggtgaaaacctctgacacatgcagctcccggagacggtcacagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgc
gtcagcgggtgttggcgggtgtcggggcgcagccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcag
agcagattgtactgagagtgcaccatatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttc
ctcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcagg
ggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggct
ccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccccct
ggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgctttctcatag
ctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgcctta
tccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtat
gtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagtta



44

ccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcag
aaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgaaca
ataaaactgtctgcttacataaacagtaatacaaggggtgttatgagccatattcaacgggaaacgtcttgctctaggccgcgattaaattccaac
atggatgctgatttatatgggtataaatgggctcgcgataatgtcgggcaatcaggtgcgacaatctatcgattgtatgggaagcccgatgcgc
cagagttgtttctgaaacatggcaaaggtagcgttgccaatgatgttacagatgagatggtcagactaaactggctgacggaatttatgcctcttc
cgaccatcaagcattttatccgtactcctgatgatgcatggttactcaccactgcgatccccgggaaaacagcattccaggtattagaagaatat
cctgattcaggtgaaaatattgttgatgcgctggcagtgttcctgcgccggttgcattcgattcctgtttgtaattgtccttttaacagcgatcgcgta
tttcgtctcgctcaggcgcaatcacgaatgaataacggtttggttgatgcgagtgattttgatgacgagcgtaatggctggcctgttgaacaagtc
tggaaagaaatgcataaacttttgccattctcaccggattcagtcgtcactcatggtgatttctcacttgataaccttatttttgacgaggggaaatta
ataggttgtattgatgttggacgagtcggaatcgcagaccgataccaggatcttgccatcctatggaactgcctcggtgagttttctccttcattac
agaaacggctttttcaaaaatatggtattgataatcctgatatgaataaattgcagtttcatttgatgctcgatgagtttttctaagaattaattcatgag
cggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgccacctgaaattgtaaacgttaatatt
ttgttaaaattcgcgttaaatttttgttaaatcagctcattttttaaccaataggccgaaatcggcaaaatcccttataaatcaaaagaatagaccga
gatagggttgagtgttgttccagtttggaacaagagtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcaggg
cgatggcccactacgtgaaccatcaccctaatcaagttttttggggtcgaggtgccgtaaagcactaaatcggaaccctaaagggagccccc
gatttagagcttgacggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgctagggcgctggcaa
gtgtagcggtcacgctgcgcgtaaccaccacacccgccgcgcttaatgcgccgctacagggcgcgtcccattcgcca
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Fig. S8 The structure illustration of plasmid pETlac-asacpS. The T7 promoter was 

replaced by lac promoter amplified from pUC19, followed with the anti-gltA RNA 

frame.
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Plasmid sequence of pETlac-asacpS:
atccggatatagttcctcctttcagcaaaaaacccctcaagacccgtttagaggccccaaggggttatgctagttattgctcagcggtggcagc
agccaactcagcttcctttcgggctttgttagcagccggatctcagtggtggtggtggtggtgctcgagtgcggccgcaagcttgtcgacgga
gctcgaattcggatccgcgacccatttgctgtccaccagtcatgctagcaggaggaattaaccatgcagtggtggtggtggtggtgccatccct
gagatgcatgaactgaatatcggtcatgccattattggtcgtgcagtgatgaccggactgaaagatgcggtggcagaaatgaagcgtctgatg
ctggaagcgcgtggctaatggcaatattaggtttaggcacggatattgtggagatcgctcgcatcgaagcggtgatcgcccgatccggtgatc
gcctggcacgccgcgtattaagcgataacgaatgcaccaccaccaccaccactgcatggttaattcctcctccatggtgaaattgttatccgctc
acaattccacacaacatacgagccggaagcataaagtgtaaagcctggggtgcctaatgagtgagctaactcacattaattgcgttgcgctca
ctgcccgctttccagtctctagaagatctcgatcctctacgccggacgcatcgtggccggcatcaccggcgccacaggtgcggttgctggcg
cctatatcgccgacatcaccgatggggaagatcgggctcgccacttcgggctcatgagcgcttgtttcggcgtgggtatggtggcaggcccc
gtggccgggggactgttgggcgccatctccttgcatgcaccattccttgcggcggcggtgctcaacggcctcaacctactactgggctgcttc
ctaatgcaggagtcgcataagggagagcgtcgagatcccggacaccatcgaatggcgcaaaacctttcgcggtatggcatgatagcgcccg
gaagagagtcaattcagggtggtgaatgtgaaaccagtaacgttatacgatgtcgcagagtatgccggtgtctcttatcagaccgtttcccgcgt
ggtgaaccaggccagccacgtttctgcgaaaacgcgggaaaaagtggaagcggcgatggcggagctgaattacattcccaaccgcgtggc
acaacaactggcgggcaaacagtcgttgctgattggcgttgccacctccagtctggccctgcacgcgccgtcgcaaattgtcgcggcgatta
aatctcgcgccgatcaactgggtgccagcgtggtggtgtcgatggtagaacgaagcggcgtcgaagcctgtaaagcggcggtgcacaatct
tctcgcgcaacgcgtcagtgggctgatcattaactatccgctggatgaccaggatgccattgctgtggaagctgcctgcactaatgttccggcg
ttatttcttgatgtctctgaccagacacccatcaacagtattattttctcccatgaagacggtacgcgactgggcgtggagcatctggtcgcattgg
gtcaccagcaaatcgcgctgttagcgggcccattaagttctgtctcggcgcgtctgcgtctggctggctggcataaatatctcactcgcaatcaa
attcagccgatagcggaacgggaaggcgactggagtgccatgtccggttttcaacaaaccatgcaaatgctgaatgagggcatcgttcccac
tgcgatgctggttgccaacgatcagatggcgctgggcgcaatgcgcgccattaccgagtccgggctgcgcgttggtgcggatatctcggtag
tgggatacgacgataccgaagacagctcatgttatatcccgccgttaaccaccatcaaacaggattttcgcctgctggggcaaaccagcgtgg
accgcttgctgcaactctctcagggccaggcggtgaagggcaatcagctgttgcccgtctcactggtgaaaagaaaaaccaccctggcgcc
caatacgcaaaccgcctctccccgcgcgttggccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgagcg
caacgcaattaatgtaagttagctcactcattaggcaccgggatctcgaccgatgcccttgagagccttcaacccagtcagctccttccggtgg
gcgcggggcatgactatcgtcgccgcacttatgactgtcttctttatcatgcaactcgtaggacaggtgccggcagcgctctgggtcattttcgg
cgaggaccgctttcgctggagcgcgacgatgatcggcctgtcgcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcactggt
cccgccaccaaacgtttcggcgagaagcaggccattatcgccggcatggcggccccacgggtgcgcatgatcgtgctcctgtcgttgagga
cccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcgactgctgctgcaaaacgtct
gcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcggaagtcagcgccctgcaccattatgttccgga
tctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtattaacgaagcgctggcattgaccctgagtgatttttctctggtccc
gccgcatccataccgccagttgtttaccctcacaacgttccagtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgttt
catcggtatcattacccccatgaacagaaatcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctt
tatcagaagccagacattaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacg
ctgatgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtcacagcttgtct
gtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggcgcagccatgacccagtcacgt
agcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtgcaccatatatgcggtgtgaaataccgcacag
atgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatc
agctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccag
gaaccgtaaaaaggccgcgttgctggcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggc
gaaacccgacaggactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacct
gtccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctg
tgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgccactg
gcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactag
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aaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggt
agcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcag
tggaacgaaaactcacgttaagggattttggtcatgaacaataaaactgtctgcttacataaacagtaatacaaggggtgttatgagccatattca
acgggaaacgtcttgctctaggccgcgattaaattccaacatggatgctgatttatatgggtataaatgggctcgcgataatgtcgggcaatcag
gtgcgacaatctatcgattgtatgggaagcccgatgcgccagagttgtttctgaaacatggcaaaggtagcgttgccaatgatgttacagatga
gatggtcagactaaactggctgacggaatttatgcctcttccgaccatcaagcattttatccgtactcctgatgatgcatggttactcaccactgcg
atccccgggaaaacagcattccaggtattagaagaatatcctgattcaggtgaaaatattgttgatgcgctggcagtgttcctgcgccggttgca
ttcgattcctgtttgtaattgtccttttaacagcgatcgcgtatttcgtctcgctcaggcgcaatcacgaatgaataacggtttggttgatgcgagtg
attttgatgacgagcgtaatggctggcctgttgaacaagtctggaaagaaatgcataaacttttgccattctcaccggattcagtcgtcactcatg
gtgatttctcacttgataaccttatttttgacgaggggaaattaataggttgtattgatgttggacgagtcggaatcgcagaccgataccaggatct
tgccatcctatggaactgcctcggtgagttttctccttcattacagaaacggctttttcaaaaatatggtattgataatcctgatatgaataaattgca
gtttcatttgatgctcgatgagtttttctaagaattaattcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgca
catttccccgaaaagtgccacctgaaattgtaaacgttaatattttgttaaaattcgcgttaaatttttgttaaatcagctcattttttaaccaataggcc
gaaatcggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaacaagagtccactattaaagaacgt
ggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggcccactacgtgaaccatcaccctaatcaagttttttggggtcgaggtg
ccgtaaagcactaaatcggaaccctaaagggagcccccgatttagagcttgacggggaaagccggcgaacgtggcgagaaaggaaggga
agaaagcgaaaggagcgggcgctagggcgctggcaagtgtagcggtcacgctgcgcgtaaccaccacacccgccgcgcttaatgcgcc
gctacagggcgcgtcccattcgcca
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Fig. S9 The structure illustration of plasmid pETlac-asacpT. The T7 promoter was 

replaced by lac promoter amplified from pUC19, followed with the anti-gltA RNA 

frame.
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Plasmid sequence of pETlac-asacpT:
atccggatatagttcctcctttcagcaaaaaacccctcaagacccgtttagaggccccaaggggttatgctagttattgctcagcggtggcagc
agccaactcagcttcctttcgggctttgttagcagccggatctcagtggtggtggtggtggtgctcgagtgcggccgcaagcttgtcgacgga
gctcgaattcggatccgcgacccatttgctgtccaccagtcatgctagcaggaggaattaaccatgcagtggtggtggtggtggtgaaaggcg
gtagcaaactggcgattttactggggccgggcagaccgaaaagtcggttaccgggatgaggcgacaagtgatacgatacgcactttcattttc
cattaaacgttggccctgatatgtatcggatagttctggggaaagtttcgaccttaagcgcagctccactgccaccgggtttacgcgagcaagc
accgcaaggtccacgacgcgaacgctggctggcggggcgtgcattgctttcgcacacgctttccccgctaccggagatcatctatcaccacc
accaccaccactgcatggttaattcctcctccatggtgaaattgttatccgctcacaattccacacaacatacgagccggaagcataaagtgtaa
agcctggggtgcctaatgagtgagctaactcacattaattgcgttgcgctcactgcccgctttccagtctctagaagatctcgatcctctacgccg
gacgcatcgtggccggcatcaccggcgccacaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgcc
acttcgggctcatgagcgcttgtttcggcgtgggtatggtggcaggccccgtggccgggggactgttgggcgccatctccttgcatgcaccat
tccttgcggcggcggtgctcaacggcctcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcgtcgagatcccgga
caccatcgaatggcgcaaaacctttcgcggtatggcatgatagcgcccggaagagagtcaattcagggtggtgaatgtgaaaccagtaacgt
tatacgatgtcgcagagtatgccggtgtctcttatcagaccgtttcccgcgtggtgaaccaggccagccacgtttctgcgaaaacgcgggaaa
aagtggaagcggcgatggcggagctgaattacattcccaaccgcgtggcacaacaactggcgggcaaacagtcgttgctgattggcgttgc
cacctccagtctggccctgcacgcgccgtcgcaaattgtcgcggcgattaaatctcgcgccgatcaactgggtgccagcgtggtggtgtcgat
ggtagaacgaagcggcgtcgaagcctgtaaagcggcggtgcacaatcttctcgcgcaacgcgtcagtgggctgatcattaactatccgctgg
atgaccaggatgccattgctgtggaagctgcctgcactaatgttccggcgttatttcttgatgtctctgaccagacacccatcaacagtattattttc
tcccatgaagacggtacgcgactgggcgtggagcatctggtcgcattgggtcaccagcaaatcgcgctgttagcgggcccattaagttctgtc
tcggcgcgtctgcgtctggctggctggcataaatatctcactcgcaatcaaattcagccgatagcggaacgggaaggcgactggagtgccat
gtccggttttcaacaaaccatgcaaatgctgaatgagggcatcgttcccactgcgatgctggttgccaacgatcagatggcgctgggcgcaat
gcgcgccattaccgagtccgggctgcgcgttggtgcggatatctcggtagtgggatacgacgataccgaagacagctcatgttatatcccgc
cgttaaccaccatcaaacaggattttcgcctgctggggcaaaccagcgtggaccgcttgctgcaactctctcagggccaggcggtgaagggc
aatcagctgttgcccgtctcactggtgaaaagaaaaaccaccctggcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcatta
atgcagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtaagttagctcactcattaggcaccgggat
ctcgaccgatgcccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgccgcacttatgactgtcttcttt
atcatgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgatcggcctgtc
gcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgccaccaaacgtttcggcgagaagcaggccattatcgcc
ggcatggcggccccacgggtgcgcatgatcgtgctcctgtcgttgaggacccggctaggctggcggggttgccttactggttagcagaatga
atcaccgatacgcgagcgaacgtgaagcgactgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttc
gtaaagtctggaaacgcggaagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctac
atctgtattaacgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgccagttgtttaccctcacaacgttccagt
aaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaaatcccccttacacg
gaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagacattaacgcttctggagaaactcaacga
gctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctgatgagctttaccgcagctgcctcgcgcgtttcggtgatga
cggtgaaaacctctgacacatgcagctcccggagacggtcacagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgc
gtcagcgggtgttggcgggtgtcggggcgcagccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcag
agcagattgtactgagagtgcaccatatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttc
ctcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcagg
ggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggct
ccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccccct
ggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgctttctcatag
ctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgcctta
tccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtat
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gtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagtta
ccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcag
aaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgaaca
ataaaactgtctgcttacataaacagtaatacaaggggtgttatgagccatattcaacgggaaacgtcttgctctaggccgcgattaaattccaac
atggatgctgatttatatgggtataaatgggctcgcgataatgtcgggcaatcaggtgcgacaatctatcgattgtatgggaagcccgatgcgc
cagagttgtttctgaaacatggcaaaggtagcgttgccaatgatgttacagatgagatggtcagactaaactggctgacggaatttatgcctcttc
cgaccatcaagcattttatccgtactcctgatgatgcatggttactcaccactgcgatccccgggaaaacagcattccaggtattagaagaatat
cctgattcaggtgaaaatattgttgatgcgctggcagtgttcctgcgccggttgcattcgattcctgtttgtaattgtccttttaacagcgatcgcgta
tttcgtctcgctcaggcgcaatcacgaatgaataacggtttggttgatgcgagtgattttgatgacgagcgtaatggctggcctgttgaacaagtc
tggaaagaaatgcataaacttttgccattctcaccggattcagtcgtcactcatggtgatttctcacttgataaccttatttttgacgaggggaaatta
ataggttgtattgatgttggacgagtcggaatcgcagaccgataccaggatcttgccatcctatggaactgcctcggtgagttttctccttcattac
agaaacggctttttcaaaaatatggtattgataatcctgatatgaataaattgcagtttcatttgatgctcgatgagtttttctaagaattaattcatgag
cggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgccacctgaaattgtaaacgttaatatt
ttgttaaaattcgcgttaaatttttgttaaatcagctcattttttaaccaataggccgaaatcggcaaaatcccttataaatcaaaagaatagaccga
gatagggttgagtgttgttccagtttggaacaagagtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcaggg
cgatggcccactacgtgaaccatcaccctaatcaagttttttggggtcgaggtgccgtaaagcactaaatcggaaccctaaagggagccccc
gatttagagcttgacggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgctagggcgctggcaa
gtgtagcggtcacgctgcgcgtaaccaccacacccgccgcgcttaatgcgccgctacagggcgcgtcccattcgcca
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Fig. S10 Resveratrol and the prenylated stilbenoids isolated from the elicited hairy root 

cultures and seedlings of peanut38-40.
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Fig. S11 2-C-prenyl resveratrol and its derivatives. (A) Vulpinoideol A (1) from Carex 

  vulpinoidea42. (B) (E)-4-(3-methyl-2-buten-1-yl)-3,4′,5-trihydroxy-3′-

methoxystilbene (2), (E)-2,4-bis(3-methyl-2-buten-1-yl)-3,3′,4′,5-tetrahydroxystilbene 

(3), (E)-2-(3-methyl-2-buten-1-yl)-3-(3-methyl-2-butenyloxy)-3′,4′,5-

trihydroxystilbene (4), (E)-2,6-bis(3-methyl-2-buten-1-yl)-3,3′,5,5′-

tetrahydroxystilbene (5) and (E)-2,6-bis(3-methyl-2-buten-1-yl)-3,4′,5-trihydroxy-3′-

methoxystilbene (6), and 2-C-prenyl resveratrol (7) isolated from Kangaroo Island 

propolis41. (C) 2-prenyl-3,5,4'-trimethoxystilbene (8), 2-prenyl-3-hydroxy-5,4'-

dimethoxystilbene (9) and 2-prenyl-3,4'-dihydroxy-5-methoxystilbene (10) and its 

corresponding acetate (11) isolated from Scirpus holoschoenus L.43.
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Figure S12. The ESI-MS spectrum and putative fragmentation pathway of the product 

2-C-prenyl resveratrol.
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Fig. S13 Standard curve for 4-coumaric acid.
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Fig. S14 Standard curve for resveratrol.
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Fig. S15 Standard curve for 2-C-prenyl resveratrol.
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Media compositions:

LB: tryptone 10 g/L, sodium chloride 10 g/L, yeast extract 5 g/L, sterilized at 121 ℃ 

for 20 min.

Minimal M9: disodium hydrogen phosphate 6.8 g/L, potassium dihydrogen phosphate 

3.0 g/L, sodium chloride 0.5 g/L, ammonium chloride 1.0 g/L, calcium chloride 0.01 

g/L, sterilized at 121 ℃ for 20 min. The medium was supplemented with glucose 10 

g/L, magnesium sulfate 0.12 g/L before use. Glucose and magnesium sulfate were 

sterilized separately at 115 ℃ for 30 min.

TB: tryptone 12 g/L, yeast extract 24 g/L, glycerol 4 mL/L, dipotassium phosphate 

12.54 g/L, potassium dihydrogen phosphate 2.31 g/L, sterilized at 121 ℃ for 20 min.

EZ Rich Defined Medium was purchased from Coolaber (Beijing) Technology 

(product No. MK0106) containing 10×MOPS mixture, 10×ACGU, 5×Supplement EZ, 

diluted with sterilized water and supplemented with 0.23 g/L sterilized dipotassium 

phosphate and 2 g/L glucose.

Mineral medium: diammonium hydrogen phosphate 4 g/L, potassium dihydrogen 

phosphate 13.54 g/L, citric acid 1.7 g/L, yeast extract 5 g/L, sterilized at 121 ℃ for 20 

min. The medium was supplemented with glucose 10g/L, magnesium sulfate 0.7 g/L, 

200×trace elements 5ml/L before use. Glucose and magnesium sulfate were sterilized 

separately at 115 ℃ for 30 min. 200×trace elements were sterilized through filtration 

with 0.22 μm filter.

200×trace elements: ferrous sulfate 11 g/L, calcium chloride 4 g/L, copper sulfate 1.28 

g/L, zinc sulfate 2.47 g/L, ammonium heptamolybdate 0.19 g/L, manganese sulfate 

0.68 g/L, sodium tetraborate 0.02 g/L, dissolved in 1 M HCl filtered with 0.22 μm filter.


