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Fig. S1. Time course aerobic fermentation of glycerol-glucose mixture by SK-MA5, which replaced 
ScADH1 with 2,3-BDO in the native strain (D452-2). The fermentation was carried out in 100-ml 
Erlenmeyer flasks containing 10 mL of YPDD20G40, with orbital shaking at 200 rpm at 30°C. Glycerol 
(red open circle), glucose (sky blue closed circle), acetoin (black open triangle), 2,3-BDO (orange open 
square), and OD600 (green star) were monitored. The data represents the SD of the average of two 
independent experiments.
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Fig. S2. Diagram illustrating the construction of the 2,3-BDO module in the HIS3 plasmid.
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Table S1 Primers used in this study.

Primers used for assembling 2, 3 BDO modules/ plasmids.

Xhol-upstream ScADH1-TDH3p FOR. aaaactcgagcacaatatttcaagctataccaagcatacaatcaactatctcatatacatttttcagttcgagtttatca

Not1-TDH3p REV tcatgcggccgctttgtttgtttatgtgtg

NotI-ALsS FOR aaagcggccgcatgactaaagcaac

BamHI-ALsS REV ttaggatccctacaaagcctttgttttc

Not1-BamHI-DIT1d22t FOR. tttttgcggccgcggatcctaaagtaagag

PGKp- DIT1d22t REV cggcatctttgatgaaaagaaaggcaaata

DIT1d22t-PGKp FOR tcttttcatcaaagatgccgatttgggcgc

NotI-PGKp REV atgcggccgctgttttatatttgttgtaaa

PGKp-AlsD FOR atataaaacagcggccgcatgaaaagagaa   

BamHI-AlsD REV tttaggatccctactcaggggagccctcag

ALsD-BamHI-D22 ccctgagtagggatcctaaagtaagagcgc

FBA1p-DIT1d22t REV gtactgtcagtattgttatgatgaaaagaaaggc

DIT1d22t-FBA1p ataacaatactgacagtactaaataattgcc

BDH1-NotI-FBA1p REV atgcggccgctttgaatatgtattacttgg

FBA1p-NotI-BDH1 FOR catattcaaagcggccgcatgagagctttg

BamHI BDH1 REV cccggatccttacttcatttcaccgtgattg

BamHI-RPL41BTt FOR gtaaggatccgcggattgagagcaaatcgt

Downstream ScADH1-RPL41BTt REV. tttgtcgacttattttttttataacttatttaataataaaaatcataaatcataagaaattcgccgaaaatctttcaagc

Upstream ScADH2-TDH3p FOR. atatcaagctacaaaaagcatacaatcaactatcaactattaactatatcgtaatacacatttttcagttcgagtttatc

Downstream ScADH2-RPL41BTt REV. tactaatataggcatacttgataatgaaaactataaatcgtaaagacataagagatccgcgccgaaaatctttcaagcac

Upstream ScADH5-TDH3p FOR. ctctgattggaagatacctaagaaaattatttaactacatatctacaaaatcaaagcatctttttcagttcgagtttatc

Downstream ScADH5-RPL41BTt REV. tatctacaaaatagcttatataaaaagtaaaaatatattcatcaaattcgttacaaaagaccgaaaatctttcaagcac

Xhol-upstream ScADH2 aaaactcgagatatcaagctacaaaaagc

SalI-downstream ScADH2 tttgtcgactactaatataggcatacttg

Xhol-upstream ScADH5 aaaactcgagctctgattggaagatacc

SalI-downstream ScADH5 tttgtcgactatctacaaaatagcttat

Primers used for constructing multiplex pCas9 plasmids

pCas9-gRNA target 146 ScADH1 FOR. tcacactgacttgcacgctgttttagagctagaaatagc

pCas9-gRNA target 146 ScADH1 REV. agcgtgcaagtcagtgtgacaaagtcccattcgccacccg 

pCas9-gRNA target 640 ScADH2 FOR. gaattgtttacctcgctcgggttttagagctagaaatagc

pCas9-gRNA target 640 ScADH2 REV. ccgagcgaggtaaacaattcaaagtcccattcgccacccg

pCas9-gRNA target 160 ScADH5 FOR. agcgtgcaagtcagtgtgacaaagtcccattcgccacccg

pCas9-gRNA target 160 ScADH5 FOR. tgccacgcgtgcaagtcactaaagtcccattcgccacccg

pCas9 FOR. cggaataggaacttcaaagcg

pCas9 REV.     ttttttctgcagcgaggagcc

Primers were used to confirm the homologous integration during the knocking out.

271-downstream ScADH1 REV. gagattcatcaactcattgctggagtta

187- upstream ScADH2 FOR. ggtaaagctatagcatgcctatcacat

324-downstream ScADH5 REV. gcctatttcagtttgtcttacgcacgc

Underlines indicate restriction sites and bold font points to the gRNA sequences.



5

Table S2. Sequence of events for replacing ScADH1 with the 2,3-BDO module.

aaaactcgagcacaatatttcaagctataccaagcatacaatcaactatctcatatacatttttcagttcgagtttatcattatcaatactgccatttcaaaga
atacgtaaataattaatagtagtgattttcctaactttatttagtcaaaaaattagccttttaattctgctgtaacccgtacatgcccaaaatagggggcgggt
tacacagaatatataacatcgtaggtgtctgggtgaacagtttattcctggcatccactaaatataatggagcccgctttttaagctggcatccagaaaaa
aaaagaatcccagcaccaaaatattgttttcttcaccaaccatcagttcataggtccattctcttagcgcaactacagagaacaggggcacaaacaggc
aaaaaacgggcacaacctcaatggagtgatgcaacctgcctggagtaaatgatgacacaaggcaattgacccacgcatgtatctatctcattttcttac
accttctattaccttctgctctctctgatttggaaaaagctgaaaaaaaaggttgaaaccagttccctgaaattattcccctacttgactaataagtatataaa
gacggtaggtattgattgtaattctgtaaatctatttcttaaacttcttaaattctacttttatagttagtcttttttttagttttaaaacaccaagaacttagtttcga
ataaacacacataaacaaacaaagcggccgcatgactaaagcaacaaaggaacagaagtccttagtgaagaatagaggggctgagctggtggtgg
actgtctggtggagcagggtgtgactcatgtgttcggtatacctggagcgaaaattgatgcagttttcgacgctttgcaggataagggaccggagatta
tagtcgcaaggcacgagcaaaatgctgcattcatggcccaggctgtaggcaggcttactggtaagcctggtgtagttcttgttacatccggccccggt
gcatcaaatttagcgacggggctattaactgccaatacagagggtgatccggttgttgctctggcgggcaacgttataagggcagaccgtctgaaaag
aacgcaccaatcacttgataacgcggccttgttccagccaataactaagtattccgtcgaggtacaggacgtgaagaatattcccgaagccgttacga
acgcattcagaatcgcatccgctggtcaggcaggagcagctttcgtctcgtttccacaggatgtggtaaacgaggttactaacactaagaacgtgaga
gctgttgcagcacccaaattaggtcccgctgcggatgatgctatttctgcagcaattgcaaagattcaaacagccaagctgccagttgtgctagtaggc
atgaagggtgggcgtccagaggctataaaggcggttaggaagttgcttaagaaggttcaactgcctttcgtagagacgtaccaggcggcaggtactc
tgtcacgtgacctggaagatcaatactttggccgtataggtctattcagaaatcagccaggcgacctattactggaacaggcggacgttgtcttaacgat
cggctatgatcccattgagtatgaccccaaattttggaacattaacggagatagaacaattattcaccttgatgagatcattgctgacattgatcatgccta
tcagcctgatcttgagctaatcggcgacatcccatccactattaatcacatagagcatgacgcagtgaaggtagagttcgcagagagggagcaaaag
atcttgtcggacttgaaacagtacatgcacgagggtgagcaggtccctgctgattggaaatcagacagagcacatccattggaaattgtcaaggaatt
gaggaacgctgtggacgaccacgttactgtaacatgcgacattggtagtcacgcaatttggatgtcaaggtatttccgttcctacgagcccttgaccctg
atgatttcgaacggcatgcagacgttgggcgttgcccttccctgggctattggcgccagtctggtcaaacccggtgagaaggtggtgtcagtctctgg
cgacggcggattcttattttctgctatggaattggaaactgcagttaggctgaaagcccccattgtacacatagtgtggaacgacagtacctacgacatg
gtagcgttccagcagctaaagaagtacaatagaacttcagctgtcgatttcggtaatatcgacatagttaaatacgccgaatcatttggtgccacgggtc
tacgtgttgagtccccagatcagttagctgacgttttgagacagggaatgaacgccgaaggtccggtaattattgacgttccggtggactattccgataa
cataaacttagccagcgacaaattaccgaaggagttcggagaattaatgaaaacaaaggctttgtagggatcctaaagtaagagcgctacattggtct
acctttttcttttacttaaacattagttagttcgttttctttttctttttttatgtttcccccccaaagttctgattttataatattttatttcacacaattccatttaacaga
gggggaatagattctttagcttagaaaattagtgatcaatatatatttgcctttcttttcatcaaagatgccgatttgggcgcgaatcctttattttggcttcac
cctcatactattatcagggccagaaaaaggaagtgtttccctccttcttgaattgatgttaccctcataaagcacgtggcctcttatcgagaaagaaattac
cgtcgctcgtgatttgtttgcaaaaagaacaaaactgaaaaaacccagacacgctcgacttcctgtcttcctattgattgcagcttccaatttcgtcacaca
acaaggtcctagcgacggctcacaggttttgtaacaagcaatcgaaggttctggaatggcgggaaagggtttagtaccacatgctatgatgcccactg
tgatctccagagcaaagttcgttcgatcgtactgttactctctctctttcaaacagaattgtccgaatcgtgtgacaacaacagcctgttctcacacactctt
ttcttctaaccaagggggtggtttagtttagtagaacctcgtgaaacttacatttacatatatataaacttgcataaattggtcaatgcaagaaatacatattt
ggtcttttctaattcgtagtttttcaagttcttagatgctttctttttctcttttttacagatcatcaaggaagtaattatctactttttacaacaaatataaaacagc
ggccgcatgaaaagagaatcaaacattcaggtactttctaggggacaaaaggaccaaccagttagtcagatatatcaggtatccaccatgacctctttg
ttggacggtgtatacgatggcgatttcgaactttctgagatccccaaatacggtgacttcgggattggaacattcaacaagcttgacggtgaattgatag
gtttcgatggtgagttctaccgtctaagaagcgacggtactgcaactccagtacaaaatggagacagatctcccttttgcagttttacgttcttcactcccg
atatgacacataaaatagatgccaagatgacgagagaggacttcgagaaggagataaacagtatgcttccttcaagaaatttgttctatgcaatcagga
ttgacggattgttcaagaaggttcagactaggacagtcgagttgcaagagaaaccctatgtaccgatggtagaggcggtgaaaactcaaccaatattt
aactttgacaatgtacgtggcacaattgttgggttcctgactcctgcatacgcaaacggtatagctgtgtcaggttatcatcttcacttcattgatgaaggc
cgtaattcgggtggtcatgttttcgattatgtattagaggactgcaccgtcacaataagccagaagatgaacatgaacctaaggctgccgaataccgca
gacttcttcaacgcgaatttagacaatcctgacttcgccaaggacatcgagactactgagggctcccctgagtagggatcctaaagtaagagcgct
acattggtctacctttttcttttacttaaacattagttagttcgttttctttttctttttttatgtttcccccccaaagttctgattttataatattttatttcacacaattcc
atttaacagagggggaatagattctttagcttagaaaattagtgatcaatatatatttgcctttcttttcatcataacaatactgacagtactaaataattgcct
acttggcttcacatacgttgcatacgtcgatatagataataatgataatgacagcaggattatcgtaatacgtaatagttgaaaatctcaaaaatgtgtggg
tcattacgtaaataatgataggaatgggattcttctatttttcctttttccattctagcagccgtcgggaaaacgtggcatcctctctttcgggctcaattgga
gtcacgctgccgtgagcatcctctctttccatatctaacaactgagcacgtaaccaatggaaaagcatgagcttagcgttgctccaaaaaagtattggat
ggttaataccatttgtctgttctcttctgactttgactcctcaaaaaaaaaaaatctacaatcaacagatcgcttcaattacgccctcacaaaaacttttttcct
tcttcttcgcccacgttaaattttatccctcatgttgtctaacggatttctgcacttgatttattataaaaagacaaagacataatacttctctatcaatttcagtt
attgttcttccttgcgttattcttctgttcttctttttcttttgtcatatataaccataaccaagtaatacatattcaaagcggccgcatgagagctttggcatattt
caagaagggtgatattcacttcactaatgatatccctaggccagaaatccaaaccgacgatgaggttattatcgacgtctcttggtgtgggatttgtggct
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cggatcttcacgagtacttggatggtccaatcttcatgcctaaagatggagagtgccataaattatccaacgctgctttacctctggcaatgggccatga
gatgtcaggaattgtttccaaggttggtcctaaagtgacaaaggtgaaggttggcgaccacgtggtcgttgatgctgccagcagttgtgcggacctgc
attgctggccacactccaaattttacaattccaaaccatgtgatgcttgtcagaggggcagtgaaaatctatgtacccacgccggttttgtaggactaggt
gtgatcagtggtggctttgctgaacaagtcgtagtctctcaacatcacattatcccggttccaaaggaaattcctctagatgtggctgctttagttgagcct
ctttctgtcacctggcatgctgttaagatttctggtttcaaaaaaggcagttcagccttggttcttggtgcaggtcccattgggttgtgtaccattttggtactt
aagggaatgggggctagtaaaattgtagtgtctgaaattgcagagagaagaatagaaatggccaagaaactgggcgttgaggtgttcaatccctcca
agcacggtcataaatctatagagatactacgtggtttgaccaagagccatgatgggtttgattacagttatgattgttctggtattcaagttactttcgaaac
ctctttgaaggcattaacattcaaggggacagccaccaacattgcagtttggggtccaaaacctgtcccattccaaccaatggatgtgactctccaaga
gaaagttatgactggttcgatcggctatgttgtcgaagacttcgaagaagttgttcgtgccatccacaacggagacatcgccatggaagattgtaagca
actaatcactggtaagcaaaggattgaggacggttgggaaaagggattccaagagttgatggatcacaaggaatccaacgttaagattctattgacgc
ctaacaatcacggtgaaatgaagtaaggatccgcggattgagagcaaatcgttaagttcaggtcaagtaaaaattgatttcgaaaactaatttctcttata
caatcctttgattggaccgtcatcctttcgaatataagattttgttaagaatattttagacagagatctactttatatttaatatctagatattacataatttcctct
ctaataaaatatcattaataaaataaaaatgaagcgatttgattttgtgttgtcaacttagtttgccgctatgcctcttgggtaatgctattattgaatcgaagg
gctttattatattaccctttagcttattctgaggtttctgtggcgtgcaaagtgatgaaccgggcgggttttaaggataaaatcaaaaagtgaaaaaatgaa
cggaaaatggaatacctgtgaaatggagaatgataatgaatctttctgtcgtgcttgaaagattttcggcgaatttcttatgatttatgatttttattattaaata
agttataaaaaaaataagtcgacaaa                                                                                                                         


