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Supplementary figures 

 

Supplementary Fig. 1 The effect of different substrate mixtures (a) and mix ratios (b) on 

cell growth and glucose production. S. cerevisiae strain LY031 was cultivated in minimal 

medium with 10 g L-1 yeast extract, containing a total mixture of carbon sources at a 

concentration of 10 g L-1 for 120 h. The data of cell growth and glucose production were 

subtracted from the background in absence of carbon source. M1, Isopropanol+Propionate; M2, 

Ethylene glycerol+Isopropanol; M3, Ethylene glycerol+Propionate; M4, Ethylene 

glycerol+Propionate+Isopropanol; M5, Ethylene glycerol+Propionate+Isopropanol+Oxalic 

acid; M6, Ethylene glycerol+Propionate+Isopropanol+ Oxalic acid+Methanol; M7, Ethylene 

glycerol+Propionate+Isopropanol+ Oxalic acid+Methanol+ Formate. All data are presented as 

mean ± SD of biological triplicates (n=3). 

 



 

Supplementary Fig. 2 Construction of recombinant strains by metabolic engineering of S. 

cerevisiae for production of carbohydrate derived products using different substrates. 

 



 

Supplementary Fig. 3 Construction of recombinant strains by metabolic engineering of P. 

pastoris. 

 

 

Supplementary Fig. 4 Isopropanol degradation in the engineered S. cerevisiae strains. a. 

Construction of synthetic pathways for isopropanol degradation. Blue arrows, overexpressed 

genes. Isopropanol is converted to acetyl-CoA by expressing alcohol dehydrogenase (Adh) 

from Clostridium beijerinckii, acetone carboxylase complex (Acx) from Xanthobacter 

autotrophicus, acetoacetyl-CoA synthetase (Aacs) from Rattus norvegicus (RnAacs) and 

Yarrowia lipolytica (YlAacs). AcmA is acetone monooxygenase from Gordonia sp. (strain TY-

5), AcmB is methyl acetate hydrolase from Gordonia sp. (strain TY-5). b. Cell growth of the 

engineered strains using isopropanol or acetone as carbon source. The data of cell growth were 

subtracted from the background in absence of carbon source. c. The expression of heterologous 

enzyme components in recombinant strains were analyzed by proteomic analysis. All data are 



presented as mean ± SD of biological triplicates (n=3). 

 

 

Supplementary Fig. 5 Isopropanol degradation in S. cerevisiae strains by expressing 

AcmA and AcmB. a. Cell growth under YP medium with isopropanol or acetone. b. Cell 

growth in Delft medium with isopropanol or acetone. The data of cell growth were subtracted 

from the background in absence of carbon source. All data are presented as mean ± SD of 

biological triplicates (n=3). 

 



 

Supplementary Fig. 6 Characterization of the engineered P. pastoris strains using 

methanol as the carbon source. a. Glucose production at different fermentation time. b. Cell 

growth of the engineered strains with different genetical modification. c. Spotting growth assay 

for engineered strains using glucose as carbon source. All data are presented as mean ± SD of 

biological triplicates (n=3). 

 



 

Supplementary Fig. 7 Engineering P. pastoris strain for isopropanol degradation. a. Cell 

growth of the engineered strain with constitutive expression in YP medium with isopropanol, 

acetone or acetate. b. Cell growth of the engineered strain with constitutive expression in 

minimal medium with isopropanol, acetone or acetate. For the engineered strain with 

constitutive expression of AcmA and AcmB, the initial OD600 is 0.5. c. Cell growth of the 

engineered strain with inducible expression in minimal medium with isopropanol, acetone or 

acetate. For the engineered strain with inducible expression of AcmA and AcmB, the initial 

OD600 is 1.5. All data are presented as mean ± SD of biological triplicates (n=3). 

 

 



Supplementary Fig. 8 Production of myo-inositol in yeast. a. Myo-inositol production in 

minimal medium with 20 g L-1 ethanol and 5 g L-1 glucose. b. Myo-inositol production from 

different substrates including methanol, isopropanol and glycerol. The initial OD600 was 0.5 

when 20 g L-1 methanol or glycerol was used as carbon sources in YP medium. The initial OD600 

was 4 when 20 g L-1 isopropanol was used as a carbon source in YP medium. All data are 

presented as mean ± SD of biological triplicates (n=3). 

 

Supplementary Fig. 9 Production of glucosamine in yeast. a. Glucosamine production in 

minimal medium with 20 g L-1 ethanol. b. Glucosamine production from different substrates. 

The initial OD600 was 0.5 when 20 g L-1 methanol or glycerol was used as carbon sources in YP 

medium. The initial OD600 was 4 when 20 g L-1 isopropanol was used as a carbon source in YP 

medium. All data are presented as mean ± SD of biological triplicates (n=3). 

 

 

Supplementary Fig. 10 Production of xylose in S. cerevisiae. a. Xylose production at 

different fermentation time detected by D-xylose assay kit. b. Xylose production from GRE3 

deletion strain at 120 h. All data are presented as mean ± SD of biological triplicates (n=3). 

 



 

Supplementary Fig. 11 Production of xylitol in S. cerevisiae. All data are presented as mean 

± SD of biological triplicates (n=3). 

 

 

Supplementary Fig. 12 Production of sucrose in S. cerevisiae. a. Cell growth of the 

engineered strains with the disruption of sucrose degradation pathway. b. The effect of nitrogen 

supply on sucrose production at 72 h. c. The effect of nitrogen supply on sucrose production at 

120 h. The effect of nitrogen supply was performed by using Delft medium with 30 g L-1 ethanol 



with different (NH4)2SO4 content. d. Sucrose production using different substrates including 

methanol, isopropanol and glycerol. The initial OD600 was 0.5 when 20 g L-1 methanol or 

glycerol was used as carbon sources in YP medium. The initial OD600 was 4 when 2% 

isopropanol was used as a carbon source in YP medium. All data are presented as mean ± SD 

of biological triplicates (n=3). 

 

 

Supplementary Fig. 13 Standard curve of starch assays. 

 

 

Supplementary Fig. 14 Starch production in S. cerevisiae. a. Starch production with 



expression Pgp using high-copy plasmid. Empty plasmid was transformed into Lab01 to 

construct Lab0101 as the control.  pTht13 with Pgp expression was transformed into Lab01 

to construct Lab0102 for starch synthesis. b. Starch production in (glycogen)n metabolism 

disruption strains with expression Pgp using high-copy plasmid. Empty plasmid was 

transformed into BT12 and BT13 to construct BT1201 and BT1301. pTht13 with Pgp 

expression was transformed into BT12 to construct BT1202. SC medium without uracil 

containing glucose was used for starch production. c. Starch production in (glycogen)n 

metabolism disruption strains with integrating PGP. YPD medium was used for starch 

production. d. Starch production using ethanol as carbon source. All data are presented as mean 

± SD of biological triplicates (n=3). 

 

 

Supplementary Fig. 15 Starch production from different carbon sources, including 

methanol, isopropanol and glycerol. a. Starch production from P. pastoris strain RYT20 using 

glucose as the carbon source. The fermentation was conducted for 24 h in YP medium with an 

initial OD600 of 0.2 and 20 g L-1 glucose was used as the carbon source. b. Starch production 

using different substrates including methanol, isopropanol and glycerol. The fermentation was 

performed for 24 h in YP medium with an initial OD600 of 0.5 and a carbon source composition 

of 20 g L-1 methanol and 5 g L-1 glucose. For 20 g L-1 glycerol, the fermentation lasted for 120 

h with an initial OD600 of 0.5 in YP medium for 120 h fermentation. In the case of 20 g L-1 

isopropanol, the fermentation was carried out for 120 h with an initial OD600 of 4 in YP medium. 

All data are presented as mean ± SD of biological triplicates (n=3). 



 

Supplementary Fig. 16 Manipulating regulatory genes in glucose repression pathway for 

glucose production (a and b). All data are presented as mean ± SD of biological triplicates 

(n=3). 

 

 

Supplementary Fig. 17 The effect of reg1Δ and hxk2Δ on sucrose production. All data are 

presented as mean ± SD of biological triplicates (n=3). 



 

 

Supplementary Fig. 18 Analysis of metabolites of gsy013 for glucose production form C1 

substrate methanol during fed-batch fermentation. All data are presented as mean ± SD of 

biological triplicates (n=3). 

 

Supplementary Fig. 19 Analysis of metabolites of LY033 for glucose production form C2 

substrate ethanol during fed-batch fermentation. All data are presented as mean ± SD of 

biological duplicates (n=3). 

 

 



Supplementary Fig. 20 Analysis of metabolites of gsy013 for glucose production form C3 

substrate glycerol during fed-batch fermentation. All data are presented as mean ± SD of 

biological triplicates (n=3). 

 

 

Supplementary Fig. 21 Analysis of metabolites of AT10 for sucrose production form 

ethanol during fed-batch fermentation. All data are presented as mean ± SD of biological 

triplicates (n=3). 

 

 

Supplementary Fig. 22 Protein content of the engineered strains. All data are presented as 

mean ± SD of biological triplicates (n=3). 

 

Supplementary tables 

Supplementary Table 1 Plasmids used in this study. 

Plasmid Relevant characteristics Reference 

pJFE3  2 μm, AmpR, URA3 1 

pQC005 2 μm, AmpR, URA3, gRNA-X-3  Lab collction 

pQC029 2 μm, AmpR, URA3, gRNA-X-2 Lab collction 

pQC030 2 μm, AmpR, URA3, gRNA-XI-1 Lab collction 

pQC135 2 μm, AmpR, URA3, gRNA-XI-2, gRNA-XII-3 Lab collction 

pQC190 2 μm, AmpR, URA3, gRNA-X-3, gRNA-XII-5 Lab collction 

pQC035 2 μm, AmpR, URA3, gRNA-XI-1, gRNA-XII-5 Lab collction 



pTht001 2 μm, AmpR, URA3, gRNA-SUC2 This study 

pTht002 2 μm, AmpR, URA3, gRNA-MAL, gRNA-IMA This study 

pTht003 2 μm, AmpR, URA3, gRNA-IMA5 This study 

pTht004 2 μm, AmpR, URA3, gRNA-GLC3, gRNA-GSY1 This study 

pTht005 2 μm, AmpR, URA3, gRNA-GSY2 This study 

pTht006 2 μm, AmpR, URA3, gRNA-GDB1 This study 

pTht007 2 μm, AmpR, URA3, gRNA-GLG1 This study 

pTht008 2 μm, AmpR, URA3, gRNA-GLG2 This study 

pTht009 2 μm, AmpR, URA3, gRNA-GPH1 This study 

pTht010 2 μm, AmpR, URA3, gRNA-GAL1 This study 

pTht011 2 μm, AmpR, URA3, gRNA-TKL1, gRNA-TKL2 This study 

pTht012 2 μm, AmpR, URA3, gRNA-XKS1 This study 

pTht013 2 μm, AmpR, URA3, gRNA-XKL2 This study 

pTht014 2 μm, AmpR, URA3, gRNA-GRE3 This study 

pTht015 2 μm, AmpR, URA3, GAL1p-PGP-FBA1t This study 

pWX01 2 μm, AmpR, URA3, gRNA-PFK1, gRNA-PFK2 This study 

pLY006 2μm, ampR, URA3, gRNA1-MIG1 This study 

pLY007 2μm, ampR, URA3, gRNA1-REG1 This study 

pLY008 2μm, ampR, URA3, gRNA1-RGT1 This study 

pLY009 2μm, ampR, URA3, gRNA1-SNF1 (381-414)  This study 

pLY010 2μm, ampR, URA3, gRNA1-SNF1 (381-488) This study 

pLY011 2μm, ampR, URA3, gRNA1-PYK1, gRNA2-PYK2 This study 

pLY012 2μm, ampR, URA3, gRNA1-RAS1 This study 

pLY013 2μm, ampR, URA3, gRNA1-RAS2 This study 

pLY014 2μm, ampR, URA3, gRNA1-GPR1 This study 

pLY015 2μm, ampR, URA3, gRNA1-GPA2 This study 

Based vector 2 μm, hphMX, hphMX, Cas9 Prof. Gao 

pGsy001 2 μm, hphMX, hphMX, Cas9, gRNA-ku70 This study 

pGsy002 2 μm, hphMX, hphMX, Cas9, gRNA-GLK1 This study 

pGsy003 2 μm, hphMX, hphMX, Cas9, gRNA-HXK1 This study 

pGsy004 2 μm, hphMX, hphMX, Cas9, gRNA-HXK2 This study 

pGsy005 2 μm, hphMX, hphMX, Cas9, gRNA-HXK iso2 This study 

pGsy006 2 μm, hphMX, hphMX, Cas9, gRNA-GSY This study 

pGsy007 2 μm, hphMX, hphMX, Cas9, gRNA-GLG This study 

pGsy008 2 μm, hphMX, hphMX, Cas9, gRNA-II-4 This study 

pGsy009 2 μm, hphMX, hphMX, Cas9, gRNA-II-5 This study 

 

Supplementary Table 2 Strains used in this study. 

Name Genotype Base 

strain 

Reference 

Lab001 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 CEN.P

K 113-

11C 

Lab 

collection 

Glucose in S. cerevisiae 



LY031 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) 

LY031 2 

LY032 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) mig1Δ 

LY031 This study 

LY033 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) reg1Δ 

LY031 This study 

LY034 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) pfk1Δ::(TEF1p-FBP1-FBA1t) pfk2Δ 

LY031 This study 

LY035 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) pyk1Δ::(TEF1p-PCK1-FBA1t) pyk2Δ 

LY031 This study 

LY037 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) Snf1(381-488)Δ 

LY031 This study 

LY039 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) Snf1(381-414)Δ 

LY031 This study 

LY045 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) pyk1Δ::(TEF1p-PCK1-FBA1t) pyk2Δ 

pfk1Δ::(TEF1p-FBP1-FBA1t) pfk2Δ 

LY031 This study 

LY061 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) rgt1Δ 

LY031 This study 

LY062 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) rgt1Δ::(TEF1p-HXT1-FBA1t) 

LY031 This study 

LY063 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) rgt1Δ::(TEF1p-HXT4-FBA1t) 

LY031 This study 

LY064 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) X3::(CCW12p-CAT8-ADH1t) 

LY031 This study 

LY065 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) X3::(CCW12p-ADR1-ADH1t) 

LY031 This study 

LY066 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) ras1Δ 

LY031 This study 

LY067 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ LY031 This study 



hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) ras2Δ 

LY068 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) X3::(ENO2p-RAS1-ADH1t) 

LY031 This study 

LY069 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) X3::(TEF1p-RAS2-PYK1t) 

LY031 This study 

LY070 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) X3::(PYK1t-RAS2-TEF1p-ENO2p-

RAS1-ADH1t) 

LY031 This study 

LY071 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) gpr1Δ 

LY031 This study 

LY072 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) gpa2Δ 

LY031 This study 

LY073 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) X3::(CCW12p-BCY1-ADH1t) 

LY031 This study 

LY074 MATa ura3-52 can1Δ::cas9-natNT2 TRP1 LEU2 HIS3 glk1Δ 

hxk1Δ hxk2Δ emi2Δ::(TEF1p-YHIX-DIT1t) YLR446WΔ:: 

(CCW12p-AGPP-PYK1t) X3::(CCW12p-PDE1-ADH1t) 

LY031 This study 

Glucose in P. pastoris 

GS115 his4  Lab 

collection 

gsy002 his4 Δku70::RAD52 GS115 This study 

gsy003 his4 Δku70::RAD52 Δglk1 gsy002 This study 

gsy007 his4 Δku70::RAD52 Δglk1 Δhxk1 gsy003 This study 

gsy010 his4 Δku70::RAD52 Δglk1 Δhxk1 Δhxk2 gsy007 This study 

gsy012 his4 Δku70::RAD52 Δglk1 Δhxk1 Δhxk2 Δhxk iso2 gsy010 This study 

gsy013 his4 Δku70::RAD52 Δglk1 Δhxk1 Δhxk2 Δhxk iso2::YHIX1 gsy010 This study 

Myo-inositol 

WX020 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 Δpfk1 

Δpfk2 

Lab01 This study 

WX051 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 Δpfk1 

Δpfk2 XI-2::(TDH3p-SUHB-CYC1t)+(TEF1Pp-GDH2-ADH2t) 

XII-3::(PGK1p-INO1-PYK1t)+(CCW12p-ITR1-FBA1t) 

WX02

0 

This study 

RYT02 his4 Δku70::RAD52 II-4::(ADH2t-ITR1-GAP)+(DAS1t-INO1-

DAS2p)+(AOX1p-SUHB-PMP20t) 

gsy002 This study 

Glucosamine 

CT01 LY031, X2::(TDH3p-GLMD-ADH1t)+(CCW12p-GLMP-

FBA1t) 

  



CT02 LY031, X2::(TDH3p-GLMD-ADH1t)+(CCW12p-GLMP-

FBA1t) X3::(TDH3p-GLMD-ADH1t)+(CCW12p-GLMP-

FBA1t) XII-5::(TDH3p-GLMD-ADH1t)+(CCW12p-GLMP-

FBA1t) 

CT01 This study 

CT03 LY031, X2::(TDH3p-GLMD-ADH1t)+(CCW12p-GLMP-

FBA1t) X3::(TDH3p-GLMD-ADH1t)+(CCW12p-GLMP-

FBA1t) XII-5::(TDH3p-GLMD-ADH1t)+(CCW12p-GLMP-

FBA1t) XI-1::(CCW12p-GLMP-FBA1t) 

CT02 This study 

CT04 LY031, X2::(TDH3p-GLMD-ADH1t)+(CCW12p-GLMP-

FBA1t) X3::(TDH3p-GLMD-ADH1t)+(CCW12p-GLMP-

FBA1t) XII-5::(TDH3p-GLMD-ADH1t)+(CCW12p-GLMP-

FBA1t) XI-1::(CCW12p-GLMP-FBA1t) reg1Δ 

CT03 This study 

CT05 LY031, X2::(TDH3p-GLMD-ADH1t)+(CCW12p-GLMP-

FBA1t) X3::(TDH3p-GLMD-ADH1t)+(CCW12p-GLMP-

FBA1t) XII-5::(TDH3p-GLMD-ADH1t)+(CCW12p-GLMP-

FBA1t) XI-1::(CCW12p-GLMP-FBA1t) hxk2Δ 

CT04 This study 

RYT01 his4 Δku70::RAD52 II-4::(PMP20t-GLMD-TEF1)+(GAP1p-

GLMP-ADH2t) 

gsy002 This study 

RYT02 his4 Δku70::RAD52 II-4::(PMP20t-GLMD-TEF1)+(GAP1p-

GLMP-ADH2t) II-5::(PMP20t-GLMD-TEF1)+(GAP1p-

GLMP-ADH2t) 

RYT01  

Xylose and xylitol 

ET01 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 tkl1Δ 

tkl2Δ 

Lab01 This study 

ET02 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 tkl1Δ 

tkl2Δ X-2::(CCW12p-XYLA-FBA1t) 

ET01 This study 

ET03 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 tkl1Δ 

tkl2Δ xks1Δ X-2::(CCW12p-XYLA-FBA1t) 

ET02 This study 

ET04 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 tkl1Δ 

tkl2Δ xks1Δ xyl2Δ::(ADH1t-ARAL-TDH3p)+(CCW12p-XYLA-

FBA1t) 

ET03 This study 

ET05 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 tkl1Δ 

tkl2Δ xks1Δ xyl2Δ::(ADH1t-ARAL-TDH3p)+(CCW12p-XYLA-

FBA1t) gre3Δ 

ET04 This study 

Sucrose 

AT01 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 suc2Δ Lab01 This study 

AT02 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 suc2Δ 

mal12Δ mal22Δ mal32Δ ima1Δ ima2Δ ima3Δ ima4Δ 

AT01 This study 

AT03 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 suc2Δ 

mal12Δ mal22Δ mal32Δ ima1Δ ima2Δ ima3Δ ima4Δ ima5Δ 

AT02 This study 

AT04 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 suc2Δ 

mal12Δ mal22Δ mal32Δ ima1Δ ima2Δ ima3Δ ima4Δ ima5Δ 

106a::(TEF1p-SUF1-PGK1t) 

AT03 This study 

AT05 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 suc2Δ AT04 This study 



mal12Δ mal22Δ mal32Δ ima1Δ ima2Δ ima3Δ ima4Δ ima5Δ 

106a::(TEF1p-SUF1-PGK1t) X-2::(TDH3p-SPS-ADH1t)+

（CCW12p-SPP-FBA1t） 

AT06 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 suc2Δ 

mal12Δ mal22Δ mal32Δ ima1Δ ima2Δ ima3Δ ima4Δ ima5Δ 

106a::(TEF1p-SUF1-PGK1t) X-2::(TDH3p-SPS-

ADH1t)+(CCW12p-SPP-FBA1t) X-3::(TEF1p-GLGC-

PYK1t)+(ENO2p-UGP1-UGP1t) 

AT05 This study 

AT07 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 suc2Δ 

mal12Δ mal22Δ mal32Δ ima1Δ ima2Δ ima3Δ ima4Δ ima5Δ 

106a::(TEF1p-SUF1-PGK1t) X-2::(TDH3p-SPS-

ADH1t)+(CCW12p-SPP-FBA1t) X-3::(TEF1p-GLGC-

PYK1t)+(ENO2p-UGP1-UGP1t)+(TDH3p-SPS-

ADH1t)+(CCW12p-SPP-FBA1t) 

AT06 This study 

AT08 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 suc2Δ 

mal12Δ mal22Δ mal32Δ ima1Δ ima2Δ ima3Δ ima4Δ ima5Δ 

106a::(TEF1p-SUF1-PGK1t) X-2::(TDH3p-SPS-

ADH1t)+(CCW12p-SPP-FBA1t) X-3::(TEF1p-GLGC-

PYK1t)+(ENO2p-UGP1-UGP1t)+(TDH3p-SPS-

ADH1t)+(CCW12p-SPP-FBA1t) XI-1::(TEF1p-SUF1-PGK1t) 

AT07 This study 

AT09 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 suc2Δ 

mal12Δ mal22Δ mal32Δ ima1Δ ima2Δ ima3Δ ima4Δ ima5Δ 

106a::(TEF1p-SUF1-PGK1t) X-2::(TDH3p-SPS-

ADH1t)+(CCW12p-SPP-FBA1t) X-3::(TEF1p-GLGC-

PYK1t)+(ENO2p-UGP1-UGP1t)+(TDH3p-SPS-

ADH1t)+(CCW12p-SPP-FBA1t) XI-1::(TEF1p-SUF1-PGK1t) 

XII-5::(TEF1p-SUF1-PGK1t) 

AT08 This study 

AT10 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 suc2Δ 

mal12Δ mal22Δ mal32Δ ima1Δ ima2Δ ima3Δ ima4Δ ima5Δ 

106a::(TEF1p-SUF1-PGK1t) X-2::(TDH3p-SPS-

ADH1t)+(CCW12p-SPP-FBA1t) X-3::(TEF1p-GLGC-

PYK1t)+(ENO2p-UGP1-UGP1t)+(TDH3p-SPS-

ADH1t)+(CCW12p-SPP-FBA1t) XI-1::(TEF1p-SUF1-PGK1t) 

XII-5::(TEF1p-SUF1-PGK1t) Δreg1 

AT09 This study 

AT11 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 suc2Δ 

mal12Δ mal22Δ mal32Δ ima1Δ ima2Δ ima3Δ ima4Δ ima5Δ 

106a::(TEF1p-SUF1-PGK1t) X-2::(TDH3p-SPS-

ADH1t)+(CCW12p-SPP-FBA1t) X-3::(TEF1p-GLGC-

PYK1t)+(ENO2p-UGP1-UGP1t)+(TDH3p-SPS-

ADH1t)+(CCW12p-SPP-FBA1t) XI-1::(TEF1p-SUF1-PGK1t) 

XII-5::(TEF1p-SUF1-PGK1t) Δhxk2 

AT10 This study 

RYT03 his4 Δku70::RAD52 II-4::(PGIp-SUF1-DAS1t)+(ADH2t-SPS-

GAP1p)+(TEF1p-SPP-PMP20t) 

gsy002 This study 

Starch 



BT01 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ:: 

(TDH3p-GLGC-ADH1t) GLC3::(TEF1p-BE3-PGK1t) 

Lab01 This study 

BT02 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ Lab01 This study 

BT03 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ:: 

(TDH3p-GLGC-ADH1t) glc3Δ::(TEF1p-BE3-PGK1t) 

gsy1Δ::(TDH3p-SS3-PGK1t) 

BT01 This study 

BT04 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ 

glc3Δ gsy1Δ 

BT02 This study 

BT05 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ:: 

(TDH3p-GLGC-ADH1t) glc3Δ::(TEF1p-BE3-PGK1t) 

gsy1Δ::(TDH3p-SS3-PGK1t) gdb1Δ 

BT03 This study 

BT06 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ 

glc3Δ gsy1Δ gdb1Δ 

BT04 This study 

BT07 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ:: 

(TDH3p-GLGC-ADH1t) glc3Δ::(TEF1p-BE3-PGK1t) 

gsy1Δ::(TDH3p-SS3-PGK1t) gdb1Δ glg1Δ 

BT05 This study 

BT08 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ 

glc3Δ gsy1Δ gdb1Δ glg1Δ 

BT06 This study 

BT09 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ:: 

(TDH3p-GLGC-ADH1t) glc3Δ::(TEF1p-BE3-PGK1t) 

gsy1Δ::(TDH3p-SS3-PGK1t) gdb1Δ glg1Δ glg2Δ::(TDH3p-

ISA2-ADH1t)+(CCW12-ISA1-FBA1t) 

BT07 This study 

BT11 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ 

glc3Δ gsy1Δ gdb1Δ glg1Δ Δglg2 

BT08 This study 

BT12 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ:: 

(TDH3p-GLGC-ADH1t) glc3Δ::(TEF1p-BE3-PGK1t) 

gsy1Δ::(TDH3p-SS3-PGK1t) gdb1Δ glg1Δ glg2Δ::(TDH3p-

ISA2-ADH1t)+(CCW12-ISA1-FBA1t) gph1Δ 

BT09 This study 

BT13 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ 

glc3Δ gsy1Δ gdb1Δ glg1Δ Δglg2 gph1Δ 

BT11 This study 

BT14 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ:: 

(TDH3p-GLGC-ADH1t) glc3Δ::(TEF1p-BE3-PGK1t) 

gsy1Δ::(TDH3p-SS3-PGK1t) gdb1Δ glg1Δ glg2Δ::(TDH3p-

ISA2-ADH1t)+(CCW12-ISA1-FBA1t) gph1Δ XI-1::(GAL1p-

PGP-FBA1t) 

BT12 This study 

BT15 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ:: 

(TDH3p-GLGC-ADH1t) glc3Δ::(TEF1p-BE3-PGK1t) 

gsy1Δ::(TDH3p-SS3-PGK1t) gdb1Δ glg1Δ glg2Δ::(TDH3p-

ISA2-ADH1t)+(CCW12-ISA1-FBA1t) gph1Δ gal1Δ 

BT12 This study 

BT16 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ:: 

(TDH3p-GLGC-ADH1t) glc3Δ::(TEF1p-BE3-PGK1t) 

gsy1Δ::(TDH3p-SS3-PGK1t) gdb1Δ glg1Δ glg2Δ::(TDH3p-

ISA2-ADH1t)+(CCW12-ISA1-FBA1t) gph1Δ XI-1::(GAL1p-

PGP-FBA1t) gal1Δ 

BT14 This study 



BT17 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3gsy2Δ 

glc3Δ gsy1Δ gdb1Δ glg1Δ Δglg2 gph1Δ gal1Δ 

BT13 This study 

Lab0101 MATa ura3-52 can1::cas9-natNT2 TRP1 LEU2 HIS3 with 

pJFE3 

Lab01 This study 

Lab0102 MATa ura3-52 can1::cas9-natNT2 TRP1 LEU2 HIS3 with 

pTht013 

Lab01 This study 

BT1201 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ:: 

(TDH3p-GLGC-ADH1t) glc3Δ::(TEF1p-BE3-PGK1t) 

gsy1Δ::(TDH3p-SS3-PGK1t) gdb1Δ glg1Δ glg2Δ::(TDH3p-

ISA2-ADH1t)+(CCW12-ISA1-FBA1t) gph1Δ with pJFE3 

BT12 This study 

BT1202 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ:: 

(TDH3p-GLGC-ADH1t) glc3Δ::(TEF1p-BE3-PGK1t) 

gsy1Δ::(TDH3p-SS3-PGK1t) gdb1Δ glg1Δ glg2Δ::(TDH3p-

ISA2-ADH1t)+(CCW12-ISA1-FBA1t) gph1Δ with pTht013 

BT12 This study 

BT1301 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 gsy2Δ 

glc3Δ gsy1Δ gdb1Δ glg1Δ Δglg2 gph1Δ with pJFE3 

BT13 This study 

RYT06 his4 Δku70::RAD52 Δgsy gsy002 This study 

RYT17 his4 Δku70::RAD52 Δgsy Δglg::(PMP20t-ISA1-

PET9p)+(PGI1p-GLGC-DAS1t)+(GAP1t-BE3-

TEF1p)+( GAP1p-SS3-ADH2t) 

RYT06 This study 

RYT20 his4 Δku70::RAD52 Δgsy Δglg::(PMP20t-ISA1-

PET9p)+(PGI1p-GLGC-DAS1t)+(GAP1t-BE3-

TEF1p)+( GAP1p-SS3-ADH2t) II-5::(GAP1p-PGP-PMP20t) 

RYT17 This study 

Isopropanol 

DT01 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 X-

3::(TDH3p-YlAACS-TDH2t)+(TEF1p-CbADH-PGK1t) 

Lab01 This study 

DT02 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 X-

3::(TDH3p-RnAACS-TDH2t)+(TEF1p-CbADH-PGK1t) 

Lab01 This study 

DT03 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 X-

3::(TDH3p-YlAACS-TDH2t)+(TEF1p-CbADH-PGK1t) X-

2::(TDH3p-ACXB-ADH1t)+(CCW12p-ACXA-

FBA1t)+(TEF1p-ACXC-PYK1t) 

DT01 This study 

DT04 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 X-

3::(TDH3p-RnAACS-TDH2t)+(TEF1p-CbADH-PGK1t) X-

2::(TDH3p-ACXB-ADH1t)+(CCW12p-ACXA-

FBA1t)+(TEF1p-ACXC-PYK1t) 

DT02 This study 

DT05 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 XI-

1::(TDH3p-ACMA-FBA1t)+(CCW12p-ACMB-DIT1t) 

Lab01 This study 

DT06 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 X-

3::(TDH3p-YlAACS-TDH2t)+(TEF1p-CbADH-PGK1t) XI-

1::(TDH3p-ACMA-FBA1t)+(CCW12p-ACMB-DIT1t) 

DT01 This study 

DT07 MATa ura3-52 can1∆::cas9-natNT2 TRP1 LEU2 HIS3 X-

3::(TDH3p-RnAACS-TDH2t)+(TEF1p-CbADH-PGK1t) XI-

1::(TDH3p-ACMA-FBA1t)+(CCW12p-ACMB-DIT1t) 

DT02 This study 



 

Supplementary Table 3 Codon optimized genes in this study. 

Gene Sequence (5’‐3’) 

SUF1 ATGGATAATCCATCTACTAATGAATCTTCAAATATTTCTTCAATTCATCTAGAA

TCAGCTAGTAATAGAAAACCAACTCCATTAATTAAGATGATTGCTGTTGCTTC

TATTGCTGCTGGTATTCAATTTGGATGGGCTTTACAATTGTCATTATTAACTCC

TTATATTCAATTATTAGGTGTTCCACATAAATGGGCTGCAAATATATGGTTGTG

TGGTCCAATTTCTGGTATGATTATTCAACCAATAGTTGGTTACTATAGTGATCG

TAATAGATCTAGGTTTGGTAGAAGGAGACCTTTTATTTTCTTTGGTGCTATAGC

TGTTGCTGTTGCTGTATTTTTGATTGGTTTTGCTGCTGATATTGGACATTCTTTT

GGTGACGATTTGAAGAAAAAGACTAGACCTAAAGCTGTTGTAATTTTTGTTTT

TGGTTTTTGGATTTTAGATGTTGCTAATAACATGTTGCAAGGTCCATGTAGAGC

TTTTATTGGTGACTTAGCTGCTGATGATCATAGAAGAATGAGAACAGGTAATG

CTTTATTTTCATTTTTCATGACTGTTGGTAATGTTTTAGGTTACGCTGCTGGTAG

TTATAGAAAATTGTTTATGATGTTACCATTCACTAAAACTGAAGCTTGTAATG

AATTTTGTGCAAACTTAAAAACATGTTTCTTTATTGCTATATTTTTGTTGATTTT

GTTGTCTACTTTCGCTTTATTGTACGTTGAAGATATTCCATTACCATCTATTGA

ATCTCAATCTCAAACTCAAACACAAACACAATCTGAACCTGAACAACAAGTTT

CTTGTTTCGGTGAAATTTTAGGTGCTTTTAATGGTTTACAAAAACCTATGTGGA

TGTTGATGTTAGTTACAGCTATTAATTGGATTGCTTGGTTTCCTTTCTTTTTATT

TGATACTGATTGGATGGGTCATGAAGTTTACGGTGGAAATCCAGGAGATGATG

CTTATAATAGAGGTGTTAGAGCTGGTGCAATGGGTTTAATGATAAACGCTGTA

GTTTTAGCTTTAATGTCTTTAGCAGTTGAACCTTTAGGTAGATTTGTAGGCGGT

GCTAAAAGATTGTGGGGTATTGTTAATATTATTTTAGCAGTTGGTTTAGCAAT

GACAATTGTTATTACTAAAGCTGCTCAACATGAAAGACATGTATCTAATGGTA

ATACTCCAAGTGCAGGTATTTCTGCTGCTAGTTTTGCATTTTTCGCTTTGTTAG

GTATTCCTTTAGCTATTAATTTTTCAGTTCCTTTTGCTTTGGCATCTATATATTC

ATCTGCTAGTGGTGCAGGTCAAGGTTTATCCTTGGGTGTTTTGAATATTGCAAT

TGTTGTTCCACAAATGATTGTATCTGCTTTATCAGGTCCATGGGATTCATTGTT

TGGTGGTGGTAACTTGCCAGCTTTTGTTGTTGGTATTGGTGCAGCTGTTATCTC

TGGTGTTTTAGCAATTATTATTTTACCAACTCCAAAAGCTACTGATGTTGCTAA

AGTTCCAATTGCTGGTGGTTTTCATTAA 

SPP ATGAGACAATTGTTGTTGATTTCTGATTTGGATAACACTTGGGTCGGCGATCA

ACAAGCTTTGGAACATTTGCAAGAATACTTGGGTGACAGAAGAGGTAACTTTT

ACTTGGCTTACGCTACTGGTAGATCCTACCACTCTGCTAGAGAATTGCAAAAG

CAAGTTGGTTTGATGGAACCAGATTACTGGTTGACTGCTGTTGGTTCTGAAAT

CTATCATCCAGAAGGTTTAGATCAACACTGGGCTGATTACTTGTCCGAACATT

GGCAAAGAGATATTTTGCAAGCTATTGCTGATGGTTTTGAAGCCTTGAAGCCA

CAATCTCCATTAGAACAAAACCCATGGAAAATTTCTTATCACTTAGATCCACA

AGCTTGTCCAACCGTTATTGATCAATTGACCGAAATGTTGAAGGAAACTGGTA

MT01 his4 ku70Δ::RAD52 XII-4::(PGI1p-CbADH-DAS1t)+(GAP1p-

ACMA-ADH2t)+(TEF1p-ACMB-PMP20t) 

gsy002 This study 

MT02 his4 ku70Δ::RAD52 XII-4::(PGI1p-CbADH-DAS1t)+(AOX1p-

ACMA-ADH2t)+(DAS2p-ACMB-PMP20t) 

gsy002 This study 



TTCCAGTTCAAGTTATTTTCTCCTCTGGTAAAGATGTTGACTTGTTACCACAAC

GTTCTAATAAGGGTAACGCTACTCAATACTTGCAACAACATTTGGCTATGGAA

CCATCTCAAACTTTGGTTTGTGGTGACTCTGGTAACGATATTGGTTTGTTTGAA

ACTTCTGCTAGAGGTGTTATTGTTAGAAACGCTCAACCAGAATTGTTGCATTG

GTACGATCAATGGGGTGACTCTAGACATTACAGAGCTCAATCTTCTCATGCTG

GTGCTATCTTGGAAGCTATTGCTCATTTTGATTTCTTGTCTTAA 

SPS ATGTCTTACTCCTCTAAGTACATTTTGTTGATTTCTGTTCATGGTTTGATTAGA

GGTGAAAACTTAGAATTAGGTAGAGATGCTGATACTGGTGGTCAAACCAAAT

ACGTTTTGGAATTAGCTAGAGCTCTAGTTAAAAATCCACAAGTAGCTAGAGTT

GATCTTTTGACAAGATTAATTAAGGATCCAAAAGTTGATGCTGATTATGCACA

ACCTAGAGAATTAATTGGTGACAGAGCTCAAATTGTTAGAATTGAATGTGGTC

CTGAAGAATATATCGCTAAAGAAATGTTGTGGGATTACTTAGATAACTTCGCT

GATCACGCTTTAGATTACCTAAAGGAACAACCTGAATTGCCTGATGTTATTCA

TTCTCACTACGCTGATGCTGGTTACGTTGGTACTAGATTGTCACACCAATTGGG

TATCCCATTAGTTCATACTGGTCACTCTTTAGGTCGTTCTAAGAGAACTAGACT

ATTATTGTCTGGTATTAAGGCTGATGAAATTGAATCTAGATACAATATGGCCA

GACGTATTAACGCTGAAGAAGAAACTTTAGGTTCAGCTGCCAGAGTCATTACC

TCTACTCACCAAGAAATCGCAGAACAATATGCTCAATACGATTATTACCAACC

AGATCAAATGCTTGTCATTCCACCAGGTACTGATTTGGAAAAGTTTTACCCAC

CAAAAGGTAATGAATGGGAAACCCCAATTGTTCAAGAATTACAAAGATTCTT

GAGACACCCAAGAAAGCCAATTATCTTGGCCTTGTCTCGTCCAGATCCAAGAA

AGAACATTCATAAGTTGATTGCAGCTTATGGCCAATCTCCACAACTACAAGCC

CAAGCTAACCTAGTCATCGTTGCTGGTAACCGGGACGACATTACTGATTTGGA

TCAAGGTCCACGTGAAGTGTTGACCGATTTGTTGTTAACAATTGATAGGTACG

ATTTGTATGGCAAGGTTGCTTATCCTAAGCAAAACCAAGCTGAGGACGTTTAT

GCTTTATTCCGTCTTACTGCTTTGTCCCAAGGTGTATTCATTAATCCAGCTTTG

ACTGAACCTTTTGGTTTGACTTTGATTGAAGCCGCTGCTTGTGGTGTCCCCATT

GTTGCTACTGAAGATGGCGGTCCTGTTGATATCATCAAGAATTGTCAAAATGG

TTATTTGATTAACCCGTTGGATGAAGTTGATATCGCAGATAAGTTATTGAAAG

TTTTGAACGATAAGCAACAATGGCAATTCTTATCAGAATCTGGTTTGGAAGGC

GTTAAAAGGCACTATTCTTGGCCATCCCATGTTGAATCTTATCTTGAAGCTATT

AACGCGTTGACTCAACAAACTTCAGTTTTGAAACGTTCTGACTTAAAAAGAAG

AAGAACCTTGTACTACAACGGTGCCTTGGTTACCAGTTTAGATCAAAACTTGT

TGGGTGCTTTACAAGGTGGTTTACCTGGCGACAGACAAACTTTGGATGAATTG

TTAGAAGTTTTGTACCAACATAGAAAGAACGTCGGTTTTTGTATTGCCACAGG

TAGAAGGTTGGATTCTGTCTTGAAGATTTTGAGAGAATACAGAATCCCACAAC

CTGATATGTTGATCACCTCTATGGGTACTGAGATCTACTCCTCTCCTGATTTGA

TTCCTGATCAATCTTGGCGTAATCATATTGACTATTTGTGGAACAGAAATGCA

ATTGTTAGAATTTTAGGTGAATTGCCAGGCTTAGCTTTGCAACCAAAGGAAGA

ACTATCTGCTTACAAGATCAGTTACTTTTACGACGCCGCTATTGCACCAAACCT

AGAAGAAATTAGACAATTGTTACATAAAGGTGAACAAACCGTGAACACTATC

ATTAGCTTTGGTCAATTCTTGGATATTTTGCCAATTAGAGCTTCTAAGGGTTAC

GCTGTCAGATGGTTATCGCAACAATGGAATATTCCATTAGAACATGTTTTTAC

TGCTGGTGGTTCAGGCGCTGATGAAGATATGATGAGAGGTAACACTTTGTCTG



TTGTAGTTGCTAATAGACATCACGAAGAATTGTCTAATCTAGGTGAAATTGAA

CCAATCTACTTCTCCGAAAAGAGATACGCTGCTGGTATTTTGGATGGTTTGGC

TCACTACAGATTCTTCGAATTGTTAGACCCAGTTTAA 

GLMP ATGATTAAGGTTTTGTTGTTGGATGTTGATGGTACTTTGTTGTCTTTTGAAACT

CACAAGGTTTCTCAATCTTCTATTGACGCCTTGAAGAAGGTTCATGATTCTGGT

ATTAAGATCGTCATTGCTACTGGTAGAGCTGCTTCCGATTTGCATGAAATTGA

TGCTGTTCCATATGATGGTGTTATTGCCTTGAACGGTGCTGAATGTGTTTTGAG

AGATGGTTCTGTTATTAGAAAGGTTGCTATTCCAGCTCAAGATTTTAGAAAGT

CTATGGAATTAGCTCGTGAATTCGATTTCGCTGTTGCTTTAGAATTGAATGAA

GGTGTTTTTGTTAATAGATTGACCCCAACTGTTGAACAAATTGCTGGTATCGTT

GAACACCCAGTTCCACCAGTTGTTGATATTGAAGAAATGTTCGAAAGAAAAG

AATGTTGTCAATTATGTTTCTACTTCGATGAAGAAGCTGAACAAAAGGTTATG

CCATTGTTGTCTGGTTTGTCTGCTACTAGATGGCATCCATTGTTTGCTGACGTT

AACGTTGCTGGTACTTCAAAGGCTACTGGTTTATCTTTGTTCGCTGATTACTAT

AGAGTTAAGGTTTCTGAAATTATGGCTTGTGGCGATGGTGGTAACGATATTCC

AATGTTGAAGGCTGCTGGTATTGGTGTTGCTATGGGTAACGCCTCCGAAAAGG

TTCAATCTGTTGCTGATTTCGTTACTGATACTGTTGATAACTCTGGTTTGTACA

AGGCTTTGAAGCATTTCGGTGTTATTTAA 

GLMD ATGAAGGTTATGGAATGTCAAACTTACGAAGAATTGTCTCAAATCGCTGCTAG

AATTACTGCTGATACTATTAAGGAAAAGCCAGATGCTGTTTTGGGTTTAGCTA

CTGGTGGTACTCCAGAAGGTACTTATAGACAATTGATTAGATTACATCAAACT

GAAAATTTGTCTTTCCAAAATATTACTACTGTTAACTTAGATGAATACGCTGGT

TTGTCCTCTGATGATCCAAACTCTTACCATTTTTACATGAATGATAGATTTTTC

CAACATATTGATTCTAAGCCATCTAGACATTTTATTCCAAACGGTAACGCTGA

TGATTTGGAAGCTGAATGTAGAAGATATGAACAATTAGTTGATTCTTTGGGTG

ACACTGATATTCAATTATTAGGTATTGGTAGAAATGGTCATATTGGTTTCAAT

GAACCAGGTACTTCCTTCAAATCTAGAACTCACGTCGTTACTTTAAACGAACA

AACTAGACAAGCTAACGCTAGATACTTCCCATCTATCGATTCTGTTCCTAAGA

AGGCTTTGACTATGGGTATTCAAACTATTTTGTCTAGTAAGAGAATTTTGTTGT

TGATTTCTGGTAAATCTAAGGCTGAAGCTGTTAGAAAGTTGTTGGAAGGTAAC

ATTTCAGAAGATTTCCCAGCTTCTGCTTTGCATCTACATTCTGATGTTACTGTT

TTGATTGATAGAGAAGCTGCTTCTTTGAGACCATAA 

XYLA ATGGAATTCAATATGCAAGCTTACTTCGATCAATTGGATAGAGTTAGATACGA

AGGTTCTAAGTCTTCAAACCCATTGGCTTTTAGACATTACAACCCAGATGAAT

TGGTTTTGGGTAAAAGAATGGAAGAACATTTGAGATTTGCTGCATGTTACTGG

CATACTTTTTGTTGGAATGGTGCTGATATGTTTGGTGTTGGTGCTTTTAATAGA

CCATGGCAACAACCAGGTGAAGCTTTGGCATTAGCTAAGAGAAAGGCTGATG

TTGCATTCGAATTTTTCCATAAGTTGCATGTTCCATTCTATTGTTTTCATGATGT

TGATGTTTCTCCAGAAGGTGCTTCATTGAAGGAATACATCAACAACTTTGCTC

AAATGGTTGATGTTTTAGCAGGTAAACAAGAAGAATCTGGTGTTAAGTTGTTA

TGGGGTACTGCTAACTGTTTCACAAACCCAAGATATGGTGCAGGTGCTGCAAC

TAATCCAGATCCAGAAGTTTTCTCTTGGGCTGCAACTCAAGTTGTTACAGCTAT

GGAAGCAACACATAAGTTGGGTGGTGAAAACTACGTTTTGTGGGGTGGTAGA

GAAGGTTACGAAACTTTGTTGAACACAGATTTGAGACAAGAAAGAGAACAAT



TAGGTAGATTCATGCAAATGGTTGTTGAACATAAGCATAAGATCGGTTTCCAA

GGTACTTTGTTGATCGAACCAAAACCACAAGAACCAACTAAGCATCAATACG

ATTACGATGCTGCAACAGTTTATGGTTTCTTGAAACAATTTGGTTTAGAAAAG

GAAATTAAATTGAACATCGAAGCTAATCATGCAACTTTAGCTGGTCATTCTTT

TCATCATGAAATTGCAACAGCTATTGCATTGGGTTTATTTGGTTCAGTTGATGC

TAATAGAGGTGACGCACAATTGGGTTGGGATACAGATCAATTCCCAAACTCTG

TTGAAGAAAACGCTTTGGTTATGTACGAAATCTTGAAAGCAGGTGGTTTTACT

ACAGGTGGTTTGAACTTCGATGCTAAAGTTAGAAGACAATCAACTGATAAGTA

CGATTTGTTTTATGGTCATATTGGTGCAATGGATACAATGGCTTTGGCATTGAA

GATCGCTGCAAGAATGATCGAAGATGGTGAATTGGATAAGAGAATCGCTCAA

AGATACTCTGGTTGGAACTCAGAATTGGGTCAACAAATCTTGAAGGGTCAAAT

GTCATTGGCAGATTTGGCTAAATACGCACAAGAACATCATTTGTCTCCAGTTC

ATCAATCAGGTAGACAAGAACAATTGGAAAATTTGGTTAATCATTATTTGTTT

GATAAATAA 

PGP ATGGCTACCGCTAACGGTGCTCACTTGTTTAATCACTATTCTTCTAACTCTCGT

TTCATTCATTTCACTTCTAGAAACACTTCTTCCAAGTTGTTTTTGACTAAAACT

TCTCACTTTAGACGTCCTAAGAGATGTTTCCATGTTAACAACACTTTGTCTGAA

AAGATCCATCACCCAATCACTGAACAAGGTGGTGAATCTGATTTGTCATCCTT

TGCCCCAGATGCTGCCTCTATTACTTCCTCTATTAAGTACCATGCTGAATTCAC

TCCAGTTTTCTCTCCAGAAAGATTTGAATTGCCAAAGGCCTTTTTCGCTACCGC

TCAATCTGTTAGAGACTCTTTGTTGATTAATTGGAACGCTACATACGACATCTA

CGAAAAATTGAACATGAAGCAAGCCTATTACTTGTCTATGGAATTCCTTCAAG

GTAGGGCTTTGTTGAACGCTATTGGTAATCTTGAATTAACAGGTGCCTTTGCG

GAAGCTTTAAAGAATTTGGGTCATAACTTGGAAAATGTTGCTTCCCAAGAACC

TGATGCAGCTTTGGGTAACGGTGGTCTAGGTAGATTAGCTTCATGTTTTCTAG

ACTCCTTAGCTACTTTAAACTACCCTGCTTGGGGTTACGGTTTAAGATATAAGT

ATGGTTTGTTTAAACAAAGAATTACTAAAGACGGTCAAGAAGAGGTGGCTGA

AGATTGGCTAGAAATTGGTTCTCCATGGGAAGTTGTCCGTAATGACGTATCTT

ACCCAATCAAGTTCTACGGCAAGGTTTCTACCGGTTCCGATGGAAAGAGATAT

TGGATCGGTGGTGAAGATATCAAAGCTGTAGCTTATGATGTTCCAATTCCAGG

TTACAAGACCAGAACCACCATTTCTTTGAGACTGTGGTCTACCCAAGTTCCAT

CAGCTGACTTTGACCTATCAGCCTTTAATGCTGGTGAACACACCAAAGCTTGT

GAAGCTCAAGCTAACGCTGAAAAGATTTGTTATATCTTATACCCAGGTGACGA

ATCTGAAGAAGGCAAAATTTTAAGGTTGAAACAACAATATACCTTATGTTCTG

CTTCATTGCAAGATATCATTTCCAGATTCGAAAGAAGATCCGGAGACAGAATT

AAGTGGGAAGAATTCCCTGAAAAAGTCGCAGTTCAAATGAATGATACACATC

CAACTCTGTGTATTCCAGAATTGATGAGAATCTTGATCGACCTTAAAGGTTTG

AATTGGAATGAAGCCTGGAATATAACTCAAAGAACCGTTGCTTATACAAACC

ATACAGTTTTGCCAGAAGCTTTGGAAAAGTGGTCTTATGAACTAATGCAAAAG

TTATTACCACGTCACGTTGAGATCATTGAAGCTATTGATGAAGAACTAGTTCA

TGAAATTGTTTTAAAATACGGTTCTATGGACCTGAATAAGTTGGAAGAAAAGT

TGACTACTATGAGAATTTTAGAAAATTTTGATTTGCCAAGTAGTGTTGCTGAA

TTGTTTATCAAGCCAGAAATTAGTGTAGATGACGACACTGAAACTGTTGAAGT

TCATGATAAAGTCGAAGCTTCTGACAAGGTTGTCACTAATGATGAAGATGACA



CAGGTAAAAAGACCTCTGTTAAGATTGAAGCCGCAGCTGAAAAGGATATTGA

TAAAAAGACCCCTGTTTCTCCAGAACCAGCTGTTATTCCACCTAAAAAAGTTA

GAATGGCTAACTTGTGTGTTGTTGGTGGTCACGCCGTTAACGGTGTCGCCGAA

ATTCATTCCGAAATCGTTAAAGAAGAAGTTTTTAATGATTTTTATGAATTATGG

CCTGAAAAATTCCAAAATAAGACTAATGGTGTTACTCCACGTAGATGGATTAG

ATTCTGTAATCCACCATTATCCGCAATCATCACCAAGTGGACTGGAACTGAAG

ATTGGGTTCTTAAAACTGAAAAATTAGCTGAATTGCAAAAATTTGCTGATAAC

GAAGATCTACAAAATGAATGGCGTGAAGCCAAGAGATCCAATAAGATCAAAG

TTGTTTCATTCTTAAAAGAGAAAACAGGTTACTCTGTTGTCCCTGATGCTATGT

TCGATATTCAAGTTAAAAGAATTCATGAGTACAAGCGTCAATTGTTGAATATC

TTTGGTATTGTTTACAGATATAAGAAGATGAAAGAAATGACAGCCGCTGAAA

GAAAAACAAACTTTGTTCCACGTGTTTGTATTTTTGGTGGAAAGGCTTTTGCA

ACTTATGTTCAAGCTAAAAGAATTGTTAAGTTCATCACAGATGTCGGTGCTAC

CATTAATCACGATCCAGAAATAGGTGACTTATTGAAGGTCGTTTTCGTTCCAG

ATTACAACGTTAGTGTCGCAGAATTGTTAATCCCTGCTTCTGATTTGTCTGAAC

ATATTTCAACCGCCGGTATGGAAGCCTCCGGTACATCTAATATGAAGTTCGCT

ATGAATGGTTGTATTCAAATTGGTACCTTAGACGGTGCAAATGTTGAAATTAG

AGAAGAAGTCGGTGAAGAAAATTTCTTCTTGTTTGGTGCTCAGGCACATGAAA

TTGCTGGTTTGAGAAAGGAAAGAGCTGATGGAAAGTTCGTCCCAGATGAACG

TTTTGAAGAAGTTAAGGAATTTGTTAGATCCGGTGCTTTTGGTTCATATAACTA

TGATGACTTAATTGGTTCTTTAGAAGGTAATGAAGGTTTTGGTAGAGCTGACT

ACTTCTTAGTCGGTAAAGATTTCCCATCTTACATTGAATGTCAAGAGAAGGTT

GATGAAGCTTATAGAGATCAAAAGAGATGGACTACTATGAGTATTTTGAACA

CTGCAGGTTCTTATAAGTTCTCTTCTGATAGAACTATTCATGAATATGCTAAAG

ATATTTGGAACATTGAAGCCGTTGAAATTGCTTAA 

CbADH ATGAAAGGTTTTGCTATGTTGGGTATTAATAAGTTAGGTTGGATTGAAAAAGA

AAGACCAGTTGCTGGTTCTTATGATGCTATTGTTAGACCATTAGCTGTTTCACC

ATGTACATCTGATATTCATACAGTTTTTGAAGGTGCATTAGGTGACAGAAAAA

ATATGATTTTGGGTCATGAAGCTGTTGGTGAAGTAGTTGAAGTTGGTTCAGAA

GTTAAAGATTTTAAACCAGGCGATAGAGTAATAGTTCCTTGTACTACTCCAGA

TTGGAGATCTTTAGAAGTCCAAGCTGGTTTTCAACAACATTCTAATGGAATGT

TAGCTGGTTGGAAATTTTCTAATTTTAAAGATGGTGTATTTGGTGAATATTTTC

ATGTTAATGATGCTGATATGAATTTGGCTATTTTGCCAAAAGATATGCCATTG

GAAAATGCTGTTATGATTACTGATATGATGACAACTGGTTTTCATGGTGCCGA

ATTAGCTGATATTCAAATGGGTTCATCTGTTGTTGTTATTGGTATTGGTGCAGT

TGGTCTAATGGGTATTGCTGGTGCTAAATTAAGAGGTGCCGGTAGAATTATTG

GTGTTGGTTCAAGACCAATTTGTGTTGAAGCAGCTAAATTTTATGGTGCTACT

GATATTTTGAATTATAAAAATGGTCATATTGTTGATCAAGTTATGAAATTAAC

TAATGGAAAGGGTGTTGATAGAGTTATTATGGCCGGTGGTGGTTCAGAAACTT

TAAGTCAAGCTGTCTCTATGGTTAAACCAGGTGGTATAATTTCAAATATTAAT

TATCATGGTTCCGGAGATGCTTTGTTAATCCCAAGAGTTGAATGGGGTTGTGG

TATGGCTCATAAAACAATCAAAGGTGGTTTATGTCCAGGTGGTAGATTGAGAG

CTGAAATGTTGAGAGATATGGTTGTTTATAATAGAGTTGATTTGTCTAAATTA

GTTACTCATGTTTATCATGGTTTTGATCATATTGAAGAAGCTTTGTTGTTAATG



AAAGATAAACCTAAAGATTTGATAAAAGCAGTTGTTATTTTGTAA 

RnAACS ATGTCTAAATTAGCTAGATTAGAAAGAGAAGAAATAATGGAATGTCAAGTTA

TGTGGGAACCAGATTCTAAAAAAGATACACAAATGGATAGATTTCGTGCTGC

AGTAGGTACTGCTTGTGGTTTAGCTTTAGGTAATTATGATGACTTATACCATTG

GTCTGTTAGATCTTACTCTGATTTTTGGGCTGAATTTTGGAAATTTTCTGGAAT

TGTTTGTTCTAGAATGTATGATGAAGTTGTTGATACATCTAAAGGTATTGCTGA

TGTTCCCGAATGGTTTAGAGGTTCAAGACTTAATTATGCAGAAAACTTATTAA

GACATAAAGAAAATGATAGAGTTGCATTATATGTTGCTAGGGAAGGTAGAGA

AGAAATTGCTAAAGTTACTTTTGAAGAATTAAGACAACAAGTTGCTTTATTTG

CTGCAGCTATGAGAAAAATGGGTGTTAAAAAAGGCGATAGGGTTGTTGGTTA

CTTACCTAACTCTGCACATGCAGTAGAAGCTATGTTAGCTGCTGCATCTATTG

GTGCAATTTGGTCATCTACTAGTCCAGATTTTGGTGTTAATGGTGTTTTAGATA

GATTCTCTCAAATTCAACCTAAATTAATCTTTTCAGTTGAAGCTGTTGTTTATA

ATGGTAAAGAACATGGTCATCTAGAAAAGTTACAAAGAGTTGTAAAAGGTTT

GCCAGATCTTCAAAGAGTTGTTTTAATTCCATATGTTTTGCCAAGAGAAAAAA

TTGATATTTCTAAAATTCCAAATTCAATGTTTTTGGATGACTTTTTAGCTTCAG

GTACCGGTGCACAAGCTCCACAATTAGAATTTGAACAATTACCTTTTTCACAT

CCATTATTCATTATGTTCAGTTCTGGTACTACTGGTGCTCCAAAATGTATGGTA

CATTCAGCTGGAGGTACTTTGATTCAACATTTGAAAGAACATGTTTTACATGG

TAATATGACTTCTAGTGATATTTTGTTGTATTACACTACTGTTGGTTGGATGAT

GTGGAATTGGATGGTTTCTGCTCTAGCAACTGGTGCTTCTTTGGTTTTATATGA

TGGTTCTCCATTAGTTCCAACTCCTAACGTTTTATGGGACTTGGTAGATAGAAT

TGGTATTACAATATTAGGTACTGGTGCTAAATGGTTGTCTGTTTTAGAAGAAA

AAGATATGAAACCAATGGAAACTCATAATTTGCATACATTACATACTATATTA

TCAACAGGTTCCCCATTGAAAGCTCAATCTTATGAATACGTTTATAGATGTATT

AAGTCAACTGTCTTGTTAGGTTCTATTTCAGGTGGAACTGATATTATTTCTTGT

TTTATGGGTCAAAATTCTTCTATTCCAGTTTATAAAGGTGAAATTCAAGCTAG

AAATTTGGGTATGGCAGTTGAAGCTTGGGATGAAGAAGGTAAAACAGTTTGG

GGTGCTTCTGGTGAATTAGTTTGTACTAAACCAATTCCTTGTCAACCAACACAT

TTTTGGAATGATGAAAACGGTTCTAAGTATAGAAAAGCTTATTTTTCTAAATA

CCCTGGTGTATGGGCACATGGTGACTATTGTAGAATCAACCCAAAAACAGGTG

GAATTGTTATGTTAGGTAGATCTGATGGTACACTAAATCCAAATGGTGTAAGA

TTTGGTAGTTCTGAAATATATAATATTGTTGAAGCTTTTGATGAAGTTGAAGAT

TCTTTGTGTGTTCCACAATATAATAGAGATGGTGAAGAAAGAGTTGTTTTATTT

TTGAAAATGGCTTCAGGTCATACTTTTCAACCAGACTTAGTTAAACATATTAG

GGATGCTATAAGATTAGGTTTAAGTGCCAGACATGTTCCATCTTTGATTTTAG

AAACACAAGGTATTCCATATACAATTAATGGTAAAAAAGTTGAAGTTGCTGTT

AAACAAGTTATTGCTGGTAAAACTGTTGAACATAGAGGTGCATTTTCAAATCC

AGAATCTTTAGATTTGTATAGAGATATACCTGAATTACAAGATTTTTAA 

YlAACS ATGTTTAGTGTTAGAAAACATATTACTAAAGCTTTATTACAAACTAGATTTTAC

TCTGCTGCTGCTAGATCTAAAGTATACGCATCTCCAGATGAAGCTGTTAAAGA

TGTAAAATCTGGTGACTTAGTTTTAAGTGGTGGTTTTGGTATTTGTGGTATTCC

AGATACTTTAATTTCAGCATTACAAAAAAGAGGTAATGTTAAAGATTTGACTG

TTGTTAGTAATAATTGTGGTATAGAAGGTAAAGGTTTATCTAAATTGTTAGAA



AATGGTCAAATTTCTAAGTTTATTGGTTCATATGTTGGTGGTAATAAGTTTTTC

GAAGCTGCATATCTTAATGGTGAATTGGAATTAGAATTGACACCTCAAGGTAC

TATTGCTGAAAGATGTAGAGCTGCAGGTGCAGGTATTCCTGCTGTTTATACAC

CAGCAGGTGCAAATACATGGTTAGAACAAGGTAAAATTCCTACTTTATATGCA

AAAACTTCTGATGGTTCTGGTGCTGTTATAAAAACTAATACACCAAGAGAAAC

TAGAGAGTTTAATGGTAGAAAATTTGTTTTAGAAAATGCTTTAAATGGTGACG

TTAGTTTAATTAAGGCTTGGAAAGCTGATACATTAGGTAATTTGGTTTTTAGA

GCTACATCTAATAATTTTAATGGTGCTATGGCCAGAGCTGGTAAATTAACTAT

TGCTGAAGCTGAAGAAATAGTTGAACCAGGTGAAATTAAGCCAGAAGAAGTT

CATGTTCCAGGTGTTTATGTACATAGAGTTGTTAAGTCTACTGCTAAAAAAGA

TATTGAAATTGTTAAAAATTCTTCACCAAAGTCATCAGATGGTGCTGCTGATC

CAGCTTCTATGTCTGCTTCTGCTTTAAGAAGAGAAAAAATAGTTAGAAGAGCA

GCTCAAGAATTCAAAGATGGAATGTTCGCTAATTTGGGTATTGGTATGCCAAC

ATTAGCTCCAAATCACGTTTCTGATGATATTCATGTTATATTGCAATCTGAAAA

TGGTATTTTAGGTTTAGGTCCATATCCTGAACCTGGTAAAGAAGATCCAGATT

ATATAAATGCTGGTAAAGAAACTGTTACTTTAGATAAAGGTGCATCAGTTTTT

GGATCTGAAGAATCTTTTGCTATGATTAGAGCTGGTAAAATTGATATGAGTAT

TTTAGGTGCTATGCAAGTTTCTGGTAATGGAGATCTAGCTAATTGGGCTTTGCC

AGGTATGATCAAAGGTATGGGTGGTGCTATGGATTTGGTTGCTAATCCACTAA

ATACTAGAGTTGTAGTTGTAATGGATCATGTTGATAAGAAAGGTAGACCTAAA

ATTTTGAAAGAATGTCAATTTCCATTGACTGGTAGTAGATGTGTTAGTAGAAT

TATTACTGATTTGGCAGTTTTTGATGTTGATATTGCTAATAATGGTGGTTTAAC

ATTAATTGAAATAGCTGAAGGTGAAACTGTTGAATCTATAAGAGAAAAAACT

GAAGCTCCATTTGAAGTTTCTAAAGACTTAAAAACTATTGATGTTTTGTAA 

ACXB ATGAATGTTACAGTTGATCAATCTACTTTAGCTGGTGCTACTAGAGGTATTGTT

AGAGGTGGTGAAACTTTGAAAGAACATAGAGATAGATTAATGGCTGCAACTA

AAGCTACTGGTAGATATGCTGGTTTGAAAACACTAGAATTGAGGGAAAGGGA

ACCAATTTTGTATAATAAGTTGTTCAGTAGATTGAGAGCAGGTGTTGTTGATG

CTAGAGAAACAGCTAAAAAGATTGCTGCTTCTCCAATTGTTGAACAAGAAGGT

GAATTGTGTTTCACTTTGTATAATGCTGCAGGTGACTCTTTGTTGACATCTACT

GGTATAATTATTCATGTTGGCACAATGGGTGCTGCTATAAAATATATGATTGA

AAATAACTGGGAAGCTAATCCAGGTGTTCATGATAAAGATATTTTCTGTAATA

ATGATTCTTTAATTGGTAATGTTCATCCATGTGATATTCATACTATTGTCCCAA

TATTTTGGGAAGGTGAATTAATAGGTTGGGTAGGCGGTGTTACACATGTCATT

GATACTGGTGCTGTTGGTCCAGGTAGTATGGCTACTGGTCAAGTACAAAGATT

TGGAGATGGTTATTCTATTACTTGTAGGAAAGTTGGTGCTAATGATACACTTTT

TAGAGATTGGCTTCATGAATCTCAAAGAATGGTTAGAACAACTAGATACTGGA

TGTTAGATGAAAGAACTAGAATTGCTGGTTGTCATATGATCAGAAAATTAGTT

GAAGAAGTAGTTGCTGAAGAAGGTATTGAAGCTTATTGGAAATTTGCTTATGA

AGCAGTTGAACATGGTAGATTAGGATTGCAAGCTAGAATCAAAGCTATGACT

ATTCCAGGTACATATAGACAAGTTGGATTTGTTGATGTTCCTTATGCTCATGAA

GATGTTAGAGTTCCTAGTGATTTCGCTAAACTTGATACAATAATGCATGCTCCT

TGTGAAATGACTATTAGAAGAGATGGTACTTGGAGATTAGATTTTGAAGGATC

AAGTAGATGGGGTTGGCATACTTATAATGCTCATCAAGTTAGTTTTACATCAG



GTATTTGGGTAATGATGACACAAACATTAATTCCATCTGAAATGATTAATGAT

GGTGCTGCTTATGGTACAGAATTCAGATTGCCAAAAGGTACTTGGATGAATCC

TGATGATAGAAGAGTTGCTTTTTCCTATTCATGGCACTTTTTAGTTTCAGCTTG

GACAGCTTTATGGAGAGGTTTAAGTAGATCTTATTTTGGTAGAGGTTACTTAG

AAGAAGTTAATGCAGGTAATGCTAATACTTCTAACTGGTTACAAGGTGGTGGT

TTTAATCAATATGATGAAATTCATGCTGTAAATTCTTTTGAATGTGCTGCTAAT

GGTACAGGAGCTACTGCTGTTCAAGATGGTTTGTCTCATGCAGCTGCAATTTG

GAATCCTGAAGGCGATATGGGTGACATGGAAATATGGGAATTAGCTGAACCA

TTAGTTTATTTGGGTAGACAAATTAAGGCTTCTTCTGGTGGTAGTGGTAAATAT

AGAGGTGGTTGTGGTTTTGAATCTCTAAGAATGGTTTGGAATGCTAAAGATTG

GACTATGTTCTTTATGGGTAATGGTCATATTTCTTCTGATTGGGGTTTGATGGG

TGGTTACCCAGCTGCATCAGGCTATAGATTTGCAGCTCATAAAACTAACTTAA

AAGAATTGATTGCTTCTGGTGCAGAAATTCCTTTAGGTGGAGATACTGATCCA

GAAAATCCAACTTGGGATGCTATGTTACCTGATGCACAAATCAAAAGAGATA

AACAAGCTATTACTACTGAAGAAATGTTTTCTGATTATGATTTGTACTTAAATT

ATATGAGAGGTGGACCTGGTTTTGGCGATCCATTGGATAGAGAACCTCAAGCT

GTTGCTGATGATATTAATGGTGGTTATGTTTTAGAAAGATTTGCTGGTGAAGTT

TACGGTGTAGTTGTTAGAAAAGGTGCTGATGGTCAATATGGTGTTGATGAAGC

AGGTACTGCTGCTGCTAGAGCACAAATTAGAAAAGATAGATTAGCTAAGTCT

GTTCCAGTTTCTGAATGGATGAAAGGTGAAAGAGAAAAGATTTTAGCTAAAG

ATGCTGGTACACAAGTTAGACAAATGTTTGCTGCATCTTTTAAATTAGGTCCT

AGATTTGAAAAAGATTTTAGAACTTTTTGGTCATTGCCTGATTCTTGGACTTTA

CCAGAAGAAGAAATTGGTGTTCCAACTTACGGTTCTAGATATTCAATGGATAT

TAGTGAATTGCCTGATGTTCATACTGTTCAATTTGTTGAAGAATAA 

ACXA ATGGTTAATGTTCCAGTAGGTCATTTGAGAAATGTTCAAGTTTTGGGTATTGAT

GCTGGTGGTACTATGACTGATACTTTCTTTGTTGATCAAGATGGTGACTTTGTT

GTTGGTAAAGCTCAATCTACTCCACAAAATGAAGCTTTAGGTTTGATTGCTTCT

AGTGAAGATGGTTTAGCTAATTGGGGAATGTCTTTGCATGAAGCTTTAGCTCA

ATTACAAACTGGTGTTTACTCTGGTACTGCTATGTTGAATAGAGTTGTCCAAA

GAAAGGGTTTAAAATGTGGTTTAATTGTTAATAGAGGTATGGAAGATTTTCAT

AGAATGGGTAGAGCTGTTCAATCTCACTTAGGTTATGCATATGAAGATAGAAT

TCACTTGAATACCCATAGATATGATCCTCCATTGGTACCTAGACATTTGACAA

GAGGTGTTGTTGAAAGAACTGATATGATTGGTACACAAGTTATTCCATTAAGA

GAAGATACTGCTAGAGATGCAGCTAGAGATTTGATTGCTGCTGATGCTGAAGG

TATTGTTATTTCTTTATTGCATTCTTACAAGAATCCAGAAAATGAAAGAAGAG

TTAGAGATATAGTTTTAGAAGAAGTTGAAAAATCTGGAAAGAAAATTCCAGT

CTTTGCTAGTGCTGATTATTATCCAGTTAGAAAGGAAACACATAGAACTAATA

CAACTATTTTAGAAGGTTACGCTGCTGAACCATCTAGGCAAACCTTATCAAAA

ATTTCTAATGCCTTTAAAGAAAGAGGAACTAAATTTGATTTTAGAGTCATGGC

CACCCATGGTGGTACTATATCATGGAAAGCTAAGGAATTAGCTAGAACAATA

GTTTCTGGTCCAATAGGTGGAGTTATTGGTGCTAAATATCTAGGTGAAGTTTT

AGGTTATAAAAATATTGCTTGTTCAGATATTGGTGGTACTTCATTTGATGTAGC

TTTGATTACTCAAGGCGAAATGACTATTAAGAATGATCCTGATATGGCTAGAT

TAGTTTTGTCTTTACCATTAGTTGCTATGGACTCTGTAGGTGCAGGTAGAGGTA



GTTTTATAAGGTTAGATCCATATACTAGAGCTATAAAATTAGGTCCTGATTCT

GCTGGTTATAGAGTAGGTGTTTGTTGGAAAGAATCAGGTATTGAAACTGTAAC

AATTTCAGATTGTCATATGGTTTTAGGTTATCTAAATCCAGATAACTTTTTAGG

TGGTGCTGTTAAATTGGATAGACAAAGATCTGTTGATGCTATAAAAGCTCAAA

TAGCTGATCCATTAGGTTTATCAGTTGAAGATGCAGCTGCTGGTGTTATAGAG

TTATTAGATTCTGATTTGAGAGATTATTTGAGAAGTATGATTTCTGGTAAAGGT

TATTCCCCAGCATCTTTTGTTTGTTTTTCTTATGGTGGTGCAGGTCCAGTTCAC

ACATATGGTTATACTGAAGGATTAGGTTTTGAAGATGTTATTGTTCCAGCATG

GGCTGCTGGTTTTTCAGCTTTTGGTTGTGCTGCAGCTGATTTTGAATATAGATA

TGATAAATCTTTAGATATTAATATGCCAACTGAAACCCCAGATACTGATAAAG

AAAAAGCTGCTGCAACTTTACAAGCTGCATGGGAAGAATTAACTAAAAATGT

ATTAGAAGAATTCAAATTGAATGGTTATTCTGCTGATCAAGTAACTTTACAAC

CTGGTTATAGAATGCAATATAGAGGTCAATTGAATGATCTAGAAATTGAATCT

CCTTTAGCACAAGCACATACTGCTGCAGATTGGGATCAATTAACTGATGCTTT

TAATGCAACTTACGGTAGAGTTTATGCAGCTTCTGCTAGATCTCCAGAATTAG

GTTATAGTGTTACTGGTGCTATTATGAGAGGTATGGTTCCTATTCCAAAGCCA

AAAATTCCAAAAGAACCAGAAGAAGGTGAAACACCACCTGAATCAGCTAAAA

TTGGAACTAGGAAATTTTATAGAAAAAAGAGATGGGTTGATGCTCAATTATAT

CATATGGAATCATTAAGACCAGGTAATAGAGTTATGGGTCCAGCTGTTATTGA

ATCTGATGCAACAACTTTTGTAGTTCCAGATGGTTTTGAAACTTGGTTAGATG

GTCATAGATTATTTCATTTGAGAGAAGTTTAA 

ACXC ATGGCTTATACTAGATCTAAAATTGTTGATTTGGTTGATGGTAAAATTGATCC

AGATACTTTGCATCAAATGTTGTCTACTCCAAAAGATCCAGAAAGATTTGTTA

CTTATGTTGAAATTTTGCAAGAAAGAATGCCATGGGATGATAAAATTATTTTG

CCTTTAGGTCCAAAATTATTCATTGTTCAACAAAAAGTTTCTAAAAAATGGAC

TGTTAGATGTGAATGTGGTCATGATTTTTGTGATTGGAAAGATAATTGGAAAT

TGTCTGCTAGAGTTCATGTTAGAGATACTCCACAAAAAATGGAAGAAATCTAT

CCAAGATTGATGGCTCCAACTCCATCTTGGCAAGTTATTAGAGAATATTTTTGT

CCAGAATGTGGTACTTTGCATGATGTTGAAGCTCCAACTCCATGGTATCCAGT

TATTCATGATTTTTCTCCAGATATTGAAGGTTTTTATCAAGAATGGTTGGGTTT

GCCAGTTCCAGAAAGAGCTGATGCTTAA 

ACMA ATGTCTACTACTACTTTGGATGCTGCTGTTATTGGTACAGGTGTCGCTGGTTTG

TATGAATTACATATGTTAAGAGAACAGGGTTTAGAAGTTAGAGCTTATGATAA

AGCTTCTGGTGTAGGAGGTACTTGGTATTGGAATAGATATCCAGGTGCTAGAT

TTGATAGTGAAGCATATATATATCAATATTTGTTTGATGAAGATTTGTATAAG

GGTTGGTCATGGTCTCAAAGATTTCCAGGTCAAGAAGAAATTGAAAGATGGTT

GAATTATGTTGCTGATTCATTGGATTTGAGAAGAGATATTTCATTGGAAACTG

AAATTACTTCAGCAGTTTTTGATGAAGATAGAAATAGATGGACTTTGACTACT

GCTGATGGCGATACTATTGATGCTCAATTTTTAATTACTTGTTGTGGTATGTTG

TCAGCTCCAATGAAAGACTTATTTCCTGGTCAATCTGATTTTGGTGGTCAATTA

GTTCATACCGCTAGATGGCCAAAAGAAGGTATTGATTTCGCAGGTAAAAGAG

TCGGTGTTATTGGTAATGGTGCTACTGGTATTCAAGTTATTCAATCAATTGCAG

CTGATGTTGATGAATTGAAGGTTTTTATAAGAACTCCACAATATGCATTACCT

ATGAAGAATCCTAGTTATGGTCCAGATGAAGTAGCTTGGTATAAATCTAGATT



TGGTGAATTGAAAGATACTTTACCTCATACTTTTACAGGTTTTGAATATGATTT

TACAGATGCATGGGAAGATTTGACTCCTGAACAAAGAAGAGCTAGATTGGAA

GATGATTATGAAAATGGTAGTTTGAAATTATGGTTAGCTTCTTTTGCTGAAAT

ATTTTCTGATGAACAAGTTTCTGAAGAAGTTTCTGAATTTGTTAGAGAAAAAA

TGAGAGCTAGATTAGTTGATCCTGAATTATGTGATTTGTTAATTCCATCTGATT

ATGGTTTTGGTACTCATAGAGTTCCATTAGAAACTAATTATCTAGAAGTTTACC

ATAGAGATAATGTTACTGCTGTTTTAGTAAGAGATAATCCAATTACTAGAATT

AGAGAAAATGGTATTGAATTGGCTGATGGTACTGTTCATGAATTAGATGTAAT

TATTATGGCTACTGGTTTTGATGCAGGTACAGGTGCTTTAACTAGAATAGATA

TTAGAGGTAGAGATGGTAGAACATTAGCTGATGATTGGTCTAGAGATATTAGA

ACTACAATGGGTTTAATGGTTCATGGTTATCCAAATATGTTGACTACTGCAGTT

CCATTAGCTCCTTCAGCTGCTTTGTGTAATATGACTACTTGTTTGCAACAACAA

ACTGAATGGATTTCTGAAGCCATTAGACATTTGAGAGCTACAGGTAAAACTGT

TATTGAACCAACAGCTGAAGGTGAAGAAGCTTGGGTTGCTCATCATGATGAAT

TAGCTGATGCTAATTTGATTTCTAAAACTAATTCATGGTATGTTGGTAGTAATG

TTCCAGGTAAACCTAGAAGAGTTTTATCATATGTTGGTGGTGTTGGTGCTTATA

GAGATGCAACATTAGAAGCTGCTGCTGCTGGTTATAAAGGTTTTGCATTATCT

TA 

ACMB ATGACTTCTACTTTTTCTTCTTTAGATGTTTCTGCTTTTACTTCAGCTGCTGATA

GAATTTTAGCTGAAGCTGTTACTGGTGACGCTAGAGTTCCAGGTGTTGTAGCT

ATGGTTACTGATAGAGATAGAACTGTTTATTCAGGTGCTGCTGGTCAAAGATC

TTTAGGTGGTTCTGCTCCAATGACTACTGATGATGTTTTTGCTATCTTTTCTACT

ACTAAAGCTATTACTGCTACAGCAGCATTACAATTAGTTGAAGAAGGTTTATT

AGATTTGGATGCTCCAGCTAGTACTTATGCTCCAGCTATAGGAACATTACAAG

TTATTGAAGGTTTTGATGATGCTGGTGAACCAATTTTGAGAGCTCCTAAATCT

GTACCAACAACTAGACAATTATTAACTCATACTGGTGGTTTTGGTTATGATTTC

TTTGATGAAATATATAATAGATTAGCTGAAGAAAAAGGTCAACCATCTGTTAC

TACAGCTTCTAGAGCTGCTTTAATGACTCCATTATTATTTGATCCAGGTGAAAG

ATGGCAATATGGTACTAATATTGATTGGGTTGGTCAAGTTGTTGAAGGTTTAA

GAGGTAAAAGATTGGGTGAAGTTTTTGCTGAAAGAATATTTGCTCCATTAGGT

ATTGAAAATATGAGTTTTATTTTAAGAGAAGATTTTAGATCTCACTTAACTGA

AATTCATGCTAGAAATGCTGATGGTAGTTTGACACCAATGGGTTTAGAATTGC

CATCACCACCAGAAGTTGATTTTGGTGGTCATGGTTTATATGGTACAGTTGGT

GAATATATGAAATTCATTAGAATGTGGTTAAATGATGGTGTTGGTGAAGGTGG

TAGAGTTTTAAAAGCTGAAACAGTTGAAATGGCTTTAAGAAATCACTTAGGTG

ACTTACCAGTTACTATGTTACCAGGTGTTATTCCATCTTTATCTAATGATGCTG

AATTCTTTCCTGGTCAATCTAAATCTTGGTCTTTACCATTCATGATTAATAATG

AAACTGCACCAACTGGTAGACCAGCAGGTGCACAAGGTTGGGCTGGTTTAGC

TAATTTGTTTTATTGGATTGATAGACAAAATGGTTACGGTGGTTATTGGGCAA

CACAAATTTTACCATTTGGAGATCCAACTTCTTTTACTAAATATATGGAATTTG

AAACTGCTTTTTATGATGCTTTGAAATCTTAA 

SUHB ATGCACCCTATGCTTAACATAGCGGTTAGGGCCGCTAGAAAGGCTGGTAATTT

GATTGCTAAGAACTACGAAACCCCAGATGCTGTTGAAGCTTCTCAAAAGGGTT

CCAACGATTTCGTTACTAACGTTGATAAAGCTGCTGAAGCCGTTATTATCGAT



ACTATTAGAAAGTCTTACCCACAACATACTATCATTACTGAAGAATCTGGTGA

ATTGGAAGGTACTGATCAAGATGTTCAATGGGTTATTGATCCATTGGATGGTA

CTACTAACTTTATTAAGAGATTGCCACATTTCGCCGTTTCTATTGCTGTTAGAA

TTAAGGGTAGAACCGAAGTCGCTGTTGTTTACGATCCTATGCGTAACGAATTG

TTCACTGCTACTAGAGGTCAAGGTGCTCAATTGAACGGTTATAGATTAAGAGG

TTCTACTGCTAGAGACTTAGATGGTACCATTTTAGCTACTGGTTTCCCTTTCAA

GGCTAAGCAATACGCTACTACTTACATCAACATTGTTGGTAAATTGTTCAACG

AATGTGCTGATTTCAGACGTACTGGTTCCGCTGCTTTGGATTTGGCTTACGTTG

CTGCTGGTAGAGTTGACGGTTTCTTTGAAATTGGTTTGAGACCATGGGATTTC

GCTGCTGGTGAATTGTTGGTTAGAGAAGCTGGTGGTATTGTTTCCGATTTTACT

GGTGGTCATAACTATATGTTGACCGGTAATATCGTTGCTGGTAATCCAAGAGT

TGTTAAGGCTATGTTGGCTAACATGAGAGATGAATTGTCTGATGCTTTGAAGA

GATAA 

YIHX ATGTTGTACATTTTCGATTTGGGTAACGTTATTGTTGATATTGATTTCAACAGA

GTTTTGGGTGCTTGGTCTGATTTGACTAGAATTCCATTAGCTTCTTTGAAGAAG

TCTTTCCACATGGGTGAAGCTTTCCATCAACATGAAAGAGGTGAAATTTCTGA

TGAAGCTTTCGCTGAAGCTTTGTGTCATGAAATGGCTTTGCCATTGTCTTACGA

ACAATTCTCTCATGGTTGGCAAGCTGTTTTCGTTGCTTTGAGACCTGAAGTTAT

TGCTATTATGCATAAGTTGAGAGAACAAGGTCATAGAGTTGTTGTTTTGTCTA

ACACTAATAGATTGCATACTACTTTCTGGCCAGAAGAATACCCAGAAATTAGA

GATGCTGCTGATCATATCTACTTGTCTCAAGATTTGGGTATGAGAAAGCCAGA

AGCTAGAATCTACCAACATGTTTTGCAAGCTGAAGGTTTCTCTCCATCTGATA

CTGTTTTCTTCGATGATAACGCTGATAACATTGAAGGTGCTAACCAATTGGGT

ATTACTTCTATTTTAGTTAAGGATAAGACTACTATTCCAGATTACTTCGCTAAG

GTTTTGTGTTAA 

 

Supplementary Table 4 List of chemicals used in this study. 

Chemical Product code Source 

Glucosamine 346299 Merck Millipore 

Xylose A600998-0100 Sangon Biotech 

Xylitol A500997-0100 Sangon Biotech 

Sucrose V900116 Sigma-Aldrich 

Glucose V900392 Sigma-Aldrich 

Myo-inositol I0040 Sigma-Aldrich 

Acetonitrile 100029 Merck Millipore 

Methanol 106035 Merck Millipore 

Ethanol 64-17-5 Thermo Fisher Scientific 

Glycerol A501745-0500 Sangon Biotech 

Formate S817616 Shanghai Macklin Biochemical 

Ethylene glycol E103322 Shanghai Aladdin Biochemical Technology 

Oxalic acid J33351 Shanghai Jinsui Bio-Technology 

Isopropanol 67-63-0 Shanghai Lingfeng Chemical Reagent 

Propionate S12434 Shanghai Jinsui Bio-Technology 

Yeast Extract Power LP0021 Oxiod 



BactoTM Peptone 211677 Gibco 

SD-Ura PM2273 Coolaber Science & Technology 

BactoTM Agar 214010 Bacto 

5-fluoroorotic acid 703-95-7 Shanghai Yuanye Bio-Technology 

 

Supplementary Table 5 Primers used in this study. 

Primers Primers for Glucose (Sequences 5’-3’) 

mig1-up-F GATTTTATGGAGTGTTGATGAATG 

mig1-up-R GGCTATGGTAGTATGTCGTCTC 

mig1-dn-F TACGCTGACAAGTTTTTGGCG 

mig1-dn-R CATGAATGAGAGTTATTCTCTTGAC 

mig1-VF GTGCCTAATTCGTAATATCTCCAC 

mig1-VR CCTCAAAACTCTACTCCATGTTC 

reg1-up-F GTGGATATTGAAGGAAGGAATCAG 

reg1-up-R TTTTGGATTTTTCTTATCTCGTCTTCG 

reg1-dn-F AAGAAAGAATTTTGAAGTCAACATGAAG 

reg1-dn-R GGTGTTTCGCTTATTGACATTG 

reg1-VF GCCTCTTTTCTGACATAATATTGG 

reg1-VR CCCTCAGGAACAACAATTTTAGG 

snf1-D-up-F GCTTTTCAAGAATATCAGCAACG 

snf1-D-up-R CCTAATTTCGTTGAATGCAGG 

snf1-DI-dn-F CCTGCATTCAACGAAATTAGGGCCAACTTTTCAACAACAAAGC 

snf1-DA-dn-F CCTGCATTCAACGAAATTAGGGCTGCCTCTAAAATATCTCCTC 

snf1-D-dn-R GGGTAGGCTGAAAAAGTACTC 

snf1-SF GGCTGTTTCAATAATCATAGCG 

snf1-SR TCAAGATTGTTTACTTTATACAAAGGG 

pfk1-up-F CTCTTGATATGTGGGCTAAATC 

pfk1-up-R(TEF1p) GAGTAGAAACATTTTGAAGCTATCTTTGATATGATTTTGTTTCA

GATTTTTTATA 

TEF1p-F ATAGCTTCAAAATGTTTCTACTCC 

TEF1p-R TTTGTAATTAAAACTTAGATTAGATTGC 

fbp1-f(TEF1p) CTAATCTAAGTTTTAATTACAAAATGCCAACTCTAGTAAATGG

AC 

fbp1-R(FBA1t) CTATATCAATTAATTTGAATTAACCTACTGTGACTTGCCAATAT

GG 

FBA1t-F GTTAATTCAAATTAATTGATATAGTTTTTTAATG 

FBA1t-R AGTAAGCTACTATGAAAGACTTTAC 

pfk1-dn-F(FBA1t) GTAAAGTCTTTCATAGTAGCTTACTATGATTGCAATGAAAAGTT

TAAG 

pfk1-dn-R GTATTCGTAGACCGATGACAATAC 

pfk1-VF CTCTCTAATATCGAGCACACTG 

pfk1-VR CCGATTATCGGCACTAGTTTC 

pfk2-up-F GAATCTGACGGCACAAGAG 

pfk2-up-R GTGTAATAAAAGGTCATTTTCTTTGCGTATGGTTAGTTCTTGG 



pfk2-dn-F GCCAAGAACTAACCATACGCAAAGAAAATGACCTTTTATTACA

CTTTC 

pfk2-dn-R GACGAAAAATGTAGACCTTGTATC 

pfk2-VF GTCATTATATACGATACCGTCCAG 

pfk2-VR CTTTGTTTCTCCCCTTGATAAAAC 

pyk1-up-F CTTAATCCAGAAACTGGCACTT 

pyk1-up-R(TDH3p) GGCAGTATTGATAATGATAAACTCGATGTGATGATGTTTTATTT

GTTTTG 

tdh3p-F TCGAGTTTATCATTATCAATACTGCC 

tdh3p-R TTTGTTTGTTTATGTGTGTTTATTCG 

pck1-up-F(tdh3p) GAATAAACACACATAAACAAACAAAATGTCCCCTTCTAAAATG

AATG 

pck1-dn-R(eno2t) CTAATAATTCTTAGTTAAAAGCACTTTACTCGAATTGAGGACC

AGC 

ENO2t-F AGTGCTTTTAACTAAGAATTATTAGTC 

ENO2t-R AGGTATCATCTCCATCTCCCA 

pyk1-dn-F(ENO2t) CATATGGGAGATGGAGATGATACCTAAAAAGAATCATGATTGA

ATGAAGATA 

pyk1-dn-R GATTAAACCACCAAACGAAGGC 

pyk1-VF GCTCTATTGTTTTCCATCTCTCG 

pyk1-VR GAAACGCGAATAAATTTAGGACAC 

pyk2-up-F CGAGGAGAAATCAAGAGAAATTG 

pyk2-up-R GTAAAAAAAATAAGGACTTTAATTTTTACGATAGTGCTTTTGTT

GTAATCTTAC 

pyk2-dn-F GATTACAACAAAAGCACTATCGTAAAAATTAAAGTCCTTATTT

TTTTTAC 

pyk2-dn-R GAGAGAAGAGAGCCTACAGAAC 

pyk2-VF GATTTCATTGCTGCCTACATCA 

pyk2-VR GGAAGAACAGTTTATGAATGAACTAC 

rgt1-up-F CATCGTTTATCGTTTTCTGTGAC 

rgt1-up-R GAAGGGAGCATAGTTACCTGAATTTGAAATATATTGGAGTTTG

AGAG 

rgt1-dn-F CTCTCAAACTCCAATATATTTCAAATTCAGGTAACTATGCTCCC

TTC 

rgt1-dn-R CAGGGAAAGGAAATGCAAAAAC 

rgt1-VF CACTTTATTCGGTGTGATTGC 

rgt1-VR CATGGTACCTGCTGGAAGAAC 

Ku70_1_sgRNA_F TGAAGACGCCATGGGGGTCCTGATGAGTCCGTGAGGACGAAA

CGAGTAAGCTCGTCGACC 

Ku70_2_sgRNA_F AAACGAGTAAGCTCGTCGACCCCGGAGCTTCACGCGCGTTTTA

GAGCTAGAAATAGCAAG 

GLK1_1_sgRNA_F TGAAGACGCCATGAGTTCCCTGATGAGTCCGTGAGGACGAAAC

GAGTAAGCTCGTCGGAA 

GLK1_2_sgRNA_F AAACGAGTAAGCTCGTCGGAACTTGGGTCACGTAGGCGTTTTA



GAGCTAGAAATAGCAAG 

HXK iso2_1_sgRNA_F TGAAGACGCCATGTATGAGCTGATGAGTCCGTGAGGACGAAAC

GAGTAAGCTCGTCCTCA 

HXK iso2_2_sgRNA_F AAACGAGTAAGCTCGTCCTCATAAAGATTGCTCGTTAGTTTTA

GAGCTAGAAATAGCAAG 

HXK1_1_sgRNA_F TGAAGACGCCATGCTTTCTCTGATGAGTCCGTGAGGACGAAAC

GAGTAAGCTCGTCAGAA 

HXK1_2_sgRNA_F AAACGAGTAAGCTCGTCAGAAAGGTGTTGGCTAGTTAGTTTTA

GAGCTAGAAATAGCAAG 

HXK2_1_sgRNA_F TGAAGACGCCATGGGATGTCTGATGAGTCCGTGAGGACGAAAC

GAGTAAGCTCGTCACAT 

HXK2_2_sgRNA_F AAACGAGTAAGCTCGTCACATCCCAATGCTACCTACCGTTTTA

GAGCTAGAAATAGCAAG 

D_sgRNA_stru_Fw GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGT

TATCAACTTGAAAAAGT 

A_sgRNA_stru_Rw GGCCGGCATGGTCCCAGCCTCCTCGCTGGCGCCGGCTGGGCAA

CATGCTTCGGCATGGCG 

B_sgRNA_stru_Rw AGAAGACGCAAGCAGTCCAAAGCTGTCCCATTCGCCATGCCGA

AGCATGTTGCCCAGCCG 

C_sgRNA_stru_Rw AGGCTGGGACCATGCCGGCCAAAAGCACCGACTCGGTGCCACT

TTTTCAAGTTGATAACG 

Ku70 up-F GCTGGAATTGAATTTAGGTTAGGAAC 

Ku70 up-R(Rad52-1) CTTTCTTTCCTCTTTAGCCCCCAACCTACTTGCAATGCTTTTTAT

TATTCTCTGTGTTA 

Ku70 dn-F(Rad52-2) CAGAGCTATATGAATTTTTCCAGTCTATTTCGTGTTCCTTACTTT

TTCCTCGCAACGTG 

Ku 70 dn-R AAATAAGAAGAGCAGCGTCTTGAATCAGGC 

Ku70-F ATGAGTGTTGTCAGCAAGCAATAC 

Ku70-R TCAGGCCTTAGTCTCTTTGAACTTC 

Ku70 VF GGTGCTAAAGGATTGTGTGTCGATG 

Ku70 VR GACGGTTATTTGAAAATTAGCTATGCAC 

Rad52-1-R TAGGTTGGGGGCTAAAGAGGAAAGAAAGC 

Rad52-1-F TGTTTGTAGTGTAGGAGAGGACAACTTG 

Rad52-2-F(1-p) CAAGTTGTCCTCTCCTACACTACAAACAAGCCGTCTTTGGAGG

GGAAATCGAAGGTTTTG 

Rad52-2-R ATAGACTGGAAAAATTCATATAGCTCTGTAAATAG 

HXK1 dn-F TTTATGTTTAGAGCTAGAGAATAAGGG 

HXK1 dn-R ATGTTAAATGTTTTACTCTACTTCCTTTC 

HXK1 up-R(HXK1 dn) GAAAGGAAGTAGAGTAAAACATTTAACATTATGGTGTGATGAA

GTAGCAGAAGCTCTAG 

HXK1 up-F TTTAGACCTAATCTTTTTCTCTCTGATCCTC 

HXK1-F CTAGGCTTTTTTGTAAGCTTCAGCCAATC 

HXK1-R ATGCCTATTGCTAAACCAGCTAACCAGGT 

HXK1 VF ACCTTTGATAATGGTTGCCCCAG 



HXK1 VR CGAAATCCAACGTAGGCCTTCC 

GLK1 up-F TTTGCTGGAGAGTCTCCCACTAATTCATG 

GLK1 up-R AATAATTGTAGATTTCGGGGAGAAGAGG 

GLK1 dn-F(GLK1 up) CCTCTTCTCCCCGAAATCTACAATTATTGTACCCTTACTATTAC

GTAATATGTATG 

GLK dn-R TTCTTGCCAAATTCATTTGAAAGCTCTTC 

GLK1-F ATGTCTTTGCAAGAAGCTGTAAAGG 

GLK1-R TTAGATTGATACACTGGCACAAAGAGC 

GLK1 VF GTCTCTTGCTAAGTATGAGCTTATTG 

GLK1 VR CAGAGAATCTTAATGATGCTGTCAC 

HXK2 up-F CTGAATGACTTTGTCAACCAATGCAGCG 

HXK2 up-R TGGGATGTTAGAGCTGCTTGATTTCAAGCC 

HXK2 dn-F(HXK2 up) GAAATCAAGCAGCTCTAACATCCCATCCCAGATCTGCTTATGT

AACGAAATATTTAC 

HXK2 dn-R ACATCACACATCTTTTCTCTATTCTTG 

HXK2-F ATGCTACCTACCTGGGTGATGGATTTC 

HXK2-R TTAGTTACTATCCTTTCCATCTTGAGGGTG 

HXK2 VF GGAGCTAAATCGGTTGCCTTTCCAAGTG 

HXK2 VR CGAACTGTTTCGAAATCAGCTGTTC 

HXK iso2 up-F GGCAAACTTGAATAATGTCGACAATATG 

HXK iso2 up-R GTTCGTTCTAATCTTAAGTTCTTTACTTAAG 

HXK iso2 dn-F(iso2 up) GTAAAGAACTTAAGATTAGAACGAACTTAGATTAGTTAGTATG

CATCGCGCGATCAG 

HXK iso2 dn-R GCTTAATAATATTATTCAATATAACATCTTGTATG 

HXK iso2-F ATGGTTCCTGTTTTGACCCCACAATTTC 

HXK iso2-R TCATTCTGGTGTGAAGACTGAAACTGC 

HXK iso2-dn-F-2(DAS1t) CACTGATGATTACAATTTGGTTAGATTAGTTAGTATGCATCG 

HXK iso2-dn-R-2 GCTTAATAATATTATTCAATATAACATCTTGTATGATTC 

PpDAS1t-R CCAAATTGTAATCATCAGTGATTATG 

PpDAS1t-F ACGGGAAGTCTTTACAGTTTTAGTTAG 

Yihx-R(PpDAS1t) TAACTAAAACTGTAAAGACTTCCCGTTTAACACAAAACCTTAG

CGAAGTAATCTGG 

Yihx-F(PpPET9p) CAACAACAAGTCTAACTTCTTCGTCGACTTCATGTTGTACATTT

TCGATTTGGGTAAC 

PpPET9p-R GAAGTCGACGAAGAAGTTAGACTTGTTG 

PpPET9p-F AGTACGGGCCCTAGAAAATTCACCACTG 

HXK iso2-VF CGATTTACTCAATAAGGTGGCACC 

HXK iso2-VR GGTTATACATCTTGAGAATGACTCTG 

gpr1-gRNA1 CGCAGTGAAAGATAAATGATCAAAACAATTTTATACCAGTAGT

TTTAGAGCTAGAAATAGCAAGT 

gpa2-gRNA1 CGCAGTGAAAGATAAATGATCATAATATTGTCAACAGTAGAGT

TTTAGAGCTAGAAATAGCAAGT 

RAS1-gRNA1 CGCAGTGAAAGATAAATGATCATTCATTCAATCATACTTTGGTT

TTAGAGCTAGAAATAGCAAGT 



RAS2-gRNA1 CCGCAGTGAAAGATAAATGATCCTGTATGAATCCTCAATTGTG

TTTTAGAGCTAGAAATAGC 

RAS2-gRNA2 CCGCAGTGAAAGATAAATGATCCACCAATATAGACAATTCCAG

TTTTAGAGCTAGAAATAGC 

RGT1-gRNA1 CGCAGTGAAAGATAAATGATCAATAAACATACTAATGATTCGT

TTTAGAGCTAGAAATAGCAAGT 

RGT1-gRNA2 CGCAGTGAAAGATAAATGATCGTCTTGCAAAGCTTGAAATTGT

TTTAGAGCTAGAAATAGCAAGT 

Reg1-gRNA2 CGCAGTGAAAGATAAATGATCAAAATCCTACTAATTTTACAGT

TTTAGAGCTAGAAATAGCAAGT 

gRNA1-SNF1 (381-414)  CGCAGTGAAAGATAAATGATCATCTTTGATCAAGGATATGAGT

TTTAGAGCTAGAAATAGCAAGT 

gRNA1-SNF1 (381-488) CGCAGTGAAAGATAAATGATCATCTTTGATCAAGGATATGAGT

TTTAGAGCTAGAAATAGCAAGT 

MIG1-gRNA1 CGCAGTGAAAGATAAATGATCCGTATTTAAATCTGGTATACGT

TTTAGAGCTAGAAATAGCAAGT 

MIG1-gRNA2 CGCAGTGAAAGATAAATGATCAAAATCAGAGTCAGATTCGTGT

TTTAGAGCTAGAAATAGCAAGT 

PFK1-gRNA1  TGCGCATGTTTCGGCGTTCGAAACTTCTCCGCAGTGAAAGATA

AATGATCGTGGCTGGAATCAAACACATGTTTTAGAGCTAGAAA

TAGCAAGTTAAAATAAG  

PFK2-gRNA1 TGCGCATGTTTCGGCGTTCGAAACTTCTCCGCAGTGAAAGATA

AATGATCTTTTCGTTAACAGCAATCAAGTTTTAGAGCTAGAAA

TAGCAAGTTAAAATAAG 

PYK1-gRNA1  CGCAGTGAAAGATAAATGATCGTCTTGTTACTAATATGATAGT

TTTAGAGCTAGAAATAGCAAGT 

PYK2-gRNA1 CGCAGTGAAAGATAAATGATCTATCAACTTCGGTATTGAAAGT

TTTAGAGCTAGAAATAGCAAGT 

X-3 up fw CGAGATCTTTGTGTTCGGTTACC 

enoX3-UP-R GCAAGTTGGTGCACGTCGTTAGTGACATAACGCCGCGTGTCTC

GTATGTCGGCTCTCGC 

x3ENO2-F GCGAGAGCCGACATACGAGACACGCGGCGTTATGTCACTAAC 

ENO2p-R TATTATTGTATGTTATAGTATTAGTTG 

RAS1-F ACCAAGCAACTAATACTATAACATACAATAATAATGCAGGGAA

ATAAATCAACTATAAG 

RAS1-R AAATCGCTCCCCATTTCACCCAATTGTAGATATGCTCAACAAAT

TATACAACAACCACC 

ADH1t-F GCATATCTACAATTGGGTGAAATG 

ADH1-F GCGAATTTCTTATGATTTATGATTT 

adh1X3-down-F TTATTTAATAATAAAAATCATAAATCATAAGAAATTCGCTGTG

TCCGCGTTTCTAAGGC 

X-3 down rv GAGGTGGTTATTGATCACCGGA 

pykX3-UP-R GAACTAACTTGGAAGGTTATACATGGGTACATAAATGCGTCTC

GTATGTCGGCTCTCGC 



PYK1t-F GCATTTATGTACCCATGTATAACC 

PYK1-R AAAAAGAATCATGATTGAATGAAG 

RAS2-F TCAAAAAAATAATATCTTCATTCAATCATGATTCTTTTTTTAAC

TTATAATACAACAGC 

RAS2-R AGAAAGCATAGCAATCTAATCTAAGTTTTAATTACAAAATGCC

TTTGAACAAGTCGAAC 

TEF1p-F TTTGTAATTAAAACTTAGATTAGATTG 

TEF1p-R ATAGCTTCAAAATGTTTCTACTC 

tefX3-down-F TGGAAGAGTAAAAAAGGAGTAGAAACATTTTGAAGCTATTGTG

TCCGCGTTTCTAAGGC 

tefENO2p-F GAAGAGTAAAAAAGGAGTAGAAACATTTTGAAGCTATACGCG

GCGTTATGTCACTAAC 

ccwX3-UP-R AACGTATTAAGTTTCTTTTATTTTGCTTTGCCCTGGTTGTCTCGT

ATGTCGGCTCTCGC 

CCW12-F AACCAGGGCAAAGCAAAATAAAAG 

catCCW12-R GTCGATCAGAATTATTATTTGCCATTATTGATATAGTGTTTAAG

CGAATG 

CAT8-F ATGGCAAATAATAATTCTGATCGACAAGGTTTGGAACCCA 

CAT8-R TTATTTGGCGTTTTGCCATTGGAATAAATCAGATACATTA 

catADH-F TATTCCAATGGCAAAACGCCAAATAAGCGAATTTCTTATGATT

TATGATT 

CCW12-R TATTGATATAGTGTTTAAGCGAATG 

PDE1-F CTGTCATTCGCTTAAACACTATATCAATAATGGTTGTATTCGAA

ATAACTATACT 

PDE1-R TAAAAATCATAAATCATAAGAAATTCGCTTATAGAAACAAAGT

GTGGCCTTCT 

BCY1-F CTGTCATTCGCTTAAACACTATATCAATAATGGTATCTTCTTTG

CCCAAGGAA 

BCY1-R AAAATCATAAATCATAAGAAATTCGCTTAATGTCTTGTAGGAT

CATTGAGCT 

adrCCW12-R GTTTGGTTTTTCTACGTTAGCCATTATTGATATAGTGTTTAAGC

GAATGAC 

ADR1-F ATGGCTAACGTAGAAAAACCAAACGATTGTTCAGGCTTTC 

ADR1-R TCAACTGTTTCCCTTTAGATGATTTTCCAAAGTGTGGAAAT 

adrADH-F GAAAATCATCTAAAGGGAAACAGTTGAGCGAATTTCTTATGAT

TTATGATTT 

rgt1-up-F CATCGTTTATCGTTTTCTGTGAC 

rgt1(TEF1p)-R GGAGTAGAAACATTTTGAAGCTATAATTTGAAATATATTGGAG

TTTGAGAG 

TEF1p-F ATAGCTTCAAAATGTTTCTACTCC 

TEF1p-R TTTGTAATTAAAACTTAGATTAGATTGC 

hxt1(TEF1p)-F GCAATCTAATCTAAGTTTTAATTACAAAATGAATTCAACTCCCG

ATCTAATATC 

hxt1(FBA1t)-R CTATATCAATTAATTTGAATTAACTTATTTCCTGCTAAACAAAC



TCTTG 

FBA1t-F GTTAATTCAAATTAATTGATATAGTTTTTTAATG 

FBA1t-R AGTAAGCTACTATGAAAGACTTTAC 

rgt1(FBA1t)-F GTAAAGTCTTTCATAGTAGCTTACTCAGGTAACTATGCTCCCTT

C 

rgt1-dn-R CAGGGAAAGGAAATGCAAAAAC 

HXT4(TEF1p)-F GCAATCTAATCTAAGTTTTAATTACAAAATGTCTGAAGAAGCT

GCCTATC 

HXT4(FBA1t)-R CTATATCAATTAATTTGAATTAACCTACTTTTTTCCGAACATCT

TCTTG 

gpr1-up-F CGAAAAGTAATCTGTATATATGAAGGTC 

gpr1-up-R CAAACATCGCGATACAAAAACTTTTGAGTTGGAGAGTTTGCTT

TATTC 

gpr1-dn-F GAATAAAGCAAACTCTCCAACTCAAAAGTTTTTGTATCGCGAT

GTTTG 

gpr1-dn-R GCGATTTTTTTGATTGAGTTCGC 

gpr1-VF CTAATTGAACCACGGTGGTAC 

gpr1-VR CTGGATCTAGTTGTCTATGTTTCTC 

gpa2-up-F CTGAATGAAAAAGTGAAAATGGAG 

gpa2-up-R GTTTTGTCTCTGTTTTAACTGTGCATGATATTTGCTTGAAAATA

CGCG 

gpa2-dn-F CGCGTATTTTCAAGCAAATATCATGCACAGTTAAAACAGAGAC

AAAAC 

gpa2-dn-R GATCTTCTTCCGCATATTTCTTCTC 

gpa2-VF GATCGATAATACCACCTGTTTTATGC 

gpa2-VR CTCCTCCATATGAATCTTGGGTC 

ras1-up-F GCTAGGAATATGTATTACCCGCAC 

ras1-up-R CATATCAAGAGAGCAGGATCATTTGTCGTTCTAAAAAGGGAAA

ATTTTG 

ras1-dn-F CAAAATTTTCCCTTTTTAGAACGACAAATGATCCTGCTCTCTTG

ATATG 

ras1-dn-R GTATTATTAGGGGTGATCCAGTGTAC 

RAS1-VF GACCAAAAAATGGCAGGAATGAC 

RAS1-VR GATTTTCAAGAAACTTTCAAGACTTC 

ras2-up-F GATGAAATGACTTGTCACGGC 

ras2-up-R GTTTCTACAACTATTTCCTTTTTATTTTTTTTCTGTATATCTCCTT

TCAATTC 

ras2-dn-F GAAAGGAGATATACAGAAAAAAAATAAAAAGGAAATAGTTGT

AGAAACGC 

ras2-dn-R CATGTGATACCAAGACCTTTTC 

RAS2-VF GATAAAATAATCAAATCGATGGTGC 

RAS2-VR CAGAAATTCAAAGGTGGAACGATAC 

Primers Primers for Myo-inositol (Sequences 5’-3’) 

PFK1-VER-F TCCGATTTGAGATCGACTTG 



PFK1-VER-R TAGTTTCCATTTTTCCAGCG 

PFK1-repair-F ACTTTAGCACTATTTGGGAAAGCTTTTATATAAAAAATCTGAA

ACAAAATCATATCAAAGATGATTGCAATGAAAAGTTTAAGTTA

AGCAAAAGGAGGTAAAAATGGCATGCACTTTAAT 

PFK1-repair-R ATTAAAGTGCATGCCATTTTTACCTCCTTTTGCTTAACTTAAAC

TTTTCATTGCAATCATCTTTGATATGATTTTGTTTCAGATTTTTT

ATATAAAAGCTTTCCCAAATAGTGCTAAAGT 

PFK2-VER-F TCGTTCCAAATGGCGTCCAC 

PFK2-VER-R TTCCTGAGAGTTATCAGACG 

PFK2-repair-F TGAACAATAGAACTAGATTTAGAGACTAGTTTAGCATTGGCCA

AGAACTAACCATACGCAAAGAAAATGACCTTTTATTACACTTT

CTATTATTAATGTCAATTAATGTTAACCCATGTT 

PFK2-repair-R AACATGGGTTAACATTAATTGACATTAATAATAGAAAGTGTAA

TAAAAGGTCATTTTCTTTGCGTATGGTTAGTTCTTGGCCAATGC

TAAACTAGTCTCTAAATCTAGTTCTATTGTTCA 

XI-2 VER-F GTTTGTAGTTGGCGGTGGAG 

XI-2 VER-R GAGACAAGATGGGGCAAGAC 

XI-2 UP-F TAACTCTTCGTATGAGGATTTTC 

XI-2-up(cyc1)-R TTAATTTGCGGCCGGTACCCTTCTATGGCACATTTTTCTGTTG 

CYC1(XI-2up)-R CAGAAAAATGTGCCATAGAAGGGTACCGGCCGCAAATTAA 

suhB(CYC1)-R ATAACTAATTACATGACTCGAGGTCGACGGTATCTTATCTCTTC

AAAGCATCAGAC 

CYC1-F GATACCGTCGACCTCGAGTCAT 

suhB(tdh3)-F TTAGTTTCGAATAAACACACATAAACAAACAAAATGATGCACC

CTATGCTTAACATAG 

TDH3-R CATTTTGTTTGTTTATGTGTG 

TEF1p-f(TDH3RC) ATTGATAATGATAAACTCGAATAGCTTCAAAATGTTTCTAC 

TDH3p(TEF1)-F TAGAAACATTTTGAAGCTATTCGAGTTTATCATTATCAAT 

GDH2-f GAAAGCATAGCAATCTAATCTAAGTTTTAATTACAAAATGATG

CTTTTTGATAACAAAAAT 

TEF1-r CATTTTGTAATTAAAACTTAG 

ADH2(GDH2)-F AAGCGGAGGCAAGTGCTTGAGCGAATTTCTTATGATTTATGAT

TT 

GDH2(ADH2)-R ATAAATCATAAGAAATTCGCTCAAGCACTTGCCTCCGCTT 

XI-2 dn-F TTCACCCAATTGTAGATATGCCCACAAGTAAAGCTCGTTGAC 

ADH2(XI-2dn)-R CAACGAGCTTTACTTGTGGGCATATCTACAATTGGGTGAA 

XI-2-dn-R ATGGTTGAAAAGGTTACAGAGG 

XII-3 VER-R TGGCCAATTGTTCAGTCAAG 

XII-3 VER-F TGGGCAGCCTTGAGTAAATC 

XII-3-up-F TGTGCCCCTTAAAATTCATATAC 

pyk1t-R TAAGGGGTACCTGCTCATTCGCATTTATGTACCCATGTATAAC 

XII-3-up-R ATACATGGGTACATAAATGCGAATGAGCAGGTACCCCTTA 

INO1(pyk1t)-R AAATAATATCTTCATTCAATCATGATTCTTTTTTTACAACAATC

TCTCTTCGAAT 



PYK1t-F AAAAAGAATCATGATTGAATGAAGATA 

INO1(pgk1t)-F GTAATTATCTACTTTTTACAACAAATATAACAAAATGACAGAA

GATAATATTGCTCC 

PGK1p-R TTTGTTATATTTGTTGTAAAAAG 

PGK1p-F TATTTTGCTTTGCCCTGGTTACGCACAGATATTATAACATC 

CCW12(pgk1)-f ATGTTATAATATCTGTGCGTAACCAGGGCAAAGCAAAATAAAA

G 

ITR1(ccw12)-F TAATCTTCTGTCATTCGCTTAAACACTATATCAATAATGGGAAT

ACACATACCATATC 

CCW12-r TATTGATATAGTGTTTAAGCGAATG 

ITR1(fba1t)-R TCATTAAAAAACTATATCAATTAATTTGAATTAACCTATATATC

CTCTATAATCTCTTG 

FBA1t(xii3dn)-R CAAACCTAATTAGCTCTATGCAGTAAGCTACTATGAAAGACT 

FBA1t-f GTTAATTCAAATTAATTGATATAGTTT 

XII-3-dn-F AGTCTTTCATAGTAGCTTACTGCATAGAGCTAATTAGGTTTG 

XII-3-dn-R GAACTTACAAGCTGATTTTGGT 

II-4-gRNA-f1 AAACGAGTAAGCTCGTCCCTAAATACTACCTAAACAGGTTTTA

GAGCTAGAAATAGCAAG 

II-4-gRNA-f2 tgaagacgccatgTTTAGGCTGATGAGTCCGTGAGGACGAAACGAGT

AAGCTCGTC 

T1-R          GATTCTTCTTCCAGATCTAGCGACTCTGGCAGATAAGATCGTGT

GCGCGACAACACAGT 

T1-F  TTGGGGTTGTTAGTACGAGAAGCT                                    

T2-F          TGGACCATTACTGTGTTGTCGCGCACACGATCTTATCTGCCAGA

GTCGCTAG        

T2-R          GCCGAATAGTTTGTATACGTCTTATGT                                 

T3-F          ACTCATTACATAAGACGTATACAAACTATTCGGCTTATTGCGTT

CGTTGTCTTTGT    

T3-R          tATTTGTCCCTATTTCAATCAATTGAACAACTATATGGATGAAG

AATCAACAGTACC   

T4-F          CAAGAACGGTACTGTTGATTCTTCATCCATATAGTTGTTCAATT

GATTGAAATAGGG   

T4-R          TCTTGACATAATCACTGATGATTACAATTTGGTTTTTGTAGAAA

TGTcttggtgtcc   

T5-F          acgaggacaccaagACATTTCTACAAAAACCAAATTGTAATCATCAGT

GATTATG     

T5-R          ATGAGCTGAGATTTGAGGAGAGATTACAGTAAACGGGAAGTCT

TTACAGTTTTAG     

T6-F          TCCTAACTAAAACTGTAAAGACTTCCCGTTTACTGTAATCTCTC

CTCAAATC        

T6-R          ctaaagttcactcttatcaaactatcaaacatcaaaaATGACTATTCAATACACTCCTA 

T7-F          ttttgatgtttgatagtttgataagagtgaac                            

T7-R          attactgttttgggcaatcctgttgataagac                            

T8-F          gtcttatcaacaggattgcccaaaacagtaatgatctaacatccaaagacgaaag     



T8-R          cgtttcgaataattagttgttttttg                                  

T9-F          tgagaagatcaaaaaacaactaattattcgaaacgATGCACCCTATGCTTAACATAG   

T9-R          CATTAGTTTAGTCTTAAACTAAGCGAAACTACGTACTTATCTCT

TCAAAGCATCAGAC  

T10-F         GTACGTAGTTTCGCTTAGTTTAAGACTAAAC                             

T10-R         CTTGTCGTTAGTTCAATGACCTGGTGTC                                

T11-F         CCAGACACCAGGTCATTGAACTAACGACAAGGAATAGTAAGG

ACCGGGTTCAGTTGACT 

T11-R GCTTGTCGTTGCGTTTTAGATGTC                                    

JD-Ⅱ-4-fw CATGAGTCACGGCAGAGTT 

JD-Ⅱ-4-rv CAGATAAAGGAGGCTCTCCAT 

Primers Primers for Glucosamine (Sequences 5’-3’) 

X-2 up fw CGTCTATGAGGAGACTGTTAGTTG 

X-2 up rv  GACCACTTCGAGAGCAAGTTG 

X-2 down fw CCTGCATAATCGGCCTCAC 

X-2 down rv CTCGCCAAGGCATTACCATC 

x2ADH1t-F CAACTTGCTCTCGAAGTGGTCGCGAATTTCTTATGATTTATG 

ADH1t-R       GCATATCTACAATTGGGTGAAATG                                    

CCW12-F       TTGAAATGGCAGTATTGATAATGATAAACTCGAAACCAGGGCA

AAGCAAAATAAAAG   

CCW12-R       TATTGATATAGTGTTTAAGCGAATGAC                                 

FBA1t-F       GTTAATTCAAATTAATTGATATAG                                    

x2FBA1t-R GTGAGGCCGATTATGCAGGAGTAAGCTACTATGAAAGACTTTA

C 

GlmD-F        CAAATCGCTCCCCATTTCACCCAATTGTAGATATGCTTATGGTC

TCAAAGAAGCAGC   

GlmD-R        AACTTAGTTTCGAATAAACACACATAAACAAACAAAATGAAG

GTTATGGAATGTCAAAC 

GlmP-F        AATCTTCTGTCATTCGCTTAAACACTATATCAATAATGATTAAG

GTTTTGTTGTTGG   

GlmP-R        ACTCATTAAAAAACTATATCAATTAATTTGAATTAACTTAAATA

ACACCGAAATGCTTC 

TDH3-F        TTTGTTTGTTTATGTGTGTTTATTCG                                  

TDH3-R        TCGAGTTTATCATTATCAATACTG       

X-3 up fw CGAGATCTTTGTGTTCGGTTACC 

adhX3-UP-R    TATTTAATAATAAAAATCATAAATCATAAGAAATTCGCGTCTC

GTATGTCGGCTCTCGC 

fba1X3-down-F TCTTCGAGTTCTTTGTAAAGTCTTTCATAGTAGCTTACTTGTGTC

CGCGTTTCTAAGGC 

X-3 down rv GAGGTGGTTATTGATCACCGGA 

XII-5 up F GTAGTGATCATTGGCTTAACG 

adh1XII5-UP-R ATTTAATAATAAAAATCATAAATCATAAGAAATTCGCGTGACA

ATAAATTCAAACCGGT 

fba1XII5-down-F TCTTCGAGTTCTTTGTAAAGTCTTTCATAGTAGCTTACTCAACT



CAGAAGTTTGACAGC 

XII-5 down R CTCTTTTGCCTTTCAAAAAAG 

XI-1 up F   ATTTGTGTGAAGGAATAGTGACG 

XI-1 up R  CAATGGGCTTGGTATTCCG 

XI-1 down F  TTTCTTGGCATTGGCAAATC 

XI-1 down R  AAGAGCCGAGTCCCCATCAG 

XI1GlmP-F CGGAATACCAAGCCCATTGAACCAGGGCAAAGCAAAATAAAA

G 

XI1GlmP-R GATTTGCCAATGCCAAGAAAAGTAAGCTACTATGAAAGACTTT

AC 

II-5-gRNA-f1 AAACGAGTAAGCTCGTCAACTTTGAAACAAAAGAAGGGTTTTA

GAGCTAGAAATAGCAAG 

II-5-gRNA-f2 tgaagacgccatgAAAGTTCTGATGAGTCCGTGAGGACGAAACGAGT

AAGCTCGTC 

II5-V-F TTGATGGTTTGTTGATCAACTTGC 

II5-V-R TTGGAACGCATCAAAATACCATCTG 

T35-F CCTGATTGGTCAAAGACAAGTG 

T35-R AAACAATCCAGACACCAGGTCATTGAACTAACGACAAGGCAT

GGACCTGCTCTTATCTC 

T36-F AAAAGTTTTAAAGATGAGATAAGAGCAGGTCCATGCCTTGTCG

TTAGTTCAATGACCTG 

T67-R GATTGATAGAGAAGCTGCTTCTTTGAGACCATAAGTACGTAGT

TTCGCTTAGTTTAAG 

T68-F ATTAGTTTAGTCTTAAACTAAGCGAAACTACGTACTTATGGTCT

CAAAGAAGCAGCTTC 

T68-R CTCACTACATACATTTTAGTTATTCGCCAACATGAAGGTTATGG

AATGTCAAACTTACG 

T69-F CTTCGTAAGTTTGACATTCCATAACCTTCATGTTGGCGAATAAC

TAAAATGTATGTAG 

T44-R attggacgaggacaccaagACATTTCTACAAAAAATAACTGTCGCCTCTT

TTATCTGC 

T45-F CAGTGCGGCAGATAAAAGAGGCGACAGTTATTTTTTGTAGAAA

TGTcttggtgtcctc 

T70-R CATCAACATCCAACAACAAAACCTTAATCATATAGTTGTTCAA

TTGATTGAAATAGGG 

T71-F ttATTTGTCCCTATTTCAATCAATTGAACAACTATATGATTAAGG

TTTTGTTGTTGG 

T71-R CATTACATAAGACGTATACAAACTATTCGGCTTAAATAACACC

GAAATGCTTCAAAGC 

T72-F TACAAGGCTTTGAAGCATTTCGGTGTTATTTAAGCCGAATAGTT

TGTATACGTCTTATG 

T47-R TCCCTTTTTATGATTAAATTAGATGACTACTTCTCTTATCTGCCA

GAGTCGCTAGATC 

T48-F AGATCTAGCGACTCTGGCAGATAAGAGAAGTAGTCATCTAATT



TAATCATAAAAAGGG 

T48-R AGTCAAAAGAGAAACAACAAGCCG 

Primers Primers for Xylose (Sequences 5’-3’) 

TKL1-gRNA CCGCAGTGAAAGATAAATGATCTAACCCAGATATTATTTTAGG

TTTTAGAGCTAGAAATAGC 

TKL2-gRNA CCGCAGTGAAAGATAAATGATCTCAAAAACTTAATGAGGAATG

TTTTAGAGCTAGAAATAGC 

TKL2-down-F   GACGATTATACCTTACTAATCCAGTTCTTTGCTATTTCACACTT

C 

TKL2-DOWN-R   GGTCTTCAAATACATTTGGGC                         

TKL2-UP-F     CTCGTCATAATGGCGATGACAG                        

TKL2-UP-R     GAAGTGTGAAATAGCAAAGAACTGGATTAGTAAGGTATAATC

GTC 

TKL2-verify-F TCATTGCTCGGACATGTTTG       

TKL1-down-F   CAAGCAACTCTACATAGTTACCTCATTCTGATCGTAGATCATCA

G 

TKL1-down-R   GTTTCAATTAGCCTTTTAGGAG                        

TKL1-UP-F     CTCGAGAAGTTCGAGAGATG                          

TKL1-UP-R     CTGATGATCTACGATCAGAATGAGGTAACTATGTAGAGTTGCT

TG 

TKL1-verify-F GGGTAACCGTAGCTTCTTGC    

XKS1-gRNA1 CCGCAGTGAAAGATAAATGATCAAATATTTTATTGAGAAGTAG

TTTTAGAGCTAGAAATAGC 

XKS1-gRNA2 CCGCAGTGAAAGATAAATGATCAACAAATCATACCCATATAAG

TTTTAGAGCTAGAAATAGC 

XKS1-DOWN-F   GGAGGATGAGATTAGTACTTTACCTGACAAGTACACACAAACA

C 

XKS1-DOWN-R   CTCGAGATGATTTAACAATAACC                      

XKS1-UP-F     GGAGATTTTGTTCTTCTGAGC                        

XKS1-UP-R     GTGTTTGTGTGTACTTGTCAGGTAAAGTACTAATCTCATCCTCC 

XKS1-verify-F GATCAAGACCATTATTCCATCAG    

CCW12-R TATTGATATAGTGTTTAAGCGAATGAC                            

x2-CCW12-F CAACTTGCTCTCGAAGTGGTCAACCAGGGCAAAGCAAAATAAA

AG 

x2-FBA1t-R GTGAGGCCGATTATGCAGGTAGTAAGCTACTATGAAAGACTTT

AC 

FBA1t-F GTTAATTCAAATTAATTGATATAG                               

XylA-F  TCTGTCATTCGCTTAAACACTATATCAATAATGGAATTCAATAT

GCAAGCTTAC 

XylA-R  AACTATATCAATTAATTTGAATTAACTTATTTATCAAACAAATA

ATGATTAACC 

X-2 up fw CGTCTATGAGGAGACTGTTAGTTG 

X-2 up rv  GACCACTTCGAGAGCAAGTTG 

X-2 down fw CCTGCATAATCGGCCTCAC 



X-2 down rv CTCGCCAAGGCATTACCATC 

XYL2-F GTCATTCGCTTAAACACTATATCAATAATGACTGCTAATCCATC

TTTAG 

XYL2-V-F       CCTACAATTCACGTCATCCTTG                                      

XYL2-UP-F      CCACTATGGTGAACATTGGGT                                       

xyl2ADH-R      TATTCATACTGCCTTGAGGATAGAGAACACCATTGAGCGCGAA

TTTCTTATGATTTATG 

adhXYL2-up-R   TTAATAATAAAAATCATAAATCATAAGAAATTCGCGCTCAATG

GTGTTCTCTATCCTC  

ARAL-R         CAAATCGCTCCCCATTTCACCCAATTGTAGATATGCTCATATCA

GAATCCCCTCCTCAG 

aralADH-F      ACCAAATTGGCTGAGGAGGGGATTCTGATATGAGCATATCTAC

AATTGGGTGAAATGG  

aralTDH-R      CAGGCGTATCATGACTGGCCATAATACGCATTTTGTTTGTTTAT

GTGTGTTTATTCG   

ARAL-F         AACTTAGTTTCGAATAAACACACATAAACAAACAAAATGCGTA

TTATGGCCAGTCATG  

tdhCCW12-F     TTGAAATGGCAGTATTGATAATGATAAACTCGAAACCAGGGCA

AAGCAAAATAAAAG   

ccwTDH-F       AGTTTCTTTTATTTTGCTTTGCCCTGGTTTCGAGTTTATCATTAT

CAATACTG       

XylA-F         TCTGTCATTCGCTTAAACACTATATCAATAATGGAATTCAATAT

GCAAGCTTAC      

CCW12-R        TATTGATATAGTGTTTAAGCGAATGAC                                 

XylA-R         AACTATATCAATTAATTTGAATTAACTTATTTATCAAACAAATA

ATGATTAACC      

FBA1t-F        GTTAATTCAAATTAATTGATATAG                                    

fbaXYL1-down-F CGAGTTCTTTGTAAAGTCTTTCATAGTAGCTTACTAGGAAAGA

AAATGTAACTTTTGGC 

xylFBA1-R      CATCTTGGATGCCAAAAGTTACATTTTCTTTCCTAGTAAGCTAC

TATGAAAGACTTTAC 

XYL2-DOWN-R    CGAACCTCATGAATGGCTTTG                                       

XYL2-V-R       AGTAGCGGCAGACTGAATAG                                        

  

XYL2-gRNA1 CCGCAGTGAAAGATAAATGATCTGTCGCAGCAAATTTTAAATG

TTTTAGAGCTAGAAATAGC 

XYL2-gRNA2 CCGCAGTGAAAGATAAATGATCTTACGTGGTAGAATCACCAAG

TTTTAGAGCTAGAAATAGC 

GRE3-gRNA1 CCGCAGTGAAAGATAAATGATCGTAATTTACAAAACTCAACTG

TTTTAGAGCTAGAAATAGC 

GRE3-gRNA2 CCGCAGTGAAAGATAAATGATCATTTATGAAGCTATCAAATTG

TTTTAGAGCTAGAAATAGC 

GRE3-V-F    TTGTAACGTGAATGACCAGAG                                    

GRE3-UP-F   GTAGACGCAGATACTGTAAATGC                                  



GRE3-UP-R   CGTTGAGTATGGATTTTACTGGCTGGACTTTAAAAAATTTCCAA

TTTTCCTTTACG 

GRE3-DOWN-F CGTAAAGGAAAATTGGAAATTTTTTAAAGTCCAGCCAGTAAAA

TCCATACTC     

GRE3-DOWN-R TGTGAGTCAATGTCGAGTTCAG                                   

GRE3-V-R    TGGCTAGTGCTATCATTGCTG                                    

Primers Primers for Sucrose (Sequences 5’-3’) 

6006 GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTC 

SUC2-gRNA1 CCGCAGTGAAAGATAAATGATCGCATTACTAATGTTCAATATG

TTTTAGAGCTAGAAATAGC 

SUC2-gRNA2 CCGCAGTGAAAGATAAATGATCTACATTAGCTATTCTCTTGAG

TTTTAGAGCTAGAAATAGC 

HoSUC2-up-F GCCTAAGGGCTCTATAGTAAAC 

HoSUC2-up-R GACAATAAGTTTTATAACCTCATATACGTTAGTGAAAAGAAAA

G 

HoSUC2-down-F CTTTTCTTTTCACTAACGTATATGAGGTTATAAAACTTATTGTC 

HoSUC2-down-R GTAGTGTAAGGCAACTACATTAC 

VSUC2-F TCGAGGAATGCTTAAACGAC 

MAL32-gRNA CCGCAGTGAAAGATAAATGATCTATAAGGAACTTATGATTTAG

TTTTAGAGCTAGAAATAGC 

IMA-gRNA CCGCAGTGAAAGATAAATGATCTTCTTCTGGAGACCTCCTAAG

TTTTAGAGCTAGAAATAGC 

HomoIMA-com-R TTTTCGTAGTTGGCAATATCGTAACCCATATCATCTTGTGGCGA

GTCG                              

HomoIMA-com-F CAATGGTCTCGTGAGGAGCCAAATGCTGGTTTTTCTGGTCCTA                                   

HomoIMA-F     CGACTCGCCACAAGATGATATGGGTTACGATATTGCCAACTAC

GAAAAGGTCTGGCCAACATGCTAGAACACCTATG 

HomoIMA-R     TAGGACCAGAAAAACCAGCATTTGGCTCCTCACGAGACCATTG

CATAGGTGTTCTAGCATGTTGGCCAGACC     

IMA-verify-F ATGACTATTTCTTCTGCACATCC 

IMA-Verify-R ATGGCTTCAATGTTCTGGAAG 

HomoMAL-com-F CCTCCCAAGAGAAGGTGCTTCTTTATCTTTTATTCTTGGAAA                                      

HomoMAL-F     TTTTAAAGACTCCAATAACGATGGCTGGGGTGATTTAAAAGGT

ATCACTTCCAAGTTGCAGCGAAGAAATTGAATTCAG 

HomoMAL-R     TTTCCAAGAATAAAAGATAAAGAAGCACCTTCTCTTGGGAGGC

TGAATTCAATTTCTTCGCTGCAACTTGGAAGTG    

HomoMAL-com-R ATACCTTTTAAATCACCCCAGCCATCGTTATTGGAGTCTTTAAA

A                                   

MAL-Verify-F  ATGACTATTTCTGATCATCCAG       

MAL-Verify-R ATGGTTTCAAAACTCTGGAG 

IMA5-gRNA1 CCGCAGTGAAAGATAAATGATCATGAATGAATCATTTAGAGAG

TTTTAGAGCTAGAAATAGC 

IMA5-gRNA CCGCAGTGAAAGATAAATGATCTGGCCAACCTGATTTCAATTG

TTTTAGAGCTAGAAATAGC 



HomoIMA5-down-F GTGCTCAATATTGAAAAGAAAAACCGAGCACATTTAACATAAA

CG 

HomoIMA5-down-R GTTAGGGTGAGAATAGTCGAATG                       

HomoIMA5-up-F   AGTTGCGTGAAAGCGTAAATG                         

HomoIMA5-up-R   CGTTTATGTTAAATGTGCTCGGTTTTTCTTTTCAATATTGAGCA

C 

IMA5-Verify-F   GATGCTCTAGGCTGCTTTCTC       

106a-up-F GAGGGTCTGTCCAGCGAATAAG 

tef106a-up-R GGAGTAGAAACATTTTGAAGCTATCACAACCGACGATCCGGGG

TC 

pgk106a-down-f GAAAATTCTGCGTTCGTTAGCTAATTTTTCCGGCAGAAAG 

106a-down-R GAAGGAAAGGAAATCACTTGG 

106a-TEF-F CCGGATCGTCGGTTGTGATAGCTTCAAAATGTTTCTACTCC 

sufTEF-R GATTCATTAGTAGATGGATTATCCATTTTGTAATTAAAACTTAG

ATTAG  

sufPGK-F CAATTGCTGGTGGTTTTCATTAAATTGAATTGAATTGAAATCGA

TAGATC 

106a-PGK-R CTTTCTGCCGGAAAAATTAGCTAACGAACGCAGAATTTTC 

SUF1-F   CTAATCTAAGTTTTAATTACAAAATGGATAATCCATCTACTAAT

GAATC  

SUF1-R   GATCTATCGATTTCAATTCAATTCAATTTAATGAAAACCACCAG

CAATTG 

106a-verify-F CCACATATTTTCCCTTTCTCTC 

106a-verify-R GGAAGACACTAAAGGTACCTAGC 

X-2 up fw CGTCTATGAGGAGACTGTTAGTTG 

X-2 up rv  GACCACTTCGAGAGCAAGTTG 

X-2 down fw CCTGCATAATCGGCCTCAC 

X-2 down rv CTCGCCAAGGCATTACCATC 

x2ADH1t-F CAACTTGCTCTCGAAGTGGTCGCGAATTTCTTATGATTTATG                 

ADH1t-R GCATATCTACAATTGGGTGAAATG                                   

CCW12-F TTGAAATGGCAGTATTGATAATGATAAACTCGAAACCAGGGCA

AAGCAAAATAAAAG  

CCW12-R TATTGATATAGTGTTTAAGCGAATGAC                                

FBA1t-F GTTAATTCAAATTAATTGATATAG                                   

x2FBA1t-R GTGAGGCCGATTATGCAGGAGTAAGCTACTATGAAAGACTTTA

C               

SPP-F   AATCTTCTGTCATTCGCTTAAACACTATATCAATAATGAGACAA

TTGTTGTTGATTTC 

SPP-R   ATTAAAAAACTATATCAATTAATTTGAATTAACTTAAGACAAG

AAATCAAAATGAGC  

SPS-F   CGCTCCCCATTTCACCCAATTGTAGATATGCTTAAACTGGGTCT

AACAATTCG      

SPS-R   CTTAGTTTCGAATAAACACACATAAACAAACAAAATGTCTTAC

TCCTCTAAGTAC    



TDH3-F  TTTGTTTGTTTATGTGTGTTTATTCG                                 

TDH3-R  TCGAGTTTATCATTATCAATACTG 

X-2 det fw  TGCGACAGAAGAAAGGGAAG 

X-2 det rv GAGAACGAGAGGACCCAACAT 

X-3 up fw CGAGATCTTTGTGTTCGGTTACC 

pykX3-UP-R GAACTAACTTGGAAGGTTATACATGGGTACATAAATGCGTCTC

GTATGTCGGCTCTCGC 

X-3 down rv GAGGTGGTTATTGATCACCGGA 

ugpX3-down-F GATCCTTTTCCTATTTTTCTCCTCTGTGTCCGCGTTTCTAAGGC 

PYK1t-F GCATTTATGTACCCATGTATAACC 

PYK1-R AAAAAGAATCATGATTGAATGAAG 

glgCTM-F CAAAAAAATAATATCTTCATTCAATCATGATTCTTTTTTTATCG

CTCCTGTTTATGCCC 

glgCTM-R GAAAGCATAGCAATCTAATCTAAGTTTTAATTACAAAATGGTT

AGTTTAGAGAAGAACG 

TEF1p-F TTTGTAATTAAAACTTAGATTAGATTG 

TEF1p-R ATAGCTTCAAAATGTTTCTACTC 

tefENO2p-F GAAGAGTAAAAAAGGAGTAGAAACATTTTGAAGCTATACGCG

GCGTTATGTCACTAAC 

ENO2p-R TATTATTGTATGTTATAGTATTAGTTG 

UGP1-F ATAACACCAAGCAACTAATACTATAACATACAATAATAATGTC

CACTAAGAAGCACACC 

UGP1-R GCCTTAGAAACGCGGACACAGAGGAGAAAAATAGGAAAAGGA

TC 

adhUGP1-R TTAATAATAAAAATCATAAATCATAAGAAATTCGCGAGGAGAA

AAATAGGAAAAGGATC 

ADH1-F GCGAATTTCTTATGATTTATGATTT 

FBA1t-R AGTAAGCTACTATGAAAGACTTTAC 

fbaX3-down-F TCTTCGAGTTCTTTGTAAAGTCTTTCATAGTAGCTTACTTGTGTC

CGCGTTTCTAAGGC 

X-3 Verify fw TGACGAATCGTTAGGCACAG 

X-3 Verify rv CCGTGCAATACCAAAATCG 

XI-1 up F   ATTTGTGTGAAGGAATAGTGACG 

XI-1 up R  CAATGGGCTTGGTATTCCG 

XI-1 down F  TTTCTTGGCATTGGCAAATC 

XI-1 down R  AAGAGCCGAGTCCCCATCAG 

XI-1-TEF-F CGGAATACCAAGCCCATTGATAGCTTCAAAATGTTTCTACTCC 

XI-5-PGK-R GATTTGCCAATGCCAAGAAATAACGAACGCAGAATTTTCG 

XI-1 det fw  CTTAATGGGTAGTGCTTGACACG 

XI-1 det rv GAAGACCCATGGTTCCAAGGA 

XII-5 up F GTAGTGATCATTGGCTTAACG 

XII-5 up R GTGACAATAAATTCAAACCGGT 

XII-5 down F CAACTCAGAAGTTTGACAGC  

XII-5 down R CTCTTTTGCCTTTCAAAAAAG 



XII-5-TEF-F ACCGGTTTGAATTTATTGTCACATAGCTTCAAAATGTTTCTACT

CC 

XII-5-PGK-R GCTGTCAAACTTCTGAGTTGTAACGAACGCAGAATTTTCG 

XII-5 det fw  CCACCGAAGTTGATTTGCTT 

XII-5 det rv GTGGGAGTAAGGGATCCTGT 

XII-5 det rv GTGGGAGTAAGGGATCCTGT 

pgiXII4-up-R    ATCACAGACATCCGACATCTAGTAACACAGGTGACCTATCGTG

TGCGCGACAACACAGT 

PGIp-F          TAGGTCACCTGTGTTACTAGATG                                     

pgiSUF1-F       CCGGAATAATTCAACTCCAACCAATTGATAAAATGGATAATCC

ATCTACTAATGAATC  

PGIp-R          TTTATCAATTGGTTGGAGTTG                                       

SUF1-verify-F   GTATCTGCTTTATCAGGTCCATG                                     

das1SUF1-R      TAAGGGCTCCTAACTAAAACTGTAAAGACTTCCCGTTTAATGA

AAACCACCAGCAATTG 

DAS1t-F         ACGGGAAGTCTTTACAGTTTTAG                                     

DAS1t-R         TTCTTCCAGATCTAGCGACTCTGGCAGATAAGACCAAATTGTA

ATCATCAGTGATTATG 

ADH2t-R         TCTTATCTGCCAGAGTCGCTAGAT                                    

adhSPS-F        GAAACTCATTACATAAGACGTATACAAACTATTCGGCTTAAAC

TGGGTCTAACAATTCG 

ADH2t-f         GCCGAATAGTTTGTATACGTCTTATGT                                 

gapSPS-R        aatttATTTGTCCCTATTTCAATCAATTGAACAACTATATGTCTTAC

TCCTCTAAGTAC 

GAP-R           ATAGTTGTTCAATTGATTGAAATAG                                   

TEF1-F          gattggacgaggacaccaagACATTTCTACAAAAAATAACTGTCGCCTCT

TTTATCTGC 

GAP-F           TTTTTGTAGAAATGTcttggtg                                      

tefSPP-F        TTATTCTCACTACATACATTTTAGTTATTCGCCAACATGAGACA

ATTGTTGTTGATTTC 

TEF1p-r         GTTGGCGAATAACTAAAATGTATGT                                   

pmp20SPP-R      ATTAGTTTAGTCTTAAACTAAGCGAAACTACGTACTTAAGACA

AGAAATCAAAATGAGC 

PMP20t-F        GTACGTAGTTTCGCTTAGTTTAAG                                    

pmp20II4-dwon-F AACAATCCAGACACCAGGTCATTGAACTAACGACAAGGAATA

GTAAGGACCGGGTTCAG 

PMP20t-r        CTTGTCGTTAGTTCAATGACCTGGTGTC                                

Primers Primers for Starch (Sequences 5’-3’) 

GLC3-gRNA CCGCAGTGAAAGATAAATGATCGATTCCCGTCTTTTTAATTAGT

TTTAGAGCTAGAAATAGC 

GSY1-gRNA CCGCAGTGAAAGATAAATGATCCAATCTACAGTATTTTGATGG

TTTTAGAGCTAGAAATAGC 

GSY2-gRNA1 CCGCAGTGAAAGATAAATGATCAATTTGTAAAAAAGACAAGA

GTTTTAGAGCTAGAAATAGC 



GSY2-gRNA2 CCGCAGTGAAAGATAAATGATCACAAATAACTGCTTTTGAAGG

TTTTAGAGCTAGAAATAGC 

GLC3-down-F   CCAAGTATAAAGAACCGTCAAGACTCTATACTATATTGCTTAC 

GLC3-down-R   TGTTGCAATCAATGAACAACC                              

GLC3-UP-F     GCACTCATCAACAATGTGATAG                             

GLC3-UP-R     GTAAGCAATATAGTATAGAGTCTTGACGGTTCTTTATACTTGG 

GLC3-verify-F CGGTGAATTCTGTAGTCTGTC                              

GLC3-verify-R CCCAACAATTACATCAAAATCC 

GSY1-down-F   GCCTGGAAACCTGTGAAGAAAAACCATCTTAACTTCTGCTAAC 

GSY1-down-R   TGTGAGTTCTCTACGAGAATTG                           

GSY1-up-F     GACCATTTCCTGCCACAGAAC                            

GSY1-UP-R     GTTAGCAGAAGTTAAGATGGTTTTTCTTCACAGGTTTCCAGGC 

GSY1-verify-F CACAATTTCCCGATCGGTAC                             

GSY1-verify-R GTCGTCCATAGTAATTGACTCG 

GSY2-down-F   GCATCACTGAGAAGTGGTAGCCATAAAGACATACGACATTTCG 

GSY2-down-R   AATGCCAGGTATGATGTAACG                               

GSY2-UP-F     GTTCTTGCAGCTTACCAATTC                               

GSY2-UP-R     CGAAATGTCGTATGTCTTTATGGCTACCACTTCTCAGTGATGC 

GSY2-verify-F CACGATGCTGACTTAGTACTAT                              

GSY2-verify-R CGAAGTTGCTATTGTTGATGC 

BE3-F         TCTAATCTAAGTTTTAATTACAAAATGGCTTCTCTGAGGAAGG

ACTCTCG 

BE3-R         CTATCGATTTCAATTCAATTCAATCTAAACATCTTCGGGTAACA

GG     

be3PGK-F      CCTGTTACCCGAAGATGTTTAGATTGAATTGAATTGAAATCGA

TAG     

be3TEF-R      CGAGAGTCCTTCCTCAGAGAAGCCATTTTGTAATTAAAACTTA

GATTAGA 

glc3PGK-R     GTAAGCAATATAGTATAGAGTTAACGAACGCAGAATTTTCG          

glc3TEF-F     CCAAGTATAAAGAACCGTCAAGATAGCTTCAAAATGTTTCTAC

TCC     

tefGLC3-UP-R GGAGTAGAAACATTTTGAAGCTATCTTGACGGTTCTTTATACTT

GG 

pgkGLC3-down-F CGAAAATTCTGCGTTCGTTAACTCTATACTATATTGCTTAC 

gsy1ADHt-R    GTTAGCAGAAGTTAAGATGGTTGCATATCTACAATTGGGTGAA

ATG   

gsy1TDH3-F    GCCTGGAAACCTGTGAAGAAATCGAGTTTATCATTATCAATAC

TG    

TM-F1         AAACACACATAAACAAACAAAATGGTTAGTTTAGAGAAGAAC

G      

TM-F2         CTGCATCAACTCCGGGATCAAACGTATGGGCGTGATCACCCAG      

TM-F3         CTCGATCTGGCCTCTGTGGTGGATAAACTGGATATGTACGATC

GC    

TM-F4         GACCCTTAACTCACTGGTTTCCGATGGTTGTGTGATCTCCGGTT



CG   

TM-R1         CTGGGTGATCACGCCCATACGTTTGATCCCGGAGTTGATGCAG      

TM-R2         GCGATCGTACATATCCAGTTTATCCACCACAGAGGCCAGATCG

AG    

TM-R3         CGAACCGGAGATCACACAACCATCGGAAACCAGTGAGTTAAG

GGTC   

TM-R4         AAATCATAAATCATAAGAAATTCGCTTATCGCTCCTGTTTATGC

CC   

tmADH-F       GGGCATAAACAGGAGCGATAAGCGAATTTCTTATGATTTATGA

T     

tmTDH3-R      CGTTCTTCTCTAAACTAACCATTTTGTTTGTTTATGTGTGTTTAT

TCG 

tdhGSY1-UP-R GCAGTATTGATAATGATAAACTCGATTTCTTCACAGGTTTCCAG

GC 

adhGSY1-down-F CATTTCACCCAATTGTAGATATGCAACCATCTTAACTTCTGCTA

AC 

ss3PGK-F      CTATCACTCTGCACGCAAGTAAATTGAATTGAATTGAAATCGA

TAG      

gsy2PGK-R     CGAAATGTCGTATGTCTTTATGGTAACGAACGCAGAATTTTCG         

gsy2TDH3-F    GCATCACTGAGAAGTGGTAGTCGAGTTTATCATTATCAATACT

GCC      

SS3-F         CGAATAAACACACATAAACAAACAAAATGGGAAGTGCTCAGA

AAAGAACTC 

SS3-R         CTATCGATTTCAATTCAATTCAATTTACTTGCGTGCAGAGTGAT

AG      

ss3TDH3-R     GAGTTCTTTTCTGAGCACTTCCCATTTTGTTTGTTTATGTGTGTT

TATTCG 

tdhGSY2-UP-R GGCAGTATTGATAATGATAAACTCGACTACCACTTCTCAGTGA

TGC 

pgkGSY2-down-F CGAAAATTCTGCGTTCGTTACCATAAAGACATACGACATTTCG 

GDB1-gRNA1 CCGCAGTGAAAGATAAATGATCATAATTAAGGCGAAATAACTG

TTTTAGAGCTAGAAATAGC 

GDB1-gRNA2 CCGCAGTGAAAGATAAATGATCGTACATTACTTTTCATCGTAG

TTTTAGAGCTAGAAATAGC 

GDB1-UP-R GCAAAAAGGGACCGTTCAATTAAAGCAGTTATATACTAAGGAC

G 

GDB1-down-F CGTCCTTAGTATATAACTGCTTTAATTGAACGGTCCCTTTTTGC 

GDB1-UP-F TCAGGAACTTGGTTTTCAACC 

GDB1-down-R TTGATTGTAACACGCAAACGG 

GDB1-verify-F GTCTGTCCCTATTCTAATCCTC 

GDB1-verify-R CTCGCCTCTTTCTGTAACTGC 

GLG1-gRNA1 CCGCAGTGAAAGATAAATGATCAAGTCATTAGTAGAAACACTG

TTTTAGAGCTAGAAATAGC 

GLG1-gRNA2 CCGCAGTGAAAGATAAATGATCTAAAGTGCCATTAAATAGAGG



TTTTAGAGCTAGAAATAGC 

GLG1-UP-F TTTTAGACAACCGGAACCTG 

GLG1-down-F GTGGAGACTTAGTAGGGATTCTACTTCCACGCACATATTAG 

GLG1-UP-R CTAATATGTGCGTGGAAGTAGAATCCCTACTAAGTCTCCAC 

GLG1-down-R TAGAAGGAGGCCGTTTAACG 

GLG1-verify-F CAGACTAATAGGTAACTGACG 

GLG1-verify-R TGGTTTGAATTTGGGATTCTTC 

GLG2-gRNA1 CCGCAGTGAAAGATAAATGATCGTGTGAAGTAGTTACTTAAGG

TTTTAGAGCTAGAAATAGC 

GLG2-gRNA2 CCGCAGTGAAAGATAAATGATCCTGTACATTGCTGTATTCACG

TTTTAGAGCTAGAAATAGC 

GLG2-UP-R CTAAGAGGTAGAGGGATGGCAAGCTCCGTAACAAACCTTAC 

GLG2-down-F GTAAGGTTTGTTACGGAGCTTGCCATCCCTCTACCTCTTAG 

GLG2-UP-F CTTACGTACATGCAACAACTAC 

GLG2-down-R GTCATAGTTGGTTTGAATTTGGG 

GLG2-verify-F CGTTTATTCAACGTTTCCCTATC 

GLG2-verify-R ACAAGTTTTCGTCCAATTCC 

adhGLG2-up-R    CATAAATCATAAGAAATTCGCAGCTCCGTAACAAACCTTAC            

fba1GLG2-down-F GTAAAGTCTTTCATAGTAGCTTACTTGCCATCCCTCTACCTCTT

AG       

glg2ADHt-F      GTAAGGTTTGTTACGGAGCTGCGAATTTCTTATGATTTATG            

glg2FBAt-R      AAGAGGTAGAGGGATGGCAAGTAAGCTACTATGAAAGACTTT

AC         

ISA1-F          GTCATTCGCTTAAACACTATATCAATAATGGCAAAGGACAGAA

GAAGCAACG 

ISA1-R          CTATATCAATTAATTTGAATTAACTCAGGGGTCTTTAATTGGTG         

isa1CCW12-R     CGTTGCTTCTTCTGTCCTTTGCCATTATTGATATAGTGTTTAAGC

GAATGAC 

isa1FBA1t-F     CACCAATTAAAGACCCCTGAGTTAATTCAAATTAATTGATATA

G         

ISA2-F          CGAATAAACACACATAAACAAACAAAATGGCAAGGCTTTTTAC

TGGTAGG   

ISA2-R          CATTTCACCCAATTGTAGATATGCCTAAGCGGTAGTATTGATG

G         

isa2ADHt-R      CCATCAATACTACCGCTTAGGCATATCTACAATTGGGTGAAAT

G         

isa2TDH3-F      CCTACCAGTAAAAAGCCTTGCCATTTTGTTTGTTTATGTGTGTT

TATTCG   

GPH1-gRNA1 CCGCAGTGAAAGATAAATGATCTCCACAATCAAAGGTCAGAA

GTTTTAGAGCTAGAAATAGC 

GPH1-gRNA2 CCGCAGTGAAAGATAAATGATCCTGTGTTGTATCCAAACGATG

TTTTAGAGCTAGAAATAGC 

GPH1-UP-R GAGAAGGGTGCCAAAGAGATAAGTTGAAAGCTGCTTTACTG 

GPH1-down-F CAGTAAAGCAGCTTTCAACTTATCTCTTTGGCACCCTTCTC 



GPH1-UP-F GATAAGGAAGGAACACCGAC 

GPH1-down-R AACGTCAGTACATCCTACCTG 

GPH1-verify-R CTCGCTCTTTTCAAACAATCC 

GPH1-verify-F CAGCACCTTCTATGTTTCAAGG 

XI-1-PGP-F  

CGGAATACCAAGCCCATTGTAAACCAATTTTATTTGAACTTGCC

C 

XI-1-PGP-R GATTTGCCAATGCCAAGAAAAGTAAGCTACTATGAAAGACTTT

AC 

GAL1-g1 TGAAAGATAAATGATCAACCAACTATAATTTAAGAGGTTTTAG

AGCTAGAAATAGCAAG 

GAL1-g2 TGAAAGATAAATGATCTTTTCTAAAGAAACTTGCACGTTTTAG

AGCTAGAAATAGCAAG 

GAL1-LB-F CGCTTAACTGCTCATTGCTATATTG 

GAL1-LB-R TTGTTCTGAACAAAGTAAAAAAAAGAAGTATACTATAGTTTTT

TCTCCTTGACGTTAA 

GAL1-RB-F GTATACTTCTTTTTTTTACTTTGTT 

GAL1-RB-R TTGTCTACTAAAATCTGAATTGTCC 

GAL1-VF AAAACCTTCTCTTTGGAACTTTCAG 

GAL1-VR GAATTTTTCTGTCATTTCTTTTCCT 

II-5-gRNA-f1 AAACGAGTAAGCTCGTCAACTTTGAAACAAAAGAAGGGTTTTA

GAGCTAGAAATAGCAAG 

II-5-gRNA-f2 tgaagacgccatgAAAGTTCTGATGAGTCCGTGAGGACGAAACGAGT

AAGCTCGTC 

Gsy-sgRNA-f2 AAACGAGTAAGCTCGTCTCTCTTAGACTGGCGTCGTAGTTTTAG

AGCTAGAAATAGCAAG 

Gsy-sgRNA-f1 tgaagacgccatgAAGAGACTGATGAGTCCGTGAGGACGAAACGAGT

AAGCTCGTCTCTC 

Glg-sgRNA-f2 AAACGAGTAAGCTCGTCTGCCTGAAAACATTAGCGCTGTTTTA

GAGCTAGAAATAGCAAG 

Glg-sgRNA-f1 tgaagacgccatgCAGGCACTGATGAGTCCGTGAGGACGAAACGAGT

AAGCTCGTCTGCC 

GSY-V-F    ATCAGAATGCTGGTGAGGACAG                                      

GSY-UP-F   GCAACGAACTTGACGAATTTG                                       

GSY-DOWN-F CTCGTCTATCAAGGATAAAATAATCATATCTAAAGCTGAATTTT

GTAGTATCCATATTC 

GSY-UP-R   GAATATGGATACTACAAAATTCAGCTTTAGATATGATTATTTTA

TCCTTGATAGACGAG 

GSY-DOWN-R GGCATCTCTCTTTCTCCACTG                                       

GSY-V-R    CATTGGGTTTTGTTGTGTTAGGAG                                    

A92-F GCAGCACGATCATAGAATAGAAC 

B1-R AACAATCCAGACACCAGGTCATTGAACTAACGACAAGCGCAAT

TGAGGAGAGTGTGGAG 

B2-F CTACATAATGTTACTCCACACTCTCCTCAATTGCGCTTGTCGTT



AGTTCAATGACCTG 

T51-R ATTCTCCTTCTTTCACCAATTAAAGACCCCTGAGTACGTAGTTT

CGCTTAGTTTAAG 

T52-F ATTAGTTTAGTCTTAAACTAAGCGAAACTACGTACTCAGGGGT

CTTTAATTGGTGAAAG 

T52-R GACAACAACAAGTCTAACTTCTTCGTCGACTTCATGGCAAAGG

ACAGAAGAAGCAACG 

T53-F TTCAGCTTCGTTGCTTCTTCTGTCCTTTGCCATGAAGTCGACGA

AGAAGTTAGACTTG 

T38-R CACAGACATCCGACATCTAGTAACACAGGTGACCTAAGTACGG

GCCCTAGAAAATTCAC 

T39-F TTCCGACAGTGGTGAATTTTCTAGGGCCCGTACTTAGGTCACCT

GTGTTACTAGATGTC 

T54-R AGTGATCGTTCTTCTCTAAACTAACCATTTTATCAATTGGTTGG

AGTTGAATTATTCCG 

T55-F TTCTTCCGGAATAATTCAACTCCAACCAATTGATAAAATGGTTA

GTTTAGAGAAGAACG 

T55-R AGGGCTCCTAACTAAAACTGTAAAGACTTCCCGTTTATCGCTCC

TGTTTATGCCCTAAC 

T56-F GCTACGGAAGTTAGGGCATAAACAGGAGCGATAAACGGGAAG

TCTTTACAGTTTTAG 

T41-R GGCTTCACTCGTGGATCTATAATTGAACATGCCAAATTGTAATC

ATCAGTGATTATGTC 

T42-F CTTGACATAATCACTGATGATTACAATTTGGCATGTTCAATTAT

AGATCCACGAGTG 

T57-R TGTCCCCATAGGCCTGTTACCCGAAGATGTTTAGATCGATTTGT

ATGTGAAATAGCTG 

T58-F TTTTCGAATTTCAGCTATTTCACATACAAATCGATCTAAACATC

TTCGGGTAACAGG 

T58-R TCTCACTACATACATTTTAGTTATTCGCCAACATGGCTTCTCTG

AGGAAGGACTCTCG 

T59-F AAGAACGAGAGTCCTTCCTCAGAGAAGCCATGTTGGCGAATAA

CTAAAATGTATGTAG 

T44-R attggacgaggacaccaagACATTTCTACAAAAAATAACTGTCGCCTCTT

TTATCTGC 

T45-F CAGTGCGGCAGATAAAAGAGGCGACAGTTATTTTTTGTAGAAA

TGTcttggtgtcctc 

T60-R TTCTTCTTCTGAGTTCTTTTCTGAGCACTTCCATAGTTGTTCAAT

TGATTGAAATAGGG 

T61-F ttATTTGTCCCTATTTCAATCAATTGAACAACTATGGAAGTGCTC

AGAAAAGAACTCAG 

T61-R AAACTCATTACATAAGACGTATACAAACTATTCGGCTTACTTG

CGTGCAGAGTGATAG 

T62-F CTTGAGCTCTATCACTCTGCACGCAAGTAAGCCGAATAGTTTGT



ATACGTCTTATG 

T62-R CCAGCTAAATACGAAAATGATGCTATCTTATACCTCTTATCTGC

CAGAGTCGCTAGATC 

T63-F TCCAGATCTAGCGACTCTGGCAGATAAGAGGTATAAGATAGCA

TCATTTTCGTATTTAG 

A93-R TGTGAACGTTATTCCTGTTATTGC 

GLG-V-F CAATAATAACCTTGATTCGGAAAC 

GLG-V-R GGACTGAGAAACCTTGACATACA 

T86-R cctgattggacgaggacaccaagACATTTCTACAAAAAGCATGGACCTGCT

CTTATCTC 

T87-F TTTTTGTAGAAATGTcttggtgtcc 

T87-R ATAGTTGTTCAATTGATTGAAATAGGG 

T88-F taatttATTTGTCCCTATTTCAATCAATTGAACAACTATATGGCTAC

CGCTAACGGTGC 

T17-R AACATTAGTTTAGTCTTAAACTAAGCGAAACTACGTACTTAAG

CAATTTCAACGGCTTC 

T89-F CAATCCAGACACCAGGTCATTGAACTAACGACAAGGAAGTAGT

CATCTAATTTAATCAT 

Primers Primers for IPA (Sequences 5’-3’) 

X-3 up fw CGAGATCTTTGTGTTCGGTTACC 

X-3 down rv GAGGTGGTTATTGATCACCGGA 

TDH2t-F   ATTTAACTCCTTAAGTTACTTTAATG                           

TDH3-R    TTTGTTTGTTTATGTGTGTTTATTCG                           

X3-TDH3-F GCGAGAGCCGACATACGAGACTCGAGTTTATCATTATCAATAC

TGC       

X3-TDHt-R GCCTTAGAAACGCGGACACAGCGAAAAGCCAATTAGTGTG             

YlAACS-F  CGAATAAACACACATAAACAAACAAAATGTTTAGTGTTAGAAA

ACATATTAC 

YlAACS-R  CATTAAAGTAACTTAAGGAGTTAAATTTACAAAACATCAATAG

TTTTTAAG  

RnAACS-F CGAATAAACACACATAAACAAACAAAATGTCTAAATTAGCTAG

ATTAGAAAG 

RnAACS-R CTAAATCATTAAAGTAACTTAAGGAGTTAAATTTAAAAATCTT

GTAATTCAGG 

X3-PGK-F GCGAGAGCCGACATACGAGACTAACGAACGCAGAATTTTCGA

G            

PGKt-R   ATTGAATTGAATTGAAATCGATAG                               

CbADH-F  TTGATCTATCGATTTCAATTCAATTCAATTTACAAAATAACAAC

TGCTTTTATC 

CbADH-R  CATAGCAATCTAATCTAAGTTTTAATTACAAAATGAAAGGTTTT

GCTATGTTG  

TEF1-F   TTTGTAATTAAAACTTAGATTAGA                               

tdh3TEF-R TGAAATGGCAGTATTGATAATGATAAACTCGAATAGCTTCAAA

ATGTTTCTACTCC 



TDH3-F TCGAGTTTATCATTATCAATACTG 

X-2 up fw CGTCTATGAGGAGACTGTTAGTTG 

adhX2-up-r   CATAAATCATAAGAAATTCGCGACCACTTCGAGAGCAAGTTG                 

x2ADH-F      CAACTTGCTCTCGAAGTGGTCGCGAATTTCTTATGATTTATG                 

acxbADH-R    CTGTTCAATTTGTTGAAGAATAAGCATATCTACAATTGGGTGA

AATG            

ACXB-R AACTTAGTTTCGAATAAACACACATAAACAAACAAAATGAATG

TTACAGTTGATCAATC 

ACXB-F CAAATCGCTCCCCATTTCACCCAATTGTAGATATGCTTATTCTT

CAACAAATTGAACAG 

acxbTDH-F    GTAGATTGATCAACAGTAACATTCATTTTGTTTGTTTATGTGTG

TTTATTCG       

acxaCCW12-R  GACCTACTGGAACATTAACCATTATTGATATAGTGTTTAAGCG

AATG            

ACXA-F       CATTCGCTTAAACACTATATCAATAATGGTTAATGTTCCAGTAG

GTC            

ACXA-R       ACTATATCAATTAATTTGAATTAACTTAAACTTCTCTCAAATGA

AATAATC        

acxaFBA1t-f  GATTATTTCATTTGAGAGAAGTTTAAGTTAATTCAAATTAATTG

ATATAG         

pyk1FBA1t-r  GGAAGGTTATACATGGGTACATAAATGCAGTAAGCTACTATGA

AAGACTTTAC      

fbaPYK1t-F   GTAAAGTCTTTCATAGTAGCTTACTGCATTTATGTACCCATGTA

TAACC          

acxcPYK1t-r  GTTCCAGAAAGAGCTGATGCTTAAAAAAAGAATCATGATTGAA

TGAAG           

ACXC-F       CTTCATTCAATCATGATTCTTTTTTTAAGCATCAGCTCTTTCTGG

AAC           

ACXC-R       CAATCTAATCTAAGTTTTAATTACAAAATGGCTTATACTAGATC

TAAAATTG       

acxcTEF-F    CAATTTTAGATCTAGTATAAGCCATTTTGTAATTAAAACTTAGA

TTAGATTG       

x2TEF-R      GTGAGGCCGATTATGCAGGATAGCTTCAAAATGTTTCTACTC         

tefX2-down-f GAGTAGAAACATTTTGAAGCTATCCTGCATAATCGGCCTCAC                 

X-2 down rv CTCGCCAAGGCATTACCATC 

XI-1 up F   ATTTGTGTGAAGGAATAGTGACG 

XI-1 up R  CAATGGGCTTGGTATTCCG 

x1-FBA1t-F  CGGAATACCAAGCCCATTGAGTAAGCTACTATGAAAGACTTTA

CAAAGAACTCGAAGAG 

acmaFBA1t   TGCTGGTTATAAAGGTTTTGCATTATCTTAGTTAATTCAAATTA

ATTGATATAGTTTTT 

acmA-F      TAAGATAATGCAAAACCTTTATAACCAGCA                              

acmA-R      TCGAATAAACACACATAAACAAACAAAATGATGTCTACTACTA

CTTTGGATGCTGCTGT 



TDH3-F      CATTTTGTTTGTTTATGTGTGTTTATTCGA                              

ccwTDH3-R   AAGTTTCTTTTATTTTGCTTTGCCCTGGTTTCGAGTTTATCATTA

TCAATACTGCCATT 

acmBCCW12-R ACATCTAAAGAAGAAAAAGTAGAAGTCATTATTGATATAGTGT

TTAAGCGAATGACAGA 

CCW12-F     AACCAGGGCAAAGCAAAATAAAAGAAACTT                              

acmB-F      ATGACTTCTACTTTTTCTTCTTTAGATGT                               

acmB-R      AAGGTAGACCAATGTAGCGCTCTTACTTTATTAAGATTTCAAA

GCATCATAAAAAGCAG 

DIT1t-F     TAAAGTAAGAGCGCTACATTGGTCTACCTT                              

x1DIT1t-R   GATTTGCCAATGCCAAGAAAGTTACTCCGCAACGCTTTTCTGA

ACGCCCGCCTTCGCCT 

XI-1 down F  TTTCTTGGCATTGGCAAATC 

XI-1 down R  AAGAGCCGAGTCCCCATCAG 

acmA-F          TTTATTTGTCCCTATTTCAATCAATTGAACAACTATATGTCTAC

TACTACTTTGGATGC 

acmA-R          CTCATTACATAAGACGTATACAAACTATTCGGCTAAGATAATG

CAAAACCTTTATAACC 

acmB-F          CTCACTACATACATTTTAGTTATTCGCCAACATGACTTCTACTT

TTTCTTCTTTAGATG 

acmB-R          AGTTTAGTCTTAAACTAAGCGAAACTACGTACTTAAGATTTCA

AAGCATCATAAAAAGC 

CbADH-F           TTCTTCCGGAATAATTCAACTCCAACCAATTGATAAAATGAAA

GGTTTTGCTATGTTGG 

CbADH-R           AGGGCTCCTAACTAAAACTGTAAAGACTTCCCGTTTACAAAAT

AACAACTGCTTTTATC 

ADH2t-f         GCCGAATAGTTTGTATACGTCTTATGT                                 

ADH2t-R         TCTTATCTGCCAGAGTCGCTAGAT                                    

DAS1t-F         ACGGGAAGTCTTTACAGTTTTAG                                     

DAS1t-R         TTCTTCCAGATCTAGCGACTCTGGCAGATAAGACCAAATTGTA

ATCATCAGTGATTATG 

GAP-F           TTTTTGTAGAAATGTCTTGGTG                                      

GAP-R           ATAGTTGTTCAATTGATTGAAATAG                                   

PGIp-F          TAGGTCACCTGTGTTACTAGATG                                     

PGIp-R          TTTATCAATTGGTTGGAGTTG                                       

pgiXII4-up-R    ATCACAGACATCCGACATCTAGTAACACAGGTGACCTATCGTG

TGCGCGACAACACAGT 

pmp20II4-dwon-F AACAATCCAGACACCAGGTCATTGAACTAACGACAAGGAATA

GTAAGGACCGGGTTCAG 

PMP20t-F        GTACGTAGTTTCGCTTAGTTTAAG                                    

PMP20t-r        CTTGTCGTTAGTTCAATGACCTGGTGTC                                

TEF1-F          GATTGGACGAGGACACCAAGACATTTCTACAAAAAATAACTGT

CGCCTCTTTTATCTGC 

TEF1p-r         GTTGGCGAATAACTAAAATGTATGT                                   



Ⅱ4-up-f        TTGGGGTTGTTAGTACGAGAAGCT                                    

Ⅱ4-down-r       GCTTGTCGTTGCGTTTTAGATGTC                                    

Ⅱ4-verify-r     CAGATAAAGGAGGCTCTCCAT                     

II4-verify-F    CATGAGTCACGGCAGAGTT                                         

aoxAcmA-F ACTTGAGAAGATCAAAAAACAACTAATTATTCGAAAATGTCTA

CTACTACTTTGGATGC 

AOX1p-r TTTCGAATAATTAGTTGTTTTTTGATCTTCTCAAGTTGTC 

AOX1p-f AGATCTAACATCCAAAGACGAAAGG 

aoxDAS2p-f TCATTCAACCTTTCGTCTTTGGATGTTAGATCTATTACTGTTTTG

GGCAATCCTGTTG 

DAS2p-r TTTTGATGTTTGATAGTTTGATAAGAGTGAACTTTAG 

dasAcmB-F TTCACTCTTATCAAACTATCAAACATCAAAAATGACTTCTACTT

TTTCTTCTTTAGATG 

 

Supplementary Note 

Feasibility analysis 

Take the conversion of methanol to glucose as an example, substrate costs and products 

prices as of 2019-2023: 

Theoretically, combined methanol dehydrogenase dependent formaldehyde and CO2 

fixation pathway3: 

4 CH4O (methanol) + 2 CO2 → C6H12O6 (glucose) + 2H2O (1) 

Methanol cost is approximately $0.35/Kg or 0.0112/mol 

(https://www.procurementresource.com/resource-center/methanol-price-trends). With the 

development of new energy technology in the future, methanol is expected to be produced at a 

lower cost and in a green /sustainable way4. The approximate price range for glucose is 

US$ 1/Kg (0.18/mol) (https://www.selinawamucii.com/insights/prices/united-

kingdom/glucose/).  The cost of raw materials for fermentations can account for 70% of the 

total value of the product, particularly for bulk chemicals5. According to the price of methanol 

and glucose, the transformation has certain advantages and feasibility. 

Other products: 

Glucosamine ($11.53/Kg) is approximately 18.88-fold more expensive than glucose 

(www.chemanalyst.com/Pricing-data/glucosamine-1287). 

Myo-inositol ($10.00-$15.00) is more expensive than glucose 

(www.alibaba.com/showroom/inositol-price.html). 

Sucrose ($2.80~$3.80) is more expensive than glucose 

(www.alibaba.com/showroom/sucrose-price.html).  

Maize starch ($0.63) or potato starch ($1.04) is also expensive than glucose 

(https://www.selinawamucii.com/insights/prices/united-states-of-america/maize-starch/; 

https://www.selinawamucii.com/insights/prices/united-states-of-america/potato-starch/ ).   

 

Take the conversion of ethanol to glucose as an example for substrate costs and products 

prices as of 2019-2023. Theoretically, the conversion of ethanol into glucose as follows: 

4 Ethanol + 4 H2O + 8 NAD
＋

 → 4 Acetate + 8 NADH + 12 H
＋

 (2) 

4 Acetate + 4 ATP + 4 CoASH → 4 Acetyl-CoA + 4 AMP +4 PPi (3)            

https://www.procurementresource.com/resource-center/methanol-price-trends
http://www.chemanalyst.com/Pricing-data/glucosamine-1287
https://www.selinawamucii.com/insights/prices/united-states-of-america/maize-starch/
https://www.selinawamucii.com/insights/prices/united-states-of-america/potato-starch/


4 Acetyl-CoA + 4 H2O + 2 NAD
＋→  2 Sucinate + 4 CoASH + 2NADH + 2 H

＋
 

(Glyoxylate cycle) (4) 

2 Sucinate + 2 NAD
＋

 + 2 FAD
＋

 + 2 H2O → 2 Oxaloacetate + 2 NADH + 2 FADH2 + 

2 H
＋
 (TCA cycle) (5) 

2 Oxaloacetate + 4 ATP + 3 H2O + 2 NADH  + 2 H
＋

 → G6P + 4 ADP + 2 CO2 + 2 

NAD
＋

 + 3 Pi (Gluconeogenesis I) (6) 

G6P → G1P + H2O → Glu + Pi/G6P + H2O → Glu + Pi (7) 

Total:  

4 Ethanol + 8 ATP + 14 H2O + 2 FAD
＋
 + 10 NAD

＋
 → Glu + 10 NADH + 2 FADH2 + 

2 CO2 + 4 AMP +4 PPi + 4 ADP + 4 Pi +14 H
＋
 (8) 

1.25 was used as the P/O ratio for S. cerevisiae for the calculation6, 7. 

In conclusion, 

4 Ethanol + 14 H2O → Glu + 2 CO2 + 14 H
＋

 + 2 NADH + 2 FADH2 (9) 

The theoretical yield of ethanol to glucose is 75%: the cell consumes 4 molecules of 

ethanol to form 1 glucose (see the calculation of theoretical yield). In 2023, the approximate 

price for ethanol is US$ 1.75/Kg (0.081/mol) 

(https://www.selinawamucii.com/insights/prices/united-states-of-america/ethyl-alcohol/). The 

approximate price range for glucose is US$ 1/Kg (0.18/mol) 

(https://www.selinawamucii.com/insights/prices/united-kingdom/glucose/). The cost of raw 

materials for fermentations can account for 70% of the total value of the product, particularly 

for bulk chemicals8. According to the price of ethanol and glucose, the catalytic process poses 

certain difficulties. 

 

In conclusion, this technology can be applied to deep space exploration. In the future, we 

envision that this platform could be comparable to the photosynthesis in commercial sugar and 

its derivatives production and could mitigate CO2-driven climate change. 
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