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Figure S1. MS spectrum of the fermentation product. The peak at 4.09 and 4.55 min of the fermentation product conducted by MS analysis was MGDG 32:2 and MGDG 34:2, respectively. 

Supplementary Tables
Supplementary Table S1. A list of plasmids constructed in this study.

	Name
	Description
	Source

	PSCM-Z-gRNA-site1
	S. cerevisiae ARS1, Zeo, SNR52p-site1-gRNAa
	




This study

	PSCM-Z-gRNA-site2
	S. cerevisiae ARS1, Zeo, SNR52p-site2-gRNA
	

	PSCM-Z-gRNA-site5
	S. cerevisiae ARS1, Zeo, SNR52p-site5-gRNA
	

	PSCM-G-gRNA- site7
	S. cerevisiae ARS1, G418, SNR52p-site7-gRNAa
	

	PSCM-G-gRNA- site9
	S. cerevisiae ARS1, G418, SNR52p-site9-gRNA
	

	PSCM-G-gRNA- site10
	S. cerevisiae ARS1, G418, SNR52p-site10-gRNA
	

	PSCM-H-gRNA- site11
	S. cerevisiae ARS1, HygB, SNR52p-site11-gRNA a
	

	PSCM-H-gRNA- site16
	S. cerevisiae ARS1, HygB, SNR52p-site16-gRNA
	

	PSCM-H-gRNA-ΔDGA1
	S. cerevisiae ARS1, HygB, SNR52p-ΔDGA1-gRNA
	

	PSCM-H-gRNA-ΔHIS4
	S. cerevisiae ARS1, HygB, SNR52p-ΔHIS4-gRNA
	

	pRS423- TEF1p-Cas9-ADH1t
	2μ; HIS3; AmpR; TEF1p-Cas9-ADH1t
	This study

	pRS423-TEF1p-MGD1-CYC1t
	2μ; HIS3; AmpR; TEF1p-MGD1-CYC1t
	This study

	pRS423-TEF1p-MGD1- PGK1t
	2μ; HIS3; AmpR; TEF1p-MGD1- PGK1t
	This study

	pRS423-TEF1p-MGD1- FBA1t
	2μ; HIS3; AmpR; TEF1p-MGD1- FBA1t
	This study

	pRS423-TEF1p-MGD1-ENO1t
	2μ; HIS3; AmpR; TEF1p-MGD1-ENO1t
	This study

	pRS423-ACC1-ZWF1
	2μ; HIS3; AmpR; GAPp-ACC1-ENO1t; GAPp-ZWF1-PDC1t
	This study

	pRS423-GAT1
	2μ; HIS3; AmpR; GAPp-GAT1-ADH1t
	This study

	pRS423-ICT1
	2μ; HIS3; AmpR; GAPp-ICT1-CYC1t
	This study

	pRS423-PAH1
	2μ; HIS3; AmpR; GAPp-PAH1-PGK1t
	This study


Note:
a Zeo, Zeocin; HygB, Hygromycin B; G418, Geneticin; Amp, Ampicillin.


Supplementary Table S2. A list of primers used in this study.

	[bookmark: _Hlk37949155]Oligo
	Sequences (5’-3’)
	Application

	Site1-gRNA-F
	gatcacccgcatacggttctcccg	
	






For the construction of gRNA plasmids

	Site1-gRNA-R 
	aaaccgggagaaccgtatgcgggt
	

	Site2-gRNA-F
	gatcttctacgctcaacctcccgt			
	

	Site2-gRNA-R 
	aaacacgggaggttgagcgtagaa
	

	Site5-gRNA-F
	gatcgtaaaacacctatagcactg
	

	Site5-gRNA-R 
	aaaccagtgctataggtgttttac
	

	Site7-gRNA-F
	gatcgttgaaatataagtaaccct	
	

	Site7-gRNA-R 
	aaacagggttacttatatttcaac
	

	Site9-gRNA-F
	gatcccccgcgaattcgttcaagt		
	

	Site9-gRNA-R 
	aaacacttgaacgaattcgcgggg
	

	Site10-gRNA-F
	gatcacggactaaataacaccagg	
	

	Site10-gRNA-R
	aaaccctggtgttatttagtccgt	
	

	Site11-gRNA-F
	gatcaagtcacgtatataagctag	
	

	Site11-gRNA-R
	aaacctagcttatatacgtgactt	
	

	Site16-gRNA-F
	gatcaaattgtagaacgcaggaca	
	

	Site16-gRNA-R
	aaactgtcctgcgttctacaattt	
	

	ΔHIS4-gRNA-F 
	gatcgatgctaagccaaagtttgt
	

	ΔHIS4-gRNA-R 
	aaacacaaactttggcttagcatc	
	

	ΔDGA1-gRNA-F 
	aaacatgccgtgtggatggtaacc
	

	ΔDGA1-gRNA-R 
	gatcggttaccatccacacggcat
	

	HR-UP-site1
	ACACTCGCGAGAACCAAAACAAGGATCCCCTAAACCCAGTtcattatcaatactcgccat	
	





For the integration of donor fragments










	HR-DW-site1
	TATCCGGGTAACACTCATCGTCCGGCCTCCGCCCCCTTTTtttcaatcattggagcaatc
	

	HR-UP-site2
	TTATTCTAACACAATTGTATTAGCTTTTGTATTTCTTCTGcatagcttcaaaatgtttc
	

	HR-DW-site2
	GTTTTTCAAAAAGATCGATATTCTCTTGAGAATTAGGAAGtcatgtaattagttatgtcac
	

	HR-UP-site5
	TTACGTGTCATTTATTATGGGTTCAGAAATTATGTGTTAAtcattatcaatactcgccat
	

	HR-DW-site5
	CACACAATTTTGGTGGCGTTGAAATTGATGCCGGAATTTGagagcgacctcatgctatac	
	

	HR-UP-site7
	TGAAAATTGTGCCGGATATTCAAGACTAAGAGATGTACAAtcattatcaatactcgccat	
	

	HR-DW-site7
	AAATCGACATGTTAATGATCTTACGACAGAGTAGTTTATGaggcattaaaagaggagcga	
	

	HR-UP-site9
	GAACTGCCCATTCAGCTTTTCCCTTTGCAATTGGTGCACTgaaagaggtttagacattgg	
	

	HR-DW-site9
	TAGCAATAACCTTGATGTTTACATCGTAGTTTAATGTACAcatagcttcaaaatgtttct	
	

	HR-UP-site10
	ATAGCACGAGAAAAAACTCGTTCAACTAAGTCTAGACACAtcattatcaatactcgccat	
	

	HR-DW-site10
	AGAGCTGTTTGAGAGCTCGTAGGCTTTGGTTGTTAAGAGAgcaaattaaagccttcgagc	
	

	HR-UP-site11
	TTGGCTTTATTTTTTCATTAATACACCTGTGTTAGTTATGcatagcttcaaaatgtttct	
	

	HR-DW-site11
	TATTCTACTAAAAACACATCAGTAGTCACAGAAGTCACAGgtaagctactatgaaagact	
	

	HR-UP-site16
	CTTATAGCATACTATTTTAGTTATGAATTGTGAAAATCCTaggcattaaaagaggagcga	
	

	HR-DW-site16
	AATGGCACTGAGAGACGTTTTTGCCAAACAAGTACTAAATcatagcttcaaaatgtttct	
	

	HR-UP-ΔHIS4
	AATAGTAATACAATAGTTTACAAAATTTTTTTTCTGAATAgagcgacctcatgctatac	
	

	HR-DW-ΔHIS4
	ATTATTTTCGTTAGTGTTCGGTTTCCAAGTTAGAAATAATccacacaccatagcttcaa		
	

	HR-UP-ΔDGA1
	GCCTGGTAAGCTATGTAGTGC
	

	HR-DW-ΔDGA1
	GCTTGGATCTTTCACTACACTTC	
	




Supplementary Table S3. A list of gene coding sequences used in this study.

	Gene
	Coding sequences (5’-3’)

	MGD1
	ATGAGGAATCCCTCCACTGTCGTTCAAGAAAATGGTTCTGTTTCTGATTTTATTTCTCAATTGGGTTATTTTGCTTTTTCATCAAGATTTTTAAACTTGAATTCCGAGGGTTGTTCTGGTTCATCTTCCCACTCATTGTACTTAAATGGTTTCGAAAATTACAGATGCGTCAAAAGACCTCCAAGAAGTGGTGCTTCTTTATCTTTGTCCTCCAGAGGCTCTTCTTCATTGAGAAGATTTGTTAACGAATTTAATAATGTTATCAAATTCCACTGCCACAAGCCACCATTAGGTTTTGCAAGTTTGGGTGGTGTGTCAGATGAAACAAACGGTATCAGAGATGATGGTTTTGGTGTTTCTCAAGATGGTGCTTTGCCATTAAACAAGATTGAAGCTGAAAATCCTAAGAGAGTTCTTATACTAATGTCAGATACTGGTGGAGGACATCGTGCTTCTGCCGAAGCTATTAAAGCTGCTTTCAATGAGGAGTTCGGAAATAATTATCAAGTTTTTATAACAGATTTATGGACAGATCATACACCATGGCCATTTAATCAATTACCAAGATCATATAATTTTTTGGTAAAGCATGGTACTCTATGGAAGATGACATATTACGTTACCGCTCCTAAAGTTATTCATCAATCAAATTTTGCCGCCACTTCTACTTTCATTGCTAGAGAAGTTGCCAAAGGTTTGATGAAATACAGACCTGACATAATTATTAGTGTACATCCATTGATGCAACATGTTCCAATTAGAATTTTAAGATCTAAAGGTTTGTTGAACAAAATAGTTTTCACTACTGTTGTTACAGACTTGTCTACATGTCATCCAACATGGTTTCACAAATTGGTTACAAGATGTTATTGTCCTAGCACTGAAGTTGCAAAAAGAGCTTTAACCGCAGGTCTACAACCAAGTAAGTTGAAAGTATTTGGTTTACCAGTTAGACCTTCCTTCGTTAAGCCTATTAGACCAAAGATTGAACTTAGAAAAGAATTAGGAATGGATGAAAATTTACCAGCCGTTTTGTTAATGGGTGGTGGTGAAGGTATGGGTCCAATTGAAGCCACTGCAAAGGCTTTGTCAAAAGCTCTATATGATGAAAACCATGGTGAACCAATCGGTCAAGTTTTGGTCATTTGTGGTCATAATAAGAAATTGGCTGGTAGGCTAAGATCCATAGATTGGAAGGTTCCTGTCCAGGTTAAAGGTTTCGTAACCAAGATGGAGGAATGTATGGGGGCTTGCGACTGCATCATTACTAAAGCAGGTCCAGGTACTATTGCTGAAGCTATGATTAGAGGGCTTCCAATAATTTTGAATGATTATATTGCTGGTCAAGAAGCTGGCAATGTTCCTTATGTTGTTGAAAATGGTTGTGGTAAATTTTCTAAATCTCCAAAGGAAATTGCCAACATTGTTGCTAAATGGTTTGGTCCAAAAGCTGATGAATTGTTAATTATGTCCCAAAATGCTTTGAGATTGGCAAGACCAGATGCTGTCTTCAAGATTGTTCATGATTTGCACGAATTGGTTAAACAAAGATCTTTCGTGCCACAATATTCCGGTTAA

	GAT1
	ATGTCTGCTCCCGCTGCCGATCATAACGCTGCCAAACCTATTCCTCATGTACCTCAAGCGTCCCGACGGTACAAAAATTCATACAATGGATTCGTATACAATATACATACATGGCTGTATGATGTGTCTGTATTTCTGTTTAATATTTTGTTCACTATTTTCTTCAGAGAAATTAAGGTACGTGGTGCATATAACGTTCCCGAAGTTGGGGTGCCAACCATCCTTGTGTGTGCCCCTCATGCAAATCAGTTCATCGACCCGGCTTTGGTAATGTCGCAAACCCGTTTGCTGAAGACATCAGCGGGAAAGTCCCGATCCAGAATGCCTTGTTTTGTTACTGCTGAGTCGAGTTTTAAGAAAAGATTTATCTCTTTCTTTGGTCACGCAATGGGCGGTATTCCCGTGCCTAGAATTCAGGACAACTTGAAGCCAGTGGATGAGAATCTTGAGATTTACGCTCCGGACTTGAAGAACCACCCGGAAATCATCAAGGGCCGCTCCAAGAACCCACAGACTACACCAGTGAACTTTACGAAAAGGTTTTCTGCCAAGTCCTTGCTTGGATTGCCCGACTACTTAAGTAATGCTCAAATCAAGGAAATCCCGGATGATGAAACGATAATCTTGTCCTCTCCATTCAGAACATCGAAATCAAAAGTGGTGGAGCTCTTGACTAATGGTACTAATTTTAAATATGCAGAGAAAATCGACAATACGGAAACTTTCCAGAGTGTTTTTGATCACTTGCATACGAAGGGCTGTGTAGGTATTTTCCCCGAGGGTGGTTCTCATGACCGTCCTTCGTTACTACCCATCAAGGCAGGTGTTGCCATTATGGCTCTGGGCGCAGTAGCCGCTGATCCTACCATGAAAGTTGCTGTTGTACCCTGTGGTTTGCATTATTTCCACAGAAATAAATTCAGATCTAGAGCTGTTTTAGAATACGGCGAACCTATAGTGGTGGATGGGAAATATGGCGAAATGTATAAGGACTCCCCACGTGAGACCGTTTCCAAACTACTAAAAAAGATCACCAATTCTTTGTTTTCTGTTACCGAAAATGCTCCAGATTACGATACTTTGATGGTCATTCAGGCTGCCAGAAGACTATATCAACCGGTAAAAGTCAGGCTACCTTTGCCTGCCATTGTAGAAATCAACAGAAGGTTACTTTTCGGTTATTCCAAGTTTAAAGATGATCCAAGAATTATTCACTTAAAAAAACTGGTATATGACTACAACAGGAAATTAGATTCAGTGGGTTTAAAAGACCATCAGGTGATGCAATTAAAAACTACCAAATTAGAAGCATTGAGGTGCTTTGTAACTTTGATCGTTCGATTGATTAAATTTTCTGTCTTTGCTATACTATCGTTACCGGGTTCTATTCTCTTCACTCCAATTTTCATTATTTGTCGCGTATACTCAGAAAAGAAGGCCAAAGAGGGTTTAAAGAAATCATTGGTTAAAATTAAGGGTACCGATTTGTTGGCCACATGGAAACTTATCGTGGCGTTAATATTGGCACCAATTTTATACGTTACTTACTCGATCTTGTTGATTATTTTGGCAAGAAAACAACACTATTGTCGCATCTGGGTTCCTTCCAATAACGCATTCATACAATTTGTCTATTTTTATGCGTTATTGGTTTTCACCACGTATTCCTCTTTAAAGACCGGTGAAATCGGTGTTGACCTTTTCAAATCTTTAAGACCACTTTTTGTTTCTATTGTTTACCCCGGTAAGAAGATCGAAGAAATCCAAACAACAAGAAAGAATTTAAGTCTAGAGTTGACTGCTGTTTGTAACGATTTAGGACCTTTGGTTTTCCCTGATTACGATAAATTAGCGACTGAGATATTCTCTAAGAGAGACGGTTATGATGTCTCTTCTGATGCAGAGTCTTCTATAAGTCGTATGAGTGTACAATCTAGAAGCCGCTCTTCTTCTATACATTCTATTGGCTCGCTAGCTTCTAACGCCCTATCAAGAGTGAATTCAAGAGGCTCGTTGACCGATATTCCAATTTTTTCTGATGCAAAGCAAGGTCAATGGAAAAGTGAAGGTGAAACTAGTGAGGATGAGGATGAATTTGATGAGAAAAATCCTGCCATAGTACAAACCGCACGAAGTTCTGATCTAAATAAGGAAAACAGTCGCAACACAAATATATCTTCGAAGATTGCTTCGCTGGTAAGACAGAAAAGAGAACACGAAAAGAAAGAATGA

	ICT1
	ATGTGGACAAACACTTTCAAATGGTGCAGCAAAACTGAGAAGGAGACCACTACTGCAGACGCCAAGGTGTGTGCTAGCGTGCAGGGCCTGAAGGCCCTGCAGCAGCAAATTATGGATAGCACCACTGTGCGTGGGTCCGTTAATAACACGATGACTCCAGGCGGGATTAACCAGTGGCATTTCCACAATAAGCGTGCGAACAAAGTGTGCACGCCTACAGTACTAATCCATGGATACGCTGCCTCGTCGATGGCGTTCTACAGGACGTTTGAGAACCTGTCAGACAACATTAAAGATCTATATGCCATCGACTTGCCAGCCAATGGTGCCTCAGAGGCGCCAGCATTGCAAGTGAACAAAACCAAGAAGATCAAGTCTCTCAGGTTTAAGCATATAGAAGATGACGTAGTAATCCCTGTGATAGAGAAGCGCCCCCCAGCAGAGGACATCAAGTCACACCTGGAGCAGTACGAAAGCTACTTCGTAGACAGGATAGAGCAATGGCGGAAGGATAACAAGCTTCGCAAAATAAACGTGGTGGGCCATTCATTCGGAGGATATATTTCATTCAAATACGCCCTCAAGTACCCTGATTCCATTGAGAAACTGTGTCTCATATCTCCTCTTGGTGTGGAAAACAGTATACATGCTATCACCCACAAATGGGAGCCCAACACCACCTATCCACTTACGTTTACCGACCCATCGTCCCGATATTATACAAGAAAGCTGAACGTACCGCGGTTTATCTTTGAAAACCAGCTAAACGTTTTGAAGTGGATGGGACCCATAGGCTCCAAATTGTGCTCGAACTACATCTCCACCGCATACGTAAAAGTTCCGGATCAGATATATAAGGACTATCTTTTGCACTCATTTGTCGGGAAGAACCAGACGGTGCAACCACAGACAATCAAGGTGTTCACCCATTTGTTTGAAAGGAATCTGATCGCTAGAGATCCGATAATAAACAACGTTCGTTTTTTGAACCCAGCAACGCCTGTCATGTTCATGTATGGCGAGCACGATTGGATGGATAAATATGCGGGCTACTTGACTACTGAATCAATGCTAAAAAACAAGGCAAAGGCTAGCTACGTTGAAGTCCCTGATGCTGGCCATAATCTTTTCCTGGACAACCCGCAGCACTTTGCCTCTTCTTTAGTCTCGTTCCTGTCAAAGTAA

	PAH1
	ATGCAGTACGTAGGCAGAGCTCTTGGGTCTGTGTCTAAAACATGGTCTTCTATCAATCCGGCTACGCTATCAGGTGCTATAGATGTCATTGTAGTGGAGCATCCAGACGGAAGGCTATCATGTTCTCCCTTTCATGTGAGGTTCGGCAAATTTCAAATTCTAAAGCCATCTCAAAAGAAAGTCCAAGTGTTTATAAATGAGAAACTGAGTAATATGCCAATGAAACTGAGTGATTCTGGAGAAGCCTATTTCGTTTTCGAGATGGGTGACCAGGTCACTGATGTCCCTGACGAATTGCTTGTGTCGCCCGTGATGAGCGCCACATCAAGCCCCCCTCAATCACCTGAAACATCCATCTTAGAAGGAGGAACCGAGGGTGAAGGTGAAGGTGAAAATGAAAATAAGAAGAAGGAAAAGAAAGTGCTAGAGGAACCAGATTTTTTAGATATCAATGACACTGGAGATTCAGGCAGTAAAAATAGTGAAACTACAGGGTCGCTTTCTCCTACTGAATCCTCTACAACGACACCACCAGATTCAGTTGAAGAGAGGAAGCTTGTTGAGCAGCGTACAAAGAACTTTCAGCAAAAACTAAACAAAAAACTCACTGAAATCCATATACCCAGTAAACTTGATAACAATGGCGACTTACTACTAGACACTGAAGGTTACAAGCCAAACAAGAATATGATGCATGACACAGACATACAACTGAAGCAGTTGTTAAAGGACGAATTCGGTAATGATTCAGATATTTCCAGTTTTATCAAGGAGGACAAAAATGGCAACATCAAGATCGTAAATCCTTACGAGCACCTTACTGATTTATCTCCTCCAGGTACGCCTCCAACAATGGCCACAAGCGGATCAGTTTTAGGCTTAGATGCAATGGAATCAGGAAGTACTTTGAATTCGTTATCTTCTTCACCTTCTGGTTCCGATACTGAGGACGAAACATCATTTAGCAAAGAACAAAGCAGTAAAAGTGAAAAAACTAGCAAGAAAGGAACAGCAGGGAGCGGTGAGACCGAGAAAAGATACATACGAACGATAAGATTGACTAATGACCAGTTAAAGTGCCTAAATTTAACTTATGGTGAAAATGATCTGAAATTTTCCGTAGATCACGGAAAAGCTATTGTTACGTCAAAATTATTCGTTTGGAGGTGGGATGTTCCAATTGTTATCAGTGATATTGATGGCACCATCACAAAATCGGACGCTTTAGGCCATGTTCTGGCAATGATAGGAAAAGACTGGACGCACTTGGGTGTAGCCAAGTTATTTAGCGAGATCTCCAGGAATGGCTATAATATACTCTATCTAACTGCAAGAAGTGCTGGACAAGCTGATTCCACGAGGAGTTATTTGCGATCAATTGAACAGAATGGCAGCAAACTACCAAATGGGCCTGTGATTTTATCACCCGATAGAACGATGGCTGCGTTAAGGCGGGAAGTAATACTAAAAAAACCTGAAGTCTTTAAAATCGCGTGTCTAAACGACATAAGATCCTTGTATTTTGAAGACAGTGATAACGAAGTGGATACAGAGGAAAAATCAACACCATTTTTTGCCGGCTTTGGTAATAGGATTACTGATGCTTTATCTTACAGAACTGTGGGGATACCTAGTTCAAGAATTTTCACAATAAATACAGAGGGTGAGGTTCATATGGAATTATTGGAGTTAGCAGGTTACAGAAGCTCCTATATTCATATCAATGAGCTTGTCGATCATTTCTTTCCACCAGTCAGCCTTGATAGTGTCGATCTAAGAACTAATACTTCCATGGTTCCTGGCTCCCCCCCTAATAGAACGTTGGATAACTTTGACTCAGAAATTACTTCAGGTCGCAAAACGCTATTTAGAGGCAATCAGGAAGAGAAATTCACAGACGTAAATTTTTGGAGAGACCCGTTAGTCGACATCGACAACTTATCGGATATTAGCAATGATGATTCTGATAACATCGATGAAGATACTGACGTATCACAACAAAGCAACATTAGTAGAAATAGGGCAAATTCAGTCAAAACCGCCAAGGTCACTAAAGCCCCGCAAAGAAATGTGAGCGGCAGCACAAATAACAACGAAGTTTTAGCCGCTTCGTCTGATGTAGAAAATGCGTCTGACCTGGTGAGTTCCCATAGTAGCTCAGGATCCACGCCCAATAAATCTACAATGTCCAAAGGGGACATTGGAAAACAAATATATTTGGAGCTAGGTTCTCCACTTGCATCGCCAAAACTAAGATATTTAGACGATATGGATGATGAAGACTCCAATTACAATAGAACTAAATCAAGGAGAGCATCTTCTGCAGCCGCGACTAGTATCGATAAAGAGTTCAAAAAGCTCTCTGTGTCAAAGGCCGGCGCTCCAACAAGAATTGTTTCAAAGATCAACGTTTCAAATGACGTACATTCACTTGGGAATTCAGATACCGAATCACGAAGGGAGCAAAGTGTTAATGAAACAGGGCGCAATCAGCTACCCCACAACTCAATGGACGATAAAGATTTGGATTCAAGAGTAAGCGATGAATTCGATGACGATGAATTCGACGAAGATGAATTCGAAGATTAA

	ACC1
	ATGAGCGAAGAAAGCTTATTCGAGTCTTCTCCACAGAAGATGGAGTACGAAATTACAAACTACTCAGAAAGACATACAGAACTTCCAGGTCATTTCATTGGCCTCAATACAGTAGATAAACTAGAGGAGTCCCCGTTAAGGGACTTTGTTAAGAGTCACGGTGGTCACACGGTCATATCCAAGATCCTGATAGCAAATAATGGTATTGCCGCCGTGAAAGAAATTAGATCCGTCAGAAAATGGGCATACGAGACGTTCGGCGATGACAGAACCGTCCAATTCGTCGCCATGGCCACCCCAGAAGATCTGGAGGCCAACGCAGAATATATCCGTATGGCCGATCAATACATTGAAGTGCCAGGTGGTACTAATAATAACAACTACGCTAACGTAGACTTGATCGTAGACATCGCCGAAAGAGCAGACGTAGACGCCGTATGGGCTGGCTGGGGTCACGCCTCCGAGAATCCACTATTGCCTGAAAAATTGTCCCAGTCTAAGAGGAAAGTCATCTTTATTGGGCCTCCAGGTAACGCCATGAGGTCTTTAGGTGATAAAATCTCCTCTACCATTGTCGCTCAAAGTGCTAAAGTCCCATGTATTCCATGGTCTGGTACCGGTGTTGACACCGTTCACGTGGACGAGAAAACCGGTCTGGTCTCTGTCGACGATGACATCTATCAAAAGGGTTGTTGTACCTCTCCTGAAGATGGTTTACAAAAGGCCAAGCGTATTGGTTTTCCTGTCATGATTAAGGCATCCGAAGGTGGTGGTGGTAAAGGTATCAGACAAGTTGAACGTGAAGAAGATTTCATCGCTTTATACCACCAGGCAGCCAACGAAATTCCAGGCTCCCCCATTTTCATCATGAAGTTGGCCGGTAGAGCGCGTCACTTGGAAGTTCAACTGCTAGCAGATCAGTACGGTACAAATATTTCCTTGTTCGGTAGAGACTGTTCCGTTCAGAGACGTCATCAAAAAATTATCGAAGAAGCACCAGTTACAATTGCCAAGGCTGAAACATTTCACGAGATGGAAAAGGCTGCCGTCAGACTGGGGAAACTAGTCGGTTATGTCTCTGCCGGTACCGTGGAGTATCTATATTCTCATGATGATGGAAAATTCTACTTTTTAGAATTGAACCCAAGATTACAAGTCGAGCATCCAACAACGGAAATGGTCTCCGGTGTTAACTTACCTGCAGCTCAATTACAAATCGCTATGGGTATCCCTATGCATAGAATAAGTGACATTAGAACTTTATATGGTATGAATCCTCATTCTGCCTCAGAAATCGATTTCGAATTCAAAACTCAAGATGCCACCAAGAAACAAAGAAGACCTATTCCAAAGGGTCATTGTACCGCTTGTCGTATCACATCAGAAGATCCAAACGATGGATTCAAGCCATCGGGTGGTACTTTGCATGAACTAAACTTCCGTTCTTCCTCTAATGTTTGGGGTTACTTCTCCGTGGGTAACAATGGTAATATTCACTCCTTTTCGGACTCTCAGTTCGGCCATATTTTTGCTTTTGGTGAAAATAGACAAGCTTCCAGGAAACACATGGTTGTTGCCCTGAAGGAATTGTCCATTAGGGGTGATTTCAGAACTACTGTGGAATACTTGATCAAACTTTTGGAAACTGAAGATTTCGAGGATAACACTATTACCACCGGTTGGTTGGACGATTTGATTACTCATAAAATGACCGCTGAAAAGCCTGATCCAACTCTTGCCGTCATTTGCGGTGCCGCTACAAAGGCTTTCTTAGCATCTGAAGAAGCCCGCCACAAGTATATCGAATCCTTACAAAAGGGACAAGTTCTATCTAAAGACCTACTGCAAACTATGTTCCCTGTAGATTTTATCCATGAGGGTAAAAGATACAAGTTCACCGTAGCTAAATCCGGTAATGACCGTTACACATTATTTATCAATGGTTCTAAATGTGATATCATACTGCGTCAACTATCTGATGGTGGTCTTTTGATTGCCATAGGCGGTAAATCGCATACCATCTATTGGAAAGAAGAAGTTGCTGCTACAAGATTATCCGTTGACTCTATGACTACTTTGTTGGAAGTTGAAAACGATCCAACCCAGTTGCGTACTCCATCCCCTGGTAAATTGGTTAAATTCTTGGTGGAAAATGGTGAACACATTATCAAGGGCCAACCATATGCAGAAATTGAAGTTATGAAAATGCAAATGCCTTTGGTTTCTCAAGAAAATGGTATCGTCCAGTTATTAAAGCAACCTGGTTCTACCATTGTTGCAGGTGATATCATGGCTATTATGACTCTTGACGATCCATCCAAGGTCAAGCACGCTCTACCATTTGAAGGTATGCTGCCAGATTTTGGTTCTCCAGTTATCGAAGGAACCAAACCTGCCTATAAATTCAAGTCATTAGTGTCTACTTTGGAAAACATTTTGAAGGGTTATGACAACCAAGTTATTATGAACGCTTCCTTGCAACAATTGATAGAGGTTTTGAGAAATCCAAAACTGCCTTACTCAGAATGGAAACTACACATCTCTGCTTTACATTCAAGATTGCCTGCTAAGCTAGATGAACAAATGGAAGAGTTAGTTGCACGTTCTTTGAGACGTGGTGCTGTTTTCCCAGCTAGACAATTAAGTAAATTGATTGATATGGCCGTGAAGAATCCTGAATACAACCCCGACAAATTGCTGGGCGCCGTCGTGGAACCATTGGCGGATATTGCTCATAAGTACTCTAACGGGTTAGAAGCCCATGAACATTCTATATTTGTCCATTTCTTGGAAGAATATTACGAAGTTGAAAAGTTATTCAATGGTCCAAATGTTCGTGAGGAAAATATCATTCTGAAATTGCGTGATGAAAACCCTAAAGATCTAGATAAAGTTGCGCTAACTGTTTTGTCTCATTCGAAAGTTTCAGCGAAGAATAACCTGATCCTAGCTATCTTGAAACATTATCAACCATTGTGCAAGTTATCTTCTAAAGTTTCTGCCATTTTCTCTACTCCTCTACAACATATTGTTGAACTAGAATCTAAGGCTACCGCTAAGGTCGCTCTACAAGCAAGAGAAATTTTGATTCAAGGCGCTTTACCTTCGGTCAAGGAAAGAACTGAACAAATTGAACATATCTTAAAATCCTCTGTTGTGAAGGTTGCCTATGGCTCATCCAATCCAAAGCGCTCTGAACCAGATTTGAATATCTTGAAGGACTTGATCGATTCTAATTACGTTGTGTTCGATGTTTTACTTCAATTCCTAACCCATCAAGACCCAGTTGTGACTGCTGCAGCTGCTCAAGTCTATATTCGTCGTGCTTATCGTGCTTACACCATAGGAGATATTAGAGTTCACGAAGGTGTCACAGTTCCAATTGTTGAATGGAAATTCCAACTACCTTCAGCTGCGTTCTCCACCTTTCCAACTGTTAAATCTAAAATGGGTATGAACAGGGCTGTTTCTGTTTCAGATTTGTCATATGTTGCAAACAGTCAGTCATCTCCGTTAAGAGAAGGTATTTTGATGGCTGTGGATCATTTAGATGATGTTGATGAAATTTTGTCACAAAGTTTGGAAGTTATTCCTCGTCACCAATCTTCTTCTAACGGACCTGCTCCTGATCGTTCTGGTAGCTCCGCATCGTTGAGTAATGTTGCTAATGTTTGTGTTGCTTCTACAGAAGGTTTCGAATCTGAAGAGGAAATTTTGGTAAGGTTGAGAGAAATTTTGGATTTGAATAAGCAGGAATTAATCAATGCTTCTATCCGTCGTATCACATTTATGTTCGGTTTTAAAGATGGGTCTTATCCAAAGTATTATACTTTTAACGGTCCAAATTATAACGAAAATGAAACAATTCGTCACATTGAGCCGGCTTTGGCCTTCCAACTGGAATTAGGAAGATTGTCCAACTTCAACATTAAACCAATTTTCACTGATAATAGAAACATCCATGTCTACGAAGCTGTTAGTAAGACTTCTCCATTGGATAAGAGATTCTTTACAAGAGGTATTATTAGAACGGGTCATATCCGTGATGACATTTCTATTCAAGAATATCTGACTTCTGAAGCTAACAGATTGATGAGTGATATATTGGATAATTTAGAAGTCACCGACACTTCAAATTCTGATTTGAATCATATCTTCATCAACTTCATTGCGGTGTTTGATATCTCTCCAGAAGATGTCGAAGCCGCCTTCGGTGGTTTCTTAGAAAGATTTGGTAAGAGATTGTTGAGATTGCGTGTTTCTTCTGCCGAAATTAGAATCATCATCAAAGATCCTCAAACAGGTGCCCCAGTACCATTGCGTGCCTTGATCAATAACGTTTCTGGTTATGTTATCAAAACAGAAATGTACACCGAAGTCAAGAACGCAAAAGGTGAATGGGTATTTAAGTCTTTGGGTAAACCTGGATCCATGCATTTAAGACCTATTGCTACTCCTTACCCTGTTAAGGAATGGTTGCAACCAAAACGTTATAAGGCACACTTGATGGGTACCACATATGTCTATGACTTCCCAGAATTATTCCGCCAAGCATCGTCATCCCAATGGAAAAATTTCTCTGCAGATGTTAAGTTAACAGATGATTTCTTTATTTCCAACGAGTTGATTGAAGATGAAAACGGCGAATTAACTGAGGTGGAAAGAGAACCTGGTGCCAACGCTATTGGTATGGTTGCCTTTAAGATTACTGTAAAGACTCCTGAATATCCAAGAGGCCGTCAATTTGTTGTTGTTGCTAACGATATCACATTCAAGATCGGTTCCTTTGGTCCACAAGAAGACGAATTCTTCAATAAGGTTACTGAATATGCTAGAAAGCGTGGTATCCCAAGAATTTACTTGGCTGCAAACTCAGGTGCCAGAATTGGTATGGCTGAAGAGATTGTTCCACTATTTCAAGTTGCATGGAATGATGCTGCCAATCCGGACAAGGGCTTCCAATACTTATACTTAACAAGTGAAGGTATGGAAACTTTAAAGAAATTTGACAAAGAAAATTCTGTTCTCACTGAACGTACTGTTATAAACGGTGAAGAAAGATTTGTCATCAAGACAATTATTGGTTCTGAAGATGGGTTAGGTGTCGAATGTCTACGTGGATCTGGTTTAATTGCTGGTGCAACGTCAAGGGCTTACCACGATATCTTCACTATCACCTTAGTCACTTGTAGATCCGTCGGTATCGGTGCTTATTTGGTTCGTTTGGGTCAAAGAGCTATTCAGGTCGAAGGCCAGCCAATTATTTTAACTGGTGCTCCTGCAATCAACAAAATGCTGGGTAGAGAAGTTTATACTTCTAACTTACAATTGGGTGGTACTCAAATCATGTATAACAACGGTGTTTCACATTTGACTGCTGTTGACGATTTAGCTGGTGTAGAGAAGATTGTTGAATGGATGTCTTATGTTCCAGCCAAGCGTAATATGCCAGTTCCTATCTTGGAAACTAAAGACACATGGGATAGACCAGTTGATTTCACTCCAACTAATGATGAAACTTACGATGTAAGATGGATGATTGAAGGTCGTGAGACTGAAAGTGGATTTGAATATGGTTTGTTTGATAAAGGGTCTTTCTTTGAAACTTTGTCAGGATGGGCCAAAGGTGTTGTCGTTGGTAGAGCCCGTCTTGGTGGTATTCCACTGGGTGTTATTGGTGTTGAAACAAGAACTGTCGAGAACTTGATTCCTGCTGATCCAGCTAATCCAAATAGTGCTGAAACATTAATTCAAGAACCTGGTCAAGTTTGGCATCCAAACTCCGCCTTCAAGACTGCTCAAGCTATCAATGACTTTAACAACGGTGAACAATTGCCAATGATGATTTTGGCCAACTGGAGAGGTTTCTCTGGTGGTCAACGTGATATGTTCAACGAAGTCTTGAAGTATGGTTCGTTTATTGTTGACGCATTGGTGGATTACAAACAACCAATTATTATCTATATCCCACCTACCGGTGAACTAAGAGGTGGTTCATGGGTTGTTGTCGATCCAACTATCAACGCTGACCAAATGGAAATGTATGCCGACGTCAACGCTAGAGCTGGTGTTTTGGAACCACAAGGTATGGTTGGTATCAAGTTCCGTAGAGAAAAATTGCTGGACACCATGAACAGATTGGATGACAAGTACAGAGAATTGAGATCTCAATTATCCAACAAGAGTTTGGCTCCAGAAGTACATCAGCAAATATCCAAGCAATTAGCTGATCGTGAGAGAGAACTATTGCCAATTTACGGACAAATCAGTCTTCAATTTGCTGATTTGCACGATAGGTCTTCACGTATGGTGGCCAAGGGTGTTATTTCTAAGGAACTGGAATGGACCGAGGCACGTCGTTTCTTCTTCTGGAGATTGAGAAGAAGATTGAACGAAGAATATTTGATTAAAAGGTTGAGCCATCAGGTAGGCGAAGCATCAAGATTAGAAAAGATCGCAAGAATTAGATCGTGGTACCCTGCTTCAGTGGACCATGAAGATGATAGGCAAGTCGCAACATGGATTGAAGAAAACTACAAAACTTTGGACGATAAACTAAAGGGTTTGAAATTAGAGTCATTCGCTCAAGACTTAGCTAAAAAGATCAGAAGCGACCATGACAATGCTATTGATGGATTATCTGAAGTTATCAAGATGTTATCTACCGATGATAAAGAAAAATTGTTGAAGACTTTGAAATAA

	DGA1
	ATGTCAGGAACATTCAATGATATAAGAAGAAGGAAGAAGGAAGAAGGAAGCCCTACAGCCGGTATTACCGAAAGGCATGAGAATAAGTCTTTGTCAAGCATCGATAAAAGAGAACAGACTCTCAAACCACAACTAGAGTCATGCTGTCCATTGGCGACCCCTTTTGAAAGAAGGTTACAAACTCTGGCTGTAGCATGGCACACTTCTTCATTTGTACTCTTCTCCATATTTACGTTATTTGCAATCTCGACACCAGCACTGTGGGTTCTTGCTATTCCATATATGATTTATTTTTTTTTCGATAGGTCTCCTGCAACTGGCGAAGTGGTAAATCGATACTCTCTTCGATTTCGTTCATTGCCCATTTGGAAGTGGTATTGTGATTATTTCCCTATAAGTTTGATTAAAACTGTCAATTTAAAACCAACTTTTACGCTTTCAAAAAATAAGAGAGTTAACGAAAAAAATTACAAGATTAGATTGTGGCCAACTAAGTATTCCATTAATCTCAAAAGCAACTCTACTATTGACTATCGCAACCAGGAATGTACAGGGCCAACGTACTTATTTGGTTACCATCCACACGGCATAGGAGCACTTGGTGCGTTTGGAGCGTTTGCAACAGAAGGTTGTAACTATTCCAAGATTTTCCCAGGTATTCCTATTTCTCTGATGACACTGGTCACACAATTTCATATCCCATTGTATAGAGACTACTTATTGGCGTTAGGTATTTCTTCAGTATCTCGGAAAAACGCTTTAAGGACTCTAAGCAAAAATCAGTCGATCTGCATTGTTGTTGGTGGCGCTAGGGAATCTTTATTAAGTTCAACAAATGGTACACAACTGATTTTAAACAAAAGAAAGGGTTTTATTAAACTGGCCATTCAAACGGGGAATATTAACCTAGTGCCTGTGTTTGCATTTGGAGAGGTGGACTGTTATAATGTTCTGAGCACAAAAAAAGATTCAGTCCTGGGTAAAATGCAACTATGGTTCAAAGAAAACTTTGGTTTTACCATTCCCATTTTCTACGCAAGAGGATTATTCAATTACGATTTCGGTTTGTTGCCATTTAGAGCGCCTATCAATGTTGTTGTTGGAAGGCCTATATACGTTGAAAAGAAAATAACAAATCCGCCAGATGATGTTGTTAATCATTTCCATGATTTGTATATTGCGGAGTTGAAAAGACTATATTACGAAAATAGAGAAAAATATGGGGTACCGGATGCAGAATTGAAGATAGTTGGGTAA

	ZWF1
	ATGAGTGAAGGCCCCGTCAAATTCGAAAAAAATACCGTCATATCTGTCTTTGGTGCGTCAGGTGATCTGGCAAAGAAGAAGACTTTTCCCGCCTTATTTGGGCTTTTCAGAGAAGGTTACCTTGATCCATCTACCAAGATCTTCGGTTATGCCCGGTCCAAATTGTCCATGGAGGAGGACCTGAAGTCCCGTGTCCTACCCCACTTGAAAAAACCTCACGGTGAAGCCGATGACTCTAAGGTCGAACAGTTCTTCAAGATGGTCAGCTACATTTCGGGAAATTACGACACAGATGAAGGCTTCGACGAATTAAGAACGCAGATCGAGAAATTCGAGAAAAGTGCCAACGTCGATGTCCCACACCGTCTCTTCTATCTGGCCTTGCCGCCAAGCGTTTTTTTGACGGTGGCCAAGCAGATCAAGAGTCGTGTGTACGCAGAGAATGGCATCACCCGTGTAATCGTAGAGAAACCTTTCGGCCACGACCTGGCCTCTGCCAGGGAGCTGCAAAAAAACCTGGGGCCCCTCTTTAAAGAAGAAGAGTTGTACAGAATTGACCATTACTTGGGTAAAGAGTTGGTCAAGAATCTTTTAGTCTTGAGGTTCGGTAACCAGTTTTTGAATGCCTCGTGGAATAGAGACAACATTCAAAGCGTTCAGATTTCGTTTAAAGAGAGGTTCGGCACCGAAGGCCGTGGCGGCTATTTCGACTCTATAGGCATAATCAGAGACGTGATGCAGAACCATCTGTTACAAATCATGACTCTCTTGACTATGGAAAGACCGGTGTCTTTTGACCCGGAATCTATTCGTGACGAAAAGGTTAAGGTTCTAAAGGCCGTGGCCCCCATCGACACGGACGACGTCCTCTTGGGCCAGTACGGTAAATCTGAGGACGGGTCTAAGCCCGCCTACGTGGATGATGACACTGTAGACAAGGACTCTAAATGTGTCACTTTTGCAGCAATGACTTTCAACATCGAAAACGAGCGTTGGGAGGGCGTCCCCATCATGATGCGTGCCGGTAAGGCTTTGAATGAGTCCAAGGTGGAGATCAGACTGCAGTACAAAGCGGTCGCATCGGGTGTCTTCAAAGACATTCCAAATAACGAACTGGTCA
TCAGAGTGCAGCCCGATGCCGCTGTGTACCTAAAGTTTAATGCTAAGACCCCTGGTCTGTCAAATGCTACCCAAGTCACAGATCTGAATCTAACTTACGCAAGCAGGTACCAAGACTTTTGGATTCCAGAGGCTTACGAGGTGTTGATAAGAGACGCCCTACTGGGTGACCATTCCAACTTTGTCAGAGATGACGAATTGGATATCAGTTGGGGCATATTCACCCCATTACTGAAGCACATAGAGCGTCCGGACGGTCCAACACCGGAAATTTACCCCTACGGATCAAGAGGTCCAAAGGGATTGAAGGAATATATGCAAAAACACAAGTATGTTATGCCCGAAAAGCACCCTTACGCTTGGCCCGTGACTAAGCCAGAAGATACGAAGGATAATTAG




Supplementary Table S4. A list of integration sites used in this study.

	
	gRNA spacer sequences
	Location
	Upstream sequence
	Downstream sequence

	Site 1
	acccgcatacggttctcccg
	Chr XVI
	ACACTCGCGAGAACCAAAACAAGGATCCCCTAAACCCAGT
	AAAAGGGGGCGGAGGCCGGACGATGAGTGTTACCCGGATA

	Site 2
	ttctacgctcaacctcccgt
	Chr VI
	GTTTTTCAAAAAGATCGATATTCTCTTGAGAATTAGGAAG
	CAGAAGAAATACAAAAGCTAATACAATTGTGTTAGAATAA

	Site 5
	gtaaaacacctatagcactg
	Chr VII
	TTACGTGTCATTTATTATGGGTTCAGAAATTATGTGTTAA
	CAAATTCCGGCATCAATTTCAACGCCACCAAAATTGTGTG

	Site 7
	gttgaaatataagtaaccct
	Chr X
	TGAAAATTGTGCCGGATATTCAAGACTAAGAGATGTACAA
	CATAAACTACTCTGTCGTAAGATCATTAACATGTCGATTT

	Site 9
	ccccgcgaattcgttcaagt
	Chr XI
	GAACTGCCCATTCAGCTTTTCCCTTTGCAATTGGTGCACT
	TGTACATTAAACTACGATGTAAACATCAAGGTTATTGCTA

	Site 10
	acggactaaataacaccagg
	Chr XII
	ATAGCACGAGAAAAAACTCGTTCAACTAAGTCTAGACACA
	TCTCTTAACAACCAAAGCCTACGAGCTCTCAAACAGCTCT

	Site 11
	aagtcacgtatataagctag
	Chr VI
	TATTCTACTAAAAACACATCAGTAGTCACAGAAGTCACAG
	CAGAAGAAATACAAAAGCTAATACAATTGTGTTAGAATAA

	Site 16
	aaattgtagaacgcaggaca
	Chr VII
	CTTATAGCATACTATTTTAGTTATGAATTGTGAAAATCCT
	ATTTAGTACTTGTTTGGCAAAAACGTCTCTCAGTGCCATT
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