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Table S1. All strains used in this study.

	Strains
	Genotype
	Source

	DH5α
	F-, φ80d/lacZΔM15, Δ (lacZYA-argF) U169, deoR, recA1, endA1, hsdR17 (rk-, mk+), phoA, supE44, λ-, thi-1, gyrA96, relA1
	

	NCYC 495
	MATα; leu1.1
	CGMCC

	F01
	NCYC 495; Δura3::PpGAPp-Cpf1-AOXt-NATR
	This study

	F04
	NCYC 495; Δura3::OpADH2-1p-Cpf1-AOXt-NATR
	This study

	F05
	NCYC 495; Δura3::OpPGDp-Cpf1-AOXt-NATR
	This study

	F06
	NCYC 495; Δura3::OpGAPp-Cpf1-AOXt-NATR
	This study

	OP-3
	NCYC 495; Δura3::NATR
	This study

	F07
	F06; Δleu1.1::OpGAPp-Oprad52-AOXt
	This study

	F08
	F06; Δleu1.1::OpGAPp-Pprad52-AOXt
	This study

	F13
	F06; ΔKu70
	This study

	F14
	F06; Δade2; Δhis4
	This study

	F29
	NCYC 495; Δura3::OpGAPp-dCpf1-AOXt-NATR
	This study

	F30
	NCYC 495; Δura3::OpGAPp-dCpf1-VP64-AOXt-NATR
	This study

	F41
	F13; ΔNS18:: OpGAPp-CrtE-AOXt; ΔNS12::OpADH2-1p- CrtYB-AOXt; Δ3NS2::OpPGDp-CrtI-AOXt
	This study


Table S2. All primers used in this study.
	Primer names
	Sequences

	Cpf1-F
	ATGGGTTCTATCTACCAAGAATTCG

	Cpf1-R
	AACCTTTCTCTTCTTCTTTGGATC

	EGFP-F
	ATGGTGAGCAAGGGCG

	EGFP-R
	TTACTTGTACAGCTCGTCCATGC

	PPpGAPp-F
	TTTTTGTAGAAATGTCTTGGTGTCC

	PPpGAPp-R
	CGTTTCGAAATAGTTGTTCAATTGATTG

	POpADH2-1-F
	GCCTTTCGTCCTGAAGATCG

	POpADH2-1-R
	TTTAAATTGATTGATTGATTGATAGAAGGATGC

	PPOpGAPp-F
	TGCGTAAGGAATGCTGAC

	PPOpGAPp-R
	TTTGTTTCTATATTATCTTTGTACTAAAGAGCAATTG

	PPOpPGDp-F
	AGCAGTCGTTTGCCG

	PPOpPGDp-R
	GACAGCCAGTCCGATCAG

	PPOpTEF1p-F
	AGCAGTATTATGGATACTTCTCAAAG

	PPOpTEF1p-R
	TACGAATGTACTAATTAAAAGATCAGAAAAAATC

	NAT-F
	ATGGGTACCACTCTTGACG

	NAT-R
	TTAGGGGCAGGGCATG

	P2A-F
	GGTTCTGGTGCCACCAAC

	panARS-F
	GTAGTGCTGATTATGATTTGACG

	panARS-R
	TCAACATCTTTGGATAATATCAGAATGAG

	PPpTEF1p-F
	CCACACACCATAGCTTCAAAATG

	PPpTEF1p-R
	ATTAGATTAGATTGCTATGCTTTCTTTCTAATG

	5S rRNA (~300)-F
	AATAGCCCTTTTTTTTGTCTACCATATTC

	5S rRNA-F
	GGTTGCGGCCATATCTAGC

	5S rRNA-R
	AGATTGCAGCACCTGAGTTTC

	tRNAAAC (~300)-F
	TGTGTATGAAACTTGTCACACG

	tRNAAAC (~300)-R
	CGACCTCGGTGAGGATC

	tRNAATG (~300)-F
	CACGTGTGATAATGTTTTGGAGG

	tRNAATG (~300)-R
	TGCTCTCGGCGAGAATC

	tRNACAC (~300)-F
	TGCCTGATCTTGTGCAAG

	tRNACAC (~300)-R
	TGCCGTCCCCAGGAATC

	tRNAGAC (~300)-F
	TCCTCAACTATATGATAACGCTCTTG

	tRNAGAC (~300)-R
	CTCCGAGACCGGGAATTG

	tRNAGAG (~300)-F
	GTAGCTTGTATTTAGCGAGAGTAATAG

	tRNAGAG (~300)-R
	CTCCGATGCGGGGAG

	tRNATCT (~300)-F
	GGCACCGAAGAGTGTTCC

	tRNATCT (~300)-R
	CGACAACAGCAGGACTCG

	tRNATGG (~300)-F
	CGCAGAGCTGTCTCAATATATG

	tRNATGG (~300)-R
	TGAGGCCAACAGGAATCG

	tRNAAGA (~108)-F
	CCGGCCTTGTGGTAATTAC

	tRNAAGA (~217)-F
	GACTTGTGCTAACTGTTGAAAAC

	tRNAAGA (~300)-F
	GAGCGGCAGTAGTAGAAGAC

	tRNAAGA (~300)-R
	CACCCAAGCCGGGAG

	tRNAAGA-F
	GCCCGAGTAGCGTAATGG

	URA3 down-F2
	ACAGATGCAGAGGGAATGATC

	URA3 down-F1
	CGGCTTTCAGTTCTATATACATCG

	URA3 down-R1
	GAGGCGAAAGAAGACTTCAAATG

	URA3 up-R1
	GGATAGCATCAATGACCAAGTG

	URA3 up-R2
	CAGGGAAATGTTGAAAATTTTTCGATAATTC

	URA3 up-F
	GCCGGACTCATCATCTCATG

	URA3-F
	ATGTATAAATCTTATGGAGAAAGGGCG

	URA3-R
	TTAAGCAATGCGCCGCTTG

	FBAp-F
	TTAAGCAATGCGCCGCTTG

	FBAp-R
	TCAGAATGCTAGGACCCCG

	mRFP-F
	ATGGCGAGTAGCGAAGAC

	mRFP-R
	TTAAGCACCGGTGGAGTG

	ADE2 up-F
	GACGCCGCCTGATGTG

	ADE2 up-R
	GCCCAAAATTCCAACGACC

	ADE2 down-F
	AAAAAAATTTCCTTTTCATGTTCGC

	ADE2 down-R
	GGCAATGCCCGTGTCTC

	HIS4 up-F
	GCGGGTTTTTCCATTGCG

	HIS4 up-R
	CGGTGAGATGTGAGTCAAGC

	HIS4 down-F
	GCCACGACCAAATAAATAATAAGTG

	HIS4 down-R
	GCGTGCTGAACACATAGG

	GUT1 up-F
	CGGTGAGATGTGAGTCAAGC

	GUT1 up-R
	TAAACTACCCCAGATTAGCGAG

	GUT1 down-F
	TCCTATATATTACGTATTATTTAGCAATACTTGC

	GUT1 down-R
	CTCTTATTTATTTAATAGCAGTACAAATTTTCCC

	KU70 up-F
	TCGGTCAGAATACTGTCAAAG

	KU70 up-R
	GGCAAAAACTGGTCCCTCG

	KU70 down-F
	GTACACGATGGAGTGGACG

	KU70 down-R
	CTTTTTGGCGTCTTTTCGG

	LEU2 up-F
	GAGCTCAAGTTGCTGGC

	LEU2 up-R
	GATTGCAAAATGATGCAACTATTTTG

	LEU2 down-F
	CCCAAAAATCCTAAACACGCAC

	LEU2 down-R
	TTTCGTCCGGATCCGC

	NS18 up-F
	CGTTAAGTATTGGTTTATAATCTTTGATCAAAG

	NS18 up-R
	CCATATCCGAGCAGAGCTTC

	NS18 down-F
	GGTTTGAACGGGCTTTCG

	NS18 down-R
	TAAGGGTGACGCGCAAAAC

	NS12 up-F
	TCGACGTATCTCAGCATACTCG

	NS12 up-R
	GTGAGTGACTCTGGAAGCG

	NS12 down-F
	CACAATAGTTCTCGATTTGGGC

	NS12 down-R
	TCTGTATCATGGCTATTTGATGC

	NS16 up-F
	CCTGTGCCTCCTTATGGTA

	NS16 up-R
	TTCATTTACCCCTTTCGGC

	NS16 down-F
	TAAGCTTTCTGCTGAGAATGTGT

	NS16 down-R
	ACCCATTACGCATATTACGATG

	3NS2 up-F
	TTGAGCAGAGTGAGATGACAG

	3NS2 up-R
	GGGACCAATACGGTATTGAAC

	3NS2 down-F
	GGTGGGGCTCAATCCAAAG

	3NS2 down-R
	GTCGGAAATTAGATGCATCAAGG

	panB up-F
	AATTCGGGATTTCTTGGTTTTTG

	panB up-R
	CTGTTTACGGCTCGCAG

	panB up2-F
	CTATGGAAAAGGCTTTATACGTCG

	panB up2-R
	CTCCATAAACACCAACAGCC

	panB up3-F
	CTCTGAGCAGGTTCTAAGCC

	panB up3-R
	ACTTCCACCAGGTCGTTG

	IRA2 down-F
	CAAAGTTCCAACTGAATCTTGACC

	IRA2 down-R
	CAACCTTCATCATGTACTCTTATGC

	CrtE-F
	ATGGACTACGCAAACATTTTGAC

	CrtE-R
	TCAAAGCGGAATGTCTGCC

	CrtI-F
	ATGGGAAAGGAGCAGGATC

	CrtI-R
	TCAGAATGCTAGGACCCCG

	CrtYB-F
	ATGACCGCTTTGGCGTAC

	CrtYB-R
	TCACTGGCCCTCCCAG


Table S3. FnCpf1 sequence for codon optimization.
	Gene
	Sequence

	FnCpf1
	ATGGGTTCTATCTACCAAGAATTCGTTAACAAATACTCTTTGTCTAAGACTTTGAGATTCGAATTGATTCCACAAGGTAAAACTTTGGAAAATATCAAAGCTAGAGGTTTGATTTTGGATGATGAAAAAAGAGCTAAGGATTATAAGAAGGCTAAGCAAATTATCGATAAGTATCATCAATTCTTCATCGAAGAAATCTTGTCTTCTGTTTGTATTTCTGAAGATTTGTTGCAAAACTACTCTGATGTTTATTTCAAGTTGAAGAAGTCTGATGATGATAACTTGCAAAAAGATTTCAAGTCTGCTAAGGATACTATTAAAAAGCAAATCTCTGAGTACATCAAGGATTCTGAAAAATTCAAGAACTTGTTCAACCAAAACTTGATTGATGCTAAGAAAGGTCAAGAATCTGATTTGATTTTGTGGTTGAAACAATCTAAGGATAACGGTATTGAATTGTTTAAGGCTAATTCTGATATCACTGATATCGATGAAGCTTTGGAAATTATTAAGTCTTTCAAGGGTTGGACTACTTACTTTAAGGGTTTCCATGAAAATAGAAAGAACGTTTATTCCTCTAACGATATTCCTACTTCTATTATTTACAGAATCGTCGATGATAACCTTCCTAAATTTTTGGAAAACAAGGCTAAATACGAGTCTTTGAAAGATAAAGCTCCAGAAGCTATTAATTACGAACAAATTAAGAAGGACCTGGCTGAAGAATTGACTTTTGATATTGATTACAAGACCTCTGAAGTTAATCAAAGAGTTTTCTCTTTGGATGAAGTTTTCGAAATTGCTAACTTTAACAACTACTTGAACCAATCTGGTATTACTAAGTTTAACACTATCATCGGTGGTAAATTTGTTAATGGTGAAAATACTAAGAGAAAGGGTATTAATGAGTACATTAACTTGTACTCTCAGCAAATTAACGATAAAACTTTGAAGAAGTACAAGATGTCTGTTTTGTTTAAGCAAATCTTGTCTGATACTGAATCTAAATCTTTCGTTATCGATAAGTTGGAAGATGATTCTGATGTTGTTACTACTATGCAATCTTTCTACGAACAAATCGCTGCTTTTAAGACTGTTGAAGAAAAATCTATCAAGGAAACTTTGTCTTTGTTGTTCGATGATTTGAAGGCTCAAAAGTTGGATTTGTCTAAAATTTACTTCAAGAACGACAAGTCTTTGACTGATTTGTCTCAACAAGTTTTTGATGATTACTCTGTTATCGGTACTGCTGTTTTGGAATATATTACTCAACAAATCGCTCCAAAGAATTTGGATAACCCTTCTAAAAAGGAACAAGAATTGATTGCTAAGAAGACTGAAAAGGCTAAATATTTGTCTTTGGAAACTATCAAGCTGGCTTTGGAAGAATTCAATAAACATAGAGATATCGACAAGCAATGTAGATTTGAAGAAATTTTGGCTAACTTCGCTGCTATTCCAATGATTTTTGATGAAATTGCTCAGAACAAGGATAACTTGGCTCAAATTTCTATTAAGTACCAAAACCAAGGTAAGAAGGATTTGTTGCAGGCTTCTGCTGAAGATGATGTTAAAGCTATTAAAGATCTGTTGGATCAAACTAATAACTTGTTGCATAAGTTGAAGATCTTCCATATTTCTCAATCTGAAGATAAGGCTAATATCTTGGATAAGGATGAACATTTCTACTTGGTTTTTGAAGAATGTTACTTCGAATTGGCTAACATTGTTCCTTTGTACAACAAGATTAGAAACTACATTACCCAAAAGCCTTACTCTGATGAAAAATTTAAGTTGAACTTCGAGAACTCTACTTTGGCTAATGGTTGGGATAAGAACAAAGAACCAGATAACACTGCTATTTTGTTTATTAAGGACGATAAGTACTACTTGGGTGTTATGAATAAGAAGAATAACAAGATCTTCGACGATAAGGCTATTAAGGAAAATAAAGGTGAAGGTTACAAGAAAATCGTTTACAAGTTGTTGCCAGGTGCTAACAAGATGTTGCCAAAGGTTTTCTTCTCTGCTAAATCTATTAAGTTCTACAACCCATCTGAAGATATTTTGAGAATTAGAAACCACTCTACTCATACTAAAAACGGTTCTCCACAAAAGGGTTACGAAAAATTCGAATTTAACATCGAAGACTGTAGAAAGTTCATTGATTTTTACAAGCAGTCTATCTCTAAGCATCCAGAATGGAAAGATTTCGGTTTCAGATTTTCTGATACTCAAAGATACAACTCTATCGATGAATTTTACAGAGAAGTTGAAAACCAAGGTTATAAATTGACTTTCGAAAACATCTCTGAGTCTTATATTGATTCTGTTGTTAACCAAGGTAAGTTGTACTTGTTCCAAATTTATAACAAGGACTTCTCTGCTTACTCTAAGGGTAGACCTAACTTGCATACTTTGTACTGGAAAGCTTTGTTTGATGAAAGAAACTTGCAAGATGTTGTTTACAAGTTGAACGGTGAAGCTGAATTGTTTTATAGAAAGCAATCTATCCCTAAGAAGATTACTCATCCTGCTAAGGAAGCTATTGCTAATAAAAACAAGGATAACCCTAAGAAGGAATCTGTTTTCGAATATGATTTGATCAAGGATAAGAGATTCACTGAAGATAAATTCTTCTTCCATTGTCCAATTACTATCAACTTTAAGTCTTCTGGTGCTAACAAATTCAATGATGAAATTAACCTGCTGTTGAAAGAAAAAGCTAATGATGTTCATATCCTGTCTATTGATAGAGGTGAAAGACATTTGGCTTACTATACTTTGGTTGATGGTAAGGGTAATATTATTAAGCAAGATACTTTCAACATCATCGGTAACGATAGAATGAAGACTAATTACCATGATAAGTTGGCTGCTATTGAAAAGGATAGAGATTCTGCTAGAAAGGATTGGAAGAAGATTAATAATATCAAGGAGATGAAGGAGGGTTACTTGTCTCAAGTTGTTCATGAAATTGCTAAATTGGTTATCGAATACAACGCTATTGTTGTTTTTGAAGATTTGAACTTCGGTTTTAAGAGAGGTAGATTCAAGGTTGAAAAACAAGTTTATCAGAAGTTGGAAAAGATGTTGATTGAAAAGTTGAACTACTTGGTTTTCAAGGATAATGAATTCGATAAGACTGGTGGTGTTTTGAGAGCTTACCAATTGACTGCTCCATTCGAAACTTTCAAGAAGATGGGTAAGCAAACTGGTATTATTTATTACGTTCCAGCTGGTTTCACTTCTAAAATTTGTCCAGTTACTGGTTTTGTTAACCAATTGTACCCAAAATACGAATCTGTTTCTAAGTCTCAAGAATTCTTCTCTAAATTCGATAAGATCTGTTACAACTTGGATAAAGGTTACTTTGAATTCTCTTTCGATTACAAGAACTTCGGTGATAAAGCTGCTAAGGGTAAGTGGACTATTGCTTCTTTTGGTTCTAGATTGATTAACTTTAGAAACTCTGACAAGAACCATAATTGGGATACTAGAGAAGTTTATCCAACTAAGGAATTGGAAAAGTTGTTGAAGGATTATTCTATCGAATACGGTCATGGTGAATGTATTAAAGCTGCTATTTGTGGTGAATCTGATAAGAAATTTTTCGCTAAACTGACTTCTGTTTTGAACACTATTTTGCAAATGAGAAACTCTAAGACTGGTACTGAATTGGATTATTTGATTTCTCCAGTTGCTGATGTTAACGGTAACTTTTTCGATTCTAGACAAGCTCCAAAGAATATGCCACAAGATGCTGATGCTAACGGTGCTTATCATATTGGTTTGAAGGGTTTGATGTTGTTGGGTAGAATTAAGAATAACCAAGAAGGTAAGAAGTTGAACTTGGTTATTAAGAACGAAGAATACTTCGAATTCGTTCAAAACAGAAATAACTCTAGAGCTGATCCAAAGAAGAAGAGAAAGGTTGGTTCTGGTGCCACCAACTTCTCCCTGCTGAAGCAGGCCGGTGACGTCGAGGAGAACCCTGGCCCCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAA


------ FnCpf1     ------SV40     ------linker     ------P2A     ------GFP 
Table S4. The sequences of RNA pol III promoters
	Promoters
	Sequence

	5s rRNA
	GGTTGCGGCCATATCTAGCAGAAAGCACCGTTTCCCGTCCGATCAACTGTAGTTAAGCTGCTAAGAGCCTGACCGAGTAGTGTAGTGGGAGACCATACGCGAAACTCAGGTGCTGCAATCT

	tRNAAUG
	GCTCTCGTGGCCCAGTCGGTTAAGGCGTCAGTCTCATAATCTGAAGATCGCGTGTTCGATTCTCGCCGAGAGCA

	tRNAUGG
	GGGGCTATGGCTCAATGGTAGAGCTTTCGACTCCAGATCGAAGGGTTGCAGGTTCGATTCCTGTTGGCCTCA

	tRNAAAC
	GACTTCGTGGCCAAGCTGGTTTAAGGCATGCGACTGTTAATCGCAAGATCGTGAGTTCGATCCTCACCGAGGTCG

	tRNACAC
	GCCGTTCTAGTATAGTGGTTAGTACTCTTGTTTGTGGCACAAGCGACCCAGGTTCGATTCCTGGGGACGGCA

	tRNAAGA
	GCCCGAGTAGCGTAATGGTTAACGCGTTTGACTTCTAATCAAAAGATTCCGGGTTCGACTCCCGGCTTGGGTG

	tRNAGAC
	TCCGAGATAGTTTAGTGGTTAGAATTCTCGCTTGTCACGCGGGAGACCCGGGTTCAATTCCCGGTCTCGGAG

	tRNAGAG
	TCCGATGTAGTGTAACGGCTATCACAGTCCGCTCTCACCGGGCAGACCGGGGTTCGACTCCCCGCATCGGAG

	tRNAUCU
	GGCAACATGTCCGAGCGGTTAAGGAGAAAGATTAGAAATCTTTTGCGATTTTCGCGCGCAGGTTCGAGTCCTGCTGTTGTCG


Table S5. All crRNAs used in this study.
	Target genes
	crRNAs

	ADE2
	GCATGATAGCATGGGTAGATGGT

	HIS4
	GTACTCCTTAGTCAGCTGATCGA

	GUT1
	GTGATCTCCTCCCCATTCTCAGT

	KU70
	GCTGGTCCTGGCTATTGATCATC

	HIS4-2
	GTTGAACGAAGTCGAAAAAAATG

	NS16
	GCAGCACAACTATGATACTTTGA

	IRA2
	GCATGACAATGACTTGCTGAGAT

	panB-1
	GCCACACTAGATGGAAGTAGCCG

	panB-2
	CAGTAGACCCATCTGAGGACAAA

	panB-3
	GGTGAGACCCCATTCATGCTTTG

	NS18
	GCTGAAGTAGCAACGGTAGCTGG

	NS12
	TCTAACATCAGTCAGATCTATTC

	3NS2
	CCATGAACAATAGACTTCAAGCG

	PpGAPp-1
	AGAGATGGCTACCTGATTGGACG

	PpGAPp-2
	CGTTGCCAGCAGGTCGTTCGGAG

	PpGAPp-3
	TGGTTCCATTACTCCACATTTAA

	PpGAPp-4
	CTAGGGACGGTAACGGGCGGTGG

	PpGAPp-5
	CTCTGCTGGAGAGCTTCTTCTAC

	PpGAPp-6
	CCCGCAACGTAATGCTGGGAAGA

	PpGAPp-7
	CAATAATCTCATGACATGCGTCC

	PpGAPp-8
	GGTCAGGAGAAACCAAAATTGGG

	mRFP-1
	GAACTCGTGACCGTTAACGGAAC

	mRFP-2
	GCGGTCTGGGTACCTTCGTACGG

	mRFP-3
	AAATGGGAACGTGTTATGAACTT

	mRFP-4
	ACTTTGTAGATGAACTCACCGTC

	mRFP-5
	TGCATAACCGGACCGTCGGACGG

	mRFP-6
	ACTTCAGCGTCGTAGTGACCACC


Table S6. All plasmids used in this study.
	Plasmids
	Characteristic
	Source

	pSH039
	ura3up-PpGAPp-Cpf1-NLS-P2A-EGFP-AOXt-NATR-ura3down
	This study

	pSH041
	ura3up-OpGAPp-Cpf1-NLS-P2A-EGFP-AOXt-NATR-ura3down
	This study

	pSH042
	ura3up-OpADH2-1p-Cpf1-NLS-P2A-EGFP-AOXt-NATR-ura3down
	This study

	pSH043
	ura3up-OpPGDp-Cpf1-NLS-P2A-EGFP-AOXt-NATR-ura3down
	This study

	pSH050
	panARS-PpTEF1p-ura3-CYC1t
	This study

	pSH051
	panARS-OpTEF1p-DR-ade2-AOXt-URA3
	This study

	pSH056
	panARS-OpTEF1p-DR-ade2-DR-AOXt-URA3
	This study

	pSH058
	panARS-OpTEF1p-DR-ade2-HDV-AOXt-URA3
	This study

	pSH061
	panARS-Op5S rRNAp-DR-ade2-SUP4t-URA3
	This study

	pSH062
	panARS-Op5S rRNA300p-DR-ade2-SUP4t-URA3
	This study

	pSH063
	ura3 up-NATR-ura3 down
	This study

	pSH066
	panARS-OptRNAAUG-300-DR-ade2-SUP4t-URA3
	This study

	pSH067
	panARS-OptRNAUGG-300-DR-ade2-SUP4t-URA3
	This study

	pSH068
	panARS-OptRNAAAC-300-DR-ade2-SUP4t-URA3
	This study

	pSH069
	panARS-OptRNACAC-300-DR-ade2-SUP4t-URA3
	This study

	pSH070
	panARS-OptRNAAGA-300-DR-ade2-SUP4t-URA3
	This study

	pSH071
	panARS-OptRNAGAC-300-DR-ade2-SUP4t-URA3
	This study

	pSH072
	panARS-OptRNAGAG-300-DR-ade2-SUP4t-URA3
	This study

	pSH073
	panARS-OptRNAUCU-300-DR-ade2-SUP4t-URA3
	This study

	pSH089
	panARS-OptRNAAGA-207-DR-ade2-SUP4t-URA3
	This study

	pSH090
	panARS-OptRNAAGA-108-DR-ade2-SUP4t-URA3
	This study

	pSH091
	panARS-OptRNAAGA-DR-ade2-SUP4t-URA3
	This study

	pSH092
	leu2 up-OpGAPp-Oprad52-AOXt-leu2 down
	This study

	pSH093
	leu2 up-OpGAPp-Pprad52-AOXt-leu2 down
	This study

	pSH094
	panARS-OptRNAAGA-DR-leu2-SUP4t-URA3
	This study

	pSH095
	panARS-OptRNAAGA-DR-ade2-DR-his4-SUP4t-URA3
	This study

	pSH097
	panARS-OptRNAAGA-DR-ade2-DR-gut1-SUP4t-URA3
	This study

	pSH103
	panARS-OptRNAAGA-DR-his4-DR-gut1-SUP4t-URA3
	This study

	pSH104
	panARS-OptRNAAGA-DR-ade2-DR-gut1-DR-his4-SUP4t-URA3
	This study

	pSH109
	panARS-OptRNAAGA-DR-lra3 down-DR-panB up-SUP4t-URA3
	This study

	pSH114
	panARS-OptRNAAGA-DR-ku70-SUP4t-URA3
	This study

	pSH127
	NS16 up-LEU2-NS16 down
	This study

	pSH128
	panARS-OptRNAAGA-DR-ade2+-DR-his4+-DR- NS16-SUP4t-URA3
	This study

	pSH173
	panARS-OptRNAAGA-DR-lra3 down-DR-panB up2-SUP4t-URA3
	This study

	pSH174
	panARS-OptRNAAGA-DR-lra3 down-DR-panB up3-SUP4t-URA3
	This study

	pSH179
	panARS-OptRNAAGA-DR-PpGAPp.6-SUP4t-URA3
	This study

	pSH180
	panARS-OptRNAAGA-DR-PpGAPp.7-SUP4t-URA3
	This study

	pSH181
	panARS-OptRNAAGA-DR-PpGAPp.8-SUP4t-URA3
	This study

	pSH182
	panARS-OptRNAAGA-DR-mRFP.1-SUP4t-URA3
	This study

	pSH183
	panARS-OptRNAAGA-DR-mRFP.2-SUP4t-URA3
	This study

	pSH184
	panARS-OptRNAAGA-DR-mRFP.3-SUP4t-URA3
	This study

	pSH185
	panARS-OptRNAAGA-DR-mRFP.4-SUP4t-URA3
	This study

	pSH186
	panARS-OptRNAAGA-DR-mRFP.5-SUP4t-URA3
	This study

	pSH187
	panARS-OptRNAAGA-DR-mRFP.6-SUP4t-URA3
	This study

	pSH206
	NS18 up-OpGAPp-CrtE-AOXt-NS18 down
	This study

	pSH207
	NS12 up-OPADH2-1p-CrtYB-AOXt-NS12 down
	This study

	pSH208
	3NS2 up-OpFBAp-CrtI-AOXt-3NS2 down
	This study

	pSH209
	3NS2 up-OpPGDp-CrtI-AOXt-3NS2 down
	This study

	pSH211
	panARS-OptRNAAGA-DR-NS18-DR-3NS2-DR-NS12-SUP4t-URA3
	This study

	pSH219
	ura3 up-PpGAPp-mRFP-AOXt-OpGAPp-dCpf1-NLS-P2A-EGFP-AOXt-NATR-ura3 down
	This study

	pSH220
	ura3 up-PpGAPp-mRFP-AOXt-OpGAPp-dCpf1-NLS-VP64-P2A-EGFP-AOXt-NATR-ura3 down
	This study

	pSH225
	panARS-OptRNAAGA-DR-PpGAPp.5-SUP4t-URA3
	This study

	pSH235
	panARS-OptRNAAGA-DR-PpGAPp.1-SUP4t-URA3
	This study

	pSH236
	panARS-OptRNAAGA-DR-PpGAPp.2-SUP4t-URA3
	This study

	pSH237
	panARS-OptRNAAGA-DR-PpGAPp.3-SUP4t-URA3
	This study

	pSH238
	panARS-OptRNAAGA-DR-PpGAPp.4-SUP4t-URA3
	This study
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Figure S1. Maps of major plasmids used in the study. (A) The map of FnCpf1 expression plasmid. FnCpf1 integration plasmid containing FnCpf1 expression cassettes, screening gene cassettes, homology arm, and prokaryotic replicon and ampicillin expression cassettes. (B) The map of crRNA expression plasmid with Pol II promoter. CrRNA was expressed on episomal plasmids using the type II promoter POpTEF1 and terminator TAOX, containing the URA3 expression cassettes of the screening gene and the panARS replicon. (C) The map of crRNA expression plasmid using 5s rRNA as promoter. (D) The map of crRNA expression plasmid using tRNA as promoter.
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Figure S2. Disruption efficiency of the ADE2 gene using different type III promoters. (A) Editing efficiency  of CRISPR-Cpf1 using different type III promoters. CrRNA plasmids with different promoters were transformed into the F06 strain, resulting in red-colored colonies upon editing of the ADE2 gene on the MD plates with leucine. (a) 5 s rRNA (~300 bp); (b) tRNAATG (~300 bp); (c) tRNATGG (~300 bp); (d) tRNAAAC (~300 bp); (e) tRNACAC (~300 bp); (f) tRNAAGA (~300 bp); (g) tRNAGAC (~300 bp); (h) tRNAGAG (~300 bp); (i) tRNATCT (~300 bp). The type III promoter used tRNA or 5s rRNA and its 300bp upstream region as the promoter. Editing efficiency was determined by the ratio of red colonies to total colonies. (B) Sequencing results of transformants with red/pink color. Three randomly selected white colonies were subjected to sequencing analysis, which indicated that the gene remained unchanged. (C) Sequencing results of small transformants with red/pink color. Three randomly selected larger red colonies were analyzed by PCR and sequencing, revealing a gene deletion. (D) Sequencing results of transformants with white color. Three randomly selected smaller red colonies were subjected to PCR and sequencing, which showed the presence of indels in the gene.
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 Figure S3. Editing efficiency of HIS4 and GUT1 genes by CRISPR-Cpf1 when tRNAAGA was used as promoter. (A) Disruption efficiency of HIS4 gene. Transformants were selected and inoculated on MD medium with leucine for growth status detection, and simultaneously inoculated on MD medium containing leucine and histidine as a positive control. Clones of the HIS4 gene disruption were unable to grow in the histidine-free medium, and the ratio of the number of edited clones to total clones were 50/52, 51/52 and 49/52; (B) Editing efficiency of GUT1 gene. The transformants were selected and inoculated on MG medium with leucine to detect their growth status, and were also inoculated on MD medium containing leucine as a positive control. Clones of the GUT1 gene disruption grew much less on MG plates than on MD plates, and the ratio of the number of edited clones to total clones were 50/50, 49/50 and 49/50, and the last two clones were no-editing control. Editing efficiency was obtained as the ratio of the number of colonies that were not growing or whose growth was inhibited to the total number of colonies.
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Figure S4. Double gene editing efficiency of the constructed CRISPR-Cpf1 system. (A) Editing Efficiency of ADE2 and GUT1. The plasmid containing the crRNA array directed against ADE2 and GUT1 was transformed into the F06 strain. Clones were cultured on MD plates supplemented with leucine and low concentrations of adenine as a positive control, while also inoculated onto MD plates with leucine and MG plates containing leucine and low concentrations of adenine for selection. Disruption of the ADE2 gene resulted in red pigmentation at low adenine concentrations, with growth inhibited in the absence of adenine. The ratio of clones exhibiting double gene disruption to total clones was 46/50, 48/50, and 50/50; the last two clones served as no-editing controls. (B) Editing Efficiency of ADE2 and HIS4. The plasmid with the crRNA array targeting ADE2 and HIS4 was similarly transformed into the F06 strain. Clones were grown on MD plates containing leucine, histidine, and low concentrations of adenine for positive control, while they were also inoculated onto MD plates with leucine and histidine, as well as MD plates with leucine and low concentrations of adenine for selection. The ratio of double gene-edited clones to total clones was 49/52, 50/52, and 48/52. (C) Editing Efficiency of HIS4 and GUT1. The plasmid containing the crRNA array targeting HIS4 and GUT1 was transformed into the F06 strain. Clones were incubated on MD plates with leucine and histidine as a positive control, and inoculated onto MD plates containing leucine and MG plates with leucine and histidine for selection. The ratio of double gene-edited clones to total clones was 45/50, 46/50, and 46/50; the last two clones were no-editing controls. Editing efficiency was calculated as the ratio of the number of colonies that did not grow on auxotrophic plates to the number of colonies present in the positive control. (Leu: leucine; Ade: adenine; His: histidine; D: D-Glucose; G: Glycerol)
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Figure S5. Editing efficiency of the constructed CRISPR-Cpf1 system for triple gene (ADE2, HIS4, and GUT1). The plasmid with crRNA array of ADE2, HIS4 and GUT1 was transformed into F06 strain, and the clones were incubated on MD plates containing leucine, histidine and low concentrations of adenine as positive control, and selected on the corresponding auxotrophic plates. The ratio of triple gene-edited clones to total clones were 50/50, 44/50 and 47/50, and the last two clones were no-editing control. Editing efficiency was obtained as the ratio of the number of colonies that did not grow in auxotrophic plates to the number of colonies in the positive control. (Leu: leucine; Ade: adenine; His: histidine; D: D-Glucose; G: Glycerol)
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Figure S6. Sequencing results of red colonies. Co-transformation of crRNA with donor DNA was employed for the deletion of the ADE2 gene. Sequencing validation of positive (red) colonies revealed three distinct outcomes: (A) Homologous Recombination (HR): Complete excision of the ADE2 gene sequences, with all targeted regions successfully removed. (B) Semi-Homologous Recombination (semi-HR): Following the formation of double-strand breaks (DSBs), homologous recombination occurred at one end of the homologous arm of the donor DNA, while non-homologous end joining (NHEJ) took place at the opposite end. (C) Non-Homologous End Joining (NHEJ): The repair mechanism characterized by the joining of DNA ends without the need for homologous sequences. These findings illustrate the varying repair pathways utilized during the editing and subsequent validation processes.
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Figure S7. Evaluation of CRISPR-Cpf1-mediated gene integration efficiency. (A) Schematic of the evaluation method for integration efficiency. The ADE2 gene was utilized as the target for gene editing, with the crRNA plasmid co-transformed alongside donor DNA harboring the LEU2 gene expression cassette equipped with homologous arms. (B) Evaluation of integration efficiency after KU70 deletion. Clones were inoculated onto MD plates containing leucine and low concentrations of adenine as a positive control while simultaneously being cultured on MD plates with low concentrations of adenine for selection. As a negative control, clones were also plated on MD plates lacking leucine. The ratio of red clones capable of growth without leucine relative to the total number of clones were 52/52, 52/52 and 52/52. The few colonies that grew on the negative control plates did not significantly impact the overall statistical results, likely due to contamination from other clones during the inoculation process. Integration efficiency was calculated as the ratio of the number of red colonies that thrived on MD plates containing adenine to the total number of red colonies observed in the positive control.
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Figure S8. Validation of the efficiency of CRISPR-Cpf1-mediated deletion of large genomic fragments. (A) Deletion efficiencies of large genomic fragments of different lengths. The plasmid containing the crRNA array was co-transformed with donor DNA, and the efficiency of large DNA fragments deletion in the transformants genome was examined by PCR. If the large fragment was not deleted, the PCR product could not be obtained because the fragment was too long. When the deletion was completed, the size of PCR product was 2000bp. A fragment of 500bp in size was used as an internal control. For deletion of 10k DNA fragment, the ratio of positive clones to total clones were 15/16, 15/16 and 16/16. For deletion of 15k DNA fragment, the ratio of positive clones to total clones were 13/16, 14/16 and 16/16. and for deletion of 20k DNA fragment, the ratio of positive clones to total clones were 11/16, 14/16 and 15/16. (B) Sequencing verification of positive transformants. Two positive clones were randomly selected from each group for sequencing analysis, and the results confirmed the correct deletion of large genomic fragments.

