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Supplementary Text 

Construction of strains for optimization and characterization of iTSAD 

Two fragments were amplified from a plasmid of pP-PAOX1G with primer pairs of cA F/pP R and 

pP F/cA R, respectively, and then fused to produce a plasmid of pPcAG by gibson assembly. 

Similarly, the plasmids of pPlacO1cAG, pParaO1cAG, pParaO2cAG and pParaIcAG were 

constructed. The core promoter, cPDAS1 and cPGAP, were amplified from P. pastoris GS115 genome 

by primer pairs of lacO-DAS1 F/GFP-DAS1 R and lacO-GAP F/GFP-GAP R, respectively. The 

core promoter cPScGAP was amplified from S. cerevisiae BY4741 genome by primer pairs of lacO-

ScGAP F/GFP-ScGAP R. Then a fragment was cloned from the plasmid pPlacO1cAG with primer 

pair of GFPUP F/lacO R and fused with the obtained core promoter fragments to generate plasmids 

of pPlacO1cDG, pPlacO1cGG and pPlacO1cScGG by gibson assembly, respectively. The 

sequences of core promoters referred to previous reports (20, 53). 

LacI coding sequence was synthesized with codon optimization by Genewiz and amplified by 

primer pair of GAP-LacI F/LacI R. Three fragments were amplified from P. pastoris genome with 

primer pairs of LacI-P1AD F/pG-P1AD R, LacI-X1AD F/pG-X1AD R and LacI-M1AD F/pG-

M1AD R, which were fused with the lacI fragment and the vector cloned from pGAPZ B by primer 

pair of pG F/LacI-GAP R, respectively. By this, plasmids of pGPGAPLacIP1AD, 

pGPGAPLacIX1AD and pGPGAPLacIM1AD were obtained respectively. A fragment was amplified 

from the plasmid pGPGAPLacIM1AD with primer pair of M1AD F/SV-GAP R, and fused with 

araC fragment amplified from E. coli genome with primer pair of M1AD F/SV-GAP R, resulting 

a plasmid of pGPGAPAraCM1AD. 

Linearized plasmids, i.e., pPlacO1cAG (by SalІ), pGPGAPLacIM1AD (by BlnІ) 

pGPGAPAraCM1AD (by BlnІ), were transformed into competent P. pastoris GS115 by 

electroporation. The obtained single copy expression strains were designated as GS-O1cA-G, 

GS_PGAP-LM, GS-PGAP-CM, respectively. The plasmids of pGPGAPLacIP1AD, pGPGAPLacIX1AD, 

and pGPGAPLacIM1AD were linearized by BlnІ and separately transformed into competent cells 

of GS-O1cA-G. Single copy expression strains were then identified and named as GS-PGAP-

LP_O1cA-G, GS-PGAP-LX_O1cA-G, and GS-PGAP-LM_O1cA-G, respectively. The plasmids of 

pPlacOcDG, pPlacOcGG, and pPlacOcScGG were linearized by SalІ and separately transformed 

into competent cells of GS_PGAP-LM. Single copy expression strains were then identified and 

named as GS_PGAP-LM_O1cD-G, GS_PGAP-LM_O1cG-G and GS_PGAP-LM_O1cScG-G, 

respectively. The plasmids of pParaO1cAG, pParaO2cAG and pParaIcAG were linearized by SalІ 

and separately transformed into competent cells of GS_PGAP-CM. Single copy expression strains 

were then identified and named as GS-PGAP-CM_aO1cA-G, GS_PGAP-CM_aO2cA-G and 

GS_PGAP-CM_aIcA-G, respectively. 

Two primers lacO1 F and lacO1 R were annealed to obtain lacO1 fragment. It was then inserted 

into a vector generated by digesting the plasmid pPlacO1cAG with SacІ/XhoІ, resulting a plasmid 

of pPlacO2cAG containing two lacO motifs. In the same way, a series of plasmids containing 3~9 

lacO were obtained in succession. The above plasmids were linearized by SalІ and separately 

transformed into competent cells of GS_PGAP-LM. The strains carrying single egfp expression 

cassette were then identified and designated as GS_PGAP-LM_OncA-G (n=2~9). 

Various input promoters, i.e., PAOX2, PICL1, PGPM1, PENO1, were amplified from P. pastoris genome 

using primer pairs of pG-AOX2 F/GFP-AOX2 R, pG-ICL1 F/GFP-ICL1 R, pG-GPM1 F/GFP-

GPM1 R and pG-ENO1 F/GFP-ENO1 R, respectively. The sequences of PGPM1 referred to 



 

 

 

previous reports (33). For other promoters, ~1000 bp DNA fragment upstream of each gene were 

selected and cloned. Then the obtained fragments were fused with a fragment cloned from 

pGZB_cPAOX1-GFP by primer pair of pGGFP F/pG R to generate plasmids of pGPAOX2G, 

pGPICL1G, pGPGPM1G and pGPENO1G, respectively. Two fragments were amplified from plasmids 

of pGAPZ B and pP-PGAPG, respectively, with primer pairs of 3AOX1 F/pGAP R and pGAP 

F/3AOX1. Then they were fused to produce a plasmid of pGPGAPG by gibson assembly. 

Afterwards, the above plasmids were linearized by BlnІ and separately transformed into competent 

cells of P. pastoris GS115, and strains carrying single egfp expression cassette were then identified 

and named as GS_cA-G, GS_PAOX2-G, GS_PICL1-G, GS_PGPM1-G, GS_PENO1-G, and GS_PGAP-G, 

respectively. 

The plasmid pPlacO5cAG was linearized by SalІ and transformed into competent cells of P. 

pastoris GS115. Single copy expression strains were then identified and named as GS_O5cA-G. 

The lacI-MIT1AD fragment was amplified from pGPGAPLacIM1AD with primer pair of LacI 

F/3AOX1. The plasmids of pGZB_cPAOX1-GFP, pGPICL1G, pGPGPM1G and pGPENO1G were used 

as templates to clone the corresponding fragments, respectively, with primer pairs of 3AOX1 

F/LacI-cAOX1 R, 3AOX1 F/LacI-ICL1 R, 3AOX1 F/LacI-GPM1 R and 3AOX1 F/LacI-ENO1 

R. Then they were fused with the lacI-MIT1AD fragment to generate plasmids of pGcALacIM1AD, 

pGPICL1LacIM1AD, pGPGPM1LacIM1AD and pGPENO1LacIM1AD separately by gibson assembly. 

These plasmids were linearized by BlnІ and separately transformed into competent cells of 

GS_O5cA-G. The obtained strains with single copy of each expression cassette were designated 

as GS_cA-LM_O5cA-G, GS-PICL1-LM_O5cA-G, GS-PGPM1-LM_O5cA-G and GS-PENO1-

LM_O5cA-G, respectively. All the constructed strains were listed in Table S2. 

Construction of strains for functional verification of CRISPRi system in P. pastoris 

Two fragments were amplified from a plasmid of p414-TEF1p-Cas9-CYC1t with primer pairs of 

dCas9 F1/dCas9 R1 and dCas9 F2/dCas9 R2, respectively, and then fused with a fragment cloned 

from pGPGAPAraCM1AD with primer pair of dCas9-pG F/dCas9-SV R to generate a plasmid of 

pGPGAPdCas9 by gibson assembly. Afterwards, pGPGAPdCas9 was linearized by BlnІ and 

transformed into competent cells of GS_PAOX1-G. The strains with single dCAS9 expression 

cassette were then identified and designated as GS_PAOX1-G_PGAP-dCas9. 

The PAOX1 fragment was amplified from the plasmid pP-PAOX1G by primer pair of pA-AOX1 F/pA-

AOX1 R and insert into a vector generated by digesting the plasmid pAG32 with SacІ/SpeІ, 

resulting a plasmid of pAA. HH-giF1-HDV fragment was synthesized by Genewiz and amplified 

by primer pair of giF1HH F/TT-HDV R. Two fragments were amplified from a plasmid of pGAPZ 

B with primer pairs of pAA-GAP F/HHgiF1-GAP R and 3AOX1F/pAA-TT R, respectively. The 

above fragments were fused with a vector of BamHI/SalI digested pAA to produce a plasmid of 

pAA-PGAPgiF1 by gibson assembly. Afterwards, two fragments were amplified from pAA-

PGAPgiF1 with primer pairs of inOri R/giF2HH-GAP R and HHgiF2-handle F/inOri F, respectively, 

and fused to generate a plasmid of pAA-PGAPgiF2. By similar methods, the plasmids of pAA-

PGAPgiF3, pAA-PGAPgiR1, pAA-PGAPgiR2 and pAA-PGAPgiR3 were obtained. The above plasmids 

containing different giRNAs were linearized by SacІ and separately transformed into competent 

cells of GS_PAOX1-G_PGAP-dCas9. Single copy expression strains were then identified and named 

as GS_PAOX1-G_PGAP-dCas9_PGAP-giF1, GS_PAOX1-G_PGAP-dCas9_PGAP-giF2, GS_PAOX1-

G_PGAP-dCas9_PGAP-giF3, GS_PAOX1-G_PGAP-dCas9_PGAP-giR1, GS_PAOX1-G_ PGAP-

dCas9_PGAP-giR2 and GS_PAOX1-G_PGAP-dCas9_PGAP-giR3, respectively. All the constructed 

strains were listed in Table S2.  



 

 

 

 

Construction of strains for optimization and characterization of CRISPRiD 

The plasmid pGPGAPdCas9 was linearized by BlnІ and transformed into competent cells of P. 

pastoris GS115. The strains with single dCAS9 expression cassette were then identified and 

designated as GS_PGAP-dCas9. A fragment was amplified from a plasmid of pGcALacIM1AD 

with primer pair of pP-cA F/lacO-TT R and cloned into a vector of SacI/XhoI digested 

pPlacO5cAG by gibson assembly, resulting a plasmid of pPcALMO5. It was then linearized by 

BspEI and transformed into competent cells of GS_PGAP-dCas9. Single copy expression strains 

were then identified and named as GS_PGAP-dCas9_cA-LM-O5cA-G. Afterwards, competent cells 

of this strain were prepared for construction of subsequent strains. 

The plasmid pAA-PGAPgiR1 was digested with SacI/SpeI, and the small fragment (~2600 bp) was 

recovered from agarose gel. The plasmid pAA-PGAPgiR2 was digested with SacI/XbaI, and the 

large fragment (~3600 bp) was recovered from agarose gel too. Two fragments were fused to 

generate a plasmid of pAA-PGAPgiR1R2. In the same way, the plasmids of pAA-PGAPgiR1F1 and 

pAA-PGAPgiR2F1 were obtained. The promoter fragments, i.e., PAOX2, PICL1, PGPM1, PENO1, were 

amplified from P. pastoris genome using primer pairs of pAA-AOX2 F/HH-AOX2 R, pAA-ICL1 

F/HH-ICL1 R, pAA-GPM1 F/HH-GPM1 R and pAA-ENO1 F/HH-ENO1 R, respectively. Then 

the obtained fragments were fused with a large fragment digested from the plasmid pAA-PGAPgiF1 

with XhoІ/KpnІ, producing plasmids of pAA-PAOX2giF1, pAA-PICL1giF1, pAA-PGPM1giF1 and 

pAA-PENO1giF1 by gibson assembly, respectively. The above plasmids were linearized by SacІ 

and separately transformed into competent cells of GS_PGAP-dCas9_cA-LM-O5cA-G. The derived 

single copy expression strains were then identified and all listed in Table S2. 

Construction of strains for functional verification of trigger RNA 

The fragments of HH-anti-HDV, HH-ribo-HDV, HH-ncRNA-HDV and HH-giF1c-HDV were 

synthesized by Genewiz and digested with XbaI/SpeI, respectively. The obtained small fragments 

(~200 bp) were separately inserted into a vector (~5800 bp) of XbaI/SpeI digested pAA-PGAPgiF1, 

resulting plasmids of pAA-PGAPantiRNA, pAA-PGAPriboRNA, pAA-PGAPncRNA and pAA-

PGAPgiF1c, respectively. The plasmids of pAA-PAOX2giF1 and pAA-PGAPgiF1c were digested with 

XbaІ/KpnІ. Then the small fragment (~1000 bp) and large fragment (~5600 bp) were recovered, 

respectively, and fused to generate a plasmid of pAA-PAOX2giF1c. It was linearized by SacІ and 

transformed into competent cells of GS_PGAP-dCas9_cA-LM-O5cA-G. The strain with single 

expression cassette was then identified and designated as GS_PGAP-dCas9_cA-LM-O5cA-

G_PAOX2-giF1c. 

Two short fragments (~1500 bp) were recovered from EcoRI/SalI digested pAA-PGAPantiRNA and 

pAA-PGAPncRNA, respectively. Then they were separately cloned into a vector (~5900 bp) of 

XhoI/EcoRI digested pAA-PAOX2giF1, generating plasmids of pAA-PGAPanti-PAOX2giF1 and pAA-

PGAPncRNA-PAOX2giF1, respectively. Similarly, plasmids of pAA-PGAPribo-PAOX2giF1c and pAA-

PGAPncRNA-PAOX2giF1c were constructed. All above plasmids were linearized by SacІ and 

transformed into competent cells of GS_PGAP-dCas9_cA-LM-O5cA-G. The derived single copy 

expression strains were then identified and all listed in Table S2. 

Construction of strains for functional verification of CRISPRa on PAOX1 

The VP16 coding sequence was amplified from the plasmid pZ_PICL1-LacI-VP16 by primer pair 

of inCas9DO F/pGTTout R. The MIT1 and MXR1 fragments were separately amplified from the 

plasmid pGPGAPLacIM1AD and pGPGAPLacIX1AD with primer pairs of Cas9-Mit1AD 

F/pGTTout R and Cas9-Mxr1AD F/pGTTout R, respectively. They were fused with a fragment 



 

 

 

cloned from pGPGAPdCas9 with primer pair of pGTTout F/inCas9DO R by gibson assembly, 

respectively, generating plasmids of pGPGAPdCas9VP16, pGPGAPdCas9M1AD and 

pGPGAPdCas9X1AD. They were linearized by BlnІ and transformed into competent GS115, and 

the obtained single expression cassette strains were named as GS_PGAP-dCas9VP16, GS_PGAP-

dCas9M1AD and GS_PGAP-dCas9X1AD, respectively. Two primers of Xho-fapO-Apa F and Apa-

fapO-Xho R were annealed and the product was insert into a vector of XhoI/ApaI digested 

pPlacO1cAG, resulting a plasmid of pPfapO1cAG. Then the annealed product of fapO1 F and 

fapO1 R was inserted into a vector of ApaI/XhoI digested pPfapO1cAG, generating a plasmid of 

pPfapO2cAG. The process was repeated eight times to obtain a plasmid of pPfapO10cAG. The 

plasmids pPfapO1cAG and pPfapO10cAG were linearized by SalІ and separately transformed into 

competent cells of GS_PGAP-dCas9VP16, GS_PGAP-dCas9M1AD and GS_PGAP-dCas9X1AD. The 

strains with single egfp cassette were identified and designated as GS_PGAP-dCas9VP16_fO1cA-

G, GS_PGAP-dCas9VP16_fO10cA-G, GS_PGAP-dCas9M1AD_fO1cA-G, GS_PGAP-

dCas9M1AD_fO10cA-G, GS_PGAP-dCas9X1AD_fO1cA-G and GS_PGAP-dCas9X1AD_fO10cA-

G. All the constructed strains were listed in Table S2. 

Two fragments were amplified from pAA-PGAPgiF1 with primer pairs of inOri R/gA1HH-GAP R 

and HHgA1-handle F/inOri F, respectively, and fused to generate a plasmid of pAA-PGAPgA1. 

With similar methods, the plasmids of pAA-PGAPgA2, pAA-PGAPgA3, pAA-PGAPgA4, pAA-

PGAPgA5, pAA-PGAPgA6, pAA-PGAPgA7 and pAA-PGAPgA8 were obtained respectively. The 

above plasmids were linearized by SacІ and separately transformed into competent cells of 

GS_PGAP-dCas9VP16_fO1cA-G, GS_PGAP-dCas9VP16_fO10cA-G, GS_PGAP-

dCas9M1AD_fO1cA-G, GS_PGAP-dCas9M1AD_fO10cA-G, GS_PGAP-dCas9X1AD_fO1cA-G 

and GS_PGAP-dCas9X1AD_fO10cA-G, respectively. The derived single copy expression strains 

were then identified and all listed in Table S2. 

Construction of strains for functional verification of dCpf1 in P. pastoris 

The plasmid pPcALMO5 was linearized by BspEІ and transformed into competent GS115. The 

strains carrying single egfp expression cassette were then identified and designated as GS_cA-LM-

O5cA-G. Two fragments were amplified from the plasmid pET28TEV-LbCpf1 with primer pairs 

of SV-LbCpf1 F/dCpf1 R and dCpf1 F/TTout-LbCpf1 R, respectively. They were then fused with 

a vector obtained from pGPGAPdCas9 by primer pair of pGTTout F/inSV R, generating a plasmid 

of pGPGAPdCpf1 by gibson assembly. It was linearized by BlnІ and transformed into competent 

cells of GS_cA-LM-O5cA-G. Single copy expression strains were then identified and named as 

GS_cA-LM-O5cA-G_PGAP-dCpf1. 

Two fragments were amplified from the plasmid pAA-PGAPgiF1 with primer pairs of inOri 

R/2Bbs-GAP R and 2Bbs-HDV F/inOri F respectively, and then fused to produce a plasmid of 

pAA-PGAP2BbsHDV by gibson assembly. A fragment generated by annealing primers of HH-DR-

2Bbs F and HH-DR-2Bbs R was inserted the BbsI digested pAA-PGAP2BbsHDV, resulting a 

plasmid of pAA-PGAPcrRNADR2Bbs. Then two primers of crRNA-NT1 F and crRNA-NT1 R 

were annealed and the product was insert into the BbsI digested PGAPcrRNADR2Bbs, generating 

a plasmid of pAA-PGAPcrNT1. In the same way, plasmids of pAA-PGAPcrNT2, pAA-PGAPcrNT3, 

pAA-PGAPcrT1, pAA-PGAPcrT2 and pAA-PGAPcrT3 were obtained. The six plasmids mentioned 

above were linearized by SacІ and transformed into competent cells of GS_cA-LM-O5cA-G_PGAP-

dCpf1. The derived single copy expression strains were then identified and all listed in Table S2. 

The plasmid pET28TEV-LbCpf1 was kindly provided by Dr. Gaoyi Tan in our university. 

Construction of strains for functional verification of CRISPRaD 



 

 

 

Two fragments were amplified from pAA-PGAPgiF1 with primer pairs of inOri R/ga1HH-GAP R 

and ga1-handle F/inOri F respectively, and fused to generate a plasmid of pAA-PGAPga1 by gibson 

assembly. Two primers of HH-ga2-2Bbs F and HH-ga2-2Bbs R were annealed and the obtained 

product was inserted into the BbsI digested pAA-PGAP2BbsHDV, generating a plasmid of pAA-

PGAPga2-2Bbs. It was digested by BbsI for ligation with the primer pair of ga2 F/ga2 R annealed 

product. The obtained plasmid was designated as pAA-PGAPga2. Two fragments were amplified 

from pAA-PGAPgiF1 with primer pairs of inOri R/2Bbs-GAP R and 2Bbs-handle F/inOri F, 

respectively, and fused to produce a plasmid of pAA-PGAP2BbsCashHDV. Two fragments 

obtained separately by annealed primer pairs ga3HH-2Bbs F/ga3HH-2Bbs R and HH-giF1m-2Bbs 

F/HH-giF1m-2Bbs R respectively. Then they were inserted into the BbsI digested pAA-

PGAP2BbsCashHDV, respectively, generating plasmids of pAA-PGAPga3CashHDV and pAA-

PGAPgiF1m-2Bbs. Subsequently, the primer pair of ga3 F/ga3 R annealed product was inserted into 

the BbsI digested pAA-PGAPga3CashHDV, resulting a plasmid of pAA-PGAPga3. Also, the primer 

pair of F1m F/F1m R annealed product was inserted into the BbsI digested pAA-PGAPgiF1m-2Bbs, 

resulting a plasmid of pAA-PGAPgiF1m. The plasmids pAA-PAOX2giF1 and PGAPgiF1m were 

digested with XhoІ/KpnІ, then the small fragment (~1000 bp) and large fragment (~5600 bp) were 

recovered, respectively, and fused to generate a plasmid of pAA-PAOX2giF1m. It was linearized by 

SacІ and transformed into competent cells of GS_PGAP-dCas9_cA-LM-O5cA-G. The strain with 

single expression cassette was then identified and designated as GS_PGAP-dCas9_cA-LM- O5cA-

G_PAOX2-giF1m. The annealing products of primer pairs of cra1 F/cra1 R, cra2 F/cra2 R and cra3 

F/cra3 R were separately inserted the BbsI digested pAA-PGAPcrRNADR2Bbs, generating 

plasmids of pAA-PGAPcra1, pAA-PGAPcra2 and pAA-PGAPcra3, respectively.  

Four large fragments (~5400 bp) were recovered from XhoI/EcoRI digested pAA-PGAPga1, pAA-

PGAPga2, pAA-PGAPcra1 and pAA-PGAPcra3, respectively. Then they were separately ligated with 

the small fragment (~2100 bp) of EcoRI/SalI digested pAA-PAOX2giF1to produce plasmids of pAA-

PAOX2giF1-PGAPga1, pAA-PAOX2giF1-PGAPga2, pAA-PAOX2giF1-PGAPcra1 and pAA-PAOX2giF1-

PGAPcra3. By similar methods, plasmids of pAA-PAOX2giF1c-PGAPga3, pAA-PAOX2giF1m-PGAPcra2 

and pAA- PAOX2giF1m-PGAPncRNA were obtained. All above plasmids were linearized by SacІ 

and transformed into competent cells of GS_PGAP-dCas9_cA-LM-O5cA-G. The derived single 

copy expression strains were then identified and all listed in Table S2. 

Three fragments were amplified from the plasmid pGPGAPdCas9VP16 with primer pairs of 

inCas9DO F/dCas9V R, dCas9V F/dCas9R R and dCas9R F/dCas9ER R respectively, and then 

fused to generate a plasmid of pGPGAPVRERVP16 by gibson assembly. Two fragments were 

amplified from the plasmids pGPGAPVRERVP16 and pGPGAPdCpf1, respectively, with primer 

pairs of LbCpf1-linker F/inOri R and inOri F/inLbCpf1DO R. Then they were fused to generate a 

plasmid of pGPGAPdCpf1VP16 by gibson assembly. The two plasmids were linearized by BlnІ and 

transformed into competent cells of P. pastoris GS115, then the single copy expression strains 

were separately identified and named as GS_PGAP-VRERVP16 and GS_PGAP-dCpf1VP16. The 

SacІ linearized plasmids of pAA-PGAPga1, pAA-PGAPga2 and pAA-PGAPga3 were transformed into 

competent cells of GS_PGAP-VRERVP16, respectively, and then the single copy expression strains 

were then identified and designated as GS_PGAP-VRERVP16_PGAP-ga1, GS_PGAP-

VRERVP16_PGAP-ga2 and GS_PGAP-VRERVP16_PGAP-ga3. Also, plasmids of pAA-PGAPcra1, 

pAA-PGAPcra2 and pAA-PGAPcra3 were linearized by SacІ and separately transformed into 

competent cells of GS_PGAP-dCpf1VP16. The strains with single expression cassette were then 

identified and designated as GS_PGAP-dCpf1VP16_PGAP-cra1, GS_PGAP-dCpf1VP16_PGAP-cra2 

and GS_PGAP-dCpf1VP16_ PGAP-cra3, respectively. 



 

 

 

Two fragments were amplified from the plasmid pPcAG with primer pairs of g1-cA F/inOri R and 

inOri F/g1-pP R, respectively, and then fused to produce a plasmid of pPg1cAG by gibson 

assembly. Similarly, plasmids of pPg1rcAG, pPg2cAG, pPg2rcAG, pPg3cAG, pPg3rcAG, 

pPcr1cAG, pPcr1rcAG, pPcr2cAG, pPcr2rcAG, pPcr3cAG and pPcr3rcAG were obtained. All 

above plasmids were linearized by SacІ and separately transformed into corresponding competent 

cells mentioned above. The derived single copy expression strains were then identified and all 

listed in Table S2. 

Two fragments were amplified from the plasmids pPg1cAG and pGcALacIM1AD, respectively, 

with primer pairs of 3AOX1 F/5AOX1 R and 5AOX1/3AOX1. They were then fused to produce 

a plasmid of pPg1cALM by gibson assembly. Afterwards, two fragments were amplified from the 

plasmids pPg1cALM and pPcALMO5, respectively, with primer pairs of inOri F/CN-LacI R and 

CN-LacI F/inOri R. Then they were fused to generate a plasmid of pPg1cALMO5 by gibson 

assembly. Similarly, plasmids of pPg1rcALMO5, pPg2cALMO5, pPg2rcALMO5, pPg3cALMO5, 

pPg3rcALMO5, pPcr1cALMO5, pPcr1rcALMO5, pPcr2cALMO5, pPcr2rcALMO5, 

pPcr3cALMO5 and pPcr3rcALMO5 were obtained. All above plasmids were linearized by BspEІ 

and separately transformed into corresponding competent cells harboring various CRISPRaD. The 

derived single copy expression strains were then identified and all listed in Table S2. 

Construction of strains loaded with iTSAD, CRISPRiD and CRISPRaD 

Considering many cassettes of the three devices were needed to integrate into genome but with 

limited screening markers, our previously developed CRISPR-mediated marker-free integration 

method (32) was introduced for the subsequent constructions. Two fragments were amplified from 

the plasmids pDTg1-npgA and pGPGAPdCas9, respectively, with primer pairs of 3AOX1 F/pGAP 

R and pGAP F/3AOX1. They were then fused to generate a plasmid of pDTg1PGAPdCas9 by 

gibson assembly. It was used as template to amplify donor DNA fragment by primer pair of 

HAPTg1UP F/HAPTg1DO R. To improve the CRISPR-mediated integration efficiency, the non-

homologous-end-joining defective strain Δku70 was used as the parent strain (32). Then 1 μg donor 

DNA fragment and 100 ng plasmid 3.5k-TEF1-gRNA1 were simultaneously transformed into 

competent cells of P. pastoris Δku70. The positive transformant was screened by HIS4 and 

streaked on YPD agar plate to lose plasmid 3.5k-TEF1-gRNA1. Two days later, the transformant 

without 3.5k-TEF1-gRNA1 was identified and designated as Δku_PGAP-dCas9. The plasmids of 

pGPGAPVRERVP16 and pGPGAPdCpf1VP16 were linearized by BlnІ and transformed into 

competent cells of Δku_PGAP-dCas9, then the single copy expression strains were separately 

identified and designated as Δku_PGAP-dCas9_PGAP-VRERVP16 and Δku_PGAP-dCas9_PGAP-

dCpf1VP16 respectively. The pAA-PGAPga2 and pAA-PGAPcra3 plasmids were digested with 

XhoI/KpnI, respectively. Then the two large fragments (~5500 bp) were recovered and separately 

ligated with the small fragment of XhoI/KpnI digested pAA-PAOX2giF1, generating plasmids of 

pAA-PAOX2ga2 and pAA-PAOX2cra3 respectively. In the same way, plasmids of pAA-PICL1ga2, 

pAA-PGPM1ga2, pAA-PENO1ga2, pAA-PICL1cra3, pAA-PGPM1cra3 and pAA-PENO1cra3 were 

obtained. 

The plasmid of pPg2rcALMO5 were linearized by BspEІ and transformed into competent cells of 

Δku_PGAP-dCas9_PGAP-VRERVP16. The obtained single expression cassette strain was named as 

Δku_PGAP-dCas9_PGAP-VRERVP16_g2rcA-LM-O5cA-G. The plasmids of pAA-PICL1giF1, pAA-

PGPM1giF1, pAA-PENO1giF1 and pAA-PGAPgiF1 were digested with EcoRI/SalI, respectively. Then 

the four small fragments were recovered and separately inserted into the vector of XhoI/EcoRI 

digested pAA-PAOX2ga2, generating plasmids of pAA-PICL1giF1-PAOX2ga2, pAA-PGPM1giF1-



 

 

 

 

PAOX2ga2, pAA-PENO1giF1-PAOX2ga2 and pAA-PGAPgiF1-PAOX2ga2 respectively. Similarly, 

plasmids of pAA-PAOX2giF1-PICL1ga2, pAA-PGPM1giF1-PICL1ga2, pAA-PENO1giF1-PICL1ga2, pAA-

PGAPgiF1-PICL1ga2, pAA-PAOX2giF1-PGPM1ga2, pAA-PICL1giF1-PGPM1ga2, pAA-PENO1giF1-

PGPM1ga2, pAA-PGAPgiF1-PGPM1ga2, pAA-PAOX2giF1-PENO1ga2, pAA-PICL1giF1-PENO1ga2, pAA-

PGPM1giF1-PENO1ga2, pAA-PGAPgiF1-PENO1ga2, pAA-PAOX2giF1-PGAPga2, pAA-PICL1giF1-

PGAPga2, pAA-PGPM1giF1-PGAPga2 and pAA-PENO1giF1-PGAPga2 were obtained successively. The 

above-mentioned 20 plasmids were linearized by SacІ and separately transformed into competent 

Δku_PGAP-dCas9_PGAP-VRERVP16_g2rcA-LM-O5cA-G. The derived single copy expression 

strains were then identified and all listed in Table S2. 

The plasmid of pPcr3cALMO5 were linearized by BspEІ and transformed into competent cells of 

Δku_PGAP-dCas9_PGAP-dCpf1VP16. The obtained single expression cassette strain was named as 

Δku_PGAP-dCas9_PGAP-dCpf1VP16_cr3rcA-LM-O5cA-G. The plasmids of pAA-PICL1giF1, pAA-

PGPM1giF1, pAA-PENO1giF1 and pAA-PGAPgiF1 were digested with EcoRI/SalI, respectively. Then 

the four small fragments were recovered and separately inserted into the vector of XhoI/EcoRI 

digested pAA-PAOX2cra3, generating plasmids of pAA-PICL1giF1-PAOX2cra3, pAA-PGPM1giF1-

PAOX2cra3, pAA-PENO1giF1-PAOX2cra3 and pAA-PGAPgiF1-PAOX2cra3, respectively. Similarly, 

plasmids of pAA-PAOX2giF1-PICL1cra3, pAA-PGPM1giF1-PICL1cra3, pAA-PENO1giF1-PICL1cra3, 

pAA-PGAPgiF1-PICL1cra3, pAA-PAOX2giF1-PGPM1cra3, pAA-PICL1giF1-PGPM1cra3, pAA-

PENO1giF1-PGPM1cra3, pAA-PGAPgiF1-PGPM1cra3, pAA-PAOX2giF1-PENO1cra3, pAA-PICL1giF1-

PENO1cra3, pAA-PGPM1giF1-PENO1cra3, pAA-PGAPgiF1-PENO1cra3, pAA-PAOX2giF1-PGAPcra3, 

pAA-PICL1giF1-PGAPcra3, pAA-PGPM1giF1-PGAPcra3 andpAA-PENO1giF1-PGAPcra3 were obtained 

successively. The above-mentioned 20 plasmids were linearized by SacІ and separately 

transformed into competent cells of Δku_PGAP-dCas9_PGAP-dCpf1VP16_cr3rcA-LM-O5cA-G. 

The derived single copy expression strains were then identified and all listed in Table S2. 

Three promoters, i.e., PLRA3, PDAS1, PTHI11, were amplified from P. pastoris genome using primer 

pairs of pAA-LRA3 F/HHgiF1-LRA3 R, pAA-DAS1 F/HHgiF1-DAS1 R and pAA-THI11 

F/HHgiF1-THI11 R, respectively. Then they were separately fused with a vector of XhoI/KpnI 

digested pAA-PGAPgiF1, resulting plasmids of pAA-PLRA3giF1, pAA-PDAS1giF1 and pAA-

PTHI11giF1. The three plasmids were digested with EcoRI/SalI, respectively. Then three small 

fragments were recovered and separately inserted into the vector of XhoI/EcoRI digested pAA-

PGAPcra3, generating plasmids of pAA-PLRA3giF1-PGAPcra3, pAA-PDAS1giF1-PGAPcra3 and pAA-

PTHI11giF1-PGAPcra3. Afterwards, they were linearized by SacІ and separately transformed into 

competent cells of Δku_PGAP-dCas9_PGAP-dCpf1VP16_cr3rcA-LM-O5cA-G. The derived single 

copy expression strains were then identified and all listed in Table S2. 

The fragment containing α-amylase cassette was amplified from the plasmid pPIC9K-Amy by 

primer pair of 5AOX1/3AOX1, and fused with a fragment cloned from pPlacO5cAG with primer 

pair of 3AOX1 F/5AOX1 R by gibson assembly, generating a plasmid of pPlacO5cAAmy. 

Afterwards, two fragments were amplified from the plasmids pPlacO5cAAmy and BB3eN_14, 

respectively, with primer pairs of inOri F/BB3-TT R and CN- TT-BB3 F/inOri R. Then they were 

fused to generate a plasmid of BB3eN-lacO5cAAmy by gibson assembly. It was linearized by 

PmeІ and transformed into competent cells of Δku_PGAP-dCas9_PGAP-dCpf1VP16_cr3cA-LM-

O5cA-G_PTHI11-giF1-PGAP-cra3. The strain with single expression cassette was then identified and 

listed in Table S2. 

Design and validation of regulatory RNA 



 

 

 

The regulatory RNA and their duplex were drawn in Fig. 3C according to the prediction of RNA 

secondary structure. The DNA targeting region of each giRNA was annotated in yellow, while for 

each gaRNA and craRNA, the DNA targeting region was annotated in pink. For gaRNA_1, the 

DNA targeting sequence was designed to be fully complementary to the DNA targeting sequence 

of giRNA_F1, and the Cas handle region remained the same as that of giRNA_F1. For gaRNA_2, 

base-pair mutations (CU to UC and AG to GA) were performed in the hairpin of Cas handle region, 

resulting a ~30-base pairs in giRNA_F1:gaRNA_2 duplex. As a result, the Cas handle regions of 

both giRNA_F1 and gaRNA_2 were destroyed, which prevented the binding of VRER or dCas9. 

The mutant region of gaRNA_2 was annotated in red. In addition, a combination of giRNA_F1c 

and gaRNA_3 was designed to form the duplex by a linear-loop interaction (65). There is a YUNR 

motif on the loop (purple) of gaRNA_3 that can be recognized by the 5’ linear region (purple) of 

giRNA_F1c, then the dimerization occurs in the 5’ hairpin of giRNA_F1c and gaRNA_3 (grey). 

It causes the formation of new stem-loop which will block the DNA targeting sequence in both 

giRNA_F1c and gaRNA_3. Also, three craRNAs containing a 5’ Cpf1 handle region were 

designed. The DNA targeting sequences of craRNA_1 and craRNA_3 were separately 

complementary to the 3’ stem-loop and the linker sequence of Cas handle region of giRNA_F1, 

destroying the recognition of VRER to giRNA_F1 and blocking the DNA targeting region of 

craRNA_1 and craRNA_3. Besides, the 3’ stem-loop of giRNA_F1m was mutated for 

complementary to Cpf1 handle region of craRNA_2, producing a ~40-base pairs in 

giRNA_F1m:craRNA_2 duplex. All RNA sequences were listed in Table S1. 

 

 

  



 

 

 

 

 

Fig. S1. The regulation model of iTSAD.  

(A) The input and output strength of iTSAD driven by input promoters of different intensities at 

various time points. (B) The regression curve of the relationship between the input and output 

signals. Data of output strength (yout) and input strength (xin) were fitted according to the 

Michaelis-Menten equation. The regression coefficient R2 was obtained as 0.8907, representing 

that the dependence of input and output signals of iTSAD followed Michaelis–Menten kinetics. 

 

  



 

 

 

 

Fig. S2. The effect of CRISPRi system on the PAOX1 activity in P. pastoris and the regulation 

model of CRISPRiD.  

(A) Design of giRNAs directed to the cPAOX1. Yellow arrows indicate target sites of each giRNA. 

The sequences of TATA box, transcription start site (TSS) and 5’-NGG-3’ protospacer-adjacent 

motif (PAM) are highlighted; (B) Effects of different giRNAs on PAOX1 activity. Statistical 

significance of eGFP intensity of each strain with various giRNAs relative to the parent strain 

without giRNA and dCas9 is shown for each time point (**P < 0.01, *P < 0.05 at 12 h; ##P < 0.01, 
#P < 0.05 at 18 h; ++P < 0.01, +P < 0.05 at 24 h; n.s., not significance). (C) The input and output 

strength of CRISPRiD-iTSAD tandem system at different time points. (D) The regression curve 

of the relationship between the input signals and output signals. Data of output strength (yout) and 

input strength (xin) were fitted according to the equation of a competitive enzyme-inhibition model. 



 

 

 

 

The regression coefficient R2 was obtained as 0.9645, representing that the dependence of input 

and output signals of CRISPRi-iTSAD tandem system followed the competitive inhibition model. 

 

  



 

 

 

 

 

Fig. S3. Design of trigger RNAs and their derepression effects on CRISPRiD.  

(A) Schematic diagram of trigger RNA mediated interference of CRISPRiD repression. Trigger 

RNA can form a duplex with giRNA, which will interfere with the repression effect of 

dCas9/giRNA on the iTSAD. The trigger RNA and giRNA were driven by PGAP and PAOX2, 

respectively. (B) Design of trigger RNAs and secondary structure predictions for the duplex of 

trigger RNA and giRNA. The anti_RNA was designed to fully complement DNA-targeting region 

of giRNA_F1. The ribo_RNA was designed to bind with giRNA_F1c which added a cis-hairpin 

structure at 5’end of giRNA_F1. (C) Derepression effect on CRISPRiD by interaction of trigger 

RNA with giRNA. The ncRNA refers to a short RNA without any interaction region with 

giRNA_F1 and giRNA_F1c. Statistical significance of eGFP intensity of each strain with 

anti_RNA and ribo_RNA relative to the parent strain without trigger RNA is shown for each time 

point (**P < 0.01, *P < 0.05 at 36 h; ##P < 0.01 at 48 h; +P < 0.05 at 60 h; n.s., not significance). 

 

  



 

 

 

 

 

Fig. S4. The activation effect of CRISPRa system on the cPAOX1 activity in P. pastoris.  

(A) Schematic diagram showing the position of designed gRNAs targeting upstream sequences of 

cPAOX1. The chimeric activator dCas9-TFAD was combined with various gRNAs to activate cPAOX1. 

A series of gRNA binding sites with PAM sequence (5’-NGG-3’) were selected upstream of the 

TATA box of cPAOX1. Bacterial fapO motifs (one or ten) were inserted before cPAOX1 to adjust the 

gap length between TATA box and gRNA binding site. (B) Effect of distance between gRNA 

binding site and TATA box on the activation of cPAOX1 by different chimeric activators. The viral 

activator VP16, P. pastoris endogenous Mit1AD and Mxr1AD were used as TFAD for fusion with 

dCas9, respectively. Then the eGFP intensity of the strains was measured after cultured for 48 h 

in YPD medium. 

  



 

 

 

 

 

Fig. S5. Function verification of dCpf1 in P. pastoris.  

(A) Design of crRNAs directed to the cPAOX1 region. Cyan arrows indicate target sites of each 

crRNA. The sequence of TATA box, transcription start site (TSS) and 5’-TTTV-3’ PAM are 

highlighted. (B) Repression effects of dCpf1 with different crRNAs on iTSAD driven by cPAOX1. 

Statistical significance of eGFP intensity of each strain with various crRNAs relative to the parent 

strain without crRNA and dCpf1 is shown for each time point (**P < 0.01 at 36 h; ##P < 0.01 at 

48 h; ++P < 0.01 at 60 h; n.s., not significance). 

  



 

 

 

 

 

Fig. S6. Orthogonality of CRISPRiD and CRISPRaD.  

Orthogonality of CRISPRiD and CRISPRaD. VRER-VP16 and dCpf1-VP16 were separately 

assembled into CRISPRiD instead of dCas9. The strain harboring iTSAD and dCas9 driven by 

cPAOX1 was used as control. The combination of giRNA_F1+VRER-VP16 or giRNA_F1+dCpf1-

VP16 showed no effect on iTSAD driven by cPAOX1. The dCas9 was assembled into CRISPRaD 

instead of VRER-VP16 or dCpf1-VP16, respectively. The corresponding CRISPRaD-iTSAD 

tandem systems (Fig. 4) were used as control. The combination of gaRNA_2+dCas9 had certain 

activation effect on iTSAD. In contrast, the dCas9 showed no effect on iTSAD with craRNA_3. 

  



 

 

 

 

 

Fig. S7. Dose-response relationship of SynPic-X based regulatory switches.  

(A) Dose-response curve describing the relationship between rhamnose concentration and output 

strength of SynPic-R. (B) Dose-response curve describing the relationship between glucose 

concentration and output strength of SynPic-M. (C) Dose-response curve describing the 

relationship between thiamine concentration and output strength of SynPic-T. 

  



 

 

 

Table S1. The coding sequence of regulatory RNAs used in this study* 

Name Sequence 

giRNA_F1 TGACAGCAATATATAAACAGAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAA

GGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

giRNA_F2 CTTACTTTCATAATTGCGACGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGG

CTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

giRNA_F3 AAAAACAACTAATTATTCGAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG

GCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

giRNA_R1 TTTATATATTGCTGTCAAGTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGG

CTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

giRNA_R2 AATAATGATGATAAAAAAAAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG

GCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

giRNA_R3 AAAATCAAAAGCTTGTCAATGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG

GCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

giRNA_F1c GATACTTTTCAGAGAGCAATATATATTGGGTTATATCTTGCTCTCAGAAATGACA

GCAATATATAAACAGAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTA

GTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

giRNA_F1m TGACAGCAATATATAAACAGAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAA

GGCTAGTCCGTTATCAACTTGAAAAAGTGTCTGCTAGTAGCAGATATT 

nc_RNA GACCTGATACATCTCAGTCA 

anti_RNA TCTGTTTATATATTGCTGTCA 

ribo_RNA ACCCAATATATATTGCTCTCTGAAAATGGTGGTTAATGAAAATTAACTTACTATT

TTCTGACAGCAAAGA 

gRNA_A1 TGCTGTCAAGTAGGGGTTAGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG

GCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

gRNA_A2 ATTAGTACCTAGTCTTAATTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGG

CTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

gRNA_A3 ATTGTGAAATAGACGCAGATGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG

GCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

gRNA_A4 TGACATTAACCTATAAAAATGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGG

CTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

gRNA_A5 ACTTTTCGGGGAAATGTGCGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG

GCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

gRNA_A6 ATGCCGCAAAAAAGGGAATAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG

GCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

gRNA_A7 ATCGAACTGGATCTCAACAGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG

GCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

gRNA_A8 CATTCTGAGAATAGTGTATGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGG

CTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

crRNA_NT1 AATTTCTACTAAGTGTAGATTATATTGCTGTCAAGTAGGG 

crRNA_NT2 AATTTCTACTAAGTGTAGATAGACAGGGCAGCTTCCTTCT 

crRNA_NT3 AATTTCTACTAAGTGTAGATATCTTCTCAAGTTGTCGTTA 

crRNA_T1 AATTTCTACTAAGTGTAGATTCATCATTATTAGCTTACTT 

crRNA_T2 AATTTCTACTAAGTGTAGATATAATTGCGACTGGTTCCAA 

crRNA_T3 AATTTCTACTAAGTGTAGATACGACAACTTGAGAAGATCA 

gaRNA_1 TCTGTTTATATATTGCTGTCAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG

GCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

gaRNA_2 TAGCTCTTAAAGTCTGTTTATGTTTTAGAGTCAGAAATGACAAGTTAAAATAAG

GCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

gaRNA_3 CGTCACCCAATATATATTGCTCTCTGAAAATGGTGGTTAATGAAAATTAACTTAC

TATTTTCTGACAGCAAAGAAATTGTGCTATCAGATCGTTTTAGAGCTAGAAATA

GCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTC

GGTGCTTTT 



 

 

 

 

craRNA_1 AATTTCTACTAAGTGTAGATGCACAAACTCGGACCCACTT 

craRNA_2 AATTTCTACTAAGTGTAGATACTTTTTCACATTGATAACGGA 

craRNA_3 AATTTCTACTAAGTGTAGATTTGATAACGGACTAGCCTTA 
* Cas9 handle sequences are highlighted in green background and the different mutant bases are labeled in red. 

Cpf1 handle sequences are highlighted in yellow background. DNA targeting sequences are underlined. 

 

  



 

 

 

Table S2. Plasmids and strains used in this study. 

Plasmids Characteristics Source 

pPIC3.5K AmpicillinR, G418R; PAOX1-based expression vector Invitrogen 

pGAPZ B ZeocinR; PGAP-based expression vector Invitrogen 

pP-PAOX1G pPIC3.5k derivative containing PAOX1-GFP cassette (21) 

pGZB_cPAOX1-GFP pGAPZ B derivative containing cPAOX1-GFP cassette (62) 

pP-PGAPG pPIC3.5k derivative containing PGAP-GFP cassette (30) 

pPcAG pPIC3.5k derivative containing cPAOX1-GFP cassette This study 

pPlacO1cAG pPIC3.5k derivative containing lacO1-cPAOX1-GFP cassette This study 

pParaO1cAG pPIC3.5k derivative containing araO1-cPAOX1-GFP cassette This study 

pParaO2cAG pPIC3.5k derivative containing araO2-cPAOX1-GFP cassette This study 

pParaIcAG pPIC3.5k derivative containing araI-cPAOX1-GFP cassette This study 

pPlacO1cDG pPIC3.5k derivative containing lacO1-cPDAS1-GFP cassette This study 

pPlacO1cGG pPIC3.5k derivative containing lacO1-cPGAP-GFP cassette This study 

pPlacO1cScGG pPIC3.5k derivative containing lacO1-cPScGAP-GFP cassette This study 

pPlacO2cAG pPIC3.5k derivative containing lacO2-cPAOX1-GFP cassette This study 

pPlacO3cAG pPIC3.5k derivative containing lacO3-cPAOX1-GFP cassette This study 

pPlacO4cAG pPIC3.5k derivative containing lacO4-cPAOX1-GFP cassette This study 

pPlacO5cAG pPIC3.5k derivative containing lacO5-cPAOX1-GFP cassette This study 

pPlacO6cAG pPIC3.5k derivative containing lacO6-cPAOX1-GFP cassette This study 

pPlacO7cAG pPIC3.5k derivative containing lacO7-cPAOX1-GFP cassette This study 

pPlacO8cAG pPIC3.5k derivative containing lacO8-cPAOX1-GFP cassette This study 

pPlacO9cAG pPIC3.5k derivative containing lacO9-cPAOX1-GFP cassette This study 

pGPGAPLacIP1AD pGAPZ B derivative containing PGAP-LacI-Prm1AD cassette This study 

pGPGAPLacIX1AD pGAPZ B derivative containing PGAP-LacI-Mxr1AD cassette This study 

pGPGAPLacIM1AD pGAPZ B derivative containing PGAP-LacI-Mit1AD cassette This study 

pGPGAPAraCM1AD pGAPZ B derivative containing PGAP-AraC-Mit1AD cassette This study 

pGPAOX2G pGAPZ B derivative containing PAOX2-GFP cassette This study 

pGPICL1G pGAPZ B derivative containing PICL1-GFP cassette This study 

pGPGPM1G pGAPZ B derivative containing PGPM1-GFP cassette This study 

pGPENO1G pGAPZ B derivative containing PENO1-GFP cassette This study 

pGPGAPG pGAPZ B derivative containing PGAP-GFP cassette This study 

pGcALacIM1AD pGAPZ B derivative containing cPAOX1-LacI-Mit1AD cassette This study 

pGPICL1LacIM1AD pGAPZ B derivative containing PICL1-LacI-Mit1AD cassette This study 

pGPGPM1LacIM1AD pGAPZ B derivative containing PGPM1-LacI-Mit1AD cassette This study 

pGPENO1LacIM1AD pGAPZ B derivative containing PENO1-LacI-Mit1AD cassette This study 

pAG32 AmpicillinR, hygromycinR (66) 

p414-TEF1p-Cas9-CYC1t AmpicillinR, PTEF1-Cas9 cassette (67) 



 

 

 

pGPGAPdCas9 pGAPZ B derivative containing PGAP-dCas9 cassette This study 

pAA pAG32 derivative containing PAOX1 This study 

pAA-PGAPgiF1 pAA derivative containing PGAP-HH-giF1-HDV cassette This study 

pAA-PGAPgiF2 pAA derivative containing PGAP-HH-giF2-HDV cassette This study 

pAA-PGAPgiF3 pAA derivative containing PGAP-HH-giF3-HDV cassette This study 

pAA-PGAPgiR1 pAA derivative containing PGAP-HH-giR1-HDV cassette This study 

pAA-PGAPgiR2 pAA derivative containing PGAP-HH-giR2-HDV cassette This study 

pAA-PGAPgiR3 pAA derivative containing PGAP-HH-giR3-HDV cassette This study 

pPcALMO5 pPIC3.5k derivative containing cPAOX1-LacI-Mit1AD and 

lacO5-cPAOX1-GFP cassette 

This study 

pAA-PGAPgiR1R2 pAA derivative containing PGAP-HH-giR1-HDV-HH-giR2-

HDV cassette 

This study 

pAA-PGAPgiR1F1 pAA derivative containing PGAP-HH-giR1-HDV-HH-giF1-HDV 

cassette 

This study 

pAA-PGAPgiR2 F1 pAA derivative containing PGAP-HH-giR2-HDV-HH-giF1-HDV 

cassette 

This study 

pAA-PAOX2giF1 pAA derivative containing PAOX2-HH-giF1-HDV cassette This study 

pAA-PICL1giF1 pAA derivative containing PICL1-HH-giF1-HDV cassette This study 

pAA-PGPM1giF1 pAA derivative containing PGPM1-HH-giF1-HDV cassette This study 

pAA-PENO1giF1 pAA derivative containing PENO1-HH-giF1-HDV cassette This study 

pAA-PGAPantiRNA pAA derivative containing PGAP-HH-antiRNA-HDV cassette This study 

pAA-PGAPriboRNA pAA derivative containing PGAP-HH-riboRNA-HDV cassette This study 

pAA-PGAPncRNA pAA derivative containing PGAP-HH-ncRNA-HDV cassette This study 

pAA-PGAPgiF1c pAA derivative containing PGAP-HH-giF1c-HDV cassette This study 

pAA-PAOX2giF1c pAA derivative containing PAOX2-HH-giF1c-HDV cassette This study 

pAA-PGAPanti-PAOX2giF1 pAA derivative containing PGAP-HH-antiRNA-HDV and PAOX2-

HH-giF1-HDV cassette 

This study 

pAA-PGAPncRNA-

PAOX2giF1 

pAA derivative containing PGAP-HH-ncRNA-HDV and PAOX2-

HH-giF1-HDV cassette 

This study 

pAA-PGAPribo-PAOX2giF1c pAA derivative containing PGAP-HH-riboRNA-HDV and PAOX2-

HH-giF1c-HDV cassette 

This study 

pAA-PGAPncRNA-

PAOX2giF1c 

pAA derivative containing PGAP-HH-ncRNA-HDV and PAOX2-

HH-giF1c-HDV cassette 

This study 

pGPGAPdCas9VP16 pGAPZ B derivative containing PGAP-dCas9VP16 cassette This study 

pGPGAPdCas9M1AD pGAPZ B derivative containing PGAP-dCas9Mit1AD cassette This study 

pGPGAPdCas9X1AD pGAPZ B derivative containing PGAP-dCas9Mxr1AD cassette This study 

pPfapO1cAG pPIC3.5k derivative containing fapO1-cPAOX1-GFP cassette This study 

pPfapO10cAG pPIC3.5k derivative containing fapO10-cPAOX1-GFP cassette This study 

pAA-PGAPgA1 pAA derivative containing PGAP-HH-gA1-HDV cassette This study 

pAA-PGAPgA2 pAA derivative containing PGAP-HH-gA2-HDV cassette This study 



 

 

 

 

pAA-PGAPgA3 pAA derivative containing PGAP-HH-gA3-HDV cassette This study 

pAA-PGAPgA4 pAA derivative containing PGAP-HH-gA4-HDV cassette This study 

pAA-PGAPgA5 pAA derivative containing PGAP-HH-gA5-HDV cassette This study 

pAA-PGAPgA6 pAA derivative containing PGAP-HH-gA6-HDV cassette This study 

pAA-PGAPgA7 pAA derivative containing PGAP-HH-gA7-HDV cassette This study 

pAA-PGAPgA8 pAA derivative containing PGAP-HH-gA8-HDV cassette This study 

pET28TEV-LbCpf1 KanamycinR; LbCas12a in pET28a (68) 

pGPGAPdCpf1 pGAPZ B derivative containing PGAP-dCpf1 cassette This study 

pAA-PGAP2BbsHDV pAA derivative containing PGAP-2Bbs-HDV cassette This study 

pAA-PGAPcrRNADR2Bbs pAA derivative containing PGAP-HH-Cpf1DR-2Bbs-HDV 

cassette 

This study 

pAA-PGAPcrT1 pAA derivative containing PGAP-HH-crT1-HDV cassette This study 

pAA-PGAPcrT2 pAA derivative containing PGAP-HH-crT2-HDV cassette This study 

pAA-PGAPcrT3 pAA derivative containing PGAP-HH-crT3-HDV cassette This study 

pAA-PGAPcrNT1 pAA derivative containing PGAP-HH-crNT1-HDV cassette This study 

pAA-PGAPcrNT2 pAA derivative containing PGAP-HH-crNT2-HDV cassette This study 

pAA-PGAPcrNT3 pAA derivative containing PGAP-HH-crNT3-HDV cassette This study 

pAA-PGAPga1 pAA derivative containing PGAP-HH-ga1-HDV cassette This study 

pAA-PGAPga2-2Bbs pAA derivative containing PGAP-ga2HH-2Bbs-HDV cassette This study 

pAA-PGAPga2 pAA derivative containing PGAP-HH-ga2-HDV cassette This study 

pAA-PGAP2BbsCashHDV pAA derivative containing PGAP-2Bbs-Cashandle-HDV cassette This study 

pAA-PGAPga3CashHDV pAA derivative containing PGAP-ga3HH-2Bbs-HDV cassette This study 

pAA-PGAPga3 pAA derivative containing PGAP-HH-ga3-HDV cassette This study 

pAA-PAOX2giF1-PGAPga1 pAA derivative containing PAOX2-HH-giF1-HDV and PGAP-HH-

ga1-HDV cassette 

This study 

pAA-PAOX2giF1-PGAPga2 pAA derivative containing PAOX2-HH-giF1-HDV and PGAP-HH-

ga2-HDV cassette 

This study 

pAA-PAOX2giF1c-PGAPga3 pAA derivative containing PAOX2-HH-giF1c-HDV and PGAP-

HH-ga3-HDV cassette 

This study 

pAA-PGAPcra1 pAA derivative containing PGAP-HH-cra1-HDV cassette This study 

pAA-PGAPcra2 pAA derivative containing PGAP-HH-cra2-HDV cassette This study 

pAA-PGAPcra3 pAA derivative containing PGAP-HH-cra3-HDV cassette This study 

pAA-PGAPgiF1m-2Bbs pAA derivative containing PGAP-giF1mHH-2Bbs-HDV cassette This study 

pAA-PGAPgiF1m pAA derivative containing PGAP-HH-giF1m-HDV cassette This study 

pAA-PAOX2giF1m pAA derivative containing PAOX2-HH-giF1m-HDV cassette This study 

pAA-PAOX2giF1-PGAPcra1 pAA derivative containing PAOX2-HH-giF1-HDV and PGAP-HH-

cra1-HDV cassette 

This study 

pAA-PAOX2giF1m-

PGAPcra2 

pAA derivative containing PAOX2-HH-giF1m-HDV and PGAP-

HH-cra2-HDV cassette 

This study 



 

 

 

pAA-PAOX2giF1-PGAPcra3 pAA derivative containing PAOX2-HH-giF1-HDV and PGAP-HH-

cra3-HDV cassette 

This study 

pAA-PAOX2giF1m-

PGAPncRNA 

pAA derivative containing PAOX2-HH-giF1m-HDV and PGAP-

HH-ncRNA-HDV cassette 

This study 

pGPGAPVRERVP16 pGAPZ B derivative containing PGAP-VRER-VP16 cassette This study 

pGPGAPdCpf1VP16 pGAPZ B derivative containing PGAP-dCpf1-VP16 cassette This study 

pPg1cAG pPIC3.5k derivative containing g1-cPAOX1-GFP cassette This study 

pPg1rcAG pPIC3.5k derivative containing g1r-cPAOX1-GFP cassette This study 

pPg2cAG pPIC3.5k derivative containing g2-cPAOX1-GFP cassette This study 

pPg2rcAG pPIC3.5k derivative containing g2r-cPAOX1-GFP cassette This study 

pPg3cAG pPIC3.5k derivative containing g3-cPAOX1-GFP cassette This study 

pPg3rcAG pPIC3.5k derivative containing g3r-cPAOX1-GFP cassette This study 

pPcr1cAG pPIC3.5k derivative containing cr1-cPAOX1-GFP cassette This study 

pPcr1rcAG pPIC3.5k derivative containing cr1r-cPAOX1-GFP cassette This study 

pPcr2cAG pPIC3.5k derivative containing cr2-cPAOX1-GFP cassette This study 

pPcr2rcAG pPIC3.5k derivative containing cr2r-cPAOX1-GFP cassette This study 

pPcr3cAG pPIC3.5k derivative containing cr3-cPAOX1-GFP cassette This study 

pPcr3rcAG pPIC3.5k derivative containing cr3r-cPAOX1-GFP cassette This study 

pPg1cALM pPIC3.5k derivative containing g1-cPAOX1-LacI-Mit1AD cassette This study 

pPg1rcALM pPIC3.5k derivative containing g1r-cPAOX1-LacI-Mit1AD 

cassette 

This study 

pPg2cALM pPIC3.5k derivative containing g2-cPAOX1-LacI-Mit1AD cassette This study 

pPg2rcALM pPIC3.5k derivative containing g2r-cPAOX1-LacI-Mit1AD 

cassette 

This study 

pPg3cALM pPIC3.5k derivative containing g3-cPAOX1-LacI-Mit1AD cassette This study 

pPg3rcALM pPIC3.5k derivative containing g3r-cPAOX1-LacI-Mit1AD 

cassette 

This study 

pPcr1cALM pPIC3.5k derivative containing cr1-cPAOX1-LacI-Mit1AD 

cassette 

This study 

pPcr1rcALM pPIC3.5k derivative containing cr1r-cPAOX1-LacI-Mit1AD cassette This study 

pPcr2cALM pPIC3.5k derivative containing cr2-cPAOX1-LacI-Mit1AD 

cassette 

This study 

pPcr2rcALM pPIC3.5k derivative containing cr2r-cPAOX1-LacI-Mit1AD cassette This study 

pPcr3cALM pPIC3.5k derivative containing cr3-cPAOX1-LacI-Mit1AD 

cassette 

This study 

pPcr3rcALM pPIC3.5k derivative containing cr3r-cPAOX1-LacI-Mit1AD cassette This study 

pPg1cALMO5 pPIC3.5k derivative containing g1-cPAOX1-LacI-Mit1AD and 

lacO5-cPAOX1-GFP cassette 

This study 

pPg1rcALMO5 pPIC3.5k derivative containing g1r-cPAOX1-LacI-Mit1AD and 

lacO5-cPAOX1-GFP cassette 
This study 



 

 

 

 

pPg2cALMO5 pPIC3.5k derivative containing g2-cPAOX1-LacI-Mit1AD and 

lacO5-cPAOX1-GFP cassette 

This study 

pPg2rcALMO5 pPIC3.5k derivative containing g2r-cPAOX1-LacI-Mit1AD and 

lacO5-cPAOX1-GFP cassette 

This study 

pPg3cALMO5 pPIC3.5k derivative containing g3-cPAOX1-LacI-Mit1AD and 

lacO5-cPAOX1-GFP cassette 

This study 

pPg3rcALMO5 pPIC3.5k derivative containing g3r-cPAOX1-LacI-Mit1AD and 

lacO5-cPAOX1-GFP cassette 

This study 

pPcr1cALMO5 pPIC3.5k derivative containing cr1-cPAOX1-LacI-Mit1AD and 

lacO5-cPAOX1-GFP cassette 

This study 

pPcr1rcALMO5 pPIC3.5k derivative containing cr1r-cPAOX1-LacI-Mit1AD and 

lacO5-cPAOX1-GFP cassette 

This study 

pPcr2cALMO5 pPIC3.5k derivative containing cr2-cPAOX1-LacI-Mit1AD and 

lacO5-cPAOX1-GFP cassette 

This study 

pPcr2rcALMO5 pPIC3.5k derivative containing cr2r-cPAOX1-LacI-Mit1AD and 

lacO5-cPAOX1-GFP cassette 

This study 

pPcr3cALMO5 pPIC3.5k derivative containing cr3-cPAOX1-LacI-Mit1AD and 

lacO5-cPAOX1-GFP cassette 

This study 

pPcr3rcALMO5 pPIC3.5k derivative containing cr3r-cPAOX1-LacI-Mit1AD and 

lacO5-cPAOX1-GFP cassette 

This study 

3.5k-TEF1-gRNA1 pPIC3.5k derivative containing PHTX1-Cas9 and PHTX1-HH-

TEF1gRNA1-HDV cassette 

(32) 

pDTg1-npgA pUC18 derivative containing TEF1g1UP-PGAP-npgA-

TEF1g1DOWN cassette 

(32) 

pDTg1GdCas9 pUC18 derivative containing TEF1g1UP-PGAP-dCas9-

TEF1g1DOWN cassette 

This study 

pAA-PAOX2ga2 pAA derivative containing PAOX2-HH-ga2-HDV cassette This study 

pAA-PICL1ga2 pAA derivative containing PICL1-HH-ga2-HDV cassette This study 

pAA-PGPM1ga2 pAA derivative containing PGPM1-HH-ga2-HDV cassette This study 

pAA-PENO1ga2 pAA derivative containing PENO1-HH-ga2-HDV cassette This study 

pAA-PAOX2giF1-PICL1ga2 pAA derivative containing PAOX2-HH-giF1-HDV and PICL1-HH-

ga2-HDV cassette 

This study 

pAA-PAOX2giF1-PGPM1ga2 pAA derivative containing PAOX2-HH-giF1-HDV and PGPM1-

HH-ga2-HDV cassette 

This study 

pAA-PAOX2giF1-PENO1ga2 pAA derivative containing PAOX2-HH-giF1-HDV and PENO1-

HH-ga2-HDV cassette 

This study 

pAA-PICL1giF1-PAOX2ga2 pAA derivative containing PICL1-HH-giF1-HDV and PAOX2-HH-

ga2-HDV cassette 

This study 

pAA-PICL1giF1-PGPM1ga2 pAA derivative containing PICL1-HH-giF1-HDV and PGPM1-HH-

ga2-HDV cassette 

This study 

pAA-PICL1giF1-PENO1ga2 pAA derivative containing PICL1-HH-giF1-HDV and PENO1-HH-

ga2-HDV cassette 

This study 

pAA-PICL1giF1-PGAPga2 pAA derivative containing PICL1-HH-giF1-HDV and PGAP-HH-

ga2-HDV cassette 

This study 



 

 

 

 

pAA-PGPM1giF1-PAOX2ga2 pAA derivative containing PGPM1-HH-giF1-HDV and PAOX2-

HH-ga2-HDV cassette 

This study 

pAA-PGPM1giF1-PICL1ga2 pAA derivative containing PGPM1-HH-giF1-HDV and PICL1-HH-

ga2-HDV cassette 

This study 

pAA-PGPM1giF1-PENO1ga2 pAA derivative containing PGPM1-HH-giF1-HDV and PENO1-

HH-ga2-HDV cassette 

This study 

pAA-PGPM1giF1-PGAPga2 pAA derivative containing PGPM1-HH-giF1-HDV and PGAP-HH-

ga2-HDV cassette 

This study 

pAA-PENO1giF1-PAOX2ga2 pAA derivative containing PENO1-HH-giF1-HDV and PAOX2-

HH-ga2-HDV cassette 

This study 

pAA-PENO1giF1-PICL1ga2 pAA derivative containing PENO1-HH-giF1-HDV and PICL1-HH-

ga2-HDV cassette 

This study 

pAA-PENO1giF1-PGPM1ga2 pAA derivative containing PENO1-HH-giF1-HDV and PGPM1-

HH-ga2-HDV cassette 

This study 

pAA-PENO1giF1-PGAPga2 pAA derivative containing PENO1-HH-giF1-HDV and PGAP-HH-

ga2-HDV cassette 

This study 

pAA-PGAPgiF1-PAOX2ga2 pAA derivative containing PGAP-HH-giF1-HDV and PAOX2-HH-

ga2-HDV cassette 

This study 

pAA-PGAPgiF1-PICL1ga2 pAA derivative containing PGAP-HH-giF1-HDV and PICL1-HH-

ga2-HDV cassette 

This study 

pAA-PGAPgiF1-PGPM1ga2 pAA derivative containing PGAP-HH-giF1-HDV and PGPM1-HH-

ga2-HDV cassette 

This study 

pAA-PGAPgiF1-PENO1ga2 pAA derivative containing PGAP-HH-giF1-HDV and PENO1-HH-

ga2-HDV cassette 

This study 

pAA-PAOX2cra3 pAA derivative containing PAOX2-HH-cra3-HDV cassette This study 

pAA-PICL1cra3 pAA derivative containing PICL1-HH-cra3-HDV cassette This study 

pAA-PGPM1cra3 pAA derivative containing PGPM1-HH-cra3-HDV cassette This study 

pAA-PENO1cra3 pAA derivative containing PENO1-HH-cra3-HDV cassette This study 

pAA-PAOX2giF1-PICL1cra3 pAA derivative containing PAOX2-HH-giF1-HDV and PICL1-HH-

cra3-HDV cassette 

This study 

pAA-PAOX2giF1-PGPM1cra3 pAA derivative containing PAOX2-HH-giF1-HDV and PGPM1-

HH-cra3-HDV cassette 

This study 

pAA-PAOX2giF1-PENO1cra3 pAA derivative containing PAOX2-HH-giF1-HDV and PENO1-

HH-cra3-HDV cassette 

This study 

pAA-PICL1giF1-PAOX2cra3 pAA derivative containing PICL1-HH-giF1-HDV and PAOX2-HH-

cra3-HDV cassette 

This study 

pAA-PICL1giF1-PGPM1cra3 pAA derivative containing PICL1-HH-giF1-HDV and PGPM1-HH-

cra3-HDV cassette 

This study 

pAA-PICL1giF1-PENO1cra3 pAA derivative containing PICL1-HH-giF1-HDV and PENO1-HH-

cra3-HDV cassette 

This study 

pAA-PICL1giF1-PGAPcra3 pAA derivative containing PICL1-HH-giF1-HDV and PGAP-HH-

cra3-HDV cassette 

This study 

pAA-PGPM1giF1-PAOX2cra3 pAA derivative containing PGPM1-HH-giF1-HDV and PAOX2-

HH-cra3-HDV cassette 

This study 



 

 

 

pAA-PGPM1giF1-PICL1cra3 pAA derivative containing PGPM1-HH-giF1-HDV and PICL1-HH-

cra3-HDV cassette 

This study 

pAA-PGPM1giF1-PENO1cra3 pAA derivative containing PGPM1-HH-giF1-HDV and PENO1-

HH-cra3-HDV cassette 

This study 

pAA-PGPM1giF1-PGAPcra3 pAA derivative containing PGPM1-HH-giF1-HDV and PGAP-HH-

cra3-HDV cassette 

This study 

pAA-PENO1giF1-PAOX2cra3 pAA derivative containing PENO1-HH-giF1-HDV and PAOX2-

HH-cra3-HDV cassette 

This study 

pAA-PENO1giF1-PICL1cra3 pAA derivative containing PENO1-HH-giF1-HDV and PICL1-HH-

cra3-HDV cassette 

This study 

pAA-PENO1giF1-PGPM1cra3 pAA derivative containing PENO1-HH-giF1-HDV and PGPM1-

HH-cra3-HDV cassette 

This study 

pAA-PENO1giF1-PGAPcra3 pAA derivative containing PENO1-HH-giF1-HDV and PGAP-HH-

cra3-HDV cassette 

This study 

pAA-PGAPgiF1-PAOX2cra3 pAA derivative containing PGAP-HH-giF1-HDV and PAOX2-HH-

cra3-HDV cassette 

This study 

pAA-PGAPgiF1-PICL1cra3 pAA derivative containing PGAP-HH-giF1-HDV and PICL1-HH-

cra3-HDV cassette 

This study 

pAA-PGAPgiF1-PGPM1cra3 pAA derivative containing PGAP-HH-giF1-HDV and PGPM1-HH-

cra3-HDV cassette 

This study 

pAA-PGAPgiF1-PENO1cra3 pAA derivative containing PGAP-HH-giF1-HDV and PENO1-HH-

cra3-HDV cassette 

This study 

pAA-PLRA3giF1 pAA derivative containing PLRA3-HH-giF1-HDV cassette This study 

pAA-PDAS1giF1 pAA derivative containing PDAS1-HH-giF1-HDV cassette This study 

pAA-PTHI11giF1 pAA derivative containing PTHI11-HH-giF1-HDV cassette This study 

pAA-PLRA3giF1-PGAPcra3 pAA derivative containing PLRA3-HH-giF1-HDV and PGAP-HH-

cra3-HDV cassette 

This study 

pAA-PDAS1giF1-PGAPcra3 pAA derivative containing PDAS1-HH-giF1-HDV and PGAP-HH-

cra3-HDV cassette 

This study 

pAA-PTHI11giF1-PGAPcra3 pAA derivative containing PTHI11-HH-giF1-HDV and PGAP-HH-

cra3-HDV cassette 

This study 

BB3eN_14 NourseothricinR Golden 

pPIC9K-Amy pPIC9K derivative containing PAOX1-Amy expression cassette (69) 

pPlacO5cAAmy pPIC3.5k derivative containing lacO5-cPAOX1-Amy cassette This study 

BB3eN-lacO5cAAmy BB3eN_14 derivative containing lacO5-cPAOX1-Amy cassette This study 

Strain Genotype Source 

Escherichia coli  

Top 10 F-[lacIq Tn10 (Tetr)] mcrA Φ80lacZ ΔM15 Δlac X74 deoR recA1 Invitrogen 

Saccharomyces cerevisiae  

BY4741 MATα; his3Δ1; leu2Δ0; met15Δ0; ura3Δ0 (41) 

Pichia pastoris  

GS115 his4 Invitrogen 



 

 

 

GS_PAOX1-G GS115 his4::pP-PAOX1G (PAOX1-GFP HIS4, KAN) (21) 

GS_O1cA-G GS115 his4::pPlacO1cAG (lacO1-cPAOX1-GFP HIS4) This study 

GS_PGAP-LP_O1cA-G GS115 his4::pPlacO1cAG (lacO1-cPAOX1-GFP HIS4) 

PGAP::pGPGAPLacIP1AD (PGAP-LacI-Prm1AD Sh ble) 

This study 

GS_PGAP-LX_O1cA-G GS115 his4::pPlacO1cAG (lacO1-cPAOX1-GFP HIS4) 

PGAP::pGPGAPLacIX1AD (PGAP-LacI-Mxr1AD Sh ble) 

This study 

GS_PGAP-LM_O1cA-G GS115 his4::pPlacO1cAG (lacO1-cPAOX1-GFP HIS4) 

PGAP::pGPGAPLacIM1AD (PGAP-LacI-Mit1AD Sh ble) 

This study 

GS_PGAP-CM GS115 PGAP::pGPGAPAraCM1AD (PGAP- AraC-Mit1AD Sh ble) This study 

GS_PGAP-CM_aO1cA-G GS115 PGAP::pGPGAPAraCM1AD (PGAP-AraC-Mit1AD Sh ble) 

his4::pParaO1cAG (araO1-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-CM_aO2cA-G GS115 PGAP::pGPGAPAraCM1AD (PGAP-AraC-Mit1AD Sh ble) 

his4::pParaO2cAG (araO2-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-CM_aIcA-G GS115 PGAP::pGPGAPAraCM1AD (PGAP-AraC-Mit1AD Sh ble) 

his4::pParaIcAG (araI-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-LM GS115 PGAP::pGPGAPLacIM1AD (PGAP- LacI-Mit1AD Sh ble) This study 

GS_PGAP-LM_O1cD-G GS115 PGAP::pGPGAPLacIM1AD (PGAP-LacI-Mit1AD Sh ble) 

his4::pPlacO1cDG (lacO1-cPDAS1-GFP HIS4) 

This study 

GS_PGAP-LM_O1cG-G GS115 PGAP::pGPGAPLacIM1AD (PGAP-LacI-Mit1AD Sh ble) 

his4::pPlacO1cGG (lacO1-cPGAP-GFP HIS4) 

This study 

GS_PGAP-LM_O1cScG-G GS115 PGAP::pGPGAPLacIM1AD (PGAP-LacI-Mit1AD Sh ble) 

his4::pPlacO1cScGG (lacO1-cPScGAP-GFP HIS4) 

This study 

GS_PGAP-LM_O2cA-G GS115 PGAP::pGPGAPLacIM1AD (PGAP-LacI-Mit1AD Sh ble) 

his4::pPlacO2cAG (lacO2-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-LM_O3cA-G GS115 PGAP::pGPGAPLacIM1AD (PGAP-LacI-Mit1AD Sh ble) 

his4::pPlacO3cAG (lacO3-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-LM_O4cA-G GS115 PGAP::pGPGAPLacIM1AD (PGAP-LacI-Mit1AD Sh ble) 

his4::pPlacO4cAG (lacO4-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-LM_O5cA-G GS115 PGAP::pGPGAPLacIM1AD (PGAP-LacI-Mit1AD Sh ble) 

his4::pPlacO5cAG (lacO5-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-LM_O6cA-G GS115 PGAP::pGPGAPLacIM1AD (PGAP-LacI-Mit1AD Sh ble) 

his4::pPlacO6cAG (lacO6-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-LM_O7cA-G GS115 PGAP::pGPGAPLacIM1AD (PGAP-LacI-Mit1AD Sh ble) 

his4::pPlacO7cAG (lacO7-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-LM_O8cA-G GS115 PGAP::pGPGAPLacIM1AD (PGAP-LacI-Mit1AD Sh ble) 

his4::pPlacO8cAG (lacO8-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-LM_O9cA-G GS115 PGAP::pGPGAPLacIM1AD (PGAP-LacI-Mit1AD Sh ble) 

his4::pPlacO9cAG (lacO9-cPAOX1-GFP HIS4) 

This study 

GS_cA-G GS115 his4::pPcAG (cPAOX1-GFP HIS4) This study 

GS_PAOX2-G GS115 PGAP::pGPAOX2G (PAOX2-GFP Sh ble) This study 

GS_PICL1-G GS115 PGAP::pGPICL1G (PICL1-GFP Sh ble) This study 

GS_PGPM1-G GS115 PGAP::pGPGPM1G (PGPM1-GFP Sh ble) This study 

GS_PENO1-G GS115 PGAP::pGPENO1G (PENO1-GFP Sh ble) This study 



 

 

 

GS_PGAP-G GS115 PGAP::pGPGAPG (PGAP-GFP Sh ble) This study 

GS_O5cA-G GS115 his4::pPlacO5cAG (lacO5-cPAOX1-GFP HIS4) This study 

GS_cA-LM_O5cA-G GS115 his4::pPlacO5cAG (lacO5-cPAOX1-GFP HIS4) 

PGAP::pGcALacIM1AD (cPAOX1-LacI-Mit1AD Sh ble) 

This study 

GS_PICL1-LM_O5cA-G GS115 his4::pPlacO5cAG (lacO5-cPAOX1-GFP HIS4) 

PGAP::pGPICL1LacIM1AD (PICL1-LacI-Mit1AD Sh ble) 

This study 

GS_PGPM1-LM_O5cA-G GS115 his4::pPlacO5cAG (lacO5-cPAOX1-GFP HIS4) 

PGAP::pGPGPM1LacIM1AD (PGPM1-LacI-Mit1AD Sh ble) 

This study 

GS_PENO1-LM_O5cA-G GS115 his4::pPlacO5cAG (lacO5-cPAOX1-GFP HIS4) 

PGAP::pGPENO1LacIM1AD (PENO1-LacI-Mit1AD Sh ble) 

This study 

GS_PAOX1-G_PGAP-dCas9 GS115 his4::pP-PAOX1G (PAOX1-GFP HIS4, KAN) 

PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

This study 

GS_PAOX1-G_PGAP-

dCas9_PGAP-giF1 

GS115 his4::pP-PAOX1G (PAOX1-GFP HIS4, KAN) 

PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) PAOX1::pAA-PGAPgiF1 

(PGAP-HH-giF1-HDV hph) 

This study 

GS_PAOX1-G_PGAP-dCas9 

_PGAP-giF2 

GS115 his4::pP-PAOX1G (PAOX1-GFP HIS4, KAN) 

PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) PAOX1::pAA-PGAPgiF2 

(PGAP-HH-giF2-HDV hph) 

This study 

GS_PAOX1-G_PGAP-

dCas9_PGAP-giF3 

GS115 his4::pP-PAOX1G (PAOX1-GFP HIS4, KAN) 

PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) PAOX1::pAA-PGAPgiF3 

(PGAP-HH-giF3-HDV hph) 

This study 

GS_PAOX1-G_PGAP-

dCas9_PGAP-giR1 

GS115 his4::pP-PAOX1G (PAOX1-GFP HIS4, KAN) 

PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) PAOX1::pAA-PGAPgiR1 

(PGAP-HH-giR1-HDV hph) 

This study 

GS_PAOX1-G_PGAP-

dCas9_PGAP-giR2 

GS115 his4::pP-PAOX1G (PAOX1-GFP HIS4, KAN) 

PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) PAOX1::pAA-PGAPgiR2 

(PGAP-HH-giR2-HDV hph) 

This study 

GS_PAOX1-G_PGAP-

dCas9_PGAP-giR3 

GS115 his4::pP-PAOX1G (PAOX1-GFP HIS4, KAN) 

PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) PAOX1::pAA-PGAPgiR3 

(PGAP-HH-giR3-HDV hph) 

This study 

GS_PGAP-dCas9 GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-giF1 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PGAPgiF1 (PGAP-HH-giF1-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-giR1 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PGAPgiR1 (PGAP-HH-giR1-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-giR2 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PGAPgiR2 (PGAP-HH-giR2-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-giR1R2 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PGAPgiR1R2 (PGAP-HH-giR1-HDV-HH-giR2-

This study 



 

 

 

HDV hph) 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-giR1F1 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PGAPgiR1F1 (PGAP-HH-giR1-HDV-HH-giF1-

HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-giR2F1 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PGAPgiR2F1 (PGAP-HH-giR2-HDV-HH-giF1-

HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PAOX2-giF1 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PAOX2giF1 (PAOX2-HH-giF1-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PICL1-giF1 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PICL1giF1 (PICL1-HH-giF1-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGPM1-giF1 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PGPM1giF1 (PGPM1-HH-giF1-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PENO1-giF1 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PENO1giF1 (PENO1-HH-giF1-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-giF1c 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PGAPgiF1c (PGAP-giF1c-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PAOX2-giF1c 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PAOX2giF1c (PAOX2-giF1c-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-anti-PAOX2-

giF1 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-Ganti-PAOX2giF1 (PGAP-HH-antiRNA-HDV 

and PAOX2-HH-giF1-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-nc-PAOX2-

giF1 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PGAPnc-PAOX2giF1 (PGAP-HH-ncRNA-HDV 

and PAOX2-HH-giF1-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-ribo-PAOX2-

giF1c 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-Gribo-PAOX2giF1c (PGAP-HH-riboRNA-HDV 

and PAOX2-HH-giF1c-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-nc-PAOX2-

giF1c 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PGAPnc-PAOX2giF1c (PGAP-HH-ncRNA-HDV 

and PAOX2-HH-giF1c-HDV hph) 

This study 

GS_PGAP-dCas9VP16 GS115 PGAP::pGPGAPdCas9VP16 (PGAP-dCas9 Sh ble) This study 

GS_PGAP-dCas9M1AD GS115 PGAP::pGPGAPdCas9M1AD (PGAP-dCas9 Sh ble) This study 

GS_PGAP-dCas9X1AD GS115 PGAP::pGPGAPdCas9X1AD (PGAP-dCas9 Sh ble) This study 



 

 

 

GS_PGAP-

dCas9VP16_fO1cA-G 

GS115 PGAP::pGPGAPdCas9VP16 (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-

dCas9VP16_fO1cA-

G_PGAP-gA1 

GS115 PGAP::pGPGAPdCas9VP16 (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA1 (PGAP-HH-gA1-HDV hph) 

This study 

GS_PGAP-

dCas9VP16_fO1cA-

G_PGAP-gA2 

GS115 PGAP::pGPGAPdCas9VP16 (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA2 (PGAP-HH-gA2-HDV hph) 

This study 

GS_PGAP-

dCas9VP16_fO1cA-

G_PGAP-gA3 

GS115 PGAP::pGPGAPdCas9VP16 (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA3 (PGAP-HH-gA3-HDV hph) 

This study 

GS_PGAP-

dCas9VP16_fO1cA-

G_PGAP-gA4 

GS115 PGAP::pGPGAPdCas9VP16 (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA4 (PGAP-HH-gA4-HDV hph) 

This study 

GS_PGAP-

dCas9VP16_fO1cA-

G_PGAP-gA5 

GS115 PGAP::pGPGAPdCas9VP16 (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA5 (PGAP-HH-gA5-HDV hph) 

This study 

GS_PGAP-

dCas9VP16_fO1cA-

G_PGAP-gA6 

GS115 PGAP::pGPGAPdCas9VP16 (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA6 (PGAP-HH-gA6-HDV hph) 

This study 

GS_PGAP-

dCas9VP16_fO1cA-

G_PGAP-gA7 

GS115 PGAP::pGPGAPdCas9VP16 (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA7 (PGAP-HH-gA7-HDV hph) 

This study 

GS_PGAP-

dCas9VP16_fO1cA-

G_PGAP-gA8 

GS115 PGAP::pGPGAPdCas9VP16 (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA8 (PGAP-HH-gA8-HDV hph) 

This study 

GS_PGAP-

dCas9VP16_fO10cA-G 

GS115 PGAP::pGPGAPdCas9VP16 (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-

dCas9VP16_fO10cA-

G_PGAP-gA3 

GS115 PGAP::pGPGAPdCas9VP16 (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA3 (PGAP-HH-gA3-HDV hph) 

This study 

GS_PGAP-

dCas9VP16_fO10cA-

G_PGAP-gA4 

GS115 PGAP::pGPGAPdCas9VP16 (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA4 (PGAP-HH-gA4-HDV hph) 

This study 

GS_PGAP-

dCas9VP16_fO10cA-

G_PGAP-gA5 

GS115 PGAP::pGPGAPdCas9VP16 (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA5 (PGAP-HH-gA5-HDV hph) 

This study 

GS_PGAP-

dCas9VP16_fO10cA-

G_PGAP-gA6 

GS115 PGAP::pGPGAPdCas9VP16 (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA6 (PGAP-HH-gA6-HDV hph) 

This study 

GS_PGAP-

dCas9VP16_fO10cA-

G_PGAP-gA7 

GS115 PGAP::pGPGAPdCas9VP16 (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA7 (PGAP-HH-gA7-HDV hph) 

This study 

GS_PGAP-

dCas9VP16_fO10cA-

G_PGAP-gA8 

GS115 PGAP::pGPGAPdCas9VP16 (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA8 (PGAP-HH-gA8-HDV hph) 

This study 



 

 

 

GS_PGAP-

dCas9M1AD_fO1cA-G 

GS115 PGAP::pGPGAPdCas9Mit1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-

dCas9M1AD_fO1cA-

G_PGAP-gA3 

GS115 PGAP::pGPGAPdCas9Mit1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA3 (PGAP-HH-gA3-HDV hph) 

This study 

GS_PGAP-

dCas9M1AD_fO1cA-

G_PGAP-gA4 

GS115 PGAP::pGPGAPdCas9Mit1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA4 (PGAP-HH-gA4-HDV hph) 

This study 

GS_PGAP-

dCas9M1AD_fO1cA-

G_PGAP-gA5 

GS115 PGAP::pGPGAPdCas9Mit1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA5 (PGAP-HH-gA5-HDV hph) 

This study 

GS_PGAP-

dCas9M1AD_fO1cA-

G_PGAP-gA6 

GS115 PGAP::pGPGAPdCas9Mit1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA6 (PGAP-HH-gA6-HDV hph) 

This study 

GS_PGAP-

dCas9M1AD_fO1cA-

G_PGAP-gA7 

GS115 PGAP::pGPGAPdCas9Mit1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA7 (PGAP-HH-gA7-HDV hph) 

This study 

GS_PGAP-

dCas9M1AD_fO1cA-

G_PGAP-gA8 

GS115 PGAP::pGPGAPdCas9Mit1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA8 (PGAP-HH-gA8-HDV hph) 

This study 

GS_PGAP-

dCas9M1AD_fO10cA-G 

GS115 PGAP::pGPGAPdCas9Mit1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-

dCas9M1AD_fO10cA-

G_PGAP-gA3 

GS115 PGAP::pGPGAPdCas9Mit1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA3 (PGAP-HH-gA3-HDV hph) 

This study 

GS_PGAP-

dCas9M1AD_fO10cA-

G_PGAP-gA4 

GS115 PGAP::pGPGAPdCas9Mit1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA4 (PGAP-HH-gA4-HDV hph) 

This study 

GS_PGAP-

dCas9M1AD_fO10cA-

G_PGAP-gA5 

GS115 PGAP::pGPGAPdCas9Mit1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA5 (PGAP-HH-gA5-HDV hph) 

This study 

GS_PGAP-

dCas9M1AD_fO10cA-

G_PGAP-gA6 

GS115 PGAP::pGPGAPdCas9Mit1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA6 (PGAP-HH-gA6-HDV hph) 

This study 

GS_PGAP-

dCas9M1AD_fO10cA-

G_PGAP-gA7 

GS115 PGAP::pGPGAPdCas9Mit1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA7 (PGAP-HH-gA7-HDV hph) 

This study 

GS_PGAP-

dCas9M1AD_fO10cA-

G_PGAP-gA8 

GS115 PGAP::pGPGAPdCas9Mit1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA8 (PGAP-HH-gA8-HDV hph) 

This study 

GS_PGAP-

dCas9X1AD_fO1cA-G 

GS115 PGAP::pGPGAPdCas9Mxr1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-

dCas9X1AD_fO1cA-

G_PGAP-gA3 

GS115 PGAP::pGPGAPdCas9Mxr1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA3 (PGAP-HH-gA3-HDV hph) 

This study 

GS_PGAP-

dCas9X1AD_fO1cA-

GS115 PGAP::pGPGAPdCas9Mxr1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

This study 



 

 

 

G_PGAP-gA4 PGAPgA4 (PGAP-HH-gA4-HDV hph) 

GS_PGAP-

dCas9X1AD_fO1cA-

G_PGAP-gA5 

GS115 PGAP::pGPGAPdCas9Mxr1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA5 (PGAP-HH-gA5-HDV hph) 

This study 

GS_PGAP-

dCas9X1AD_fO1cA-

G_PGAP-gA6 

GS115 PGAP::pGPGAPdCas9Mxr1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA6 (PGAP-HH-gA6-HDV hph) 

This study 

GS_PGAP-

dCas9X1AD_fO1cA-

G_PGAP-gA7 

GS115 PGAP::pGPGAPdCas9Mxr1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA7 (PGAP-HH-gA7-HDV hph) 

This study 

GS_PGAP-

dCas9X1AD_fO1cA-

G_PGAP-gA8 

GS115 PGAP::pGPGAPdCas9Mxr1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO1cAG (fapO1-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA8 (PGAP-HH-gA8-HDV hph) 

This study 

GS_PGAP-

dCas9X1AD_fO10cA-G 

GS115 PGAP::pGPGAPdCas9Mxr1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-

dCas9X1AD_fO10cA-

G_PGAP-gA3 

GS115 PGAP::pGPGAPdCas9Mxr1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA3 (PGAP-HH-gA3-HDV hph) 

This study 

GS_PGAP-

dCas9X1AD_fO10cA-

G_PGAP-gA4 

GS115 PGAP::pGPGAPdCas9Mxr1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA4 (PGAP-HH-gA4-HDV hph) 

This study 

GS_PGAP-

dCas9X1AD_fO10cA-

G_PGAP-gA5 

GS115 PGAP::pGPGAPdCas9Mxr1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA5 (PGAP-HH-gA5-HDV hph) 

This study 

GS_PGAP-

dCas9X1AD_fO10cA-

G_PGAP-gA6 

GS115 PGAP::pGPGAPdCas9Mxr1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA6 (PGAP-HH-gA6-HDV hph) 

This study 

GS_PGAP-

dCas9X1AD_fO10cA-

G_PGAP-gA7 

GS115 PGAP::pGPGAPdCas9Mxr1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA7 (PGAP-HH-gA7-HDV hph) 

This study 

GS_PGAP-

dCas9X1AD_fO10cA-

G_PGAP-gA8 

GS115 PGAP::pGPGAPdCas9Mxr1AD (PGAP-dCas9 Sh ble) 

his4::pPfapO10cAG (fapO10-cPAOX1-GFP HIS4) PAOX1::pAA-

PGAPgA8 (PGAP-HH-gA8-HDV hph) 

This study 

GS_cA-LM-O5cA-G GS115 his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) 

This study 

GS_cA-LM-O5cA-G_PGAP-

dCpf1 

GS115 his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PGAP::pGPGAPdCpf1 (PGAP-dCpf1 Sh ble) 

This study 

GS_cA-LM-O5cA-G_PGAP-

dCpf1_PGAP-crNT1 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PGAPcrNT1 (PGAP-HH-crNT1-HDV hph) 

This study 

GS_cA-LM-O5cA-G_PGAP-

dCpf1_PGAP-crNT2 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PGAPcrNT2 (PGAP-HH-crNT2-HDV hph) 

This study 

GS_cA-LM-O5cA-G_ PGAP-

dCpf1_PGAP-crNT3 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PGAPcrNT3 (PGAP-HH-crNT3-HDV hph) 

This study 



 

 

 

GS_cA-LM-O5cA-G_ PGAP-

dCpf1_PGAP-crT1 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PGAPcrT1 (PGAP-HH-crT1-HDV hph) 

This study 

GS_cA-LM-O5cA-G_ PGAP-

dCpf1_PGAP-crT2 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PGAPcrT2 (PGAP-HH-crT2-HDV hph) 

This study 

GS_cA-LM-O5cA-G_ PGAP-

dCpf1_PGAP-crT3 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PGAPcrT3 (PGAP-HH-crT3-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-ga1-PAOX2-

giF1 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PAOX2giF1-PGAPga1 (PAOX2-HH-giF1-HDV 

and PGAP-HH-ga1-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-ga2-PAOX2-

giF1 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PAOX2giF1-PGAPga2 (PAOX2-HH-giF1-HDV 

and PGAP-HH-ga2-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-ga3-PAOX2-

giF1c 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PAOX2giF1c-PGAPga3 (PAOX2-HH-giF1c-HDV 

and PGAP-HH-ga3-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-giF1m 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PGAPgiF1m (PGAP-HH-giF1m-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PAOX2-giF1m 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PAOX2giF1m (PAOX2-HH-giF1m-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-cra1-PAOX2-

giF1 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PAOX2giF1-PGAPcra1 (PAOX2-HH-giF1-HDV 

and PGAP-HH-cra1-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-cra2-PAOX2-

giF1m 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PAOX2giF1m-PGAPcra2 (PAOX2-HH-giF1m-

HDV and PGAP-HH-cra2-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-cra3-PAOX2-

giF1 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PAOX2giF1-PGAPcra3 (PAOX2-HH-giF1-HDV 

and PGAP-HH-cra3-HDV hph) 

This study 

GS_PGAP-dCas9_cA-LM-

O5cA-G_PGAP-ncRNA-

PAOX2-giF1m 

GS115 PGAP::pGPGAPdCas9 (PGAP-dCas9 Sh ble) 

his4::pPcALMO5 (cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP 

HIS4) PAOX1::pAA-PAOX2giF1m-PGAPncRNA (PAOX2-HH-giF1m-

HDV and PGAP-HH-ncRNA-HDV hph) 

This study 

GS_PGAP-VRERVP16 GS115 PGAP::pGPGAPVRERVP16 (PGAP-VRER-VP16 Sh ble) This study 

GS_PGAP-VRERVP16_ 

PGAP-ga1 

GS115 PGAP::pGPGAPVRERVP16 (PGAP-VRER-VP16 Sh ble) 

PAOX1::pAA-PGAPga1 (PGAP-HH-ga1-HDV hph) 

This study 

GS_PGAP-VRERVP16_ GS115 PGAP::pGPGAPVRERVP16 (PGAP-VRER-VP16 Sh ble) This study 



 

 

 

PGAP-ga2 PAOX1::pAA-PGAPga2 (PGAP-HH-ga2-HDV hph) 

GS_PGAP-VRERVP16_ 

PGAP-ga3 

GS115 PGAP::pGPGAPVRERVP16 (PGAP-VRER-VP16 Sh ble) 

PAOX1::pAA-PGAPga3 (PGAP-HH-ga3-HDV hph) 

This study 

GS_PGAP-dCpf1VP16 GS115 PGAP::pGPGAPdCpf1VP16 (PGAP-dCpf1-VP16 Sh ble) This study 

GS_PGAP-dCpf1VP16_ 

PGAP-cra1 

GS115 PGAP::pGPGAPdCpf1VP16 (PGAP-dCpf1-VP16 Sh ble) 

PAOX1::pAA-PGAPcra1 (PGAP-HH-cra1-HDV hph) 

This study 

GS_PGAP-dCpf1VP16_ 

PGAP-cra2 

GS115 PGAP::pGPGAPdCpf1VP16 (PGAP-dCpf1-VP16 Sh ble) 

PAOX1::pAA-PGAPcra2 (PGAP-HH-cra2-HDV hph) 

This study 

GS_PGAP-dCpf1VP16_ 

PGAP-cra3 

GS115 PGAP::pGPGAPdCpf1VP16 (PGAP-dCpf1-VP16 Sh ble) 

PAOX1::pAA-PGAPcra3 (PGAP-HH-cra3-HDV hph) 

This study 

GS_PGAP-VRERVP16_ 

PGAP-ga1_g1cA-G 

GS115 PGAP::pGPGAPVRERVP16 (PGAP-VRER-VP16 Sh ble) 

PAOX1::pAA-PGAPga1 (PGAP-HH-ga1-HDV hph) his4:: pPg1cAG 

(g1-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-VRERVP16_ 

PGAP-ga1_g1rcA-G 

GS115 PGAP::pGPGAPVRERVP16 (PGAP-VRER-VP16 Sh ble) 

PAOX1::pAA-PGAPga1 (PGAP-HH-ga1-HDV hph) his4:: pPg1rcAG 

(g1r-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-VRERVP16_ 

PGAP-ga2_g2cA-G 

GS115 PGAP::pGPGAPVRERVP16 (PGAP-VRER-VP16 Sh ble) 

PAOX1::pAA-PGAPga2 (PGAP-HH-ga2-HDV hph) his4:: pPg2cAG 

(g2-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-VRERVP16_ 

PGAP-ga2_g2rcA-G 

GS115 PGAP::pGPGAPVRERVP16 (PGAP-VRER-VP16 Sh ble) 

PAOX1::pAA-PGAPga2 (PGAP-HH-ga2-HDV hph) his4:: pPg2rcAG 

(g2r-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-VRERVP16_ 

PGAP-ga3_g3cA-G 

GS115 PGAP::pGPGAPVRERVP16 (PGAP-VRER-VP16 Sh ble) 

PAOX1::pAA-PGAPga3 (PGAP-HH-ga3-HDV hph) his4:: pPg3cAG 

(g3-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-VRERVP16_ 

PGAP-ga3_g3rcA-G 

GS115 PGAP::pGPGAPVRERVP16 (PGAP-VRER-VP16 Sh ble) 

PAOX1::pAA-PGAPga3 (PGAP-HH-ga3-HDV hph) his4:: pPg3rcAG 

(g3r-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-dCpf1VP16_ 

PGAP-cra1_cr1cA-G 

GS115 PGAP::pGPGAPdCpf1VP16 (PGAP-dCpf1-VP16 Sh ble) 

PAOX1::pAA-PGAPcra1 (PGAP-HH-cra1-HDV hph) his4:: 

pPcr1cAG (cr1-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-dCpf1VP16_ 

PGAP-cra1_cr1rcA-G 

GS115 PGAP::pGPGAPdCpf1VP16 (PGAP-dCpf1-VP16 Sh ble) 

PAOX1::pAA-PGAPcra1 (PGAP-HH-cra1-HDV hph) his4:: 

pPcr1rcAG (cr1r-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-dCpf1VP16_ 

PGAP-cra2_cr2cA-G 

GS115 PGAP::pGPGAPdCpf1VP16 (PGAP-dCpf1-VP16 Sh ble) 

PAOX1::pAA-PGAPcra2 (PGAP-HH-cra2-HDV hph) his4:: 

pPcr2cAG (cr2-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-dCpf1VP16_ 

PGAP-cra2_cr2rcA-G 

GS115 PGAP::pGPGAPdCpf1VP16 (PGAP-dCpf1-VP16 Sh ble) 

PAOX1::pAA-PGAPcra2 (PGAP-HH-cra2-HDV hph) his4:: 

pPcr2rcAG (cr2r-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-dCpf1VP16_ 

PGAP-cra3_cr3cA-G 

GS115 PGAP::pGPGAPdCpf1VP16 (PGAP-dCpf1-VP16 Sh ble) 

PAOX1::pAA-PGAPcra3 (PGAP-HH-cra3-HDV hph) his4:: 

pPcr3cAG (cr3-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-dCpf1VP16_ 

PGAP-cra3_cr3rcA-G 

GS115 PGAP::pGPGAPdCpf1VP16 (PGAP-dCpf1-VP16 Sh ble) 

PAOX1::pAA-PGAPcra3 (PGAP-HH-cra3-HDV hph) his4:: 

pPcr3rcAG (cr3r-cPAOX1-GFP HIS4) 

This study 



 

 

 

 

GS_PGAP-VRERVP16_ 

PGAP-ga1_g1cA-LM-O5cA-

G 

GS115 PGAP::pGPGAPVRERVP16 (PGAP-VRER-VP16 Sh ble) 

PAOX1::pAA-PGAPga1 (PGAP-HH-ga1-HDV hph) 

his4::pPg1cALMO5 (g1-cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-

GFP HIS4) 

This study 

GS_PGAP-VRERVP16_ 

PGAP-ga1_g1rcA-LM-O5cA-

G 

GS115 PGAP::pGPGAPVRERVP16 (PGAP-VRER-VP16 Sh ble) 

PAOX1::pAA-PGAPga1 (PGAP-HH-ga1-HDV hph) 

his4::pPg1rcALMO5 (g1r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) 

This study 

GS_PGAP-VRERVP16_ 

PGAP-ga2_g2cA-LM-O5cA-

G 

GS115 PGAP::pGPGAPVRERVP16 (PGAP-VRER-VP16 Sh ble) 

PAOX1::pAA-PGAPga2 (PGAP-HH-ga2-HDV hph) 

his4::pPg2cALMO5 (g2-cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-

GFP HIS4) 

This study 

GS_PGAP-VRERVP16_ 

PGAP-ga2_g2rcA-LM-O5cA-

G 

GS115 PGAP::pGPGAPVRERVP16 (PGAP-VRER-VP16 Sh ble) 

PAOX1::pAA-PGAPga2 (PGAP-HH-ga2-HDV hph) 

his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) 

This study 

GS_PGAP-VRERVP16_ 

PGAP-ga3_g3cA-LM-O5cA-

G 

GS115 PGAP::pGPGAPVRERVP16 (PGAP-VRER-VP16 Sh ble) 

PAOX1::pAA-PGAPga3 (PGAP-HH-ga3-HDV hph) his4::pPg3cALMO5 

(g3-cPAOX1-LacI-Mit1AD and lacO5-cPAOX1-GFP HIS4) 

This study 

GS_PGAP-VRERVP16_ 

PGAP-ga3_g3rcA-LM-O5cA-

G 

GS115 PGAP::pGPGAPVRERVP16 (PGAP-VRER-VP16 Sh ble) 

PAOX1::pAA-PGAPga3 (PGAP-HH-ga3-HDV hph) 

his4::pPg3rcALMO5 (g3r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) 

This study 

GS_PGAP-dCpf1VP16_ 

PGAP-cra1_cr1cA-LM-

O5cA-G 

GS115 PGAP::pGPGAPdCpf1VP16 (PGAP-dCpf1-VP16 Sh ble) 

PAOX1::pAA-PGAPcra1 (PGAP-HH-cra1-HDV hph) 

his4::pPcr1cALMO5 (cr1-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) 

This study 

GS_PGAP-dCpf1VP16_ 

PGAP-cra1_cr1rcA-LM-

O5cA-G 

GS115 PGAP::pGPGAPdCpf1VP16 (PGAP-dCpf1-VP16 Sh ble) 

PAOX1::pAA-PGAPcra1 (PGAP-HH-cra1-HDV hph) 

his4::pPcr1rcALMO5 (cr1r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) 

This study 

GS_PGAP-dCpf1VP16_ 

PGAP-cra2_cr2cA-LM-

O5cA-G 

GS115 PGAP::pGPGAPdCpf1VP16 (PGAP-dCpf1-VP16 Sh ble) 

PAOX1::pAA-PGAPcra2 (PGAP-HH-cra2-HDV hph) 

his4::pPcr2cALMO5 (cr2-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) 

This study 

GS_PGAP-dCpf1VP16_ 

PGAP-cra2_cr2rcA-LM-

O5cA-G 

GS115 PGAP::pGPGAPdCpf1VP16 (PGAP-dCpf1-VP16 Sh ble) 

PAOX1::pAA-PGAPcra2 (PGAP-HH-cra2-HDV hph) 

his4::pPcr2rcALMO5 (cr2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) 

This study 

GS_PGAP-dCpf1VP16_ 

PGAP-cra3_cr3cA-LM-

O5cA-G 

GS115 PGAP::pGPGAPdCpf1VP16 (PGAP-dCpf1-VP16 Sh ble) 

PAOX1::pAA-PGAPcra3 (PGAP-HH-cra3-HDV hph) 

his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) 

This study 

GS_PGAP-dCpf1VP16_ PGAP-

cra3_cr3rcA-LM-O5cA-G 

GS115 PGAP::pGPGAPdCpf1VP16 (PGAP-dCpf1-VP16 Sh ble) 

PAOX1::pAA-PGAPcra3 (PGAP-HH-cra3-HDV hph) 

his4::pPcr3rcALMO5 (cr3r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) 

This study 

Δku70 his4; GS115 KU70Δ (32) 



 

 

 

Δku_PGAP-dCas9 Δku70 PTEF1UP-g1::PGAP-dCas9 This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 

ble) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 

ble) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 

ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PAOX2-giF1-PICL1-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 
ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PAOX2giF1-PICL1ga2 (PAOX2-HH-

giF1-HDV and PICL1-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PAOX2-giF1-PGPM1-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 

ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PAOX2giF1-PGPM1ga2 (PAOX2-HH-

giF1-HDV and PGPM1-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PAOX2-giF1-PENO1-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 
ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PAOX2giF1-PENO1ga2 (PAOX2-HH-

giF1-HDV and PENO1-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PAOX2-giF1-PGAP-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 

ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PAOX2giF1-PGAPga2 (PAOX2-HH-

giF1-HDV and PGAP-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PICL1-giF1-PAOX2-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 
ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PICL1giF1-PAOX2ga2 (PICL1-HH-

giF1-HDV and PAOX2-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PICL1-giF1-PGPM1-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 

ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PICL1giF1-PGPM1ga2 (PICL1-HH-

giF1-HDV and PGPM1-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PICL1-giF1-PENO1-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 
ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PICL1giF1-PENO1ga2 (PICL1-HH-

giF1-HDV and PENO1-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PICL1-giF1-PGAP-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 

ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PICL1giF1-PGAPga2 (PICL1-HH-

giF1-HDV and PGAP-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PGPM1-giF1-PAOX2-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 

ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PGPM1giF1-PAOX2ga2 (PGPM1-HH-

giF1-HDV and PAOX2-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-
O5cA-G_PGPM1-giF1-PICL1-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 

ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-
cPAOX1-GFP HIS4) PAOX1::pAA-PGPM1giF1-PICL1ga2 (PGPM1-HH-

giF1-HDV and PICL1-HH-ga2-HDV hph) 

This study 



 

 

 

 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PGPM1-giF1-PENO1-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 
ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PGPM1giF1-PENO1ga2 (PGPM1-HH-

giF1-HDV and PENO1-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PGPM1-giF1-PGAP-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 

ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PGPM1giF1-PGAPga2 (PGPM1-HH-

giF1-HDV and PGAP-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PENO1-giF1-PAOX2-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 
ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PENO1giF1-PAOX2ga2 (PENO1-HH-

giF1-HDV and PAOX2-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PENO1-giF1-PICL1-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 

ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PENO1giF1-PICL1ga2 (PENO1-HH-

giF1-HDV and PICL1-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PENO1-giF1-PGPM1-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 
ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PENO1giF1-PGPM1ga2 (PENO1-HH-

giF1-HDV and PGPM1-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PENO1-giF1-PGAP-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 

ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PENO1giF1-PGAPga2 (PENO1-HH-

giF1-HDV and PGAP-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PGAP-giF1-PAOX2-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 
ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PAOX2giF1-PAOX2ga2 (PGAP-HH-

giF1-HDV and PAOX2-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PGAP-giF1-PICL1-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 

ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PGAPgiF1-PICL1ga2 (PGAP-HH-

giF1-HDV and PICL1-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PGAP-giF1-PGPM1-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 

ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PGAPgiF1-PGPM1ga2 (PGAP-HH-

giF1-HDV and PGPM1-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

VRERVP16_g2rcA-LM-

O5cA-G_PGAP-giF1-PENO1-

ga2 

Δku70 PTEF1UP-g1::PGAP-dCas9 dCas9::(PGAP-VRER-VP16 Sh 

ble) his4::pPg2rcALMO5 (g2r-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PGAPgiF1-PENO1ga2 (PGAP-HH-

giF1-HDV and PENO1-HH-ga2-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PAOX2-giF1-PICL1-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PAOX2giF1-PICL1cra3 (PAOX2-HH-

giF1-HDV and PICL1-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP- Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh This study 



 

 

 

dCpf1VP16_cr3cA-LM-

O5cA-G_PAOX2-giF1-PGPM1-

cra3 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PAOX2giF1-PGPM1cra3 (PAOX2-HH-

giF1-HDV and PGPM1-HH-cra3-HDV hph) 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PAOX2-giF1-PENO1-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 
ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PAOX2giF1-PENO1cra3 (PAOX2-HH-

giF1-HDV and PENO1-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PAOX2-giF1-PGAP-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PAOX2giF1-PGAPcra3 (PAOX2-HH-

giF1-HDV and PGAP-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PICL1-giF1-PAOX2-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 
ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PICL1giF1-PAOX2cra3 (PICL1-HH-

giF1-HDV and PAOX2-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PICL1-giF1-PGPM1-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PICL1giF1-PGPM1cra3 (PICL1-HH-

giF1-HDV and PGPM1-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PICL1-giF1-PENO1-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PICL1giF1-PENO1cra3 (PICL1-HH-

giF1-HDV and PENO1-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PICL1-giF1-PGAP-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PICL1giF1-PGAPcra3 (PICL1-HH-

giF1-HDV and PGAP-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PGPM1-giF1-PAOX2-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PGPM1giF1-PAOX2cra3 (PGPM1-

HH-giF1-HDV and PAOX2-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PGPM1-giF1-PICL1-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 
ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PGPM1giF1-PICL1cra3 (PGPM1-HH-

giF1-HDV and PICL1-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PGPM1-giF1-PENO1-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PGPM1giF1-PENO1cra3 (PGPM1-

HH-giF1-HDV and PENO1-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PGPM1-giF1-PGAP-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 
ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PGPM1giF1-PGAPcra3 (PGPM1-HH-

giF1-HDV and PGAP-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PENO1-giF1-PAOX2-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PENO1giF1-PAOX2cra3 (PENO1-HH-

giF1-HDV and PAOX2-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP- Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh This study 



 

 

 

dCpf1VP16_cr3cA-LM-

O5cA-G_PENO1-giF1-PICL1-

cra3 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PENO1giF1-PICL1cra3 (PENO1-HH-

giF1-HDV and PICL1-HH-cra3-HDV hph) 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PENO1-giF1-PGPM1-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 
ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PENO1giF1-PGPM1cra3 (PENO1-HH-

giF1-HDV and PGPM1-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PENO1-giF1-PGAP-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PENO1giF1-PGAPcra3 (PENO1-HH-

giF1-HDV and PGAP-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PGAP-giF1-PAOX2-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 
ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PAOX2giF1-PAOX2cra3 (PGAP-HH-

giF1-HDV and PAOX2-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PGAP-giF1-PICL1-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PGAPgiF1-PICL1cra3 (PGAP-HH-

giF1-HDV and PICL1-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PGAP-giF1-PGPM1-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PGAPgiF1-PGPM1cra3 (PGAP-HH-

giF1-HDV and PGPM1-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PGAP-giF1-PENO1-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PGAPgiF1-PENO1cra3 (PGAP-HH-

giF1-HDV and PENO1-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PLRA3-giF1-PGAP-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PLRA3giF1-PGAPcra3 (PLRA3-HH-

giF1-HDV and PGAP-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PDAS1-giF1-PGAP-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 
ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PDAS1giF1-PGAPcra3 (PDAS1-HH-

giF1-HDV and PGAP-HH-cra3-HDV hph) 

This study 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PTHI11-giF1-PGAP-

cra3 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PTHI11giF1-PGAPcra3 (PTHI11-HH-

giF1-HDV and PGAP-HH-cra3-HDV hph) 

This study 

GS_PAOX1-Amy GS115 his4::pPIC9K-Amy (PAOX1-Amy HIS4 KAN) (69) 

Δku_PGAP-dCas9_PGAP-

dCpf1VP16_cr3cA-LM-

O5cA-G_PLRA3-giF1-PGAP-

cra3_O5cA-Amy 

Δku70 PTEF1UP-g1::PGAP-dCas9 PGAP::(PGAP-dCpf1-VP16 Sh 

ble) his4::pPcr3cALMO5 (cr3-cPAOX1-LacI-Mit1AD and lacO5-

cPAOX1-GFP HIS4) PAOX1::pAA-PLRA3giF1-PGAPcra3 (PLRA3-HH-

giF1-HDV and PGAP-HH-cra3-HDV hph) PENO1::BB3eN-

lacO5cAAmy (lacO1-cPAOX1-GFP nat1) 

This study 

 

  



 

 

 

Table S3. Primers used in this study. 

Primer Sequence (5’-3’) 

cA F GGGAACACTGCTAACCCCTACTTGACAGCA 

cA R TAGGGGTTAGCAGTGTTCCCGATCTGCGTC 

pP F TGATCCTTCAGTAACATCAGAGATTTTGAG 

pP R CTGATGTTACTGAAGGATCAGATCACGCAT 

lacO1cA F GAATTGTGAGCGGATAACAATTTCACACAGGGCCCCTAACCCCTACTTGACA

GCA 

lacO1cA R TTGTTATCCGCTCACAATTCCACACACTCGAGGAGCTCGTTCCCGATCTGCG

TCTA 

araO1cA F CTATAATCACGGCAGAAAAGTCCACATTGAGGGCCCCTAACCCCTACTTGAC

AGCA 

araO1cA R CTTTTCTGCCGTGATTATAGACACTTTTGTCTCGAGGAGCTCGTTCCCGATCT

GCGTCTA 

araO2cA F AATATGGACAATTGGTTTCTGGGCCCCTAACCCCTACTTGACAGCA 

araO2cA R AGAAACCAATTGTCCATATTCTCGAGGAGCTCGTTCCCGATCTGCGTCTA 

araIcA F TTATCCATAAGATTAGCGGATCCTACCTGGGGCCCCTAACCCCTACTTGACAG

CA 

araIcA R TCCGCTAATCTTATGGATAAAAATGCTATCTCGAGGAGCTCGTTCCCGATCTG

CGTCTA 

GFPUP F GGATCCTACACCATGGGTTC 

lacO R TGTGTGAAATTGTTATCCGCTC 

lacO-DAS1 F GCGGATAACAATTTCACACAGGGCCCGGATGCCTGATATATAAATCCCAGA 

GFP-DAS1 R GAACCCATGGTGTAGGATCCTTTGTTCGATTATTCTCCAGATAAAATCAA 

lacO-GAP F GCGGATAACAATTTCACACAGGGCCCCAGAATCGAATATAAAAGGCGAACA

CCTT 

GFP-GAP R GAACCCATGGTGTAGGATCCTGTGTTTTGATAGTTGTTCAATTGATTGAAATA

GG 

lacO-ScGAP F GCGGATAACAATTTCACACAGGGCCCGACTAATAAGTATATAAAGACGGTAG

GTATTGA 

GFP-ScGAP R GAACCCATGGTGTAGGATCCTTTGTTTGTTTATGTGTGTTTATTCGAAAC 

lacO1 F CCTCGAGTGTGTGGAATTGTGAGCGGATAACAATTTCACACAG 

lacO1 R TCGACTGTGTGAAATTGTTATCCGCTCACAATTCCACACACTCGAGGAGCT 

pG F GCCAGCTTTCTAGAACAAAAACT 

LacI-GAP R ACACCCATGGTGGATCCATAGTTGTTCAATTGATTGAAATAGGG 

GAP-LacI F GAACAACTATGGATCCACCATGGGTGTTAAGCCAGT 

LacI R TTGTCCAGACTCCAATCTAGAG 

LacI-P1AD F CTCTAGATTGGAGTCTGGACAAGGTGGCGGCGGCTCTGGACAATCTCTGAG

TCTGAGT 

pG-P1AD R TTTTGTTCTAGAAAGCTGGCGGCCGCCGCGGCTCGAGTTAACTGTCAAAATT

TATTGTATCTGGC 

LacI-X1AD F CTCTAGATTGGAGTCTGGACAAGGTGGCGGCGGCTCTAGCAACTGCTCTGAT

GC 

pG-X1AD R TTTTGTTCTAGAAAGCTGGCGGCCGCCGCGGCTCGAGTTAGCATGATAACGT

GTTAGAGAAAG 



 

 

 

LacI-M1AD F CTCTAGATTGGAGTCTGGACAAGGTGGCGGCGGCTCTGTTAACAACTCCATG

AAGGATTT 

pG-M1AD R TTTTGTTCTAGAAAGCTGGCGGCCGCCGCGGCTCGAGTTATTCTTCAACATT

CCAGTAGTCAATTAAC 

M1AD F GTTAACAACTCCATGAAGGATTTC 

SV-GAP R CTTCTTTTTTGGAGGAGTGCAACCCATGGTATAGTTGTTCAATTGATTGAAAT

AG 

SV-AraC F GCACTCCTCCAAAAAAGAAGAGAAAGGTCATGGCTGAAGCGCAAAATG 

M1AD-AraC R GAAATCCTTCATGGAGTTGTTAACAGAGCCGCCGCCACCTGACAACTTGAC

GGCTACATC 

pGGFP F ACCATGGGTTCTAAAGGTGAAG 

pG R GATCTCATGCATGACCAAAATCC 

pG-AOX2 F TTTTGGTCATGCATGAGATCGCTTAAAGGACTCCATTTCCTAAAAT 

GFP-AOX2 R TCACCTTTAGAACCCATGGTTTTTCTCAGTTGATTTGTTTGTGGG 

pG-ICL1 F TTTTGGTCATGCATGAGATCTCATCTAACACTTTGTATAGCACATCG 

GFP-ICL1 R TCACCTTTAGAACCCATGGTTCTTGATATACTTGATACTGTGTTCTTTGA 

pG-GPM1 F TTTTGGTCATGCATGAGATCCCTTGGGTTATTAGTAGTGTCC 

GFP-GPM1 R TCACCTTTAGAACCCATGGTTGTTTGTTTGTGTAATTGAAAGTTGTTAC 

pG-ENO1 F TTTTGGTCATGCATGAGATCATGAAAGAGTGAGAGGAAAGTAC 

GFP-ENO1 R TCACCTTTAGAACCCATGGTTTTTAGATGTAGATTGTTATAATTGTGTGTTTC 

pGAP F AATGTCTTGGTGTCCTCGTC 

pGAP R GACGAGGACACCAAGACATT 

3AOX1F GGATGTCAGAATGCCATTTG 

3AOX1 GCAAATGGCATTCTGACATCC 

LacI F ACCATGGGTGTTAAGCCAG 

LacI-cAOX1 R ACTGGCTTAACACCCATGGTACTAGTTTCGAATAATTAGTTGTTTTTTGATC 

LacI-ICL1 R ACTGGCTTAACACCCATGGTTCTTGATATACTTGAT 

LacI-GPM1 R ACTGGCTTAACACCCATGGTTGTTTGTTTGT 

LacI-ENO1 R ACTGGCTTAACACCCATGGTTTTTAGATGTAGATTG 

dCas9-pG F GAGACAGCAGGGCTGACTAAGTCGACCATCATCATCATCATC 

dCas9-SV R TTGTGCCGATAGCGAGCCCAATGGAGTACTTCTTGTCCATGACCTTTCTCTTC

TTTTTTGGAGG 

dCas9 F1 TGGGCTCGCTATCGGCACAAACAG 

dCas9 R1 CACGATGGCATCCACGTCGTAGTC 

dCas9 F2 ACGACGTGGATGCCATCGTGCC 

dCas9 R2 TTAGTCAGCCCTGCTGTC 

pA-AOX1 F TCCAGTGTCGAAAACGAGCTAGATCTAACATCCAAAGACGAAAG 

pA-AOX1 R GCGGCCGCATAGGCCACTAGATAATTAGTTGTTTTTTGATCTTCTCAAGT 

pAA-GAP F CGCGCCTTAATTAACCCGGGGATCCCTCGAGAGATCTTTTTTGTAGAAATGTC

TTGGTG 

HHgiF1-GAP R CACGGACTCATCAGTGACAGTCTAGAGGTACCATAGTTGTTCAATTGATTGA

AATAGGGAC 



 

 

 

 

giF1HH F CTGTCACTGATGAGTCCG 

TT-HDV R CAAATGGCATTCTGACATCCACTAGTGTCCCATTCGCCATG 

pAA-TT R GAAGCTTCGTACGCTGCAGGTCGACAAGCTTGCACAAACGAACGTCTCACT

TAATCTTC 

inOri F TACCTGTCCGCCTTTCTCCC 

inOri R GGGAGAAAGGCGGACAGGTA 

HHgiF2-handle F CGTGAGGACGAAACGAGTAAGCTCGTCCTTACTTTCATAATTGCGACGTTTT

AGAGCTAGAAATAGC 

giF2HH-GAP R TTACTCGTTTCGTCCTCACGGACTCATCAGCTTACTTCTAGAGGTACCATAGT

TGTTCAATTGATTG 

HHgiF3-handle F CGTGAGGACGAAACGAGTAAGCTCGTCAAAAACAACTAATTATTCGAGTTTT

AGAGCTAGAAATAGC 

giF3HH-GAP R TTACTCGTTTCGTCCTCACGGACTCATCAGAAAAACTCTAGAGGTACCATAG

TTGTTCAATTGATTG 

HHgiR1-handle F CGTGAGGACGAAACGAGTAAGCTCGTCTTTATATATTGCTGTCAAGTGTTTTA

GAGCTAGAAATAGC 

giR1HH-GAP R TTACTCGTTTCGTCCTCACGGACTCATCAGTTTATATCTAGAGGTACCATAGTT

GTTCAATTGATTG 

HHgiR2-handle F CGTGAGGACGAAACGAGTAAGCTCGTCAATAATGATGATAAAAAAAAGTTT

TAGAGCTAGAAATAGC 

giR2HH-GAP R TTACTCGTTTCGTCCTCACGGACTCATCAGAATAATTCTAGAGGTACCATAGT

TGTTCAATTGATTG 

HHgiR3-handle F CGTGAGGACGAAACGAGTAAGCTCGTCAAAATCAAAAGCTTGTCAATGTTT

TAGAGCTAGAAATAGC 

giR3HH-GAP R TTACTCGTTTCGTCCTCACGGACTCATCAGAAAATCTCTAGAGGTACCATAGT

TGTTCAATTGATTG 

pP-cA F ACGCAGATCGGGAACGAGCTCCTCGAGCTAACCCCTACTTGACAGCA 

lacO-TT R CCGCTCACAATTCCACACACTCGATCTCACTTAATCTTCTGTACTCTGAAG 

pAA-AOX2 F TTAATTAACCCGGGGATCCCTCGAGGCTTAAAGGACTCCATTTCCTAAAAT 

HH-AOX2 R TCATCAGTGACAGTCTAGAGGTACCTTTTCTCAGTTGATTTGTTTG 

pAA-ICL1 F TTAATTAACCCGGGGATCCCTCGAGTCATCTAACACTTTGTATAGCACATC 

HH-ICL1 R TCATCAGTGACAGTCTAGAGGTACCTCTTGATATACTTGATACTGTGTTCTTTGA 

pAA-GPM1 F TTAATTAACCCGGGGATCCCTCGAGCCTTGGGTTATTAGTAGTGTCCGTTATTTT 

HH-GPM1 R TCATCAGTGACAGTCTAGAGGTACCTGTTTGTTTGTGTAATTGAAAGTTGTTAC 

pAA-ENO1 F TTAATTAACCCGGGGATCCCTCGAGATGAAAGAGTGAGAGGAAAGTACCT 

HH-ENO1 R TCATCAGTGACAGTCTAGAGGTACCTTTTAGATGTAGATTGTTATAATTGTGT

GTTTCAA 

inCas9DO F TACGGGGCTCTATGAAACAAG 

inCas9DO R TTGTTTCATAGAGCCCCGTAAT 

Cas9-Mit1AD F TACGGGGCTCTATGAAACAAGAATCGACCTCTCTCAGCTCGGTGGAGACAG

CAGGGCTGACGGTGGCGGCGGCTCTGTTAACAAC 

Cas9-Mxr1AD F TACGGGGCTCTATGAAACAAGAATCGACCTCTCTCAGCTCGGTGGAGACAG

CAGGGCTGAC GGTGGCGGCGGCTCTAGCAAC 

pGTTout F GTTTTAGCCTTAGACATGACTGTTC 

pGTTout R GTCATGTCTAAGGCTAAAACTCAATG 

Xho-fapO-Apa F TCGAGAATTATATACTACTATTAGTACCTAGTCTTAATTGGGCC 



 

 

 

 

Apa-fapO-Xho R CAATTAAGACTAGGTACTAATAGTAGTATATAATTC 

fapO1 F CCTCGAGAATTATATACTACTATTAGTACCTAGTCTTAATTG 

fapO1 R TCGACAATTAAGACTAGGTACTAATAGTAGTATATAATTCTCGAGGAGCT 

HHgA1-handle F 
CGTGAGGACGAAACGAGTAAGCTCGTCTGCTGTCAAGTAGGGGTTAGGTTT

TAGAGCTAGAAATAGC 

gA1HH-GAP R 
TTACTCGTTTCGTCCTCACGGACTCATCAGTGCTGTTCTAGAGGTACCATAGT

TGTTCAATTGATTG 

HhgA2-handle F 
CGTGAGGACGAAACGAGTAAGCTCGTCATTAGTACCTAGTCTTAATTGTTTT

AGAGCTAGAAATAGC 

gA2HH-GAP R 
TTACTCGTTTCGTCCTCACGGACTCATCAGATTAGTTCTAGAGGTACCATAGT

TGTTCAATTGATTG 

HhgA3-handle F 
CGTGAGGACGAAACGAGTAAGCTCGTCATTGTGAAATAGACGCAGATGTTT

TAGAGCTAGAAATAGC 

gA3HH-GAP R 
TTACTCGTTTCGTCCTCACGGACTCATCAGATTGTGTCTAGAGGTACCATAGT

TGTTCAATTGATTG 

HhgA4-handle F 
CGTGAGGACGAAACGAGTAAGCTCGTCTGACATTAACCTATAAAAATGTTTT

AGAGCTAGAAATAGC 

gA4HH-GAP R 
TTACTCGTTTCGTCCTCACGGACTCATCAGTGACATTCTAGAGGTACCATAGT

TGTTCAATTGATTG 

HhgA5-handle F 
CGTGAGGACGAAACGAGTAAGCTCGTCACTTTTCGGGGAAATGTGCGGTTT

TAGAGCTAGAAATAGC 

gA5HH-GAP R 
TTACTCGTTTCGTCCTCACGGACTCATCAGACTTTTTCTAGAGGTACCATAGT

TGTTCAATTGATTG 

HhgA6-handle F 
CGTGAGGACGAAACGAGTAAGCTCGTCATGCCGCAAAAAAGGGAATAGTTT

TAGAGCTAGAAATAGC 

gA6HH-GAP R 
TTACTCGTTTCGTCCTCACGGACTCATCAGATGCCGTCTAGAGGTACCATAGT

TGTTCAATTGATTG 

HhgA7-handle F 
CGTGAGGACGAAACGAGTAAGCTCGTCATCGAACTGGATCTCAACAGGTTT

TAGAGCTAGAAATAGC 

gA7HH-GAP R 
TTACTCGTTTCGTCCTCACGGACTCATCAGATCGAATCTAGAGGTACCATAGT

TGTTCAATTGATTG 

HhgA8-handle F 
CGTGAGGACGAAACGAGTAAGCTCGTCCATTCTGAGAATAGTGTATGGTTTT

AGAGCTAGAAATAGC 

gA8HH-GAP R 
TTACTCGTTTCGTCCTCACGGACTCATCAGCATTCTTCTAGAGGTACCATAGT

TGTTCAATTGATTG 

inSV R CTTCTTTTTTGGAGGAGTGCAAC 

SV-LbCpf1 F GCACTCCTCCAAAAAAGAAGAGAAAGGTCATGAGCAAGCTGGAGAAGTT 

dCpf1-R TCGCCTCTGGCAATGCCGAT 

dCpf1-F ATCGGCATTGCCAGAGGCGAG 

TTout-LbCpf1 R GTCATGTCTAAGGCTAAAACTTAGTGTTTCACGCTGGTC 

2Bbs-HDV F AGGTCTTCAGTCGAAGACACGGCCGGCATGGTCCCAG 

2Bbs-GAP R GTGTCTTCGACTGAAGACCTCTAGAGGTACCATAGTTGTTCAATTGATTG 

HH-HR-2Bbs F CTAGAAATTCTGATGAGTCCGTGAGGACGAAACGAGTAAGCTCGTCAATTTC

TACTAAGTGTAGATAGGTCTTCAGTCGAAGACAC 

HH-HR-2Bbs R GGCCGTGTCTTCGACTGAAGACCTATCTACACTTAGTAGAAATTGACGAGCT

TACTCGTTTCGTCCTCACGGACTCATCAGAATTT 

crRNA-T1-F AGATTCATCATTATTAGCTTACTT 

crRNA-T1-R GGCCAAGTAAGCTAATAATGATGA 



 

 

 

 

crRNA-T2-F AGATATAATTGCGACTGGTTCCAA 

crRNA-T2-R GGCCTTGGAACCAGTCGCAATTAT 

crRNA-T3-F AGATACGACAACTTGAGAAGATCA 

crRNA-T3-R GGCCTGATCTTCTCAAGTTGTCGT 

crRNA-NT1-F AGATTATATTGCTGTCAAGTAGGG 

crRNA-NT1-R GGCCCCCTACTTGACAGCAATATA 

crRNA-NT2-F AGATAGACAGGGCAGCTTCCTTCT 

crRNA-NT2-R GGCCAGAAGGAAGCTGCCCTGTCT 

crRNA-NT3-F AGATATCTTCTCAAGTTGTCGTTA 

crRNA-NT3-R GGCCTAACGACAACTTGAGAAGAT 

ga1-handle F CGTGAGGACGAAACGAGTAAGCTCGTCTCTGTTTATATATTGCTGTCAGTTTT

AGAGCTAGAAATAGC 

ga1HH-GAP R TTACTCGTTTCGTCCTCACGGACTCATCAGTCTGTTCTCGAATAGTTGTTCAA

TTGATTG 

HH-ga2-2Bbs F CTAGAGCTACTGATGAGTCCGTGAGGACGAAACGAGTAAGCTCGTCAGGTC

TTCAGTCGAAGACACACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT 

HH-ga2-2Bbs R GGCCAAAAGCACCGACTCGGTGCCACTTTTTCAAGTGTGTCTTCGACTGAA

GACCTGACGAGCTTACTCGTTTCGTCCTCACGGACTCATCAGTAGCT 

ga2 F CGTCTAGCTCTTAAAGTCTGTTTATGTTTTAGAGTCAGAAATGACAAGTTAA

AATAAGGCTAGTCCGTTATCA 

ga2 R AAGTTGATAACGGACTAGCCTTATTTTAACTTGTCATTTCTGACTCTAAAACA

TAAACAGACTTTAAGAGCTA 

2Bbs-handle F AGGTCTTCAGTCGAAGACACGTTTTAGAGCTAGAAATAGCAAGTTAAAATAA

G 

ga3HH-2Bbs F CTAGATTGGGTCTGATGAGTCCGTGAGGACGAAACGAGTAAGCTCGTCAGG

TCTTCAGTCGAAGACAC 

ga3HH-2Bbs R AAACGTGTCTTCGACTGAAGACCTGACGAGCTTACTCGTTTCGTCCTCACGG

ACTCATCAGACCCAAT 

ga3 F CGTCACCCAATATATATTGCTCTCTGAAAATGGTGGTTAATGAAAATTAACTT

ACTATTTTCTGACAGCAAAGAAATTGTGCTATCAGATC 

ga3 R AAACGATCTGATAGCACAATTTCTTTGCTGTCAGAAAATAGTAAGTTAATTTT

CATTAACCACCATTTTCAGAGAGCAATATATATTGGGT 

HH-giF1m-2Bbs 

F 

CTAGACTGTCACTGATGAGTCCGTGAGGACGAAACGAGTAAGCTCGTCTGA

CAGCAATATATAAACAGAAGGTCTTCAGTCGAAGACAC 

HH-giF1m-2Bbs 

R 

GGCCGTGTCTTCGACTGAAGACCTTCTGTTTATATATTGCTGTCAGACGAGCT

TACTCGTTTCGTCCTCACGGACTCATCAGTGACAGT 

F1m F CAGAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCA

ACTTGAAAAAGTGTCTGCTAGTAGCAGATATT 

F1m R GGCCAATATCTGCTACTAGCAGACACTTTTTCAAGTTGATAACGGACTAGCC

TTATTTTAACTTGCTATTTCTAGCTCTAAAAC 

cra1 F AGATGCACAAACTCGGACCCACTT 

cra1 R GGCCAAGTGGGTCCGAGTTTGTGC 

cra2 F AGATACTTTTTCACATTGATAACGGA 

cra2 R GGCCTCCGTTATCAATGTGAAAAAGT 

cra3 F AGATTTGATAACGGACTAGCCTTA 

cra3 R GGCCTAAGGCTAGTCCGTTATCAA 



 

 

 

dCas9V F GGCGGATTCGTTTCTCCTACAGTCGCT 

dCas9V R GTAGGAGAAACGAATCCGCCGTATTTC 

dCas9R F TAGTGCGCGCGAGCTGCAGAAAGGTA 

dCas9R R TCTGCAGCTCGCGCGCACTAGCGAGC 

dCas9ER R TTGTTTCATAGAGCCCCGTAATTGACTGATGAATCAGTGTGGCGTCCAGGAC

CTCCTTTGTAGACCTGTACTCCTTTCTGTCTAT 

LbCpf1-linker F CTCAGACCAGCGTGAAACACGGTGGCGGCGGCTCT 

inLbCpf1DO R GTGTTTCACGCTGGTCTGAG 

g1-cA F GCTCCTCGAGTCTGTTTATATATTGCTGTCAAGCGCTAACCCCTACTTGACAG

CA 

g1-pP R TATAAACAGACTCGAGGAGCTCGTTCCCGATCTGCGTC 

g1r-cA F TCGAGCGCTTGACAGCAATATATAAACAGACTAACCCCTACTTGACAGCA 

g1r-pP R TATTGCTGTCAAGCGCTCGAGGAGCTCGTTCCCGATCTGCGTC 

g2-cA F CTTAAAGTCTGTTTATCGCGCTAACCCCTACTTGACAGCA 

g2-pP R CGCGATAAACAGACTTTAAGAGCTACTCGAGGAGCTCGTTCCCGATCTGCGT

C 

g2r-cA F CGCGATAAACAGACTTTAAGAGCTACTAACCCCTACTTGACAGCA 

g2r-pP R CTTAAAGTCTGTTTATCGCGCTCGAGGAGCTCGTTCCCGATCTGCGTC 

g3-cA F ATTGTGCTATCAGATCAGCGCTAACCCCTACTTGACAGCA 

g3-pP R CGCTGATCTGATAGCACAATTTCTCTCGAGGAGCTCGTTCCCGATCTGCGTC 

g3r-cA F AGCGCTGATCTGATAGCACAATTTCTCTAACCCCTACTTGACAGCA 

g3r-pP R TGTGCTATCAGATCAGCGCTCGAGGAGCTCGTTCCCGATCTGCGTC 

cr1-cA F TTTAGCACAAACTCGGACCCACTTCTAACCCCTACTTGACAGCA 

cr1-pP R GGGTCCGAGTTTGTGCTAAACTCGAGGAGCTCGTTCCCGATCTGCGTC 

cr1r-cA F AAGTGGGTCCGAGTTTGTGCTAAACTAACCCCTACTTGACAGCA 

cr1r-pP R GCACAAACTCGGACCCACTTCTCGAGGAGCTCGTTCCCGATCTGCGTC 

cr2-cA F CCTCGAGTTTGACTTTTTCACATTGATAACGGACTAACCCCTACTTGACAGCA 

cr2-pP R TGAAAAAGTCAAACTCGAGGAGCTCGTTCCCGATCTGCGTC 

cr2r-cA F TCGAGTCCGTTATCAATGTGAAAAAGTCAAACTAACCCCTACTTGACAGCA 

cr2r-pP R CACATTGATAACGGACTCGAGGAGCTCGTTCCCGATCTGCGTC 

cr3-cA F GTTGATAACGGACTAGCCTTACTAACCCCTACTTGACAGCA 

cr3-pP R AAGGCTAGTCCGTTATCAACAAACTCGAGGAGCTCGTTCCCGATCTGCGTC 

cr3r-cA F GTAAGGCTAGTCCGTTATCAACAAACTAACCCCTACTTGACAGCA 

cr3r-pP R TGATAACGGACTAGCCTTACTCGAGGAGCTCGTTCCCGATCTGCGTC 

5AOX1 GACTGGTTCCAATTGACAAGC 

5AOX1R GCTTGTCAATTGGAACCAGTC 

CN-LacI F TTCTGCTAGATTGAGATTGGCCGGA 

CN-LacI R TCCGGCCAATCTCAATCTAGCAGAA 

HAPTg1UP-F CTATGACCATGATTACGAATTCGAGCT 



 

 

 

HAPTg1DO-R TGCCTGCAGGTCGACTCTAG 

pAA-LRA3 F TTAATTAACCCGGGGATCCCTCGAGAACTGACAGAATGACTGACTCCCTA 

HHgiF1-LRA3 R TCATCAGTGACAGTCTAGAGGTACCATTTTTAGGAGATAAAAATTCTGGGGT

AAAT 

pAA-DAS1 F TTAATTAACCCGGGGATCCCTCGAGAATAAAAAAACGTTATAGAAAGAAATT

GGACTAC 

HHgiF1-DAS1 R TCATCAGTGACAGTCTAGAGGTACCTTTGTTCGATTATTCTCCAGATAAAATC

AAC 

pAA-THI11 F TTAATTAACCCGGGGATCCCTCGAGATCTTTTCAGCTTCATCGTCAG 

HHgiF1-THI11 R TCATCAGTGACAGTCTAGAGGTACCGATGATTTATTGAAGTTTCCAAAGTTGAG 

TT-BB3 F CCTTCGTTCTCGAGGAAGACGCCGC 

BB3-TT R GTCTTCCTCGAGAACGAAGGTCTCACTTAATCTTCTGTACTCTGAAGAGGAG 

CN-gHisUP F GTGCTCGGGCTACTCTCCTTTGATG 

CN-gHisDO R CAACGCAGAAGCAAGATGAAAC 

CN-pHisUP F GCCCAGTCCTGCTCGCTTCGCTACT 

CN-pHisDO R CACGCATCTTCCCGACAACGCAGAC 

CN-gGAPUP F CTCAATCCCGACTGTCAATCATTCATCC 

CN-gGAPDO R TCGGAAGCAGCCTTGATAACAGA 

CN-pGAPUP F ACGAAAACTCACGTTAAGGGATTTTGGTCA 

CN-AraC R CGGCAAACAAATTCTCGTCCCTGAT 

gAOX1UP5-2 GGTCCCTACCCTCTAAAATCA 

CN-gAOX1DOR CTTGTAAGCCCAAACCATAGGAGC 

CN-pApUP F TCGTATGTGAATGCTGGTCGCTATAC 

pAOX1UP F TCTCATGTTTGACAGCTTATCATC 

pAApUP F TCTGGCGCGCCTTAATTAAC 

CN-Mit1AD R TCTCCCTGTTGGACAGCATTT 

CN-M1AD F GTCATCTCCATCGGACAACAAAG 

GFPUP R GAACCCATGGTGTAGGATCC 

pAOXTTDO R GCTGTGCTTGGGTGTTTTG 

inCas9 F1 GGGACCTGAACCCAGACAACAG 

inCas9 R1 CCGAGTGACAGGGCGATAAGA 

inCas9 F2 GAAGGGATGAGAAAGCCAGCAT 

inCas9 R2 CAATCATCTCCCTATCTTCAAACAACG 

inCas9 R2r CGTTGTTTGAAGATAGGGAGATGATTG 

inCas9 F3 GCCCAAATTCTCGATTCACGC 

inCas9 R3 CTTGCCTATTTCCTGCTCAGACTTT 

inCpf1 R1 CTTGTCCCATCCGCCCATAAAC 

CN-Cpf1 F GGCGGATGGGACAAGGATAAGG 

inVP16 F CTTGGACGGTGAAGATGTTGCC 



 

 

 

inVP16 R GCAACATCTTCACCGTCCA 

 

  



 

 

 

Table S4. Methanol feeding profiles in 3-L bioreactor fermentations* 

Feeding 1: 

PAOX1 M 75 mmol/h/L 

Feeding 2: 

PAOX1 M 150 mmol/h/L 

Feeding 3: 

PAOX1 M 300 mmol/h/L 

Feeding rate 

(mmol/h/L broth) 

Continued time 

(min) 

Feeding rate 

(mmol/h/L broth) 

Continued time 

(min) 

Feeding rate 

(mmol/h/L broth) 

Continued time 

(min) 

37.5 30 37.5 30 37.5 30 

75 Until the end 75 25 75 25 

  100 25 100 25 

  125 20 125 20 

  150 Until the end 150 20 

    200 15 

    250 15 

    300 Until the end 

* Feeding 1~3 refer to Fig. 7 in text. 
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