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Supplementary Text
Construction of strains for optimization and characterization of iTSAD

Two fragments were amplified from a plasmid of pP-P4ox;G 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 pPlacOl1cAG, pParaO1cAG, pParaO2cAG and pParalcAG were
constructed. The core promoter, cPpus; and cPgap, were amplified from P. pastoris GS115 genome
by primer pairs of lacO-DAS1 F/GFP-DASI R and lacO-GAP F/GFP-GAP R, respectively. The
core promoter cPs.c4p 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).

Lacl coding sequence was synthesized with codon optimization by Genewiz and amplified by
primer pair of GAP-Lacl F/Lacl R. Three fragments were amplified from P. pastoris genome with
primer pairs of Lacl-P1AD F/pG-P1AD R, Lacl-X1AD F/pG-X1AD R and Lacl-M1AD F/pG-
MI1AD R, which were fused with the /acl fragment and the vector cloned from pGAPZ B by primer
pair of pG F/Lacl-GAP R, respectively. By this, plasmids of pGPgspLaclP1AD,
pGPg4pLacIX1AD and pGPgspLacIM1AD were obtained respectively. A fragment was amplified
from the plasmid pGPgspLacIM1AD with primer pair of MIAD 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 pGPg4pAraCM1AD.

Linearized plasmids, i.e., pPlacOIcAG (by Sall), pGPcspLacIMIAD (by Binl)
pGPc4pAraCMI1AD (by Binl), were transformed into competent P. pastoris GS115 by
electroporation. The obtained single copy expression strains were designated as GS-OlcA-G,
GS_PGap-LM, GS-Pcap-CM, respectively. The plasmids of pGPc4pLacIP1AD, pGPcsrLaclX1AD,
and pGPg4rLacIM1AD were linearized by Blnl and separately transformed into competent cells
of GS-0OIcA-G. Single copy expression strains were then identified and named as GS-Pgup-
LP OlIcA-G, GS-Pgap-LX _OlcA-G, and GS-Pgsp-LM_OlIcA-G, respectively. The plasmids of
pPlacOcDG, pPlacOcGG, and pPlacOcScGG were linearized by Sall and separately transformed
into competent cells of GS_Pg4p-LM. Single copy expression strains were then identified and
named as GS Pgsp-LM _OIcD-G, GS Pgup-LM _OlcG-G and GS Pgsp-LM_0O1cScG-G,
respectively. The plasmids of pParaO1cAG, pParaO2cAG and pParalcAG were linearized by Sal/l
and separately transformed into competent cells of GS_Ps4p-CM. Single copy expression strains
were then identified and named as GS-Pgsp-CM aOlcA-G, GS Pcap-CM_aO2cA-G and
GS_Pgup-CM _alcA-G, respectively.

Two primers lacO1 F and lacO1 R were annealed to obtain /acO! fragment. It was then inserted
into a vector generated by digesting the plasmid pPlacO1cAG with Sacl/Xhol, resulting a plasmid
of pPlacO2cAG containing two /acO motifs. In the same way, a series of plasmids containing 3~9
lacO were obtained in succession. The above plasmids were linearized by Sa/l and separately
transformed into competent cells of GS_Pg4p-LM. The strains carrying single egfp expression
cassette were then identified and designated as GS_Pg4p-LM_OncA-G (n=2~9).

Various input promoters, i.e., P4ox2, Picr1, Pcpui, Penoi, 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-
GPMI1 R and pG-ENOI1 F/GFP-ENOI1 R, respectively. The sequences of Pgpu; 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 cPAOXI-GFP by primer pair of pGGFP F/pG R to generate plasmids of pGP4ox2G,
PGPicriG, pGPcruiG and pGPeno:G, respectively. Two fragments were amplified from plasmids
of pGAPZ B and pP-Ps4rG, respectively, with primer pairs of 3A0X1 F/pGAP R and pGAP
F/3A0X1. Then they were fused to produce a plasmid of pGPg4pG by gibson assembly.
Afterwards, the above plasmids were linearized by B/nl and separately transformed into competent
cells of P. pastoris GS115, and strains carrying single egfp expression cassette were then identified
and named as GS cA4-G, GS P4ox>-G, GS_Picri-G, GS_Pgrui-G, GS_Penvoi-G, and GS Pg4p-G,
respectively.

The plasmid pPlacO5ScAG was linearized by Sall and transformed into competent cells of P.
pastoris GS115. Single copy expression strains were then identified and named as GS_05cA4-G.
The lacl-MITIAD fragment was amplified from pGPgspLacIM1AD with primer pair of Lacl
F/3A0OXI1. The plasmids of pGZB_cPAOXI-GFP, pGPc1:G, pGPcrviG and pGPeno:G were used
as templates to clone the corresponding fragments, respectively, with primer pairs of 3A0X1
F/Lacl-cAOX1 R, 3A0X1 F/Lacl-ICL1 R, 3AO0X1 F/Lacl-GPM1 R and 3A0X1 F/Lacl-ENOI1
R. Then they were fused with the lacI-MIT1AD fragment to generate plasmids of pGcALacIM1AD,
pGPicLiLacIM1AD, pGPcpuiLacIM1AD and pGPevo;LacIM1AD separately by gibson assembly.
These plasmids were linearized by Blnl and separately transformed into competent cells of
GS_05cA4-G. The obtained strains with single copy of each expression cassette were designated
as GS _cA-LM O5cA-G, GS-Picri-LM_05¢cA-G, GS-Pepui-LM_05¢A-G  and  GS-Pewnoi-
LM_0O5cA-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 pGPg4pAraCM1AD with primer pair of dCas9-pG F/dCas9-SV R to generate a plasmid of
pGPc4pdCas9 by gibson assembly. Afterwards, pGPc4pdCas9 was linearized by Blnl and
transformed into competent cells of GS_P4ox;-G. The strains with single dCAS9 expression
cassette were then identified and designated as GS_P.ox;-G_Pg4p-dCas9.

The P4ox; fragment was amplified from the plasmid pP-P4ox;G by primer pair of pA-AOX1 F/pA-
AOX1 R and insert into a vector generated by digesting the plasmid pAG32 with Sacl/Spel,
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 pPGAPZ
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/Sall digested pAA to produce a plasmid of
pAA-PgapgiF1 by gibson assembly. Afterwards, two fragments were amplified from pAA-
PcapgiF1 with primer pairs of inOri R/giF2ZHH-GAP R and HHgiF2-handle F/inOri F, respectively,
and fused to generate a plasmid of pAA-Pg4pgiF2. By similar methods, the plasmids of pAA-
PcargiF3, pAA-PcargiR1, pAA-PcargiR2 and pAA-Pc4pgiR3 were obtained. The above plasmids
containing different giRNAs were linearized by Sacl and separately transformed into competent
cells of GS_P4oxi-G_Pcupr-dCas9. Single copy expression strains were then identified and named
as  GS Puoxi-G_Pgap-dCas9 Pgup-giFl, GS Puoxi-G_Pgap-dCas9 Pgup-giF2, GS Pioxi-
G_Pgap-dCas9 Pgup-giF3, GS_P4ox1-G_Pgap-dCas9_Pcar-giR1, GS Paoxi-G_ Pcar-
dCas9 Pgap-giR2 and GS Psoxi-G Pgup-dCas9 Pgup-giR3, respectively. All the constructed
strains were listed in Table S2.



Construction of strains for optimization and characterization of CRISPRiD

The plasmid pGPc4pdCas9 was linearized by Blnl and transformed into competent cells of P.
pastoris GS115. The strains with single dCAS9 expression cassette were then identified and
designated as GS Pg4p-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 Sacl/Xhol digested
pPlacO5cAG by gibson assembly, resulting a plasmid of pPPcALMOS. It was then linearized by
BspEl and transformed into competent cells of GS Pg4p-dCas9. Single copy expression strains
were then identified and named as GS_Pg4p-dCas9 _cA-LM-0O5cA-G. Afterwards, competent cells
of this strain were prepared for construction of subsequent strains.

The plasmid pAA-Pc4pgiR1 was digested with Sacl/Spel, and the small fragment (~2600 bp) was
recovered from agarose gel. The plasmid pAA-Pc4pgiR2 was digested with Sacl/Xbal, and the
large fragment (~3600 bp) was recovered from agarose gel too. Two fragments were fused to
generate a plasmid of pAA-Pg4pgiR1R2. In the same way, the plasmids of pAA-Pg4pgiR1F1 and
PAA-Pc4pgiR2F1 were obtained. The promoter fragments, i.e., P4oxz, Picri, Perui, Penvor, 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-Pg4prgiF1
with Xhol/Kpnl, producing plasmids of pAA-Pox2giF1, pAA-PicrigiF1, pAA-PgpumigiF1 and
PAA-PenoigiF1 by gibson assembly, respectively. The above plasmids were linearized by Sacl
and separately transformed into competent cells of GS Pg4p-dCas9 cA4-LM-O5¢A4-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-giFlc-HDV were
synthesized by Genewiz and digested with Xbal/Spel, respectively. The obtained small fragments
(~200 bp) were separately inserted into a vector (~5800 bp) of Xbal/Spel digested pAA-Ps4prgiF1,
resulting plasmids of pAA-PgspantiRNA, pAA-PcspriboRNA, pAA-PgspncRNA and pAA-
PcargiFlc, respectively. The plasmids of pAA-Pox2giF1 and pAA-Pg4pgiF1c were digested with
Xbal/Kpnl. Then the small fragment (~1000 bp) and large fragment (~5600 bp) were recovered,
respectively, and fused to generate a plasmid of pAA-Poxz2giFlc. It was linearized by Sacl and
transformed into competent cells of GS Pgsp-dCas9 cA-LM-O5c¢A-G. The strain with single
expression cassette was then identified and designated as GS Pg4p-dCas9 cA-LM-O5cA-
G_PAOXQ-giFIC.

Two short fragments (~1500 bp) were recovered from EcoRl/Sall digested pAA-Pg4prantiRNA and
pAA-Pg4pncRNA, respectively. Then they were separately cloned into a vector (~5900 bp) of
Xhol/EcoRI digested pAA-P4ox2giF1, generating plasmids of pAA-Pgspanti-P4ox2giF1 and pAA-
PGarncRNA-P40x2g1F 1, respectively. Similarly, plasmids of pAA-Pg4pribo-P4ox2giFlc and pAA-
PGapncRNA-P4ox2giF1c were constructed. All above plasmids were linearized by Sacl and
transformed into competent cells of GS Pg4p-dCas9 cA-LM-O5¢A-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 P40x1

The VP16 coding sequence was amplified from the plasmid pZ Pjcz;-Lacl-VP16 by primer pair
of inCas9DO F/pGTTout R. The MIT1 and MXRI fragments were separately amplified from the
plasmid pGPgspLacIM1AD and pGPgspLacIX1AD with primer pairs of Cas9-MitlAD
F/pGTTout R and Cas9-Mxr1AD F/pGTTout R, respectively. They were fused with a fragment



cloned from pGPg4pdCas9 with primer pair of pGTTout F/inCas9DO R by gibson assembly,
respectively, generating plasmids of pGPcspdCas9VP16, pGPcspdCasOMIAD  and
pGPG4pdCas9X1AD. They were linearized by B/nl and transformed into competent GS115, and
the obtained single expression cassette strains were named as GS_Pg4p-dCasOVP16, GS_Pgup-
dCasO9M1AD and GS Pgsp-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 Xhol/Apal digested
pPlacO1cAG, resulting a plasmid of pPfapO1cAG. Then the annealed product of fapO1 F and
fapO1 R was inserted into a vector of Apal/Xhol 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 Sal/l and separately transformed into
competent cells of GS Pg4p-dCas9VP16, GS Pgap-dCasOMIAD and GS Pgyp-dCas9X1AD. The
strains with single egfp cassette were identified and designated as GS_Pg4p-dCas9VP16 _fOlcA-
G, GS_Pgap-dCasOVP16_fO10cA-G, GS_Pgup-dCasOM1AD fOlcA-G, GS_Pgap-
dCasOMI1AD f0O10cA-G, GS Pgap-dCas9X1AD fOlcA-G and GS Pgup-dCas9X1AD fO10cA-
G. All the constructed strains were listed in Table S2.

Two fragments were amplified from pAA-Pg4pgiF1 with primer pairs of inOri R/gA1HH-GAP R
and HHgA1-handle F/inOri F, respectively, and fused to generate a plasmid of pAA-Pc4rgAl.
With similar methods, the plasmids of pAA-PcurgA2, pAA-PcargA3, pAA-PcirgA4, pAA-
PcargAS, pAA-PcurgAb, pAA-PcargAT and pAA-PcipgA8 were obtained respectively. The
above plasmids were linearized by Sacl and separately transformed into competent cells of
GS _Pgap-dCasOVP16_fOl1cA-G, GS_Pgap-dCasOVP16_fO10cA-G, GS_Pcup-
dCasOMI1AD fOIcA-G, GS Pgap-dCasOMIAD fO10cA-G, GS Pcap-dCasOX1AD fOlcA-G
and GS_Pgyp-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 pPcALMOS was linearized by BspEl and transformed into competent GS115. The
strains carrying single egfp expression cassette were then identified and designated as GS _cA-LM-
05¢cA4-G. Two fragments were amplified from the plasmid pET28TEV-LbCpf1 with primer pairs
of SV-LbCpfl F/dCpfl R and dCpfl F/TTout-LbCpf1 R, respectively. They were then fused with
a vector obtained from pGPg4pdCas9 by primer pair of pGTTout F/inSV R, generating a plasmid
of pGPg4pdCpfl by gibson assembly. It was linearized by B/nl and transformed into competent
cells of GS_cA-LM-0O5cA4-G. Single copy expression strains were then identified and named as
GS_cA-LM-05¢A4-G_Pg4p-dCpfl.

Two fragments were amplified from the plasmid pAA-Pc4pgiF1 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-PG4r2BbsHDV by gibson assembly. A fragment generated by annealing primers of HH-DR-
2Bbs F and HH-DR-2Bbs R was inserted the Bbsl digested pAA-Pc4p2BbsHDV, resulting a
plasmid of pAA-Pc4pcrRNADR2Bbs. Then two primers of crRNA-NT1 F and crRNA-NT1 R
were annealed and the product was insert into the Bbsl digested Pc4rctrRNADR2Bbs, generating
a plasmid of pAA-Pg4pctNT1. In the same way, plasmids of pAA-PG4pctNT2, pAA-PG4pctNT3,
PAA-PG4pcrT1, pAA-PGapcrT2 and pAA-PgspcrT3 were obtained. The six plasmids mentioned
above were linearized by Sacl and transformed into competent cells of GS_cA4-LM-O5¢4-G_Pgap-
dCpfl. The derived single copy expression strains were then identified and all listed in Table S2.
The plasmid pET28 TEV-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-Ps4pgiF1 with primer pairs of inOri R/galHH-GAP R
and gal-handle F/inOri F respectively, and fused to generate a plasmid of pAA-Pg4pgal 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 Bbsl digested pAA-Pc4r2BbsHDV, generating a plasmid of pAA-
Pcarga2-2Bbs. It was digested by Bbsl for ligation with the primer pair of ga2 F/ga2 R annealed
product. The obtained plasmid was designated as pAA-Pgspga2. Two fragments were amplified
from pAA-PcspgiF1 with primer pairs of inOri R/2Bbs-GAP R and 2Bbs-handle F/inOri F,
respectively, and fused to produce a plasmid of pAA-Ps4p2BbsCashHDV. Two fragments
obtained separately by annealed primer pairs ga3HH-2Bbs F/ga3HH-2Bbs R and HH-giF Im-2Bbs
F/HH-giFIm-2Bbs R respectively. Then they were inserted into the Bbsl digested pAA-
PG4r2BbsCashHDV, respectively, generating plasmids of pAA-Pgspga3CashHDV and pAA-
Pc4pgiF1m-2Bbs. Subsequently, the primer pair of ga3 F/ga3 R annealed product was inserted into
the Bbsl digested pAA-Pgapga3CashHDV, resulting a plasmid of pAA-Pg4pga3. Also, the primer
pair of F1m F/F1m R annealed product was inserted into the BbsI digested pAA-Pg4pgiF1m-2Bbs,
resulting a plasmid of pAA-PgspgiF1lm. The plasmids pAA-P4ox2giF1 and PgapgiF1lm were
digested with XAol/Kpnl, then the small fragment (~1000 bp) and large fragment (~5600 bp) were
recovered, respectively, and fused to generate a plasmid of pAA-P4ox2giF Im. It was linearized by
Sacl and transformed into competent cells of GS_Pg4p-dCas9 cA-LM-O5cA-G. The strain with
single expression cassette was then identified and designated as GS _Pg4p-dCas9 cA-LM- O5cA-
G_P4oxz2-giF1m. The annealing products of primer pairs of cral F/cral R, cra2 F/cra2 R and cra3
F/cra3 R were separately inserted the Bbsl digested pAA-PgsrcrRNADR2Bbs, generating
plasmids of pAA-Pgaprcral, pAA-Pgapcra2 and pAA-Pgapcra3, respectively.

Four large fragments (~5400 bp) were recovered from Xhol/EcoRI digested pAA-Pcapgal, pAA-
Pcarga2, pAA-Pgypcral and pAA-Pgypcra3, respectively. Then they were separately ligated with
the small fragment (~2100 bp) of EcoR1/Sall digested pAA-P40x2giF 1to produce plasmids of pAA-
Piox2giF1-Pgapgal, pAA-P4ox2giF1-Pcapga2, pAA-Piox2giF1-Pgspcral and pAA-Psox2giF1-
Pgapcra3. By similar methods, plasmids of pAA-P4ox2giF1c-Pcapga3, pAA-P4ox2giF1m-Pgypcra2
and pAA- P4ox2giF1m-Pc4rncRNA were obtained. All above plasmids were linearized by Sacl
and transformed into competent cells of GS Pg4p-dCas9 cA-LM-0O5¢cA-G. The derived single
copy expression strains were then identified and all listed in Table S2.

Three fragments were amplified from the plasmid pGPg4pdCas9VP16 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 pGPc4pVRERVP16 by gibson assembly. Two fragments were
amplified from the plasmids pGPc4rVRERVP16 and pGPc4rdCpfl, respectively, with primer
pairs of LbCpfl-linker F/inOri R and inOri F/inLbCpf1DO R. Then they were fused to generate a
plasmid of pGPc.4pdCpf1 VP16 by gibson assembly. The two plasmids were linearized by B/nl and
transformed into competent cells of P. pastoris GS115, then the single copy expression strains
were separately identified and named as GS_Pc4p-VRERVP16 and GS_Pg4p-dCpflVP16. The
Sacl linearized plasmids of pAA-Pgargal, pAA-Pcapga2 and pAA-Pc4pga3 were transformed into
competent cells of GS_Ps4p-VRERVP16, respectively, and then the single copy expression strains
were then identified and designated as GS Pgsp-VRERVP16 Pgap-gal, GS Pcup-
VRERVPI16 Pg4p-ga2 and GS Pcsp-VRERVP16 Pgap-ga3. Also, plasmids of pAA-Pgapcral,
pAA-Pgypcra2 and pAA-Pcgspcra3 were linearized by Sacl and separately transformed into
competent cells of GS_Pg4p-dCpf1VP16. The strains with single expression cassette were then
identified and designated as GS_Pg4p-dCpfl1 VP16 Pgup-cral, GS Pcup-dCpf1 VP16 Pgap-cra2
and GS_Pgup-dCpf1VP16_ Pgup-cra3, respectively.



Two fragments were amplified from the plasmid pPcAG with primer pairs of gl-cA F/inOri R and
inOri F/gl-pP R, respectively, and then fused to produce a plasmid of pPglcAG by gibson
assembly. Similarly, plasmids of pPglrcAG, pPg2cAG, pPg2rcAG, pPg3cAG, pPg3rcAG,
pPcrlcAG, pPcrlrcAG, pPcr2cAG, pPcr2rcAG, pPcr3cAG and pPcr3rcAG were obtained. All
above plasmids were linearized by Sacl 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 pPglcAG and pGcALacIM1AD, respectively,
with primer pairs of 3A0X1 F/5A0X1 R and SAOX1/3A0X1. They were then fused to produce
a plasmid of pPglcALM by gibson assembly. Afterwards, two fragments were amplified from the
plasmids pPglcALM and pPcALMOS, respectively, with primer pairs of inOri F/CN-Lacl R and
CN-Lacl F/inOri R. Then they were fused to generate a plasmid of pPglcALMOS by gibson
assembly. Similarly, plasmids of pPglrcALMOS, pPg2cALMOS, pPg2rcALMOS, pPg3cALMOS,
pPg3rcALMOS,  pPcrlcALMOS,  pPerlrcALMOS,  pPcr2cALMOS,  pPcr2rcALMOS,
pPcr3cALMOS and pPcr3rcALMOS were obtained. All above plasmids were linearized by BspEl
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 pDTgl-npgA and pGPc4pdCas9, respectively, with primer pairs of 3A0X1 F/pGAP
R and pGAP F/3A0XI1. They were then fused to generate a plasmid of pDTglPg4pdCas9 by
gibson assembly. It was used as template to amplify donor DNA fragment by primer pair of
HAPTglUP F/HAPTgIDO R. To improve the CRISPR-mediated integration efficiency, the non-
homologous-end-joining defective strain Aku70 was used as the parent strain (32). Then 1 ug donor
DNA fragment and 100 ng plasmid 3.5k-TEF1-gRNA1 were simultaneously transformed into
competent cells of P. pastoris Aku70. The positive transformant was screened by HIS4 and
streaked on YPD agar plate to lose plasmid 3.5k-TEF1-gRNAT1. Two days later, the transformant
without 3.5k-TEF1-gRNA1 was identified and designated as Aku Pc4p-dCas9. The plasmids of
pGPc4PVRERVP16 and pGPcspdCpflVP16 were linearized by B/nl and transformed into
competent cells of Aku Pc4p-dCas9, then the single copy expression strains were separately
identified and designated as Aku Pgsp-dCas9 Pcip-VRERVP16 and Aku Pgap-dCas9 Pcap-
dCpfl1 VP16 respectively. The pAA-Pcspga2 and pAA-Pgarcra3 plasmids were digested with
Xhol/Kpnl, respectively. Then the two large fragments (~5500 bp) were recovered and separately
ligated with the small fragment of Xhol/Kpnl digested pAA-Psox2giF1, generating plasmids of
PAA-P4ox2ga2 and pAA-P4oxzcra3 respectively. In the same way, plasmids of pAA-Picriga2,
PAA-Pgruiga2, pAA-Pevoiga2, pAA-Picricra3, pAA-Pgpuicra3 and pAA-Penvoicra3 were
obtained.

The plasmid of pPg2rcALMOS were linearized by BspET and transformed into competent cells of
Aku Pgsp-dCas9 Pcap-VRERVPI16. The obtained single expression cassette strain was named as
Aku Pgyp-dCas9 Pgap,-VRERVP16 g2rcA-LM-0O5cA-G. The plasmids of pAA-PicrigiF1, pAA-
PerumigiFl, pAA-PenosgiF1 and pAA-PgapgiF1 were digested with EcoR1/Sall, respectively. Then
the four small fragments were recovered and separately inserted into the vector of Xhol/EcoRI
digested pAA-Piox2ga2, generating plasmids of pAA-PicrigiF1-Piox2ga2, pAA-PeruigiF1-



Piox2ga2, pAA-PenoigiF1-Psoxoga2 and pAA-PeapgiF1-Paox2ga2 respectively. Similarly,
plasmids of pAA-P4ox2giF1-Prcriga2, pAA-PepuigiF1-Picriga2, pAA-PenoigiF1-Picriga2, pAA-
PGargiF1-Picriga2, pAA-Paox:giF1-Pepaiga2, pAA-PicrigiF1-Peryiga2, pAA-PenoigiFl1-
Pcruiga2, pAA-PcargiF1-Pcpuiga, pAA-Piox2giF1-Penvoiga2, pAA-PicrigiF1-Penoiga2, pAA-
PermigiF1-Penvoiga2, pAA-PcapgiF1-Penvoiga2, pAA-Piox2giF1-Pgapga2, pAA-PicrigiFl1-
Pcaprga2, pAA-PcruigiF1-Pcarga2 and pAA-PenoigiF1-Pcapga2 were obtained successively. The
above-mentioned 20 plasmids were linearized by Sacl and separately transformed into competent
Aku Pgap-dCas9 Pgap-VRERVP16 g2rcA-LM-0O5cA-G. The derived single copy expression
strains were then identified and all listed in Table S2.

The plasmid of pPcr3cALMOS were linearized by BspEI and transformed into competent cells of
Aku Pgap-dCas9 Pgap-dCpfl1VP16. The obtained single expression cassette strain was named as
Aku_Pgap-dCas9 Pgup-dCpfl VP16 cr3rcA-LM-0O5cA-G. The plasmids of pAA-PicrigiF1l, pAA-
PeruigiF1, pAA-PenvoigiF1 and pAA-PcapgiF1 were digested with EcoR1/Sall, respectively. Then
the four small fragments were recovered and separately inserted into the vector of Xhol/EcoRI
digested pAA-Psox>cra3, generating plasmids of pAA-PicrigiF1-P4oxocra3, pAA-PeryigiF1-
Pioxzcra3, pAA-PenvoigiF1-Psoxocra3 and pAA-PgapgiF1-Psoxocra3, respectively. Similarly,
plasmids of pAA-Psox>giF1-Picricra3, pAA-PermigiF1-Picricra3, pAA-PenoigiF1-Picpicra3,
PAA-PGapgiF1-Picricra3,  pAA-PioxzgiF1-Pgpyicra3,  pAA-PicrigiF1-Pgpyicra3,  pAA-
PENojgiFl-PGPMICI‘a3, pAA-PGAPgiFl-PGPMJCI'a3, pAA-PonggiFl-PEchraZS, pAA-PICL1giF1-
Pevoicra3, pAA-PepuigiF1-Peyoicra3d, pAA-PgapgiF1-Peyoicra3, pAA-P4ox2giF1-Pgapcra3,
PAA-PicrigiF1-Pcapcra3, pAA-PerumigiF1-Pgapcra3 andpAA-PenoigiF1-Pcapcra3 were obtained
successively. The above-mentioned 20 plasmids were linearized by Sacl and separately
transformed into competent cells of Aku Pcsp-dCas9 Pgap-dCpfl VP16 cr3rcA-LM-O5cA-G.
The derived single copy expression strains were then identified and all listed in Table S2.

Three promoters, i.e., Prras, Ppasi, Prai, 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 Xhol/Kpnl
digested pAA-PcspgiF1, resulting plasmids of pAA-PrrasgiF1, pAA-PpssigiFl and pAA-
PruiigiF1. The three plasmids were digested with EcoRI/Sall, respectively. Then three small
fragments were recovered and separately inserted into the vector of Xhol/EcoRI digested pAA-
Pgapcra3, generating plasmids of pAA-Prra3giF1-Pgapcra3, pAA-PpasigiF1-Pgypcra3 and pAA-
PruinigiF1-Peapcra3. Afterwards, they were linearized by Sacl and separately transformed into
competent cells of Aku Pg4p-dCas9 Pgup-dCpfl VP16 cr3rcA-LM-O5¢A-G. The derived single
copy expression strains were then identified and all listed in Table S2.

The fragment containing a-amylase cassette was amplified from the plasmid pPIC9K-Amy by
primer pair of SAOX1/3A0X1, and fused with a fragment cloned from pPlacO5cAG with primer
pair of 3AOX1 F/5SAOX1 R by gibson assembly, generating a plasmid of pPlacO5cAAmy.
Afterwards, two fragments were amplified from the plasmids pPlacO5ScAAmy 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
Pmel and transformed into competent cells of Aku Pg4p-dCas9 Pgap-dCpfl VP16 cr3cA-LM-
O5¢A-G_Pruii-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 giIRNA 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 Flc¢
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 Flc, then the dimerization occurs in the 5’ hairpin of giIRNA Flc and gaRNA 3 (grey).
It causes the formation of new stem-loop which will block the DNA targeting sequence in both
giRNA Flc and gaRNA 3. Also, three craRNAs containing a 5° Cpfl 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 Flm was mutated for
complementary to Cpfl handle region of craRNA 2, producing a ~40-base pairs in
giRNA Flm:craRNA 2 duplex. All RNA sequences were listed in Table S1.
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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 (you) and input strength (xin) were fitted according to the
Michaelis-Menten equation. The regression coefficient R’ was obtained as 0.8907, representing
that the dependence of input and output signals of iTSAD followed Michaelis—Menten kinetics.
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Fig. S2. The effect of CRISPRI system on the P40x; activity in P. pastoris and the regulation
model of CRISPRIiD.

(A) Design of giRNAs directed to the cP4ox;. 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 P4ox; 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<0.05at 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 (your) and
input strength (xin) were fitted according to the equation of a competitive enzyme-inhibition model.



The regression coefficient R’ was obtained as 0.9645, representing that the dependence of input
and output signals of CRISPRi-iTSAD tandem system followed the competitive inhibition model.
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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 Pgsp and Paoxz,
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 FI1. The ribo RNA was designed to bind with giRNA Flc which added a cis-hairpin
structure at 5’end of giIRNA_ 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 Flc. 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<0.05at 36 h; #P < 0.01 at 48 h; +P < 0.05 at 60 h; n.s., not significance).
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Fig. S4. The activation effect of CRISPRa system on the cP 40x; activity in P. pastoris.

(A) Schematic diagram showing the position of designed gRNAs targeting upstream sequences of
cP4oxi1. The chimeric activator dCas9-TFAD was combined with various gRNAs to activate cP4ox;.
A series of gRNA binding sites with PAM sequence (5’-NGG-3’) were selected upstream of the
TATA box of cP4ox;. Bacterial fapO motifs (one or ten) were inserted before cP4ox; 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 cP4ox; by different chimeric activators. The viral
activator VP16, P. pastoris endogenous Mitl AD and Mxr1 AD 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.
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Fig. S5. Function verification of dCpfl in P. pastoris.

(A) Design of crRNAs directed to the cP4ox; 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 dCpfl with different crRNAs on iTSAD driven by cP.ox:.
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).
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Fig. S6. Orthogonality of CRISPRiD and CRISPRaD.

Orthogonality of CRISPRiD and CRISPRaD. VRER-VP16 and dCpfl-VP16 were separately
assembled into CRISPRiD instead of dCas9. The strain harboring iTSAD and dCas9 driven by
cP4ox: was used as control. The combination of giRNA F1+VRER-VP16 or giRNA F1+dCpfl-
VP16 showed no effect on iTSAD driven by cP4ox;. The dCas9 was assembled into CRISPRaD
instead of VRER-VP16 or dCpfl-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.
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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”

GATACTTTTCAGAGAGCAATATATATTGGGTTATATCTTGCTCTCAGAAATGACA

ACCCAATATATATTGCTCTCTGAAAATGGTGGTTAATGAAAATTAACTTACTATT

AATTTCTACTAAGTGTAGATTATATTGCTGTCAAGTAGGG
AATTTCTACTAAGTGTAGATAGACAGGGCAGCTTCCTTCT
AATTTCTACTAAGTGTAGATATCTTCTCAAGTTGTCGTTA
AATTTCTACTAAGTGTAGATTCATCATTATTAGCTTACTT
AATTTCTACTAAGTGTAGATATAATTGCGACTGGTTCCAA
AATTTCTACTAAGTGTAGATACGACAACTTGAGAAGATCA

Name Sequence
giRNA F1 TGACAGCAATATATAAACAGA
giRNA F2 CTTACTTTCATAATTGCGAC
giRNA F3 AAAAACAACTAATTATTCGA
giRNA R1 TTTATATATTGCTGTCAAG
giRNA R2 AATAATGATGATAAAAAAAA
giRNA R3 AAAATCAAAAGCTTGTCAA
giRNA Flc

GCAATATATAAACAG
giRNA Flm TGACAGCAATATATAAACAG
nc RNA GACCTGATACATCTCAGTCA
anti RNA TCTGTTTATATATTGCTGTCA
ribo RNA

TTCTGACAGCAAAGA
gRNA Al TGCTGTCAAGTAGGGGTTA
gRNA A2 ATTAGTACCTAGTCTTAATT
gRNA A3 ATTGTGAAATAGACGCAGA
gRNA A4 TGACATTAACCTATAAAAA
gRNA A5 ACTTTTCGGGGAAATGTGC
gRNA A6 ATGCCGCAAAAAAGGGAATA
gRNA A7 ATCGAACTGGATCTCAACAG
gRNA A8 CATTCTGAGAATAGTGTAT
crRNA NT1
crRNA NT2
crRNA NT3
crRNA Tl
crRNA T2
crRNA T3
gaRNA 1 TCTGTTTATATATTGCTGTC
gaRNA 2 TAGCTCTTAAAGTCTGTTTA
gaRNA 3

CGTCACCCAATATATATTGCTCTCTGAAAATGGTGGTTAATGAAAATTAACTTAC

TATTTTCTGACAGCAAAGAAATTGTGCTATCAGATC_




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 Ampicillin®, G418%; P4ox;-based expression vector Invitrogen
pGAPZ B Zeocin®; Pg4p-based expression vector Invitrogen
pP-P.ox:G pPIC3.5k derivative containing P4ox;-GFP cassette 21
pGZB_cP.4ox;-GFP pGAPZ B derivative containing cP4ox;-GFP cassette (62)
pP-PcsrG pPIC3.5k derivative containing Pg4p-GFP cassette (30)
pPcAG pPIC3.5k derivative containing cP4ox;-GFP cassette This study
pPlacO1cAG pPIC3.5k derivative containing lacO1-cP40x;-GFP cassette This study
pParaO1cAG pPIC3.5k derivative containing araO1-cP4ox;-GFP cassette This study
pParaO2cAG pPIC3.5k derivative containing araO2-cP 4ox;-GFP cassette This study
pParalcAG pPIC3.5k derivative containing aral-cP40x;-GFP cassette This study
pPlacO1cDG pPIC3.5k derivative containing lacO1-cPp4s;-GFP cassette This study
pPlacO1cGG pPIC3.5k derivative containing lacOI-cPc4p-GFP cassette This study
pPlacO1c¢ScGG pPIC3.5k derivative containing lacOI-cPs.c4p-GFP cassette This study
pPlacO2cAG pPIC3.5k derivative containing lacO2-cP 4ox;-GFP cassette This study
pPlacO3cAG pPIC3.5k derivative containing lacO3-cP 4ox;-GFP cassette This study
pPlacO4cAG pPIC3.5k derivative containing lacO4-cP 4ox;-GFP cassette This study
pPlacO5cAG pPIC3.5k derivative containing lacO5-cP 40x;-GFP cassette This study
pPlacO6¢cAG pPIC3.5k derivative containing lacO6-cP 4ox;-GFP cassette This study
pPlacO7cAG pPIC3.5k derivative containing lacO7-cP40x;-GFP cassette This study
pPlacO8cAG pPIC3.5k derivative containing lacOS8-cP 4o0x;-GFP cassette This study
pPlacO9cAG pPIC3.5k derivative containing lacO9-cP4ox;-GFP cassette This study
pGPgspLacIP1AD pGAPZ B derivative containing Pg4p-Lacl-Prm1AD cassette This study
pGPgspLacIX1AD pGAPZ B derivative containing Pg4p-Lacl-Mxr1 AD cassette This study
pGPg4rLacIM1AD pGAPZ B derivative containing Pg4p-Lacl-Mit1 AD cassette This study
pGPG4pAraCM1AD pGAPZ B derivative containing Pg4p-AraC-Mit1 AD cassette This study
pPGP4ox2G pGAPZ B derivative containing P4ox>-GFP cassette This study
pGPcr/G pGAPZ B derivative containing P;cz;-GFP cassette This study
pGPGruiG pGAPZ B derivative containing Ppy-GFP cassette This study
pGPeno/G pGAPZ B derivative containing Prnvo;-GFP cassette This study
pGPcarG pGAPZ B derivative containing Pg4p-GFP cassette This study
pGcALacIM1AD PGAPZ B derivative containing cP4ox;-Lacl-Mitl AD cassette ~ This study
pGPiczLacIM1AD pGAPZ B derivative containing P;cz;-Lacl-Mit1 AD cassette This study
pGPgpyiLacIM1AD pGAPZ B derivative containing Pgpy-Lacl-Mitl AD cassette This study
pGPenvoiLacIM1IAD pGAPZ B derivative containing Prvo-Lacl-Mitl AD cassette This study
pAG32 Ampicillin®, hygromycin® (66)
p414-TEF1p-Cas9-CYC1t  Ampicillin®, P7gr-Cas9 cassette (67)




pGPc4pdCas9
pAA
PAA-PgupgiF1
PAA-Pg4pgiF2
PAA-Pg4pgiF3
pAA-Pg4pgiR1
PAA-Pg4pgiR2
PAA-Pg4pgiR3
pPcALMOS

PAA-PG4pgiRIR2
pAA—PGAPgiRlFl
pPAA-PG4pgiR2 F1

PAA-P4ox2giF1
PAA-PcgiF1
PAA-PgruigiF1
PAA-PeyosgiF1
PAA-Pg4pantiRNA
PAA-Pg4priboRNA
pAA-Pg4pncRNA
PAA-PgypgiFlc
PAA-P4ox2giFlc
PAA-Pg4panti-P4ox:giF1

pAA—PGA pncRNA—
P A O)QgiF 1

pAA—PGAPI‘ibO—PA ongiF 1 C

pAA-P GA pncRNA-
P AO. ngiF 1 C

pGPg4pdCasOVP16
pGPg4pdCasOMI1AD
pGPg4pdCas9X1AD
pPfapO1cAG
pPfapO10cAG
PAA-PgapgAl
PAA-PGapgA2

pGAPZ B derivative containing Pg4p-dCas9 cassette
pAG32 derivative containing P4ox;

PAA derivative containing Pg4p-HH-giF1-HDV cassette
pAA derivative containing Pg4p-HH-giF2-HDV cassette
pAA derivative containing Pg4p-HH-giF3-HDV cassette
pAA derivative containing Pg4p-HH-giR1-HDV cassette
PAA derivative containing Pg4p-HH-giR2-HDV cassette
PAA derivative containing Pc4p-HH-giR3-HDV cassette

pPIC3.5k derivative containing cP4ox;-Lacl-Mitl1 AD and
lacO5-cP 40x1-GFP cassette

PAA derivative containing Pg4p-HH-giR1-HDV-HH-giR2-
HDV cassette

PAA derivative containing Pc4p-HH-giR1-HDV-HH-giF1-HDV
cassette

pAA derivative containing Pg4p-HH-giR2-HDV-HH-giF1-HDV
cassette

PAA derivative containing P4ox>-HH-giF1-HDV cassette
PAA derivative containing Prcz;-HH-giF1-HDV cassette
PAA derivative containing Pgpy-HH-giF1-HDV cassette
pAA derivative containing Peyo;-HH-giF1-HDV cassette
pAA derivative containing Pg4p-HH-antiRNA-HDV cassette
pAA derivative containing Pg4p-HH-riboRNA-HDYV cassette
PAA derivative containing Pc4p-HH-ncRNA-HDV cassette
PAA derivative containing Pc4p-HH-giF1c-HDV cassette
PAA derivative containing P4ox>-HH-giF1c-HDV cassette

pAA derivative containing Pg4p-HH-antiRNA-HDV and P4ox2-
HH-giF1-HDV cassette

PAA derivative containing Pg4p-HH-ncRNA-HDV and P.ox2-
HH-giF1-HDV cassette

PAA derivative containing Pg4p-HH-1iboRNA-HDV and P 4ox-
HH-giF1c-HDV cassette

pAA derivative containing Pg4p-HH-ncRNA-HDV and P4ox2-
HH-giF1c-HDV cassette

PGAPZ B derivative containing Pg4p-dCas9VP16 cassette
pGAPZ B derivative containing Pg4p-dCasOMit1 AD cassette
PGAPZ B derivative containing Pg4p-dCasOMxr1 AD cassette
pPIC3.5k derivative containing fapO1-cP s0x-GFP cassette
pPIC3.5k derivative containing fapO10-cP40x;-GFP cassette
pAA derivative containing Pg4p-HH-gA1-HDV cassette

PAA derivative containing Pg4p-HH-gA2-HDV cassette

This study
This study
This study
This study
This study
This study
This study
This study
This study

This study
This study
This study

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study
This study
This study

This study
This study
This study
This study
This study
This study
This study




PAA-Pg4pgA3
PAA-PcipgA4
PAA-PgapgAS
PAA-Pc4pgA6
PAA-PGapgAT7
PAA-PcapgA8
pET28TEV-LbCpfl
pGP:c4pdCpfl
pAA-PG4p2BbsHDV
PAA-Pc4pctRNADR2Bbs

PAA-Pg4pcrT1
PAA-PGapcrT2
PAA-Pg4pcrT3
PAA-PG4pcrNT1
PAA-PG4pctNT2
PAA-PG4pctNT3
PAA-Pgypgal
PAA-Pg4pga2-2Bbs
pAA-Pgypga2
PAA-Pg4p2BbsCashHDV
pAA-Pgypga3CashHDV
PAA-Pgapgal
PAA-P40ox:giF1-Pgypgal

pAA—PAo)(zgiF 1 -PGApgaz
pAA-PAo)QgiF 1 c-PGApga3

pAA-Pgapcral
PAA-Pgapcra
pAA-Pg4pcral
PAA-Pg4pgiF1m-2Bbs
PAA-PG4pgiF1m
PAA-P4ox2giFIm
PAA-Psox2giF1-Pgapcral

PAA-P40x2g1F1m-
Pgapcra2

PAA derivative containing Pc4p-HH-gA3-HDV cassette
PAA derivative containing Pc4p,-HH-gA4-HDV cassette
PAA derivative containing Pc4p-HH-gA5-HDV cassette
pAA derivative containing Pg4p-HH-gA6-HDV cassette
pAA derivative containing Pg4p-HH-gA7-HDV cassette
pAA derivative containing Pg4p-HH-gA8-HDV cassette
Kanamycin®; LbCas12a in pET28a

pGAPZ B derivative containing Pg4p-dCpfl cassette
PAA derivative containing Pg4p-2Bbs-HDV cassette

pAA derivative containing Pg4p-HH-Cpfl1DR-2Bbs-HDV
cassette

PAA derivative containing Pg4p-HH-crT1-HDV cassette
PAA derivative containing Pg4p-HH-crT2-HDV cassette
PAA derivative containing Pg4p-HH-crT3-HDV cassette
pAA derivative containing Pg4p-HH-crNT1-HDV cassette
pAA derivative containing Pg4p-HH-crNT2-HDV cassette
pAA derivative containing Pg4p-HH-crNT3-HDV cassette
PAA derivative containing Pc4p-HH-gal-HDV cassette
PAA derivative containing Pg4p-ga2HH-2Bbs-HDV cassette
PAA derivative containing Pc4p-HH-ga2-HDV cassette
PAA derivative containing Pg4p-2Bbs-Cashandle-HDV cassette
pAA derivative containing Pg4p-ga3HH-2Bbs-HDV cassette
pPAA derivative containing Pg4p-HH-ga3-HDV cassette

PAA derivative containing P4ox>-HH-giF1-HDV and Pg.p-HH-
gal-HDV cassette

PAA derivative containing P4ox>-HH-giF1-HDV and Pg.4p-HH-
ga2-HDV cassette

PAA derivative containing P4ox>-HH-giF1c-HDV and Pg.p-
HH-ga3-HDYV cassette

PAA derivative containing Pg4p-HH-cral-HDV cassette

PAA derivative containing Pg4p-HH-cra2-HDV cassette

pAA derivative containing Pg4p-HH-cra3-HDV cassette

PAA derivative containing Pg4p-giF ImHH-2Bbs-HDV cassette
PAA derivative containing Pg4p-HH-giF1m-HDV cassette
PAA derivative containing P4ox>-HH-giF1m-HDV cassette

PAA derivative containing P4ox>-HH-giF1-HDV and Pg4p-HH-
cral-HDV cassette

pPAA derivative containing P4ox,-HH-giF1m-HDV and Pg.p-
HH-cra2-HDV cassette

This study
This study
This study
This study
This study
This study
(68)

This study
This study
This study

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study
This study

This study
This study
This study
This study
This study
This study
This study

This study




pAA—PonzgiF 1 —PGAPCI'a3

pAA—PonzgiF 1m-
PGAPIICRNA

pGPc4pPVRERVP16
pGPG4pdCpf1 VP16
pPglcAG
pPglrcAG
pPg2cAG
pPg2rcAG
pPg3cAG
pPg3rcAG
pPcrlcAG
pPcrlrcAG
pPcr2cAG
pPcr2rcAG
pPcr3cAG
pPcr3rcAG
pPglcALM
pPglrcALM

pPg2cALM
pPg2rcALM

pPg3cALM
pPg3rcALM

pPcrlcALM

pPcrlrcALM
pPcr2cALM

pPcr2rcALM
pPcr3cALM

pPcr3rcALM
pPglcALMOS

pPglrcALMOS

pAA derivative containing P4ox>-HH-giF1-HDV and Pg4p-HH-
cra3-HDV cassette

pAA derivative containing P4ox,-HH-giF1m-HDV and Pgp-
HH-ncRNA-HDV cassette

pGAPZ B derivative containing Pg4p-VRER-VP16 cassette
pGAPZ B derivative containing Pg4p-dCpfl1-VP16 cassette
pPIC3.5k derivative containing g1-cP.ox;-GFP cassette
pPIC3.5k derivative containing glr-cP4ox;-GFP cassette
pPIC3.5k derivative containing g2-cP40x;-GFP cassette
pPIC3.5k derivative containing g2r-cP4ox-GFP cassette
pPIC3.5k derivative containing g3-cP4ox;-GFP cassette
pPIC3.5k derivative containing g3r-cP4ox;-GFP cassette
pPIC3.5k derivative containing crl-cP4ox;-GFP cassette
pPIC3.5k derivative containing crlr-cP4ox;-GFP cassette
pPIC3.5k derivative containing cr2-cP40x;-GFP cassette
pPIC3.5k derivative containing cr2r-cPox-GFP cassette
pPIC3.5k derivative containing cr3-cP40x;-GFP cassette
pPIC3.5k derivative containing cr3r-cP4ox;-GFP cassette
pPIC3.5k derivative containing gl-cP4ox;-Lacl-Mit1 AD cassette

pPIC3.5k derivative containing glr-cP4ox;-Lacl-Mit1 AD
cassette

pPIC3.5k derivative containing g2-cP4ox;-Lacl-Mit1 AD cassette

pPIC3.5k derivative containing g2r-cP4ox;-Lacl-Mitl AD
cassette

pPIC3.5k derivative containing g3-cP4ox;-Lacl-Mitl1 AD cassette

pPIC3.5k derivative containing g3r-cP4ox;-Lacl-Mit1 AD
cassette

pPIC3.5k derivative containing crl-cP4ox;-Lacl-Mitl AD
cassette

pPIC3.5k derivative containing crlr-cP4ox-Lacl-Mitl AD cassette

pPIC3.5k derivative containing cr2-cP4ox;-Lacl-Mitl1 AD
cassette

pPIC3.5k derivative containing cr2r-cP4ox-Lacl-Mitl AD cassette

pPIC3.5k derivative containing cr3-cP4ox;-Lacl-Mitl AD
cassette

pPIC3.5k derivative containing cr3r-cP4ox;-Lacl-Mitl AD cassette

pPIC3.5k derivative containing gl-cP4ox;-Lacl-Mitl AD and
lacO5-cP 40x1-GFP cassette

pPIC3.5k derivative containing glr-cP4ox;-Lacl-Mitl AD and
lacOS5-cP 40x:-GFP cassette

This study
This study

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study
This study

This study
This study

This study

This study
This study

This study
This study

This study
This study

This study




pPg2cALMOS

pPg2rcALMOS

pPg3cALMOS

pPg3rcALMOS

pPcrlcALMOS

pPcrlrcALMOS

pPcr2cALMOS

pPcr2rcALMOS

pPcr3cALMOS

pPcr3rcALMOS

3.5k-TEF1-gRNA1

pDTgl-npgA

pDTglGdCas9

PAA-P4ox2ga2
PAA-Prcriga2
PAA-Pgpuiga2
PAA-Peyoiga2
PAA-P4ox2giF1-Picr1ga2

pAA—PAo)(zgiF 1 -PGlegaz

pAA-P A O)QgiF 1-P ENOI1 ga2

PAA-PicrigiF1-Paox2ga2

pAA—PICLJgiFl -PGpM,ga2

pAA-P ICLI giF 1-P ENOI ga2

pAA—PICLJgiF 1 -PGApga2

pPIC3.5k derivative containing g2-cP4ox;-Lacl-Mit1 AD and
lacO5-cP 40x1-GFP cassette

pPIC3.5k derivative containing g2r-cP4ox;-Lacl-Mitl1 AD and
lacO5-cP 40x1-GFP cassette

pPIC3.5k derivative containing g3-cP4ox;-Lacl-Mit1 AD and
lacO5-cP 40x1-GFP cassette

pPIC3.5k derivative containing g3r-cP4ox;-Lacl-Mitl1 AD and
lacO5-cP 40x:-GFP cassette

pPIC3.5k derivative containing cr1-cPox;-Lacl-Mitl AD and
lacO5-cP 40x:-GFP cassette

pPIC3.5k derivative containing crlr-cP4ox;-Lacl-Mitl AD and
lacO5-cP 40x1-GFP cassette

pPIC3.5k derivative containing cr2-cPox;-Lacl-Mit1 AD and
lacO5-cP 40x1-GFP cassette

pPIC3.5k derivative containing cr2r-cP4ox;-Lacl-Mit]1 AD and
lacOS5-cP 40x:-GFP cassette

pPIC3.5k derivative containing cr3-cP4ox;-Lacl-Mitl AD and
lacO5-cP 40x1-GFP cassette

pPIC3.5k derivative containing cr3r-cP4ox;-Lacl-Mit1 AD and
lacO5-cP 40x1-GFP cassette

pPIC3.5k derivative containing Pyrx;-Cas9 and Pyry;-HH-
TEF1gRNA1-HDYV cassette

pUCI18 derivative containing TEF1g1UP-Pg4p-npgA-
TEF1g1DOWN cassette

pUC18 derivative containing TEF1g1 UP-Pg4p-dCas9-
TEF1g1DOWN cassette

PAA derivative containing P4ox>-HH-ga2-HDV cassette
PAA derivative containing P;c;;-HH-ga2-HDV cassette

PAA derivative containing Pgpy-HH-ga2-HDV cassette
PAA derivative containing Peyvo;-HH-ga2-HDV cassette

PAA derivative containing P4ox>-HH-giF1-HDV and Pjcr;-HH-
ga2-HDV cassette

PAA derivative containing P4ox.-HH-giF1-HDV and Pgpysi-
HH-ga2-HDV cassette

pAA derivative containing P4ox2-HH-giF1-HDV and Peno;-
HH-ga2-HDYV cassette

PAA derivative containing Prcz;-HH-giF1-HDV and P4ox2-HH-
ga2-HDV cassette

PAA derivative containing P;cz;-HH-giF1-HDV and Pgpa-HH-
ga2-HDV cassette

pAA derivative containing Psc;;-HH-giF1-HDV and Pgyo;-HH-
ga2-HDV cassette

PAA derivative containing P;c;;-HH-giF1-HDV and Pg.4p-HH-
ga2-HDV cassette

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
(32)

(32)

This study

This study
This study
This study
This study
This study

This study
This study
This study
This study
This study

This study




pAA—PGPMjgiF 1 -Pongga2

pAA—PGPM1giF 1 —P1cuga2

pAA—PGPM1giF 1 —PEN01g3.2

pAA—PGPMjgiF 1 -PGApgaZ

pAA—PENojgiF 1 -Ponzgaz

pAA—PENO 1 giF 1-Prcri gaZ

pAA—PEN01giF 1 -PGlegaZ

pAA-P ENOI1 giF 1-P GA pga2

pAA—PGAPgiF 1 —PA ongaz

pAA-P GApgiF 1-P ICLI ga2

pAA—PGAPgiF 1 —ngMjga2

pAA—PGAPgiF 1 -PENOIgaZ

PAA-Poxocrald
PAA-Pcricra3
PAA-Pgpyicra3
PAA-Pgyoscrald
PAA-P4ox2giF1-Prcricral

pAA-P onggiF 1-P GPM1 cra3

pAA—PAo)(zgiF 1 —PEN01CI'33

pAA-P ICL] giF 1-P A 0)(201‘33

PAA-PicrgiF1-Pgpasicra3

pAA—P](;L]giF 1 —PENozcra3

PAA-PicrigiF1-Pgypcra3

pAA—PGpMIgiF 1 —PonzCI’a3

PAA derivative containing Pgpy-HH-giF1-HDV and P4ox2-
HH-ga2-HDV cassette

pAA derivative containing Pgpi-HH-giF1-HDV and Pjcz;-HH-
ga2-HDV cassette

PAA derivative containing Pgpy-HH-giF1-HDV and Pevos-
HH-ga2-HDV cassette

pAA derivative containing Pgpis-HH-giF1-HDV and Pg4p-HH-
ga2-HDV cassette

pAA derivative containing Peyo;-HH-giF1-HDV and P4ox.-
HH-ga2-HDV cassette

pAA derivative containing Pgyvo;-HH-giF1-HDV and P ;-HH-
ga2-HDYV cassette

pAA derivative containing Peyo;-HH-giF1-HDV and Pgpui-
HH-ga2-HDV cassette

PAA derivative containing Pzvo;-HH-giF1-HDV and Pg4p-HH-
ga2-HDV cassette

pPAA derivative containing Pc4p-HH-giF1-HDV and P 40x2-HH-
ga2-HDV cassette

pAA derivative containing Pg4p-HH-giF1-HDV and Pjc;;-HH-
ga2-HDV cassette

PAA derivative containing Pg4p-HH-giF1-HDV and Pgpas-HH-
ga2-HDV cassette

pAA derivative containing Pg4p-HH-giF1-HDV and Pgyo;-HH-
ga2-HDV cassette

pAA derivative containing P4ox>-HH-cra3-HDV cassette
pPAA derivative containing P;cz;-HH-cra3-HDV cassette

PAA derivative containing Pgpy-HH-cra3-HDV cassette
PAA derivative containing Pevo;-HH-cra3-HDV cassette

pAA derivative containing P4ox-HH-giF1-HDV and P;c;;-HH-
cra3-HDV cassette

pAA derivative containing P4ox.-HH-giF1-HDV and Pgpysi-
HH-cra3-HDV cassette

pAA derivative containing P4ox>-HH-giF1-HDV and Peno;-
HH-cra3-HDV cassette

pPAA derivative containing Pcz,-HH-giF1-HDV and P4ox2-HH-
cra3-HDV cassette

pAA derivative containing P;c;;-HH-giF1-HDV and Pgpu-HH-
cra3-HDV cassette

pAA derivative containing Psc;;-HH-giF1-HDV and Pgyo;-HH-
cra3-HDV cassette

PAA derivative containing P;c;;-HH-giF1-HDV and Pg.4p-HH-
cra3-HDV cassette

PAA derivative containing Pgpi-HH-giF1-HDV and P4ox2-
HH-cra3-HDV cassette

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study
This study
This study
This study
This study

This study
This study
This study
This study
This study
This study

This study




PAA-PGruigiF1-Picricra3 pAA derivative containing Pgpy-HH-giF1-HDV and Pscr;-HH-  This study
cra3-HDV cassette

PAA-PgruigiF1-Penvoscra3  pAA derivative containing Pgpuy-HH-giF1-HDV and Peyo;- This study
HH-cra3-HDV cassette

PAA-PepryigiF1-Pgapcra3  pAA derivative containing Pgpy-HH-giF1-HDV and Pg4p-HH-  This study
cra3-HDV cassette

PAA-PenvoigiF1-Poxocra3  pAA derivative containing Pevo;-HH-giF1-HDV and P4ox2- This study
HH-cra3-HDV cassette

PAA-PeyoigiF1-Picricra3 pAA derivative containing Pevo;-HH-giF1-HDV and Pycz;-HH-  This study
cra3-HDV cassette

PAA-PenvoigiF1-Pgpyicra3  pAA derivative containing Pevo,-HH-giF1-HDV and Pepui- This study
HH-cra3-HDV cassette

PAA-PenoigiF1-Pgypcra3  pAA derivative containing Pevo-HH-giF1-HDV and Pg4p-HH-  This study
cra3-HDV cassette

PAA-Pg4prgiF1-Pjoxocra3  pAA derivative containing Pg4p,-HH-giF1-HDV and P4ox2-HH-  This study
cra3-HDV cassette

PAA-PGapgiF1-Prcr cral pPAA derivative containing Pg4p-HH-giF1-HDV and P;c;;-HH-  This study
cra3-HDV cassette

PAA-Pg4prgiF1-Pgpuicra3  pAA derivative containing Pg4p-HH-giF1-HDV and Pgpy-HH-  This study
cra3-HDV cassette

PAA-Pg4pgiF1-Pevoscra3 pAA derivative containing Pg4p-HH-giF1-HDV and Peyo;-HH-  This study
cra3-HDV cassette

PAA-Prr43giF1 PAA derivative containing Prr43-HH-giF1-HDV cassette This study

PAA-Pp4sigiF1 PAA derivative containing Pp4s;-HH-giF1-HDV cassette This study

PAA-PruiigiF1 pAA derivative containing Prqr-HH-giF1-HDV cassette This study

PAA-Prr43giF1-Pgypcral PAA derivative containing P;r43-HH-giF1-HDV and Pg4p-HH-  This study
cra3-HDV cassette

PAA-PpusigiF1-Pgypcra3  pAA derivative containing Ppys;-HH-giF1-HDV and Pg4p-HH-  This study
cra3-HDV cassette

PAA-PruiigiF1-Pgspcra3  pAA derivative containing Pryy;-HH-giF1-HDV and Pg4p-HH-  This study
cra3-HDV cassette

BB3eN 14 Nourseothricin® Golden

pPIC9K-Amy pPICIK derivative containing P4ox;-Amy expression cassette (69)

pPlacO5cAAmy pPIC3.5k derivative containing lacO5-cP4ox;-Amy cassette This study

BB3eN-lacO5cAAmy BB3eN_14 derivative containing lacO5-cP ox;-Amy cassette This study

Strain Genotype Source

Escherichia coli

Top 10 Fllacl®Tnl0 (Tet")] mcrdA ®80lacZ AM15 Alac X74 deoR recAl Invitrogen

Saccharomyces cerevisiae

BY4741 MATo; his341; leu2A0; metl5A0; ura340 41

Pichia pastoris
GSI115

his4

Invitrogen




GS_Puoxi-G
GS 0OlcA-G
GS Pgup-LP_0OlcA-G

GS_Peur-LX_0IcA-G

GS _Pgup-LM_OlcA-G

GS_Pgur-CM
GS_Pur-CM_aOlcA-G

GS_Pgup-CM_a02cA-G

GS_Pgap-CM_alcA-G

GS_Pgupr-LM
GS _Pgup-LM_OlIcD-G

GS_Pur-LM_01¢G-G

GS_PaLM_0I1cScG-G

GS Pgup-LM_02cA-G

GS_Peur-LM_03c4-G

GS Pgup-LM_04cA-G

GS Pgup-LM_0O5cA4-G

GS_Pgur-LM_06c4-G

GS Pgup-LM_0O7cA4-G

GS_Peur-LM_08cA-G

GS_Peur-LM_09c4-G

GS_cA-G
GS_Puox>-G
GS _Pic1i-G

GS_Perui-G
GS_Penoi-G

GS115 his4::pP-P4oxiG (P4oxi-GFP HIS4, KAN)
GS115 his4::pPlacO1cAG (lacO1-cP 40x:-GFP HIS4)

GS115 his4::pPlacO1cAG (lacO1-cP 40x:-GFP HIS4)
PGap::pGPgupLaclP1AD (Pgup-Lacl-Prm1AD Sh ble)

GS115 his4::pPlacO1cAG (lacO1-cP 40x:1-GFP HIS4)
PGAPI ipGPGAPLaCIX1AD (PGAP—LacI—MxrlAD Sh ble)

GS115 his4::pPlacO1cAG (lacO1-cP 40x:-GFP HIS4)
PGAPI ipGPGAPLaCIM 1AD (PGAP—LaCI—Mit 1AD Sh ble)

GS115 PGAP::pGPGAPAI‘aCMlAD (PGAP- AraC-MitlAD Sh ble)

GS115 Pgap::pGPcapAraCM1AD (Pgup-AraC-Mitl AD Sk ble)
his4::pParaO1cAG (araOl-cP0x;-GFP HIS4)

GS115 Pguap::pGPcapAraCM1AD (Pgap-AraC-Mitl AD Sk ble)
his4::pParaO2cAG (araO2-cP40x:-GFP HIS4)

GS115 PGAP::pGPGAPAI‘aCMlAD (PGAP-AI'aC-MitlAD Sh ble)
his4::pParalcAG (aral-cP.ox;-GFP HIS4)

GS115 PGAP::pGPGAPLaCIMlAD (PGAP- LacIl-Mitl1 AD Sh ble)

GS115 Pgap::pGPgaprLacIM1AD (Pgap-Lacl-Mitl AD Sk ble)
his4::pPlacO1c¢DG (lacO1-cPp4si-GFP HIS4)

GS115 PGAP::pGPGAPLaCIMlAD (PGAP-LaCI-MitlAD Sh ble)
his4::pPlacO1c¢GG (lacOI1-cPgap-GFP HIS4)

GS115 Pguap::pGPgapLacIM1AD (Pgap-Lacl-Mitl AD Sk ble)
his4::pPlacO1c¢ScGG (lacO1-cPscc4p-GFP HIS4)

GS115 Pgap::pGPgaprLacIM1AD (Pgap-Lacl-Mitl AD Sk ble)
his4::pPlacO2cAG (lacO2-cP 40x1-GFP HIS4)

GS115 PGAP::pGPGApLaCIMlAD (PGA,D-LaCI-MitlAD Sh ble)
his4::pPlacO3cAG (lacO3-cP40ox;-GFP HIS4)

GS115 Pgap::pGPgaprLacIM1AD (Pgap-Lacl-Mitl AD Sk ble)
his4::pPlacO4cAG (lacO4-cP 40x;-GFP HIS4)

GS115 PGAP::pGPGApLaCIMlAD (PGA,D-LaCI-MitlAD Sh ble)
his4::pPlacO5cAG (lacO5-cP 4ox1-GFP HIS4)

GS115 Pgap::pGPgaprLacIM1AD (Pgap-Lacl-Mitl AD Sk ble)
his4::pPlacO6¢cAG (lacO6-cP 40x;-GFP HIS4)

GS115 Pgap::pGPgaprLacIM1AD (Pgap-Lacl-Mitl AD Sk ble)
his4::pPlacO7cAG (lacO7-cP40x;-GFP HIS4)

GS115 PGAP::pGPGApLaCIMlAD (PGA,D-LaCI-MitlAD Sh ble)
his4::pPlacO8cAG (lacO8-cP 40x;-GFP HIS4)

GS115 Pgap::pGPgaprLacIM1AD (Pgap-Lacl-Mitl AD Sk ble)
his4::pPlacO9cAG (lacO9-cP 40x;-GFP HIS4)

GS115 his4::pPcAG (cPaoxi-GFP HIS4)
GS115 Pguap::pGP40x2G (P4ox2-GFP Sh ble)
GS115 Pgup::pGPicriG (Picri-GFP Sh ble)
GS115 Pgap:: pGPeruiG (PGpa-GFP Sh ble)
GS115 Pgup::pGPenoiG (Penoi-GFP Sh ble)

(21)
This study
This study

This study
This study

This study
This study

This study
This study

This study
This study

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study
This study
This study
This study
This study




GS_Pgupr-G
GS_05cA4-G
GS_cA-LM_0O5cA-G

GS_Picz-LM_05¢A-G
GS._Popy-LM_05¢4-G
GS_Pryvoi-LM_05¢A-G
GS _P40x1-G_Pgap-dCas9

GS_P4oxi-G_Pcap-
dCas9_PGAp—giF 1

GS_Pon1-G_PGAP-dCaS9
_PGAP—giF2

GS_P4oxi-G_Pcap-
dCaS9_PGAp—giF3

GS_P4oxi-G_Pcap-
dCas9_PGAp—giR1

GS_Paoxi-G_Pcap-
dCas9_PGAp—giR2

GS_Paoxi-G_Pcap-
dCas9_PGAp—giR3

GS Pgyp-dCas9

GS Pgyp-dCas9 cA-LM-
05c4-G

GS Pgyp-dCas9 cA-LM-
O5cA -G_P GAP- giF 1

GS Pgyp-dCas9 cA-LM-
05¢A-G_Pgyp-giR1

GS Pgyp-dCas9 cA-LM-
05¢A4-G_Pgap-giR2

GS_Pgup-dCas9_cA-LM-
05CA—G_PG,4P—giR1 R2

GS115 Pgap::pGP:carG (PGap-GFP Sh ble)
GS115 his4::pPlacO5cAG (lacO5-cP 40x:1-GFP HIS4)

GS115 his4::pPlacO5cAG (lacO5-cPoxi-GFP HIS4)
Pgap::pGecALacIM1AD (cP4oxi-Lacl-Mitl1 AD Sk ble)

GS115 his4::pPlacO5cAG (lacO5-cP 40x:1-GFP HIS4)
PGAPI ipGPICULaCIMlAD (P]CL1—LaCI—Mit1AD Sh ble)

GS115 his4::pPlacO5cAG (lacO5-cP 40x:1-GFP HIS4)
PGAPI ipGPGpM1LaCIM1AD (PGPM1—LaCI—Mit1AD Sh ble)

GS115 his4::pPlacO5cAG (lacO5-cP 40x:1-GFP HIS4)
Pcup::pGPEenoiLacIMIAD (Penos-Lacl-Mitl AD Sh ble)

GS115 his4::pP-P4oxiG (P4oxi-GFP HIS4, KAN)
PGAPI ipGPGAPdCaS9 (PGAp—dCas9 Sh ble)

GS115 his4::pP-P4oxiG (P4oxi-GFP HIS4, KAN)
PGup::pGPc4pdCas9 (Pgap-dCas9 Sh ble) Paoxi:: pAA-PcapgiF1
(Pc4r-HH-giF1-HDV hph)

GS115 his4::pP-P4oxiG (P4oxi-GFP HIS4, KAN)
PGup::pGPcapdCas9 (Pgap-dCas9 Sh ble) Paoxi:: pAA-PGapgiF2
(Pc4r-HH-giF2-HDV hph)

GS115 his4::pP-P4oxiG (P4oxi-GFP HIS4, KAN)
PGup::pGPcapdCas9 (Pgap-dCas9 Sh ble) Poxi:: pAA-PcargiF3
(Pc4r-HH-giF3-HDV hph)

GS115 his4::pP-P4oxiG (P4oxi-GFP HIS4, KAN)
PGAP:ipGPGAPdCaS9 (PGAp-dCas9 Sh ble) PAO)a::pAA-PGApgiRl
(P4p-HH-giR1-HDV hph)

GS115 his4::pP-P4oxiG (P4oxi-GFP HIS4, KAN)
PGAP:ZpGPGAPdCaS9 (PGAP-dCas9 Sh ble) PAO)a::pAA-PGApgiRZ
(P4p-HH-giR2-HDV hph)

GS115 his4::pP-P4oxiG (P4oxi-GFP HIS4, KAN)
PGAP:ZpGPGAPdCaS9 (PGAP-dCas9 Sh ble) PAO)(1::pAA-PGApgiR3
(Pc4r-HH-giR3-HDV hph)

GS115 PGAP::pGPGApdCaS9 (PGAp-dCaS9 Sh ble)

GS115 Pgap::pGPg4pdCas9 (Pgap-dCas9 Sh ble)
his4::pPcALMOS (cP40x:-Lacl-Mit1 AD and lacO5-cP 40x:-GFP
HIS4)

GS115 Pgap::pGPg4pdCas9 (Pgap-dCas9 Sh ble)
his4::pPcALMOS (cP4ox;-Lacl-Mitl1 AD and lacOS5-cPox;-GFP
HIS4) Paox::pAA-PeapgiF1 (Poap-HH-giF 1-HDV hph)

GS115 Pgup::pGPc4pdCas9 (Pgap-dCas9 Sh ble)
his4::pPcALMOS (cP4ox;-Lacl-Mitl AD and lacO5-cP4ox;-GFP
HIS4) Paox:pAA-PeapgiR1 (Pap-HH-giR 1-HDV hph)

GS115 Pgup::pGPc4pdCas9 (Pgap-dCas9 Sh ble)
his4::pPcALMOS (cP4ox;-Lacl-Mitl1 AD and lacOS5-cPiox;-GFP
HIS4) Paox::pAA-PcapgiR2 (Peap-HH-giR2-HDV hph)

GS115 Pgup::pGPc4pdCas9 (Pg4p-dCas9 Sk ble)
his4::pPcALMOS (cP4ox;-Lacl-Mitl1 AD and lacOS5-cP4ox;-GFP
HIS4) Paoxs:pAA-PGpgiR1R2 (Pgp-HH-giR1-HDV-HH-giR2-
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This study

This study

This study

This study

This study




GS_Pgap-dCas9 cA-LM-
05CA-G_PGAP—giR 1F1

GS Pgyp-dCas9 _cA-LM-
05¢A-G_Pgup-giR2F1

GS Pgyp-dCas9 _cA-LM-
O5cA —G_Ponz—giF 1

GS Pgyp-dCas9 _cA-LM-
O5cA -G_chu-giF 1

GS Pgyp-dCas9 cA-LM-
O5CA-G_PGPM1-giF 1

GS Pgyp-dCas9 cA-LM-
O5CA-G_PEN01-giF 1

GS Pgyp-dCas9 cA-LM-
05 CA-G_P GAp-giF 1c

GS Pgyp-dCas9 cA-LM-
O5CA-G_Ponz-giF 1c

GS_Pgap-dCas9_cA-LM-
05cA-G_Pgyp-anti-P4ox2-
giF1

GS Pgyp-dCas9 cA-LM-
O5cA -G_P GA p-nc-P AOX2-
giF1

GS Pgap-dCas9 cA-LM-
05¢cA-G_Pgup-ribo-Paoxz-
giFlc

GS_Pgup-dCas9_cA-LM-
05cA-G_Pgapnc-P4ox:-
giFlc

GS _Pgyp-dCas9VP16
GS Pg4p-dCasO9M1AD
GS Pg4p-dCas9X1AD

HDV /ph)

GS115 PGAp:ipGPGAPdCaS9 (PGAP—dCas9 Sh ble)
his4::pPcALMOS (cP4ox;-Lacl-Mitl1 AD and lacO5-cPox;-GFP
HIS4) PAOX1iipAA—PGApgiR1F1 (PGAP—HH—giRl —HDV—HH—giFl—
HDV hph)

GS115 Pgup::pGPc4pdCas9 (Pgap-dCas9 Sh ble)
his4::pPcALMOS (cP4ox;-Lacl-Mitl AD and /lacO5-cP40x;-GFP
HIS4) PAOX1iipAA—PGApgiR2F1 (PGAP—HH—giRZ—HDV—HH—giF1—
HDV hph)

GS115 Pgap::pGPg4pdCas9 (Pgap-dCas9 Sh ble)
his4::pPcALMOS (cP4oxi-Lacl-Mit1 AD and lacO5-cP 40x1-GFP
HIS4) Paoxi::pAA-Pox2giF1 (Psox:-HH-giF1-HDV hph)

GS115 Pgap::pGPg4pdCas9 (Pgap-dCas9 Sh ble)
his4::pPcALMOS (cP4oxi-Lacl-Mit1 AD and lacO5-cP 40x1-GFP
HIS4) Paoxr::pAA-PicrigiF 1 (Prcr-HH-giF1-HDV hph)

GS115 Pgap::pGPg4pdCas9 (Pgap-dCas9 Sh ble)
his4::pPcALMOS (cP4oxi-Lacl-Mit1 AD and lacO5-cP 40x1-GFP
HIS4) Pon1::pAA—PGPM1giF1 (PGPM1—HH—giF1—HDV hph)

GS115 Pgap::pGPg4pdCas9 (Pgap-dCas9 Sh ble)
his4::pPcALMOS (cP4oxi-Lacl-Mit1 AD and lacO5-cP 40x1-GFP
HIS4) Pon1::pAA—PEN01giF1 (PEN()[—HH—giFl—HDV hph)

GS115 Pgap::pGPg4pdCas9 (Pgap-dCas9 Sh ble)
his4::pPcALMOS (cP4ox-Lacl-Mit1 AD and lacO5-cP 40x-GFP
H[S4) PAo)aiipAA-PGApgiFlC (PGAp-giFIC-HDV hph)

GS115 Pguap::pGPgapdCas9 (Pg4p-dCas9 Sh ble)
his4::.pPcALMOS (cP4oxi-Lacl-Mit1 AD and lacO5-cP 40x;-GFP
HIS4) PAo)(]ZZpAA-PAo)QgiFIC (Pong-giFlc-HDV hph)

GS115 PGAPZZpGPGAPdCaS9 (PGAP-dCas9 Sh ble)
his4::pPcALMOS (cP4ox-Lacl-Mitl AD and lacO5-cP 40x:-GFP
HIS4) PAOXJ::pAA-Ganti-PonggiFl (PGAP-HH-antiRNA-HDV
and Ponz—HH—giF 1-HDV hph)

GS115 Pgap::pGPg4pdCas9 (Pgap-dCas9 Sh ble)
his4:;pPcALMOS (cP4oxi-Lacl-Mitl1 AD and lacO5-cP 40x1-GFP
HIS4) PAo)(]ZZpAA-PGApnC-PAo)QgiFl (PGAP-HH-HCRNA-HDV
and Ponz—HH—giF 1-HDV hph)

GS115 Pgap::pGPg4pdCas9 (Pgap-dCas9 Sh ble)
his4::pPcALMOS (cP4ox;-Lacl-Mitl1 AD and /acO5-cP4o0x;-GFP
HIS4) Pyoxi::.pAA-Gribo-P4ox2giF 1¢ (Pgap-HH-riboRNA-HDV
and P4ox>-HH-giF1c-HDV hph)

GS115 Pgap::pGPG4pdCas9 (Pg4p-dCas9 Sh ble)
his4::pPcALMOS (cP4ox:-Lacl-Mit1 AD and lacO5-cP 40x;-GFP
H]S4) PAOX]::pAA—PGAPnC—PAOXQgiFlC (PGAP-HH—HCRNA—HDV
and P4ox>-HH-giF1c-HDV hph)

GS115 Pgup::pGPG4pdCas9VP16 (Pgyp-dCas9 Sh ble)
GS115 Pgup::pGPc4pdCasOM1AD (Pgap-dCas9 Sh ble)
GS115 Pgup::pGP64pdCas9X1AD (Pgup-dCas9 Sh ble)
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GS_Pgapr-
dCas9VP16 _fOlcA-G

GS_Pgapr-
dCas9VP16 _fOlcA-
G_PGAp—gAl

GS_Pgapr-
dCas9VP16_fOlcA-
G_PGAP—gA2

GS_Pgapr-
dCas9VP16_fOlcA-
G_Pour-gA3

GS_Pgapr-
dCas9VP16_fOlcA-
G_P GAP- gA4

GS_Pgapr-
dCas9VP16_fOlcA-
G_PGAP—gAS

GS_Pgapr-
dCas9VP16_fOlcA-
G _Pour-gAb

GS_Pgapr-
dCas9VP16_fOlcA-
G_PGAP—gA7

GS_Pgapr-
dCas9VP16_fOlcA-
G _Pear-gA8

GS_Pgapr-
dCas9VP16 fO10cA-G

GS_Pgap-
dCas9VP16_fO10cA-
G_P GAP- gA3

GS_Pgap-
dCas9VP16 fO10cA-
G_P GAP- gA4

GS_Pgap-
dCas9VP16 _fO10cA-
G_PGAP—gAS

GS_Pgap-
dCas9VP16_fO10cA-
G_PGAP—gA6

GS_Pgapr-
dCas9VP16_fO10cA-
G_PGAP—gA7

GS_Pgapr-
dCas9VP16_fO10cA-
G_PGAP—gAS

GS115 Pgup::pGPc4pdCas9VP16 (Pgyp-dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP4oxi-GFP HIS4)

GS115 PGAPZ :pGPGAPdCaS9VP16 (PGAp—dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP4oxi-GFP HIS4) P4oxi::pAA-
PargAl (Pc4r-HH-gA1-HDV hph)

GS115 PGAPZ :pGPGAPdCaS9VP16 (PGAp—dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP40xi-GFP HIS4) Paoxi::pAA-
PcurgA2 (Pcap-HH-gA2-HDV hph)

GS115 PGAPZ :pGPGAPdCaS9VP16 (PGAp—dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP40xi-GFP HIS4) P4oxi::pAA-
PcurgA3 (Pgur-HH-gA3-HDV hph)

GS115 PGAPZ :pGPGAPdCaS9VP 16 (PGAp—dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP40xi-GFP HIS4) P4oxi::pAA-
PcurgA4 (Pcar-HH-gA4-HDV hph)

GS115 Pguap::pGPG4pdCasOVP16 (Pgap-dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP40xi-GFP HIS4) Paoxi::pAA-
PGAPgAS (PGAP-HH—gAS-HDV hph)

GS115 Pguap::pGPG4pdCasOVP16 (Pgap-dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP40xi-GFP HIS4) Paoxi::pAA-
PGAPgA6 (PGAP-HH—gA6-HDV hph)

GS115 Pguap::pGPG4pdCasOVP16 (Pgap-dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP40xi-GFP HIS4) Paoxi::pAA-
PGAPgA7 (PGAP-HH—gA7-HDV hph)

GS115 Pguap::pGPG4pdCasOVP16 (Pgap-dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP40xi-GFP HIS4) Paoxi::pAA-
PGAPgAS (PGAP-HH—gAg-HDV hph)

GS115 Pguap::pGPG4pdCasOVP16 (Pgap-dCas9 Sh ble)
his4::pPfapO10cAG (fapO10-cP 40x:-GFP HIS4)

GS115 PGAPZ :pGPGApdCaS9VP 16 (PGAp-dCaS9 Sh ble)

his4::pPtapO10cAG (fapO10-cP 40x1-GFP HIS4) Paoxi::pAA-

PGApgA3 (PGAP-HH-gA3-HDV hph)
GS115 PGAPZ :pGPGApdCaS9VP 16 (PGAp-dCaS9 Sh ble)

his4::pPfapO10cAG (fapO10-cP0x-GFP HIS4) Poxi:: pAA-

PGargA4 (Pap-HH-gA4-HDV hph)
GS115 PGAPZ :pGPGApdCaS9VP 16 (PGAp-dCaS9 Sh ble)

his4::pPfapO10cAG (fapO10-cP0x-GFP HIS4) Poxi:: pAA-

PGAPgAS (PGAP-HH—gAS-HDV hph)
GS115 PGAPZ :pGPGApdCaS9VP 16 (PGAp-dCaS9 Sh ble)

his4::pPfapO10cAG (fapO10-cP0x-GFP HIS4) Poxi:: pAA-

PGAPgA6 (PGAP-HH—gA6-HDV hph)
GS115 Pguap::pGPc4pdCasOVP16 (Pgap-dCas9 Sh ble)

his4::pPfapO10cAG (fapO10-cP10x-GFP HIS4) Poxi:: pAA-

PGAPgA7 (PGAP-HH—gA7-HDV hph)
GS115 Pgap::pGPc4pdCasOVP16 (Pgap-dCas9 Sh ble)

his4::pPfapO10cAG (fapO10-cP0x-GFP HIS4) Poxi:: pAA-

PGAPgAS (PGAP-HH—gAS-HDV hph)
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GS_Pgapr-
dCasOM1AD _ fO1cA-G

GS_Pgapr-
dCasOMIAD fOlcA-
G_P GAP- gA3

GS_Pgapr-
dCasOM1AD _fOlIcA-
G_PGAP—gA4

GS_Pgapr-
dCasOM1AD fOlIcA-
G_PGAP—gAS

GS_Pgapr-
dCasOM1AD _fOlIcA-
G_Peur-gAb

GS_Pgapr-
dCasOM1AD fOlIcA-
G_PGAP—gA7

GS_Pgapr-
dCasOM1AD fOlIcA-
G _Pcar-gA8

GS_Pgapr-
dCasOMI1AD fO10cA-G

GS_Pgapr-
dCasOMI1AD _ fO10cA-
G_P GAP- gA3

GS_Pgap-
dCasOMI1AD _fO10cA-
G_P GAP- gA4

GS_Pgap-
dCasOMI1AD _fO10cA-
G_P GAP- gAS

GS_Pgap-
dCasOMI1AD fOI10cA-
G_P GAP- gA6

GS_Pgap-
dCasOMI1AD fO10cA-
G_P GAP- gA7

GS_Pgap-
dCasOMIAD_fO10cA-
G_PGAP—gAS

GS_Pgapr-

dCas9X1AD fOIcA-G

GS_Pgapr-
dCas9X1AD fOlcd-
GﬁPGAP-gA:;

GS_Pgap-
dCas9X1AD fOlcA-

GS115 Pgup::pGPc4pdCasOMitl AD (Pgap-dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP4oxi-GFP HIS4)

GS115 PGAP::pGPGAPdCaS9MitlAD (PGAp—dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP4oxi-GFP HIS4) P4oxi::pAA-
PGApgA?) (PGAP—HH—gA3—HDV hph)

GS115 PGAP::pGPGAPdCaS9Mit1AD (PGAP—dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP40xi-GFP HIS4) Paoxi::pAA-
PcurgA4 (Pcsr-HH-gA4-HDV hph)

GS115 PGAP::pGPGAPdCaS9Mit1AD (PGAP—dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP40xi-GFP HIS4) P4oxi::pAA-
PcurgAS (Pup-HH-gAS5-HDV hph)

GS115 PGAP::pGPGAPdCaS9Mit1AD (PGAP—dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP40xi-GFP HIS4) P4oxi::pAA-
PGAPgA6 (PGAP-HH—gA6-HDV hph)

GS115 Pgap::pGPG4pdCasOMitl AD (Pgap-dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP40xi-GFP HIS4) Paoxi::pAA-
PGAPgA7 (PGAP-HH—gA7-HDV hph)

GS115 Pgap::pGPc4pdCasOMitl AD (Pgap-dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP40xi-GFP HIS4) Paoxi::pAA-
PGAPgAS (PGAP-HH—gAg-HDV hph)

GS115 Pgap::pGPc4pdCasOMitl AD (Pgap-dCas9 Sh ble)
his4::pPfapO10cAG (fapO10-cP40x:1-GFP HIS4)

GS115 PGAP::pGPGAPdCaS9Mit1AD (PGAp-dCas9 Sh ble)
his4::pPfapO10cAG (fapO10-cP 40x1-GFP HIS4) Paoxi::pAA-
PGApgAS’ (PGAP-HH-gA3-HDV hph)

GS115 PGAP::pGPGApdCaS9Mit1AD (PGAp-dCas9 Sh ble)
his4::pPtapO10cAG (fapO10-cP 40x1-GFP HIS4) Paoxi::pAA-
PGApgA4 (PGAP-HH-gA4-HDV hph)

GS115 PGAP::pGPGApdCaS9Mit1AD (PGAp-dCas9 Sh ble)
his4::pPtapO10cAG (fapO10-cP 40x1-GFP HIS4) Paoxi::pAA-
PGApgAS (PGAP-HH-gAS-HDV hph)

GS115 PGAP::pGPGApdCaS9Mit1AD (PGAp-dCas9 Sh ble)
his4::pPfapO10cAG (fapO10-cP0x-GFP HIS4) Poxi:: pAA-
P(;APgA6 (PGAP-HH—gA6-HDV hph)

GS115 PGAP::pGPGApdCaS9Mit1AD (PGAp-dCas9 Sh ble)
his4::pPfapO10cAG (fapO10-cP0x-GFP HIS4) Poxi:: pAA-
P(;APgA7 (PGAP-HH—gA7-HDV hph)

GS115 PGAP::pGPGApdCaS9Mit1AD (PGAp-dCas9 Sh ble)
his4::pPfapO10cAG (fapO10-cP0x-GFP HIS4) Poxi:: pAA-
PGAPgAS (PGAP-HH—gAS-HDV hph)

GS115 Pgap::pGPc4pdCasOMxr1 AD (Pgap-dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP40x;-GFP HIS4)

GS115 Pgap::pGPc4pdCasOMxr1 AD (Pgap-dCas9 Sh ble)
his4::pPfapO1cAG (fapOI-cPs0x;-GFP HIS4) Pyoxi::pAA-
PGAPgA3 (PGAP-HH-gA3-HDV hph)

GS115 Pgup::pGPG4pdCasOMxr1 AD (Pgup-dCas9 Sh ble)
his4::pPfapO1cAG (fapOI-cPoxi-GFP HIS4) Pyoxi::pAA-
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G_P GAP- gA4

GS_Pgapr-
dCas9X1AD fOlcA-
G_PGAp—gAS
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G_P GAP- gA6

GS_Pgapr-
dCas9X1AD fOlcA-
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GS cA-LM-0O5c4-G

GS_CA -LM-O5cA —G_P(;AP—
dCpfl

GS_CA -LM-O5cA —G_P(;AP—
def] 7P Gap-ctNT1

GSicA -LM-05CA -GﬁPGAP-
dCpfl Pgap-crNT2

GS _cA4-LM-05¢cA-G_ Pgap-
dCpfl_Pgap-crNT3

PGrgA4 (Pc4-HH-gA4-HDV hph)

GS115 PGAP::pGPGAPdCaS9MXI‘1AD (PGAp—dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP4oxi-GFP HIS4) P4oxi::pAA-
PargAS (Pcar-HH-gAS-HDV hph)

GS115 PGAP::pGPGAPdCaS9MXI‘1AD (PGAp—dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP4oxi-GFP HIS4) P4oxi::pAA-
PargA6 (Pc4r-HH-gA6-HDV hph)

GS115 PGAP::pGPGAPdCaS9MXI‘1AD (PGAp—dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP4oxi-GFP HIS4) P4oxi::pAA-
PGApgA7 (PGAP—HH—gA7—HDV hph)

GS115 PGAP::pGPGAPdCaS9MXI‘1AD (PGAp—dCas9 Sh ble)
his4::pPfapO1cAG (fapO1-cP4oxi-GFP HIS4) P4oxi::pAA-
P:argA8 (Pc4r-HH-gA8-HDV hph)

GS115 PGAP::pGPGAPdCaS9MXI‘1AD (PGAp-dCa89 Sh ble)
his4::pPfapO10cAG (fapO10-cP10x-GFP HIS4)

GS115 Pguap::pGPG4pdCasOMxr1 AD (Pgap-dCas9 Sh ble)
his4::pPfapO10cAG (fapO10-cP10x1-GFP HIS4) Paoxi::pAA-
PGAPgA3 (PGAP-HH—gA3-HDV hph)

GS115 Pguap::pGPc4pdCasOMxr1 AD (Pgap-dCas9 Sh ble)
his4::pPfapO10cAG (fapO10-cP10x1-GFP HIS4) Paoxi::pAA-
PcargA4 (Pcar-HH-gA4-HDV hph)

GS115 Pgap::pGPc4pdCasIMxr1 AD (Pgsp-dCas9 Sh ble)
his4::pPfapO10cAG (fapO10-cP 40x1-GFP HIS4) Paoxi::pAA-
PcargAS5 (Pcar-HH-gAS5-HDV hph)

GS115 Pgup::pGPc4pdCasIMxr1 AD (Pgap-dCas9 Sh ble)
his4::pPtapO10cAG (fapO10-cP 40x1-GFP HIS4) Paoxi::pAA-
PGApgA6 (PGAP-HH-gA6-HDV hph)

GS115 PGAP::pGPGApdCaS9MXI'1AD (PGAp-dCaS9 Sh ble)
his4::pPtapO10cAG (fapO10-cP 40x1-GFP HIS4) Paoxi::pAA-
PGApgA7 (PGAP-HH-gA7-HDV hph)

GS115 PGAP::pGPGApdCaS9MXI'1AD (PGAp-dCaS9 Sh ble)
his4::pPtapO10cAG (fapO10-cP 40x1-GFP HIS4) Paoxi::pAA-
PGApgAS (PGAP-HH-gAg-HDV hph)

GS115 his4::pPcALMOS (cP4oxi-Lacl-Mitl AD and lacO35-
cP.oxi-GFP HIS4)

GS115 his4::pPcALMOS (cP4oxi-Lacl-Mit1 AD and lacO5-
CPAo)a-GFP H[S4) PGAP::pGPGApdefl (PGAp-defl Sh ble)

GS115 Pguap::pGPgapdCas9 (Pg4p-dCas9 Sh ble)
his4::pPcALMOS (cPox;-Lacl-Mit1AD and lacOS5-cP40x:-GFP
HIS4) Pyoxi::pAA-PgapctNT1 (Pgap-HH-ctNT1-HDV hph)

GS115 Pgup::pGPc4pdCas9 (Pg4p-dCas9 Sk ble)
his4::pPcALMOS (cP4ox;-Lacl-Mitl AD and lacO5-cPox;-GFP
HIS4) Pyoxi::pAA-PgapctNT2 (Pgap-HH-ctNT2-HDV hph)

GS115 Pgup::pGPc4pdCas9 (Pg4p-dCas9 Sk ble)
his4::pPcALMOS (cP4ox;-Lacl-Mitl1 AD and lacO5-cP4ox;-GFP
HIS4) Pyoxi::pAA-PgapctNT3 (Pgap-HH-ctNT3-HDV hph)

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study
This study

This study

This study

This study




GS_CA-LM-05CA -G_ PGap-
dCpfl_Pgup-crT1

GS_CA -LM-05cA4 —G_ PGar
defl _PGA p—CI‘TZ

GS_cA-LM-05cA-G_ Pgap-
dCpfl Pgyp-crT3

GS_Pgap-dCas9 cA-LM-
05CA-G_PGAp—ga 1-P4ox2-
giF1

GS Pgyp-dCas9 cA-LM-
05CA—G_PGAp—ga2—PA0X2—
giF1

GS Pgap-dCas9_cA-LM-
05cA-G_Pgap-ga3-Pioxo-
giFlc

GS_P GAp-dCas9_cA -LM-
05CA—G_PGAP—giF Im

GS_P GAp-dCas9_cA -LM-
05CA—G_PAOXQ—giF 1m

GS Pgyp-dCas9 cA-LM-
O5CA-G_PGAP-CI‘a 1 -PAO)Q-
giF1

GS Pgup-dCas9 _cA-LM-
O5cA -G_P GA p-cra2-P AOX2~
giFlm

GS_Pgup-dCas9_cA-LM-
O5cA —G_PGAP-CI'a?) -P4oxz-
giF1

GS Pgyp-dCas9 cA-LM-
05¢A4-G_Pgap-ncRNA-
Paox2-giF1m

GS Pgir-VRERVP16

GS Pg4p-VRERVPI16
Pgapr-gal

GS Pgar-VRERVP16

GS115 Pgap::pGPg4pdCas9 (Pgap-dCas9 Sh ble)
his4::pPcALMOS (cP4ox;-Lacl-Mit1 AD and lacO5-cP0x;-GFP
HIS4) PAOX1iipAA—PGApCI'T1 (PGAP—HH—CI‘Tl—HDV hph)

GS115 Pgap::pGPg4pdCas9 (Pgap-dCas9 Sh ble)
his4::pPcALMOS (cP4ox;-Lacl-Mit1 AD and lacO5-cP0x:-GFP
HIS4) PAOX1iipAA—PGApCI'T2 (PGAP—HH—CI‘TZ—HDV hph)

GS115 PGAp:ipGPGAPdCaS9 (PGAP—dCas9 Sh ble)
his4::pPcALMOS (cP40x;-Lacl-Mit1 AD and lacOS5-cP0x;-GFP
HIS4) PAOX1iipAA—PGApCI'T3 (PGAP—HH—CI‘T:’)—HDV hph)

GS115 PGAp:ipGPGAPdCaS9 (PGAP—dCas9 Sh ble)
his4::pPcALMOS (cP4ox;-Lacl-Mit1 AD and lacO5-cPox;-GFP
HIS4) PAOX1iipAA—PAo)(2giF 1 —PGApgal (PAO)Q-HH-giF 1-HDV
and Pg4p-HH-gal-HDV hph)

GS115 Pgup::pGPG4pdCas9 (Pgap-dCas9 Sk ble)
his4::pPcALMOS (cP4ox;-Lacl-Mitl AD and lacO5-cP 40x:-GFP
H[S4) PAo)aiipAA-PonzgiFl-PGApgaZ (Ponz-HH-giFl-HDV
and Pg4p-HH-ga2-HDV hph)

GS115 Pgup::pGPc4pdCas9 (Pgap-dCas9 Sh ble)
his4::pPcALMOS (cP40x;-Lacl-Mitl AD and /lacOS5-cP4o0x;-GFP
H[S4) PAo)aiipAA-PonzgiFIC-PGAPga3 (PAOXQ-HH-giFIC-HDV
and Pg4p-HH-ga3-HDV hph)

GS115 PGAPZipGPGAPdCaS9 (PGAp-dCas9 Sh ble)
his4::pPcALMOS (cP4oxi-Lacl-Mit1 AD and lacO5-cP 40x1-GFP
HIS4) Pon1::pAA—PGAPgiF1m (PGAP-HH-giFlm-HDV hph)

GS115 PGAPZipGPGAPdCaS9 (PGAp-dCas9 Sh ble)
his4::pPcALMOS (cP4oxi-Lacl-Mit1 AD and lacO5-cP 40x1-GFP
H]S4) PonﬁipAA—PonzgiF Im (PAOXQ—HH—giF 1m-HDV hph)

GS115 Pgap::pGPg4pdCas9 (Pgap-dCas9 Sh ble)
his4::pPcALMOS (cP4ox;-Lacl-Mitl1 AD and /acO5-cP4ox;-GFP
H]S4) PonﬁipAA—PonggiF 1 -PGAPCI'al (Ponz-HH—giF 1-HDV
and Pg4p-HH-cral-HDV hph)

GS115 PGAPZZpGPGAPdCaS9 (PGAP-dCas9 Sh ble)
his4::pPcALMOS (cP4ox;-Lacl-Mitl1 AD and /acO5-cP4ox;-GFP
H]S4) Pon1::pAA—PonzgiF 1 m-PGAPCI'32 (Ponz—HH—giF 1m-
HDV and Pg4p-HH-cra2-HDV hph)

GS115 PGAPZZpGPGAPdCaS9 (PGAP-dCas9 Sh ble)
his4::pPcALMOS (cP4ox-Lacl-Mitl AD and lacO5-cP 40x:-GFP
HIS4) PAo)(]ZZpAA-PAo)QgiF 1 -PGApcra3 (PAO)Q-HH-giF 1-HDV
and Pg4p-HH-cra3-HDV hph)

GS115 Pgap::pGPg4pdCas9 (Pgap-dCas9 Sh ble)
his4::pPcALMOS (cP4ox-Lacl-Mitl AD and /acO5-cP 40x:-GFP
HIS4) Paoxi::pAA-Pox281F 1m-Pg pncRNA (P4ox-HH-giF 1m-
HDV and Pg4p-HH-ncRNA-HDYV #hph)

GS115 Pgp::;pGPG4pVRERVP16 (Piap-VRER-VP16 Sh ble)

GS115 Pgup::pGPc4pVRERVP16 (PG4p-VRER-VP16 Sh ble)
Paoxi::pAA-Pgargal (Pgar-HH-gal-HDV hph)

GS115 Pg4p::pGPG4prVRERVP16 (Piap-VRER-VP16 Sh ble)

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study
This study

This study




PGA pP- gaZ
GS_PG4r-VRERVP16
PGA P- ga3
GS_Pgup-dCpfl1VP16

GS_Pg4p-dCpfl1 VP16 _
PGA p—cral

GS_Pg4p-dCpfl1VP16
PGA p—cra2

GS _Pgup-dCpf1 VP16 _
Pgap-cra3

GS_Pg4p-VRERVP16_
PGAp—ga 1 _g] cA-G

GS_PG4-VRERVP16
Pour-gal glrcA-G

GS_Pg4p-VRERVPI16_
P GAP- ga2 _gZ cA-G

GS_PG4-VRERVP16
Pour-ga2 g2rcA-G

GS_PGir-VRERVP16
Pgap-ga3_g3cA-G

GS_Pg4r-VRERVP16
PGAp—ga3_gSrcA -G

GS_Pgap-dCpfl1VP16_
Pgap-cral _cricA-G

GS_Pgup-dCpfl1VP16_
Pgap-cral _crircA-G

GS_Pgup-dCpfl1VP16_
Pgap-cra2_cr2cA-G

GS_Pg4p-dCpf1 VP16 _
Pgup-cra2_cr2rcA-G

GS_Pg4p-dCpfl1 VP16 _
Pgup-cra3_cr3cA-G

GS Pgup-dCpfl VP16
PGap-cra3_cr3rcA-G

Paox1::pAA-Pgapga2 (Pgap-HH-ga2-HDV hph)

GS115 PGap::pGPG4pPVRERVP16 (Pc4r-VRER-VP16 Sh ble) This study

Piox1::pAA-Pgapga3 (Pcar-HH-ga3-HDV hph)
GS115 PGAPI :pGPGAPdeﬂ VP16 (PGAP—defl -VP16 Sh ble)

GS115 Pguap::pGPcapdCpfl1 VP16 (PGap-dCpfl1-VP16 Sh ble)
PAOX1::pAA—PGAPCI‘al (PGAp—HH—cral -HDV hph)

GS115 Pguap::pGPGapdCpfl1 VP16 (PGap-dCpfl1-VP16 Sh ble)
PAOX1::pAA—PGAPCI‘a2 (PGAp—HH—craZ—HDV hph)

GS115 PGAPI :pGPGAPdeﬂ VP16 (PGAP—defl -VP16 Sh ble)
Paoxi::pAA-Pgapcra3 (Pgsp-HH-cra3-HDV hph)

GS115 Pgap::pGPc4pVRERVP16 (PG4p-VRER-VP16 Sh ble)

Paoxi::pAA-Pgapgal (Pcup-HH-gal-HDV hph) his4:: pPglcAG

(gl-cP4oxi-GFP HIS4)
GS115 Pgup:: pGPG4pVRERVPI16 (PG4p-VRER-VP16 Sh ble)

Paoxi::pAA-Pgapgal (Pgap-HH-gal-HDV hph) his4:: pPglrcAG

(glr-cP1oxi-GFP HIS4)
GS115 Pgup::pGPG4pPVRERVPI16 (PG4p-VRER-VP16 Sh ble)

Paoxi::pAA-Pcapga2 (Pgap-HH-ga2-HDV hph) his4:: pPg2cAG

(gZ-CPAo)a-GFP H[S4)
GS115 Pgup:: pGPG4pVRERVPI16 (PG4p-VRER-VP16 Sh ble)

Paoxi::pAA-Pcapga2 (Pgap-HH-ga2-HDV hph) his4:: pPg2rcAG

(gZI'-CPAo)a-GFP H[S4)
GS115 PGAPC :pGPGAPVRERVP 16 (PGAP-VRER-VP 16 Sh ble)

Paoxi::pAA-Pcapgald (Peap-HH-ga3-HDV hph) his4:: pPg3cAG

(g3-cPon1-GFP H[S4)
GS115 Pg4p::pGPG4pVRERVP16 (Pg4p-VRER-VP16 Sh ble)

Paoxi::pAA-Pgapga3 (Pgar-HH-ga3-HDV hph) his4:: pPg3rcAG

(g3r-cPon1-GFP HIS4)

GS115 PGAPZ :pGPGApdefl VP16 (PGAp-defl -VP16 Sh ble)
Paoxi::pAA-Pgarcral (Pcap-HH-cral-HDV hph) his4::
pPcrlcAG (crl-cP4oxi-GFP HIS4)

GS115 PGAPZ :pGPGApdefl VP16 (PGAp-defl -VP16 Sh ble)
Paoxi::pAA-Pgarcral (Pcap-HH-cral-HDV hph) his4::
pPerlrcAG (crlr-cP4oxi-GFP HIS4)

GS115 PGAPZ :pGPGApdefl VP16 (PGAp-defl -VP16 Sh ble)
Paoxi::pAA-Pgapcra2 (Pgap-HH-cra2-HDV hph) his4::
pPcr2cAG (cr2-cP4oxi-GFP HIS4)

GS115 Pgup::pGPGapdCpf1 VP16 (PGap-dCpfl1-VP16 Sh ble)
Paoxi::pAA-Pgapcra2 (Pgup-HH-cra2-HDV hph) his4::
pPcr2rcAG (cr2r-cP4oxi-GFP HIS4)

GS115 Pgup::pGPGapdCpf1 VP16 (PGap-dCpfl1-VP16 Sh ble)
Paoxi::pAA-Pgapcra3 (Pgap-HH-cra3-HDV hph) his4::
pPcr3cAG (cr3-cPox;-GFP HISY)

GS115 Pgup::pGPG4pdCpf1 VP16 (PGap-dCpf1-VP16 Sh ble)
Paoxi::pAA-Pgupcra3 (Pgap-HH-cra3-HDV hph) his4::
pPcr3rcAG (cr3r-cPaoxi-GFP HIS4)
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GS_Pc4r-VRERVP16
Pgur-gal glcA-LM-O5cA-
G

GS Pgup-VRERVPI16
Pgar-gal glrcA-LM-O5cA-
G

GS_PG4-VRERVP16
Peap-ga2_g2cA-LM-O5cA-
G

GS_PG4r-VRERVP16
PGAp-gaz_ngcA —LM—05CA -
G

GS_Pg4p-VRERVP16_
PGAp—ga3_gScA -LM-O5cA-
G

GS_Pg4r-VRERVP16
Pgap-ga3_g3rcA-LM-O5cA-
G

GS Pgup-dCpfl VP16
PGAp-cral_cr] cA-LM-
05cA-G

GS Pgup-dCpf1 VP16
Pgup-cral crircA-LM-
05cA-G

GS_Pgup-dCpfl1VP16_
Pgup-cra2_cr2cA-LM-
05cA-G

GS_Pgup-dCpfl1VP16_
Pgup-cra2_cr2rcA-LM-
05cA-G

GS Pgup-dCpf1 VP16
Pgup-cra3_cr3icA-LM-
05¢c4-G

GS_PGAP-def] VP1 6_ Pour
cra3_cr3rcA-LM-05cA4-G

Aku70

GS115 Pgap::pGPG4pPVRERVP16 (Pc4p-VRER-VP16 Sh ble)
Paoxi::pAA-Pgapgal (Pcap-HH-gal-HDV hph)

his4::pPglcALMOS (gl-cP4oxi-Lacl-Mitl1 AD and lacO5-cPaoxi-

GFP HIS4)

GS115 Pgap::pGP64pPVRERVPI16 (PG4p-VRER-VP16 Sh ble)
Pon1::pAA—PGAPga1 (PGAp—HH—gal—HDV hph)
his4::pPglrcALMOS (glr-cP4ox-Lacl-Mit1 AD and lacO5-
cPoxi-GFP HIS4)

GS115 Pgap::pGPc4pVRERVP16 (Pc4p-VRER-VP16 Sh ble)
P4oxr: :pAA—PGAPgaZ (PGAp—HH—ga2—HDV hph)

his4::pPg2cALMOS (g2-cP4ox;-Lacl-Mitl AD and lacO5-cP 40x:-

GFP HIS4)

GS115 PGap::pGPc4pPVRERVP16 (PG4p,-VRER-VP16 Sh ble)
PAO)aZZpAA—PGA pga2 (PGAP-HH-gaZ-HDV hph)
his4::pPg2rcALMOS (g2r-cP4ox:-Lacl-Mitl AD and lacO5-
CPAO)(]-GFP H1S4)

GS115 Pgup::pGPG4pVRERVP16 (Pg4r-VRER-VP16 Sk ble)

Paoxi::pAA-Pgapga3 (Peupr-HH-ga3-HDV hph) his4::pPg3cALMO?

(g3-cPon1-Lacl-Mit1AD and lacO5-cP40x;-GFP H]S4)

GS115 PGAPC :pGPGAPVRERVP 16 (PGAP-VRER-VP 16 Sh ble)
PAO)aZZpAA—PGA pga3 (PGAP—HH—ga3—HDV hph)
his4::pPg3rcALMOS (g3r-cP4ox;-Lacl-Mit1 AD and lacO5-
cPoxi-GFP HIS4)

GS115 Pap::pGPGapdCpf1 VP16 (Pap-dCpfl1-VP16 Sh ble)
PAOX] . :pAA-PGAPCI‘al (PGAP-HH-cral -HDV hph)
his4::pPcr1cALMOS (crl-cP4oxi-Lacl-Mit1 AD and lacO5-
cP.oxi-GFP HIS4)

GS115 Pup::pGPGapdCpf1 VP16 (Pgap-dCpfl1-VP16 Sh ble)
PAo)(]::pAA-PGAPCral (PGAP-HH-CI'al-HDV hph)
his4::pPcrlrcALMOS (crlr-cP4ox-Lacl-Mitl AD and lacO5-
cP4oxi-GFP HIS4)

GS115 Pguap::pGPGapdCpfl1 VP16 (PGap-dCpfl1-VP16 Sh ble)
PAo)(]::pAA-PGAPCI'az (PGA,D-HH-CI‘aZ-HDV hph)
his4::pPcr2c ALMOS (cr2-cP4oxi-Lacl-Mitl AD and lacO5-
cP4oxi-GFP HIS4)

GS115 Pguap::pGPGapdCpfl1 VP16 (PGap-dCpfl1-VP16 Sh ble)
Pioxi::pAA-Pgypcra2 (Pg4p-HH-cra2-HDV hph)
his4::pPcr2rcALMOS (cr2r-cP4ox;-Lacl-Mit1 AD and lacO5-
cP.oxi-GFP HIS4)

GS115 Pguap::pGPc4pdCpf1 VP16 (PGap-dCpfl1-VP16 Sh ble)
Paoxi::pAA-Pgapcra3 (Pgap-HH-cra3-HDV hph)
his4::pPcr3cALMOS (cr3-cP4oxi-Lacl-Mit1 AD and lacO35-
cP.oxi-GFP HIS4)

GS115 Pgup::pGPG4pdCpf1 VP16 (PGap-dCpf1-VP16 Sh ble)
Paoxi::pAA-Pgapcra3 (Pgap-HH-cra3-HDV hph)
his4::pPcr3rcALMOS (cr3r-cP4oxi-Lacl-Mit1 AD and lacO5-
cPioxi-GFP H[S4)

his4; GS115 KU70A

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study
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Aku_Pg4p-dCas9

Aku_PGAp—dCas9_PGAp—
VRERVP16

Aku_PGAp—dCas9_PGAp—
dCpflVP16

Aku_P GAP-dCaS9_P GAP-
VRERVP16_g2rcA-LM-
05cA-G

Aku_P GAP'dCaS9_P GAP-
VRERVP16 g2rcA-LM-
05CA—G_PAO)(2—giF 1-Prcri-
ga2

Aku_P GA P'dCaS9_P GAP-
VRERVP16 g2rcA-LM-
O5CA-G_Ponz-giF 1 -PGPMI-
ga2

Aku_P GA p—dCas9_P GAP-
VRERVP16 g2rcA-LM-
05cA-G_Paox>-giF1-Penos-
ga?2

Aku_P GA p—dCas9_P GAP-
VRERVP16 g2rcA-LM-
05CA—G_PAOXQ—giF 1 -PGAP-
ga?2

Aku_P GA P-dCaS9_P GAP-
VRERVP16 g2rcA-LM-
O5CA-G_P10L1-giF 1-P4ox2-
ga2

Aku_P GA P-dCaS9_P GAP-
VRERVP16 g2rcA-LM-
O5CA-G_P10L1-giF 1 'PGPMI'
ga2

Aku_P GA p—dCaS9_P GAP-
VRERVP16 g2rcA-LM-
05614 —G_PICL 1—giF 1 -PENOI -
ga?2

Aku_P GA p—dCaS9_P GAP-
VRERVP16 g2rcA-LM-
0O5cA —G_PICL 1—giF 1-Pgap-
ga2

AkuiP GA p-dCas97P GAP-
VRERVP16 g2rcA-LM-
05cA-G_Pepui-giF1-P4ox2-
ga2

Aku_Pgap-dCas9 Pgup-
VRERVP16 g2rcA-LM-
05cA-G_Pepui-giF1-Picri-
ga2

Aku70 PTEF1UP—g1 . ZPGAP-dCaS9

Aku70 PTEF1UP—g1 ::PGAp—dCas9 dCaS9ZZ(PGAP—VRER—VP16 Sh
ble)

Aku70 PTEF1UP—g1 . :PGAp—dCas9 PGAPZ Z(PGAP—defl -VP16 Sh
ble)

Aku70 Prer/UP-gl::Pgyp-dCas9 dCas9::(Pg4p-VRER-VP16 Sh
ble) his4::pPg2rcALMOS (g2r-cP4oxi-Lacl-Mit1 AD and lacO5-
cP.oxi-GFP HIS4)

Aku70 Prer/UP-gl::Pgyp-dCas9 dCas9::(Pg4p-VRER-VP16 Sh
ble) his4::pPg2rcALMOS (g2r-cPox;-Lacl-Mit1 AD and lacO5-
CPAo)a—GFP H[S4) PAo)g::pAA—PonzgiFl—PIcuga2 (PAOXz-HH-
giF1-HDV and P;c;,-HH-ga2-HDV hph)

Aku70 Prer/UP-gl::Pg4p-dCas9 dCas9::(Pg4p-VRER-VP16 Sh
ble) his4::pPg2rcALMOS (g2r-cP4oxi-Lacl-Mit1 AD and lacO5-
CPAO)(]-GFP H1S4) Pon1::pAA-PA0X2giFl-PGpMjgaZ (PAOX2-HH-
giF1-HDV and Pgpy-HH-ga2-HDV hph)

Aku70 PTEF1UP-g1 ::PGAp-dCas9 dCaS9::(PGAp-VRER-VP1 6 Sh
ble) his4::pPg2rcALMOS5 (g2r-cP4oxi-Lacl-Mit1 AD and lacO5-
CPAOX]—GFP H]S4) PAO;a::pAA—PonggiF1—PEN01ga2 (PAOXZ-HH-
giF1-HDV and Pgnvo;-HH-ga2-HDV hph)

Aku70 PTEF1UP-g1 ::PGAp-dCas9 dCaS9::(PGAp-VRER-VP1 6 Sh
ble) his4::pPg2rcALMOS (g2r-cP4ox;-Lacl-Mitl AD and lacO5-
CPAOX]—GFP H]S4) PonﬁipAA—PonzgiFI—PGAPgaz (Ponz—HH—
giF1-HDV and Pc4p-HH-ga2-HDV hph)

Aku70 PrgrUP-gl::Pg4p-dCas9 dCas9::(Pg4r-VRER-VP16 Sh
ble) his4::pPg2rcALMOS (g2r-cP4oxi-Lacl-Mitl AD and lacO5-
CPAo)a-GFP H[S4) PAo)(]ZZpAA-P1CL1giFI-Ponggaz (P[CU-HH-
giF1-HDV and P4ox>-HH-ga2-HDV hph)

Aku70 PrgrUP-gl::Pgap-dCas9 dCas9::(Pg4r-VRER-VP16 Sh
ble) his4::pPg2rcALMOS (g2r-cP4ox;-Lacl-Mitl AD and lacO5-
CPAo)a-GFP H[S4) PAo)(]ZZpAA-P1CL1giFI-PGPMjgaZ (P[CL]-HH-
giF1-HDV and Pgpy-HH-ga2-HDV hph)

Aku70 Prer/UP-gl::Pg4p-dCas9 dCas9::(Pg4r-VRER-VP16 Sh
ble) his4::pPg2rcALMOS (g2r-cP4ox;-Lacl-Mitl AD and lacO5-
CPAO)(1—GFP H]S4) Pon1::pAA—P[CL/giF 1 -PENOlga2 (P[CL/—HH—
giF1-HDV and Pzyo;-HH-ga2-HDV hph)

Aku70 Prer/UP-gl::Pg4p-dCas9 dCas9::(Pg4r-VRER-VP16 Sh
ble) his4::pPg2rcALMOS (g2r-cP4ox;-Lacl-Mitl AD and lacO5-
CPAO)(1—GFP H]S4) Pon1::pAA—P[CL/giF 1 'PGAPgaz (P]CL1—HH—
giF1-HDV and Pg4p-HH-ga2-HDV hph)

Aku70 Prer/UP-gl::Pg4p-dCas9 dCas9::(Pg4r-VRER-VP16 Sh
ble) his4::pPg2rcALMOS (g2r-cP4ox;-Lacl-Mitl AD and lacO5-
cPioxi-GFP H[S4) PAOXI::pAA-PGPMJgiFl-Pongga2 (PGPMJ-HH-
giF1-HDV and P4ox>-HH-ga2-HDV hph)

Aku70 PrgrUP-gl::Pgap-dCas9 dCas9::(Pg4r-VRER-VP16 Sh
ble) his4::pPg2rcALMOS (g2r-cP4ox-Lacl-Mitl AD and lacO5-
cPioxi-GFP H[S4) PAO)(]ZZpAA-PGPMjgiFl-P[CL]gaZ (PGPMJ-HH-
giF1-HDV and P;c;;-HH-ga2-HDV hph)

This study
This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study




Aku_P GAP'dCaS9_P GAP-
VRERVP16 g2rcA-LM-
05CA—G_PGPM1—giF 1-Penoi-
ga2

Aku_P GAP'dCaS9_P GAP-
VRERVP16 g2rcA-LM-
O5cA —G_PGPM1—giF 1 -PGAP-
ga2

Aku_PGAp—dCas9_PGAp—
VRERVP16 g2rcA-LM-
05cA-G_Penoi-giF1-Paoxs-
ga?2

Aku_PGAp—dCas9_PGAp—
VRERVP16 g2rcA-LM-
05CA—G_PEN01—giF 1 —P[cu—
ga?2

Aku_P GA P-dCaS9_P GAP-
VRERVP16 g2rcA-LM-
05¢cA-G_Penoi-giF1-Pepui-
ga2

Aku_P GA P-dCaS9_P GAP-
VRERVP16 g2rcA-LM-
O5cA -G_PENoj-giF 1 -PGAP-
ga2

Aku_P GA p—dCas9_P GAP-
VRERVP16 g2rcA-LM-
05614 —G_PGAP—giF 1 —PAO)Q—
ga?2

Aku_P GA p—dCaS9_P GAP-
VRERVP16 g2rcA-LM-
05614 —G_PGAP—giF 1 -P[CL I-
ga?2

Aku_P GA p—dCaS9_P GAP-
VRERVP16 g2rcA-LM-
O5cA -G_PGAp-giF 1 -PGPMI -
ga2

Aku_Pgap-dCas9 Pgup-
VRERVP16 g2rcA-LM-
05cA-G_Pgap-giF1-Penoi-
ga2

Aku_Pgap-dCas9 Pgup-

dCpf1VP16_cr3cA-LM-
05¢cA-G

Aku_P GA P-dCaS9_P GAP-
dCpf1VP16_cr3cA-LM-
O5¢cA —G_PAOXQ—giF 1 -PICLI'
cra3

AkuiP GA p-dCas97P GAP-

Aku70 Prer/UP-gl::Pgyp-dCas9 dCas9::(Pg4p-VRER-VP16 Sh
ble) his4::pPg2rcALMOS (g2r-cPox;-Lacl-Mit1 AD and lacO5-
CPAo)a—GFP H[S4) PAOX1iipAA—PGPM1giF1—PENO1gaZ (PGPM1—HH—
giF1-HDV and Pgnvo;-HH-ga2-HDV hph)

Aku70 Prer/UP-gl::Pgyp-dCas9 dCas9::(Pg4p-VRER-VP16 Sh
ble) his4::pPg2rcALMOS (g2r-cP4oxi-Lacl-Mit1 AD and lacO5-
CPAo)a—GFP H[S4) PAOXﬁ:pAA—PGPM]giF1—PGApga2 (PGPM1—HH—
giF1-HDV and Pg4p-HH-ga2-HDV hph)

Aku70 PTEF1UP—g1 ::PGAp—dCas9 dCaS9ZZ(PGAP—VRER—VP16 Sh
ble) his4::pPg2rcALMOS (g2r-cP4oxi-Lacl-Mit1 AD and lacO5-
CPAOX]-GFP H]S4) PAOX]IIpAA—PENojgiFI—PAO)anZ (PENoj—HH—
giF1-HDV and P4ox>-HH-ga2-HDV hph)

Aku70 PTEF1UP—g1 ::PGAp—dCas9 dCaS9ZZ(PGAP—VRER—VP16 Sh
ble) his4::pPg2rcALMOS (g2r-cP4ox;-Lacl-Mitl AD and lacO5-
CPAOX]—GFP H]S4) PAOX[::pAA-PEngiFl-chugaZ (PEN()]—HH—
giF1-HDV and Pcz;-HH-ga2-HDV hph)

Aku70 PrgrUP-gl::Pg4p-dCas9 dCas9::(Pg4r-VRER-VP16 Sh
ble) his4::pPg2rcALMOS (g2r-cP4ox;-Lacl-Mitl AD and lacO5-
CPAO)(]-GFP H1S4) PAo)aiipAA-PEngiFl-PGPM]gaZ (PEN01-HH-
giF1-HDV and Pgpy-HH-ga2-HDV hph)

Aku70 PrgrUP-gl::Pg4p-dCas9 dCas9::(Pg4r-VRER-VP16 Sh
ble) his4::pPg2rcALMOS (g2r-cP4oxi-Lacl-Mit1 AD and lacO5-
CPAO)(]-GFP H1S4) PAo)aiipAA-PEngiFl-PGApgaZ (PEN01-HH-
giF1-HDV and Pg4p-HH-ga2-HDV hph)

Aku70 PTEF1UP-g1 ::PGAp-dCas9 dCaS9::(PGAp-VRER-VP1 6 Sh
ble) his4::pPg2rcALMOS (g2r-cP4oxi-Lacl-Mit1 AD and lacO5-
cPoxi-GFP HIS4) P4ox1::pAA-P40x2g1F 1-P4ox2ga2 (Pc4p-HH-
giF1-HDV and P4ox>-HH-ga2-HDV hph)

Aku70 PTEnUP-gl ::PGAp-dCaS9 dCaS9::(PGAp-VRER-VP1 6 Sh
ble) his4::pPg2rcALMOS (g2r-cP4oxi-Lacl-Mitl AD and lacO5-
cPoxi-GFP HIS4) Poxi::pAA-PgapgiF1-Picriga2 (Pgap-HH-
giF1-HDV and P;c;;-HH-ga2-HDV #Aph)

Aku70 PTEnUP-gl ::PGAp-dCaS9 dCaS9::(PGAp-VRER-VP1 6 Sh
ble) his4::pPg2rc ALMOS (g2r-cP4ox;-Lacl-Mitl AD and lacO5-
cP4ox1-GFP HIS4) P4ox1::pAA-PcapgiF1-Pepryiga2 (Pear-HH-
giF1-HDV and Pgpy-HH-ga2-HDV hph)

Aku70 PrgrUP-gl::Pgap-dCas9 dCas9::(Pg4r-VRER-VP16 Sh
ble) his4::pPg2rcALMOS (g2r-cP4ox;-Lacl-Mitl AD and lacO5-
CPAo)a-GFP H[S4) PAo)(]ZZpAA-PGApgiFl-PEN01ga2 (PGAP-HH-
giF1-HDV and Pgno;-HH-ga2-HDV hph)

Aku70 PrerUP-gl::Pg4p-dCas9 Pgap::(PGap-dCpfl-VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cP4ox-Lacl-Mit1 AD and lacO5-
cP.oxi-GFP HIS4)

Aku70 PrerUP-gl::Pg4p-dCas9 Pgap::(PGap-dCpfl-VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cP4ox-Lacl-Mitl AD and lacO5-
CPAO)(]—GFP HIS4) PAOX/::pAA—PAo)(zgiF 1 —P[cucra3 (PAOXZ-HH-
giF1-HDV and P;c;-HH-cra3-HDV hph)

Aku70 Prer/UP-gl::Pg4p-dCas9 Pgap::(PGap-dCpfl-VP16 Sh

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study




dCpflVP16_cr3cA-LM-
05CA-G_PAO)Q-giF 1-Pepumi-
cra3

Aku_P GAP'dCaS9_P GAP-
dCpflVP16_cr3cA-LM-
O5cA —G_Ponz—giF 1 —PEN01 -
cra3

Aku_P GAP'dCaS9_P GAP-
dCpflVP16_cr3cA-LM-
O5cA —G_Ponz—giF 1 -PGAP-
cra3

Aku_PGAp—dCas9_PGAp—
dCpflVP16_cr3cA-LM-
05CA-G_P[CL1-giF 1 -PA ox2-
cra3

Aku_P GA p—dCas9_P GAP-
dCpflVP16_cr3cA-LM-
0O5cA —G_chu—giF 1-Pgpai-
cra3

Aku_P GA p—dCas9_P GAP-
dCpflVP16 cr3cA-LM-
O5cA -G_chu-giF 1 -PEN01 -
cra3

Aku_P GA P-dCaS9_P GAP-
dCpf1VP16_cr3cA-LM-
O5cA -G_chu-giF 1 -PGAP-
cra3

Aku_P GA P-dCaS9_P GAP-
dCpflVP16_cr3cA-LM-
0O5cA —G_PGPM1—giF 1-P1oxe-
cra3

Aku_P GA p—dCaS9_P GAP-
dCpflVP16_cr3cA-LM-
0O5cA —G_PGPM1—giF 1-Prcri-
cra3

Aku_P GA p—dCaS9_P GAP-
dCpflVP16 cr3cA-LM-
05¢cA-G_Pepymi-giF1-Penos-
cra3

Aku_P GA P-dCaS9_P GAP-
dCpflVP16_cr3cA-LM-
O5cA -GﬁPGPM1 -giF 1 -PGup-
cra3

Aku_P GA P-dCaS9_P GAP-
dCpf1VP16_cr3cA-LM-
05cA-G_Penoi-giF1-Paoxz-
cra3

AkuiP GA p-dCas97P GAP-

ble) his4::pPctr3cALMOS (cr3-cPoxi-Lacl-Mitl AD and lacO5-
cP4oxi-GFP HIS4) Pioxi::pAA-Pox:giF1-Pgpuicra3 (Psox2-HH-
giF1-HDV and Pgpy-HH-cra3-HDV hph)

Aku70 PreriUP-gl::Pc4p-dCas9 Pgap::(Pcap-dCpfl-VP16 Sh
ble) his4::;pPcr3cALMOS (cr3-cPox;-Lacl-Mitl AD and lacO5-
CPAo)a—GFP H[S4) PAOXﬁ:pAA—PonzgiFl—PENo1cra3 (PAOXZ-HH-
giF1-HDV and Pgno;-HH-cra3-HDV hph)

Aku70 PreriUP-gl::Pg4p-dCas9 Pgap::(Pcap-dCpfl-VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cP4oxi-Lacl-Mitl AD and lacO5-
CPAo)a—GFP H[S4) PAOXﬁ:pAA—PonzgiF1—PGApcra3 (PAOXZ-HH-
giF1-HDV and Pg4p-HH-cra3-HDV hph)

Aku70 PTEF1UP—g1 . :PGAp—dCas9 PGAPZ Z(PGAP—defl -VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cP4oxi-Lacl-Mitl AD and lacO5-
CPAOX]—GFP H]S4) Pon1IIpAA—P[CL1giFI—PonzCI‘a3 (P[CL]-HH-
giF1-HDV and P,ox>-HH-cra3-HDV hph)

Aku70 PTEF1UP-g1 ::PGAp-dCas9 PGAPﬁ :(PGAP-defl -VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cPox-Lacl-Mitl AD and lacO5-
CPAOX]—GFP H]S4) Pon1::pAA—P[CL1giF1-PGPMICI'33 (P[CL]-HH-
giF1-HDV and Pgpy-HH-cra3-HDV hph)

Aku70 PTEF1UP-g1 ::PGAp-dCas9 PGAPﬁ :(PGAP-defl -VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cP4ox-Lacl-Mitl AD and lacO5-
CPAO)(]-GFP H1S4) PAo)aiipAA-P]cugiFI-PEN01CI‘a3 (P[cu-HH-
giFl—HDV and Pgvo-HH-cra3-HDV hph)

Aku70 PrerUP-gl::Pg4p-dCas9 Pgap::(PGap-dCpfl-VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cP4oxi-Lacl-Mitl AD and lacO5-
CPAO)(]-GFP H1S4) PAo)aiipAA-P]cugiFI-PGAPCI‘a?) (P[CL]-HH-
giF1-HDV and Pg4p-HH-cra3-HDV hph)

Aku70 PrerUP-gl::Pg4p-dCas9 Pgap::(PGap-dCpfl-VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cP4oxi-Lacl-Mitl1 AD and lacO5-
CPAO)(1—GFP H]S4) Pon1::pAA—PGpM1giF1—PAOXQCI'33 (PGPMI'
HH-giF1-HDV and P4ox>-HH-cra3-HDV hph)

Aku70 PTEnUP-gl . :PGAp-dCaS9 PGA,D: :(PGAP-defl -VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cP4oxi-Lacl-Mitl AD and lacO5-
CPAO)(1—GFP H]S4) Pon1::pAA—PGpM1giF1—P]CL1CI'33 (PGPM1—HH—
giF1-HDV and P;c;,-HH-cra3-HDV hph)

Aku70 PTEnUP-gl . :PGAp-dCaS9 PGA,D: :(PGAP-defl -VP16 Sh
ble) his4::;pPcr3cALMOS (cr3-cPox-Lacl-Mitl AD and lacO5-
CPAo)a-GFP H[S4) PAo)(]ZZpAA-PGPMjgiFl-PEN01CI‘a3 (PGPM]-
HH—giFl—HDV and Pevo-HH-cra3-HDV hph)

Aku70 PrerUP-gl::Pg4p-dCas9 Pgap::(PGap-dCpfl-VP16 Sh
ble) his4::.pPcr3cALMOS (cr3-cP4ox-Lacl-Mitl AD and lacO5-
cPioxi-GFP H[S4) PAOX]ZZpAA-PGPM]giFl-PGAPCI'a3 (PGPM1-HH-
giF1-HDV and Pg4p-HH-cra3-HDV hph)

Aku70 PrerUP-gl::Pg4p-dCas9 Pgap::(PGap-dCpfl-VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cP4ox-Lacl-Mit1 AD and lacO5-
CPAO)(]—GFP HIS4) PAOX]::pAA—PENOJgiF 1 —Ponzcra3 (PENOI—HH—
giF1-HDV and P4ox>-HH-cra3-HDV #hph)

Aku70 Prer/UP-gl::Pg4p-dCas9 Pgap::(PGap-dCpfl-VP16 Sh

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study




dCpflVP16_cr3cA-LM-
05cA-G_Penos-giF1-Picri-
cra3

Aku_P GAP'dCaS9_P GAP-
dCpflVP16_cr3cA-LM-
O5cA —G_PENoj—giF 1 -PGPM]-
cra3

Aku_P GAP'dCaS9_P GAP-
dCpflVP16_cr3cA-LM-
O5cA —G_PENoj—giF 1 -PGAP-
cra3

Aku_PGAp—dCas9_PGAp—
dCpflVP16_cr3cA-LM-
05CA-G_PGAP—giF 1 —PAO)Q—
cra3

Aku_P GA p—dCas9_P GAP-
dCpflVP16 cr3cA-LM-
05614 —G_PGAP—giF 1 -P[CLI-
cra3

Aku_P GA p—dCas9_P GAP-
dCpflVP16 cr3cA-LM-
O5cA -G_PGAp-giF 1 -PGPMI-
cra3

Aku_P GA P-dCaS9_P GAP-
dCpf1VP16_cr3cA-LM-
O5cA -G_P GAp-giF 1-P ENOI-
cra3

Aku_P GA P-dCaS9_P GAP-
dCpflVP16_cr3cA-LM-
05cA-G_Prras-giF1-Pgap-
cra3

Aku_P GA p—dCaS9_P GAP-
dCpflVP16_cr3cA-LM-
05¢A-G_Ppasi-giF1-Pgar-
cra3

Aku_P GA p—dCaS9_P GAP-
dCpflVP16 cr3cA-LM-
O5cA -G_PTHu]-giF 1-Pgap-
cra3

GS_PA ox1 —Amy

AkuiP GA p-dCas97P GAP-
dCpflVP16_cr3cA-LM-
O5cA -GﬁPLRA3-giF 1-Pgap-
cra3_O5cA-Amy

ble) his4::pPctr3cALMOS (cr3-cP4ox;-Lacl-Mitl AD and lacO5-
cP4oxi-GFP HIS4) Poxi::pAA-PenoigiF1-Picricra3 (Penvo-HH-
giF1-HDV and P;cz;-HH-cra3-HDV #Aph)

Aku70 PreriUP-gl::Pc4p-dCas9 Pgap::(Pcap-dCpfl-VP16 Sh
ble) his4::;pPcr3cALMOS (cr3-cPox;-Lacl-Mitl AD and lacO5-
CPAo)a—GFP H[S4) PAOXﬁ:pAA—PEngiFl—PGPMjcra3 (PEN01—HH
giF1-HDV and Pgpa-HH-cra3-HDV hph)

Aku70 PreriUP-gl::Pg4p-dCas9 Pgap::(Pcap-dCpfl-VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cP4oxi-Lacl-Mitl AD and lacO5-
CPAo)a—GFP H[S4) PAOX1iipAA—PEN01giFl—PGAPCI'a3 (PEN01—HH—
giF1-HDV and Pg4p-HH-cra3-HDV hph)

Aku70 PTEF1UP—g1 . :PGAp—dCas9 PGAPZ Z(PGAP—defl -VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cP4oxi-Lacl-Mitl AD and lacO5-
cPoxi-GFP HIS4) P4ox1::pAA-P 40x281F 1-Ps0x2cral3 (Pgap-HH-
giF1-HDV and P,ox>-HH-cra3-HDV hph)

Aku70 PTEF1UP-g1 ::PGAp-dCas9 PGAPﬁ :(PGAP-defl -VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cPox-Lacl-Mitl AD and lacO5-
cPoxi-GFP HIS4) Poxi::pAA-PcapgiF1-Picr cra3 (Pgap-HH-
giF1-HDV and P;cz;-HH-cra3-HDV Aph)

Aku70 PTEF1UP-g1 ::PGAp-dCas9 PGAPﬁ :(PGAP-defl -VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cP4ox-Lacl-Mitl AD and lacO5-
CPAO)(]-GFP H1S4) PAo)aiipAA-PGApgiFl-PGPM1CI‘a3 (PGAP-HH-
giFl—HDV and Pgpyi-HH-cra3-HDV hph)

Aku70 PrerUP-gl::Pg4p-dCas9 Pgap::(PGap-dCpfl-VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cP4oxi-Lacl-Mitl AD and lacO5-
CPAO)(]-GFP H1S4) PAo)aiipAA-PGApgiFl-PEN01CI‘a3 (PGAP-HH-
giFl—HDV and Pevo-HH-cra3-HDV hph)

Aku70 PrerUP-gl::Pg4p-dCas9 Pgap::(PGap-dCpfl-VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cP4oxi-Lacl-Mitl1 AD and lacO5-
CPAo)n—GFP H]S4) Pon12:pAA—PLR,43giF 1 —PGAPCI‘a3 (PLRA3—HH—
giF1-HDV and Pg4p-HH-cra3-HDV hph)

Aku70 PTEnUP-gl . :PGAp-dCaS9 PGA,D: :(PGAP-defl -VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cP4oxi-Lacl-Mitl1 AD and lacO5-
CPAo)n—GFP H]S4) PAO)([::pAA—PDAS/giF 1 —PGAPCI‘a3 (PDAs1—HH—
giF1-HDV and Pg4p-HH-cra3-HDV hph)

Aku70 PTEnUP-gl . :PGAp-dCaS9 PGA,D: :(PGAP-defl -VP16 Sh
ble) his4::pPcr3cALMOS (cr3-cPox-Lacl-Mitl AD and lacO5-
CPAo)a-GFP H[S4) PAo)(]ZZpAA-PTHH]giFI-PGA,DCI‘a3 (PTHu]-HH-
giF1-HDV and Pg4p-HH-cra3-HDV hph)

GS115 his4::pPIC9K-Amy (Poxi-Amy HIS4 KAN)

Aku70 PreriUP-g1::Pgap-dCas9 Pgap::(Pcap-dCpfl1-VP16 Sh
ble) his4::;pPcr3cALMOS (cr3-cP4ox-Lacl-Mitl AD and lacO5-
cPioxi-GFP H[S4) PAOX]ZZpAA-PLRAjgiF 1-Pg4pcra3 (PLRA3-HH-
giF1-HDV and Pg4p-HH-cra3-HDV hph) Peyor::BB3eN-
lacOScAAmy (lacO1-cP4oxi-GFP natl)

This study
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This study

This study

This study

This study

This study

This study
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Table S3. Primers used in this study.

Primer Sequence (5°-3°)

cAF GGGAACACTGCTAACCCCTACTTGACAGCA

cAR TAGGGGTTAGCAGTGTTCCCGATCTGCGTC

pPF TGATCCTTCAGTAACATCAGAGATTTTGAG

pPR CTGATGTTACTGAAGGATCAGATCACGCAT

lacOIcAF GAATTGTGAGCGGATAACAATTTCACACAGGGCCCCTAACCCCTACTTGACA

lacOlcAR "(F}I(":GATTATCCGCTCACAATTCCACACACTCGAGGAGCT CGTTCCCGATCTGCG

araOlcAF g%i?AATCACGGCAGAAAAGTCCACATTGAGGGCCCCTAACCCCTACTTGAC

araO1cAR é’?’l(":"léFCTGCCGTGATTATAGACACTTTTGTCTCGAGGAGCTCGTTCCCGATCT
GCGTCTA

araO2cA F AATATGGACAATTGGTTTCTGGGCCCCTAACCCCTACTTGACAGCA

araO2cA R AGAAACCAATTGTCCATATTCTCGAGGAGCTCGTTCCCGATCTGCGTCTA

aralcA F TTATCCATAAGATTAGCGGATCCTACCTGGGGCCCCTAACCCCTACTTGACAG

aralcAR gCACGCTAATCTTATGGATAAAAATGCTATCTCGAGGAGCTCGTTCCCGATCTG
CGTCTA

GFPUP F GGATCCTACACCATGGGTTC

lacO R TGTGTGAAATTGTTATCCGCTC

lacO-DASI1 F GCGGATAACAATTTCACACAGGGCCCGGATGCCTGATATATAAATCCCAGA

GFP-DAS1 R GAACCCATGGTGTAGGATCCTTTGTTCGATTATTCTCCAGATAAAATCAA

lacO-GAP F GCGGATAACAATTTCACACAGGGCCCCAGAATCGAATATAAAAGGCGAACA

GFP-GAP R g(zi]z;%cCATGGTGTAGGATCCTGTGTTTTGATAGTTGTTCAAT TGATTGAAATA

lacO-ScGAP F ggGGATAACAATTTCACACAGGGCCCGACTAATAAGTATATAAAGACGGTAG
GTATTGA

GFP-ScGAPR GAACCCATGGTGTAGGATCCTTTGTTTGTTTATGTGTGTTTATTCGAAAC

lacO1 F CCTCGAGTGTGTGGAATTGTGAGCGGATAACAATTTCACACAG

lacO1 R TCGACTGTGTGAAATTGTTATCCGCTCACAATTCCACACACTCGAGGAGCT

pGF GCCAGCTTTCTAGAACAAAAACT

Lacl-GAPR ACACCCATGGTGGATCCATAGTTGTTCAATTGATTGAAATAGGG

GAP-Lacl F GAACAACTATGGATCCACCATGGGTGTTAAGCCAGT

Lacl R TTGTCCAGACTCCAATCTAGAG

Lacl-P1IAD F CTCTAGATTGGAGTCTGGACAAGGTGGCGGCGGCTCTGGACAATCTCTGAG

pG-P1IAD R $$$ESSJCTAGAAAGCTGGCGGCCGCCGCGGCTCGAGTTAACTGTCAAAATT
TATTGTATCTGGC

Lacl-X1AD F CTCTAGATTGGAGTCTGGACAAGGTGGCGGCGGCTCTAGCAACTGCTCTGAT

pG-X1AD R "(F};ITTGTTCTAGAAAGCTGGCGGCCGCCGCGGCTCGAGTTAGCATGATAACGT

GTTAGAGAAAG




LacI-M1AD F
pG-M1AD R

MIADF
SV-GAPR

SV-AraC F
M1AD-AraC R

pGGFP F
pGR
pG-AOX2 F
GFP-AOX2 R
pG-ICL1 F
GFP-ICL1 R
pG-GPM1 F
GFP-GPM1 R
pG-ENOI1 F
GFP-ENO1 R
pGAPF
pGAPR
3AOXI1F
3A0X1

Lacl F
Lacl-cAOX1 R
Lacl-ICL1 R
Lacl-GPM1 R
Lacl-ENO1 R
dCas9-pG F
dCas9-SV R

dCas9 F1
dCas9 R1
dCas9 F2
dCas9 R2
pA-AOXI1 F
pA-AOX1 R
pAA-GAP F

HHgiF1-GAP R

CTCTAGATTGGAGTCTGGACAAGGTGGCGGCGGCTCTGTTAACAACTCCATG
AAGGATTT
TTTTGTTCTAGAAAGCTGGCGGCCGCCGCGGCTCGAGTTATTCTTCAACATT
CCAGTAGTCAATTAAC

GTTAACAACTCCATGAAGGATTTC

CTTCTTTTTTGGAGGAGTGCAACCCATGGTATAGTTGTTCAATTGATTGAAAT
AG
GCACTCCTCCAAAAAAGAAGAGAAAGGTCATGGCTGAAGCGCAAAATG

GAAATCCTTCATGGAGTTGTTAACAGAGCCGCCGCCACCTGACAACTTGAC
GGCTACATC
ACCATGGGTTCTAAAGGTGAAG

GATCTCATGCATGACCAAAATCC
TTTTGGTCATGCATGAGATCGCTTAAAGGACTCCATTTCCTAAAAT
TCACCTTTAGAACCCATGGTTTTTCTCAGTTGATTTGTTTGTGGG
TTTTGGTCATGCATGAGATCTCATCTAACACTTTGTATAGCACATCG
TCACCTTTAGAACCCATGGTTCTTGATATACTTGATACTGTGTTCTTTGA
TTTTGGTCATGCATGAGATCCCTTGGGTTATTAGTAGTGTCC
TCACCTTTAGAACCCATGGTTGTTTGTTTGTGTAATTGAAAGTTGTTAC
TTTTGGTCATGCATGAGATCATGAAAGAGTGAGAGGAAAGTAC
TCACCTTTAGAACCCATGGTTTTTAGATGTAGATTGTTATAATTGTGTGTTTC
AATGTCTTGGTGTCCTCGTC

GACGAGGACACCAAGACATT

GGATGTCAGAATGCCATTTG

GCAAATGGCATTCTGACATCC

ACCATGGGTGTTAAGCCAG
ACTGGCTTAACACCCATGGTACTAGTTTCGAATAATTAGTTGTTTTTTGATC
ACTGGCTTAACACCCATGGTTCTTGATATACTTGAT
ACTGGCTTAACACCCATGGTTGTTTGTTTGT
ACTGGCTTAACACCCATGGTTTTTAGATGTAGATTG
GAGACAGCAGGGCTGACTAAGTCGACCATCATCATCATCATC

TTGTGCCGATAGCGAGCCCAATGGAGTACTTCTTGTCCATGACCTTTCTCTTC
TTTTTTGGAGG
TGGGCTCGCTATCGGCACAAACAG

CACGATGGCATCCACGTCGTAGTC

ACGACGTGGATGCCATCGTGCC

TTAGTCAGCCCTGCTGTC
TCCAGTGTCGAAAACGAGCTAGATCTAACATCCAAAGACGAAAG
GCGGCCGCATAGGCCACTAGATAATTAGTTGTTTTTTGATCTTCTCAAGT

CGCGCCTTAATTAACCCGGGGATCCCTCGAGAGATCTTTTTTGTAGAAATGTC
TTGGTG
CACGGACTCATCAGTGACAGTCTAGAGGTACCATAGTTGTTCAATTGATTGA
AATAGGGAC




giFIHH F
TT-HDV R
pAA-TTR

inOri F

inOri R
HHgiF2-handle F
giF2HH-GAP R
HHgiF3-handle F
giF3HH-GAP R
HHgiR1-handle F
giR1HH-GAP R
HHgiR2-handle F
giR2ZHH-GAP R
HHgiR3-handle F

giR3HH-GAP R

pP-cAF
lacO-TT R
PAA-AOX2 F
HH-AOX2 R
pAA-ICL1 F
HH-ICL1 R
pAA-GPMI1 F
HH-GPM1 R
pAA-ENOI1 F
HH-ENOI1 R

inCas9DO F
inCas9DO R
Cas9-MitlAD F

Cas9-Mxrl1AD F

pGTTout F
pGTTout R
Xho-fapO-Apa F

CTGTCACTGATGAGTCCG
CAAATGGCATTCTGACATCCACTAGTGTCCCATTCGCCATG

GAAGCTTCGTACGCTGCAGGTCGACAAGCTTGCACAAACGAACGTCTCACT
TAATCTTC
TACCTGTCCGCCTTTCTCCC

GGGAGAAAGGCGGACAGGTA

CGTGAGGACGAAACGAGTAAGCTCGTCCTTACTTTCATAATTGCGACGTTTT
AGAGCTAGAAATAGC
TTACTCGTTTCGTCCTCACGGACTCATCAGCTTACTTCTAGAGGTACCATAGT
TGTTCAATTGATTG
CGTGAGGACGAAACGAGTAAGCTCGTCAAAAACAACTAATTATTCGAGTTTT
AGAGCTAGAAATAGC
TTACTCGTTTCGTCCTCACGGACTCATCAGAAAAACTCTAGAGGTACCATAG
TTGTTCAATTGATTG
CGTGAGGACGAAACGAGTAAGCTCGTCTTTATATATTGCTGTCAAGTGTTTTA
GAGCTAGAAATAGC
TTACTCGTTTCGTCCTCACGGACTCATCAGTTTATATCTAGAGGTACCATAGTT
GTTCAATTGATTG
CGTGAGGACGAAACGAGTAAGCTCGTCAATAATGATGATAAAAAAAAGTTT
TAGAGCTAGAAATAGC
TTACTCGTTTCGTCCTCACGGACTCATCAGAATAATTCTAGAGGTACCATAGT
TGTTCAATTGATTG
CGTGAGGACGAAACGAGTAAGCTCGTCAAAATCAAAAGCTTGTCAATGTTT
TAGAGCTAGAAATAGC
TTACTCGTTTCGTCCTCACGGACTCATCAGAAAATCTCTAGAGGTACCATAGT
TGTTCAATTGATTG
ACGCAGATCGGGAACGAGCTCCTCGAGCTAACCCCTACTTGACAGCA

CCGCTCACAATTCCACACACTCGATCTCACTTAATCTTCTGTACTCTGAAG
TTAATTAACCCGGGGATCCCTCGAGGCTTAAAGGACTCCATTTCCTAAAAT
TCATCAGTGACAGTCTAGAGGTACCTTTTCTCAGTTGATTTGTTTG
TTAATTAACCCGGGGATCCCTCGAGTCATCTAACACTTTGTATAGCACATC
TCATCAGTGACAGTCTAGAGGTACCTCTTGATATACTTGATACTGTGTTCTTTGA
TTAATTAACCCGGGGATCCCTCGAGCCTTGGGTTATTAGTAGTGTCCGTTATTTT
TCATCAGTGACAGTCTAGAGGTACCTGTTTGTTTGTGTAATTGAAAGTTGTTAC
TTAATTAACCCGGGGATCCCTCGAGATGAAAGAGTGAGAGGAAAGTACCT

TCATCAGTGACAGTCTAGAGGTACCTTTTAGATGTAGATTGTTATAATTGTGT
GTTTCAA
TACGGGGCTCTATGAAACAAG

TTGTTTCATAGAGCCCCGTAAT

TACGGGGCTCTATGAAACAAGAATCGACCTCTCTCAGCTCGGTGGAGACAG
CAGGGCTGACGGTGGCGGCGGCTCTGTTAACAAC
TACGGGGCTCTATGAAACAAGAATCGACCTCTCTCAGCTCGGTGGAGACAG
CAGGGCTGAC GGTGGCGGCGGCTCTAGCAAC
GTTTTAGCCTTAGACATGACTGTTC

GTCATGTCTAAGGCTAAAACTCAATG
TCGAGAATTATATACTACTATTAGTACCTAGTCTTAATTGGGCC




Apa-fapO-Xho R
fapO1 F
fapO1 R

HHgA1-handle F
gA1HH-GAP R
HhgA2-handle F
gA2HH-GAP R
HhgA3-handle F
gA3HH-GAP R
HhgA4-handle F
gA4HH-GAP R
HhgAS5-handle F
gASHH-GAP R
HhgA6-handle F
gA6HH-GAP R
HhgA7-handle F
gATHH-GAP R
HhgAB8-handle F

gASHH-GAP R
inSV R
SV-LbCpfl F
dCpfl-R
dCpfl-F
TTout-LbCpfl R
2Bbs-HDV F
2Bbs-GAP R
HH-HR-2Bbs F

HH-HR-2Bbs R

crRNA-T1-F
crRNA-T1-R

CAATTAAGACTAGGTACTAATAGTAGTATATAATTC

CCTCGAGAATTATATACTACTATTAGTACCTAGTCTTAATTG

TCGACAATTAAGACTAGGTACTAATAGTAGTATATAATTCTCGAGGAGCT

CGTGAGGACGAAACGAGTAAGCTCGTCTGCTGTCAAGTAGGGGTTAGGTTT
TAGAGCTAGAAATAGC
TTACTCGTTTCGTCCTCACGGACTCATCAGTGCTGTTCTAGAGGTACCATAGT
TGTTCAATTGATTG
CGTGAGGACGAAACGAGTAAGCTCGTCATTAGTACCTAGTCTTAATTGTTTT
AGAGCTAGAAATAGC
TTACTCGTTTCGTCCTCACGGACTCATCAGATTAGTTCTAGAGGTACCATAGT
TGTTCAATTGATTG
CGTGAGGACGAAACGAGTAAGCTCGTCATTGTGAAATAGACGCAGATGTTT
TAGAGCTAGAAATAGC
TTACTCGTTTCGTCCTCACGGACTCATCAGATTGTGTCTAGAGGTACCATAGT
TGTTCAATTGATTG
CGTGAGGACGAAACGAGTAAGCTCGTCTGACATTAACCTATAAAAATGTTTT
AGAGCTAGAAATAGC
TTACTCGTTTCGTCCTCACGGACTCATCAGTGACATTCTAGAGGTACCATAGT
TGTTCAATTGATTG
CGTGAGGACGAAACGAGTAAGCTCGTCACTTTTCGGGGAAATGTGCGGTTT
TAGAGCTAGAAATAGC
TTACTCGTTTCGTCCTCACGGACTCATCAGACTTTTTCTAGAGGTACCATAGT
TGTTCAATTGATTG
CGTGAGGACGAAACGAGTAAGCTCGTCATGCCGCAAAAAAGGGAATAGTTT
TAGAGCTAGAAATAGC
TTACTCGTTTCGTCCTCACGGACTCATCAGATGCCGTCTAGAGGTACCATAGT
TGTTCAATTGATTG
CGTGAGGACGAAACGAGTAAGCTCGTCATCGAACTGGATCTCAACAGGTTT
TAGAGCTAGAAATAGC
TTACTCGTTTCGTCCTCACGGACTCATCAGATCGAATCTAGAGGTACCATAGT
TGTTCAATTGATTG
CGTGAGGACGAAACGAGTAAGCTCGTCCATTCTGAGAATAGTGTATGGTTTT
AGAGCTAGAAATAGC
TTACTCGTTTCGTCCTCACGGACTCATCAGCATTCTTCTAGAGGTACCATAGT
TGTTCAATTGATTG

CTTCTTTTTTGGAGGAGTGCAAC

GCACTCCTCCAAAAAAGAAGAGAAAGGTCATGAGCAAGCTGGAGAAGTT
TCGCCTCTGGCAATGCCGAT

ATCGGCATTGCCAGAGGCGAG
GTCATGTCTAAGGCTAAAACTTAGTGTTTCACGCTGGTC
AGGTCTTCAGTCGAAGACACGGCCGGCATGGTCCCAG
GTGTCTTCGACTGAAGACCTCTAGAGGTACCATAGTTGTTCAATTGATTG

CTAGAAATTCTGATGAGTCCGTGAGGACGAAACGAGTAAGCTCGTCAATTTC
TACTAAGTGTAGATAGGTCTTCAGTCGAAGACAC
GGCCGTGTCTTCGACTGAAGACCTATCTACACTTAGTAGAAATTGACGAGCT
TACTCGTTTCGTCCTCACGGACTCATCAGAATTT
AGATTCATCATTATTAGCTTACTT

GGCCAAGTAAGCTAATAATGATGA




crRNA-T2-F
crRNA-T2-R
crRNA-T3-F
crRNA-T3-R
crRNA-NT1-F
crRNA-NT1-R
crRNA-NT2-F
crRNA-NT2-R
crRNA-NT3-F
crRNA-NT3-R
gal-handle F

galHH-GAP R
HH-ga2-2Bbs F
HH-ga2-2Bbs R
ga2 F

ga2 R
2Bbs-handle F
ga3HH-2Bbs F
ga3HH-2Bbs R
ga3 F

ga3 R
HH-giF1m-2Bbs
EH-giF 1m-2Bbs
R

FlmF

FImR

cral F
cral R
cra2 F
cra2 R
cra3 F
cra3 R

AGATATAATTGCGACTGGTTCCAA
GGCCTTGGAACCAGTCGCAATTAT
AGATACGACAACTTGAGAAGATCA
GGCCTGATCTTCTCAAGTTGTCGT
AGATTATATTGCTGTCAAGTAGGG
GGCCCCCTACTTGACAGCAATATA
AGATAGACAGGGCAGCTTCCTTCT
GGCCAGAAGGAAGCTGCCCTGTCT
AGATATCTTCTCAAGTTGTCGTTA
GGCCTAACGACAACTTGAGAAGAT

CGTGAGGACGAAACGAGTAAGCTCGTCTCTGTTTATATATTGCTGTCAGTTTT
AGAGCTAGAAATAGC
TTACTCGTTTCGTCCTCACGGACTCATCAGTCTGTTCTCGAATAGTTGTTCAA
TTGATTG
CTAGAGCTACTGATGAGTCCGTGAGGACGAAACGAGTAAGCTCGTCAGGTC
TTCAGTCGAAGACACACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT
GGCCAAAAGCACCGACTCGGTGCCACTTTTTCAAGTGTGTCTTCGACTGAA
GACCTGACGAGCTTACTCGTTTCGTCCTCACGGACTCATCAGTAGCT
CGTCTAGCTCTTAAAGTCTGTTTATGTTTTAGAGTCAGAAATGACAAGTTAA
AATAAGGCTAGTCCGTTATCA
AAGTTGATAACGGACTAGCCTTATTTTAACTTGTCATTTCTGACTCTAAAACA
TAAACAGACTTTAAGAGCTA
AGGTCTTCAGTCGAAGACACGTTTTAGAGCTAGAAATAGCAAGTTAAAATAA
G
CTAGATTGGGTCTGATGAGTCCGTGAGGACGAAACGAGTAAGCTCGTCAGG
TCTTCAGTCGAAGACAC
AAACGTGTCTTCGACTGAAGACCTGACGAGCTTACTCGTTTCGTCCTCACGG
ACTCATCAGACCCAAT
CGTCACCCAATATATATTGCTCTCTGAAAATGGTGGTTAATGAAAATTAACTT
ACTATTTTCTGACAGCAAAGAAATTGTGCTATCAGATC
AAACGATCTGATAGCACAATTTCTTTGCTGTCAGAAAATAGTAAGTTAATTTT
CATTAACCACCATTTTCAGAGAGCAATATATATTGGGT
CTAGACTGTCACTGATGAGTCCGTGAGGACGAAACGAGTAAGCTCGTCTGA
CAGCAATATATAAACAGAAGGTCTTCAGTCGAAGACAC
GGCCGTGTCTTCGACTGAAGACCTTCTGTTTATATATTGCTGTCAGACGAGCT
TACTCGTTTCGTCCTCACGGACTCATCAGTGACAGT
CAGAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCA
ACTTGAAAAAGTGTCTGCTAGTAGCAGATATT
GGCCAATATCTGCTACTAGCAGACACTTTTTCAAGTTGATAACGGACTAGCC
TTATTTTAACTTGCTATTTCTAGCTCTAAAAC
AGATGCACAAACTCGGACCCACTT

GGCCAAGTGGGTCCGAGTTTGTGC
AGATACTTTTTCACATTGATAACGGA
GGCCTCCGTTATCAATGTGAAAAAGT
AGATTTGATAACGGACTAGCCTTA
GGCCTAAGGCTAGTCCGTTATCAA




dCas9V F
dCas9V R
dCas9R F
dCas9R R
dCas9ER R

LbCpfl-linker F
inLbCpf1DO R
gl-cAF

gl-pPR
glr-cAF
glr-pP R
g2-cAF
g2-pPR

g2r-cAF
g2r-pP R
g3-cAF
g3-pPR
g3r-cAF
23r-pP R
crl-cAF
crl-pPR
crir-cAF
crlr-pP R
cr2-cAF
cr2-pPR
cr2r-cAF
cr2r-pP R
cr3-cAF
cr3-pPR
cr3r-cAF
cr3r-pP R
5A0X1
5A0XIR
CN-Lacl F
CN-LacI R
HAPTgl1UP-F

GGCGGATTCGTTTCTCCTACAGTCGCT
GTAGGAGAAACGAATCCGCCGTATTTC
TAGTGCGCGCGAGCTGCAGAAAGGTA
TCTGCAGCTCGCGCGCACTAGCGAGC

TTGTTTCATAGAGCCCCGTAATTGACTGATGAATCAGTGTGGCGTCCAGGAC
CTCCTTTGTAGACCTGTACTCCTTTCTGTCTAT
CTCAGACCAGCGTGAAACACGGTGGCGGCGGCTCT

GTGTTTCACGCTGGTCTGAG

GCTCCTCGAGTCTGTTTATATATTGCTGTCAAGCGCTAACCCCTACTTGACAG
CA
TATAAACAGACTCGAGGAGCTCGTTCCCGATCTGCGTC

TCGAGCGCTTGACAGCAATATATAAACAGACTAACCCCTACTTGACAGCA
TATTGCTGTCAAGCGCTCGAGGAGCTCGTTCCCGATCTGCGTC
CTTAAAGTCTGTTTATCGCGCTAACCCCTACTTGACAGCA

CGCGATAAACAGACTTTAAGAGCTACTCGAGGAGCTCGTTCCCGATCTGCGT
C
CGCGATAAACAGACTTTAAGAGCTACTAACCCCTACTTGACAGCA

CTTAAAGTCTGTTTATCGCGCTCGAGGAGCTCGTTCCCGATCTGCGTC
ATTGTGCTATCAGATCAGCGCTAACCCCTACTTGACAGCA
CGCTGATCTGATAGCACAATTTCTCTCGAGGAGCTCGTTCCCGATCTGCGTC
AGCGCTGATCTGATAGCACAATTTCTCTAACCCCTACTTGACAGCA
TGTGCTATCAGATCAGCGCTCGAGGAGCTCGTTCCCGATCTGCGTC
TTTAGCACAAACTCGGACCCACTTCTAACCCCTACTTGACAGCA
GGGTCCGAGTTTGTGCTAAACTCGAGGAGCTCGTTCCCGATCTGCGTC
AAGTGGGTCCGAGTTTGTGCTAAACTAACCCCTACTTGACAGCA
GCACAAACTCGGACCCACTTCTCGAGGAGCTCGTTCCCGATCTGCGTC
CCTCGAGTTTGACTTTTTCACATTGATAACGGACTAACCCCTACTTGACAGCA
TGAAAAAGTCAAACTCGAGGAGCTCGTTCCCGATCTGCGTC
TCGAGTCCGTTATCAATGTGAAAAAGTCAAACTAACCCCTACTTGACAGCA
CACATTGATAACGGACTCGAGGAGCTCGTTCCCGATCTGCGTC
GTTGATAACGGACTAGCCTTACTAACCCCTACTTGACAGCA
AAGGCTAGTCCGTTATCAACAAACTCGAGGAGCTCGTTCCCGATCTGCGTC
GTAAGGCTAGTCCGTTATCAACAAACTAACCCCTACTTGACAGCA
TGATAACGGACTAGCCTTACTCGAGGAGCTCGTTCCCGATCTGCGTC
GACTGGTTCCAATTGACAAGC

GCTTGTCAATTGGAACCAGTC

TTCTGCTAGATTGAGATTGGCCGGA

TCCGGCCAATCTCAATCTAGCAGAA
CTATGACCATGATTACGAATTCGAGCT




HAPTg1DO-R
pAA-LRA3 F
HHgiF1-LRA3 R

pAA-DAS] F
HHgiF1-DAS1 R

pAA-THI11 F
HHgiF1-THI11 R
TT-BB3 F
BB3-TTR
CN-gHisUP F
CN-gHisDO R
CN-pHisUP F
CN-pHisDO R
CN-gGAPUP F
CN-gGAPDO R
CN-pGAPUP F
CN-AraC R
gAOX1UP5-2
CN-gAOX1DOR
CN-pApUP F
pAOXI1UPF
pAApUP F
CN-MitlAD R
CN-M1AD F
GFPUP R
pAOXTTDO R
inCas9 F1
inCas9 R1
inCas9 F2
inCas9 R2
inCas9 R2r
inCas9 F3
inCas9 R3
inCpfl R1
CN-Cpfl F
inVP16 F

TGCCTGCAGGTCGACTCTAG
TTAATTAACCCGGGGATCCCTCGAGAACTGACAGAATGACTGACTCCCTA

TCATCAGTGACAGTCTAGAGGTACCATTTTTAGGAGATAAAAATTCTGGGGT
AAAT
TTAATTAACCCGGGGATCCCTCGAGAATAAAAAAACGTTATAGAAAGAAATT
GGACTAC
TCATCAGTGACAGTCTAGAGGTACCTTTGTTCGATTATTCTCCAGATAAAATC
AAC

TTAATTAACCCGGGGATCCCTCGAGATCTTTTCAGCTTCATCGTCAG

TCATCAGTGACAGTCTAGAGGTACCGATGATTTATTGAAGTTTCCAAAGTTGAG
CCTTCGTTCTCGAGGAAGACGCCGC
GTCTTCCTCGAGAACGAAGGTCTCACTTAATCTTCTGTACTCTGAAGAGGAG
GTGCTCGGGCTACTCTCCTTTGATG
CAACGCAGAAGCAAGATGAAAC
GCCCAGTCCTGCTCGCTTCGCTACT
CACGCATCTTCCCGACAACGCAGAC
CTCAATCCCGACTGTCAATCATTCATCC
TCGGAAGCAGCCTTGATAACAGA
ACGAAAACTCACGTTAAGGGATTTTGGTCA
CGGCAAACAAATTCTCGTCCCTGAT
GGTCCCTACCCTCTAAAATCA
CTTGTAAGCCCAAACCATAGGAGC
TCGTATGTGAATGCTGGTCGCTATAC
TCTCATGTTTGACAGCTTATCATC
TCTGGCGCGCCTTAATTAAC
TCTCCCTGTTGGACAGCATTT
GTCATCTCCATCGGACAACAAAG
GAACCCATGGTGTAGGATCC
GCTGTGCTTGGGTGTTTTG
GGGACCTGAACCCAGACAACAG
CCGAGTGACAGGGCGATAAGA
GAAGGGATGAGAAAGCCAGCAT
CAATCATCTCCCTATCTTCAAACAACG
CGTTGTTTGAAGATAGGGAGATGATTG
GCCCAAATTCTCGATTCACGC
CTTGCCTATTTCCTGCTCAGACTTT
CTTGTCCCATCCGCCCATAAAC
GGCGGATGGGACAAGGATAAGG
CTTGGACGGTGAAGATGTTGCC




inVP16 R GCAACATCTTCACCGTCCA




Table S4. Methanol feeding profiles in 3-L bioreactor fermentations”

Feeding 1:
P4oxi M 75 mmol/h/L

Feeding 2:
PAOXI M 150 mmol/h/L

Feeding 3:
PAOX] M 300 mmol/h/L

Feeding rate |Continued time

Feeding rate

Continued time

Feeding rate

Continued time

(mmol/h/L broth) (min) (mmol/h/L broth) (min) (mmol/h/L broth) (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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