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SUPPLEMENTARY TEXT 

Selection of efficient gRNAs for activating endogenous human genes 

Previous studies have shown that the use of different gRNA targeting sites resulted in varying 

gene activating efficiencies. Furthermore, synergistic effects can be achieved when multiple 

gRNAs targeting the same gene are co-transfected into the cell
1, 2

. It has not been fully 

understood how the DNA sequence and position of a target site affect the efficiency of dCas9 

activators, especially for the less characterized dCas9NM activators. To select for efficient 

gRNAs, we designed four gRNAs for each of three endogenous human genes: ASCL1, TTN, and 

RHOXF2 (Table S1), by simply searching for PAMs (NGG for dCas9SP, NNNNGATT or 

NNNNGCTT for dCas9NM) closest to the transcription start site of each gene. Another four 

gRNAs targeting IL1RN were selected from a previous study
1
. When dCas9-VPR alone was 

transfected into HEK293T cells without gRNA, gene activation was not observed (Fig. S3). We 

then transfected HEK293T cells with dCas9-VPR, together with either single or all gRNAs 

targeting the same gene. For both CRISPR/Cas systems, we observed varying gene activating 

efficiencies among different gRNAs. For ASCL1 and IL1RN, all the single gRNAs were able to 

activate target gene expression on their own (Fig. S3A). For ASCL1, the highest activation 

efficiency was observed when all four gRNAs were transfected into the cells. However, the 

synergistic effect was not obvious since the sum of activation efficiencies of all four gRNAs was 

higher. The gRNA 130bp upstream of the transcription start site (SP-ASCL1-130, Table S1) 

gave the highest efficiency among the four gRNAs targeting ASCL1. For IL1RN, all four gRNAs 

gave comparable activation efficiencies. An obvious synergistic effect was observed when all 

four gRNAs were transfected into the cells, which is consistent with the previous study
1
. For 

TTN and RHOXF2, some gRNAs failed to activate target gene expression (Fig. S3B). For TTN, 

only gRNA NM-TTN-68 (Table S1) activated gene expression. A reduced activation efficiency 

was observed when all four gRNAs were transfected into the cells, possibly due to the dilution of 

the effective gRNA. For RHOXF2, two of the four gRNAs (NM-RHOXF2-148 and NM-

RHOXF2-302, Table S1) activated target gene expression. A slight synergistic effect was 

observed when all four gRNAs were transfected.  
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SUPPLEMENTARY FIGURES 

 

Fig S1.  Comparison of VP64 and VPR in activating an eGFP reporter gene.  (a) eGFP reporters 

with four different targeting sites.  (b) Fold eGFP activation by dCas9SP-VP64 and dCas9SP-

VPR.  eGFP expression level of reporter only control was normalized to 1.  (c) Fold eGFP 

activation by dCas9NM-VP64 and dCas9NM-VPR.  eGFP expression level of reporter only control 

was normalized to 1.  Experiments were performed with two biological replicates.  Error bars 

represent standard error of the mean. *, P < 0.05. 
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Fig S2.  Orthogonality of dCas9SP-VPR and dCas9NM-VPR.  Upper panel shows the reporter 

gene with dCas9 binding sites.  Lower panel shows eGFP activation with different dCas9-

VPR/gRNA combinations.  n = 2 biological replicates.  All error bars represent standard error of 

the mean.  All significance levels were determined versus reporter only control.  **, P < 0.01.  

***, P < 0.001.  
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Fig S3.  (a) Gene activation profiles of ASCL1 and IL1RN gRNAs using dCas9SP-VPR.  (b) 

Gene activation profiles of TTN and RHOXF2 gRNAs using dCas9NM-VPR.  Experiments were 

performed with three biological replicates.  Error bars represent standard error of the mean. 

  

a
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Fig S4.  Determining optimal GA3-AM concentration and protein design for gene activation.  

Experiments were performed with two biological replicates.  Error bars represent standard error 

of the mean.  Significance was determined versus Reporter control.  ***, P < 0.001.  ****, P < 

0.0001.  ns, not significant. 
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Fig S5.  Dose response curve of rapalog concentration for gene activation.  dCas9SP-2×FKBP 

and FRB-VPR were used.  Experiments were performed with two biological replicates.  Error 

bars represent standard error of the mean. 
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Fig S6.  Expression cassettes of gRNAs and proteins used in this study. 
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Fig S7.  qRT-PCR standard curves for ACTB, ASCL1, IL1RN, TTN and RHOXF2. 
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SUPPLEMENTARY TABLES 

Table S1.  All gRNA sequences used in this study.  SP means gRNA for dCas9SP.  NM means 

gRNA for dCas9NM.  The number at the end of gRNA targeting an endogenous gene means the 

distance in bp between the transcription start site and the base 5’ to the PAM sequence.  All 

gRNA targeting sequences were selected by searching for PAM sequences within 500bp 

upstream of the transcription start site, except for IL1RN gRNAs, which were reported 

previously
2
.  SP-CCR5 was used to target pGL3-Basic-9×Seq2-hCMVmp-eGFP.  NA, not 

applicable. 

gRNA Guide sequence (5’->3’) PAM (5’->3’) Strand 

SP-ASCL1-39 tgggtgtcccattgaaaagg cgg + 

SP-ASCL1-83 gcggggagtggggggcgagg cgg + 

SP-ASCL1-130 ggtaagaggaggggggggag tgg + 

SP-ASCL1-179 ggggagaggagaggaggagg ggg + 

SP-IL1RN-29 ttgtactctctgaggtgctc tgg + 

SP-IL1RN-113 gcatcaagtcagccatcagc cgg + 

SP-IL1RN-145 tgagtcaccctcctggaaac tgg + 

SP-IL1RN-180 tacgcagataagaaccagtt tgg + 

NM-TTN-68 cccacatccttaggcagggccct gggtgatt - 

NM-TTN-138 gtagtgtcacataccacctgttc ttctgatt - 

NM-TTN-264 tcacacctctttaaacctgcatt ttcggatt + 

NM-TTN-411 gagataaatttcctcatctgctg tcatgatt + 

SP-TTN-68 acatccttaggcagggccct ggg - 

NM-RHOXF2-24 gcctgctgaggtgcgcatgcgtc aggggctt - 

NM-RHOXF2-148 tgggagggggagtaggatggggt gcgtgctt - 

NM-RHOXF2-247 gcaagcccattttatggcgataa gggagatt - 

NM-RHOXF2-302 gtctccaggagcaggagcttggg cctggatt - 

SP-RHOXF2-144 gtgggagggggagtaggatg ggg - 

SP-RHOXF2-304 caggagcaggagcttgggcc tgg - 

SP-CCR5 aaaggtcgagaaactgcaaa agg NA 

SP-AGGTGATT aaaggtgattaaactgcaaa agg NA 

SP-AGGTGGTT aaaggtggttaaactgcaaa agg NA 

SP-AGGTGTTA aaaggtgttaaaactgcaaa agg NA 

SP-AGGTGCTT aaaggtgcttaaactgcaaa agg NA 

NM-AGGTGATT gcaaaaggtgattaaactgcaaa aggtgatt NA 

NM-AGGTGGTT gcaaaaggtggttaaactgcaaa aggtggtt NA 

NM-AGGTGTTA gcaaaaggtgttaaaactgcaaa aggtgtta NA 

NM-AGGTGCTT gcaaaaggtgcttaaactgcaaa aggtgctt NA 
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Table S2.  Primers for qRT-PCR. 

Gene Primers Sequence Amplicon size Reference 

ACTB 
ACTB-for 5’-catgtacgttgctatccaggc 

250bp 
3
 

ACTB-rev 5’-ctccttaatgtcacgcacgat 

ASCL1 
ASCL1-for 5’-ggagcttctcgacttcacca 

125bp 
1
 

ASCL1-rev 5’-aacgccactgacaagaaagc 

IL1RN 
IL1RN-for 5’-ggaatccatggagggaagat 

100bp 
1
 

IL1RN-rev 5’-tgttctcgctcaggtcagtg 

TTN 
TTN-for 5’-tgttgccactggtgctaaag 

204bp 
3
 

TTN-rev 5’-acagcagtcttctccgcttc 

RHOXF2 
RHOXF2-for 5’-ttttccaacgcgagcagttc 

154bp This study 
RHOXF2-rev 5’-ggcagcatgtttcttgccat 
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SUPPLEMENTARY NOTES 

 

DNA sequences of proteins and gRNAs used in this study 

 

>dCas9SP-3×GAI 
ATGGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGATTACAAGGATGACGATGA

CAAGATGGCCCCCAAGAAGAAGAGGAAGGTGGGCCGCGGAATGGATAAGAAATACTCAATAGGCT

TAGCTATCGGCACAAATAGCGTCGGATGGGCGGTGATCACTGATGAATATAAGGTTCCGTCTAAA

AAGTTCAAGGTTCTGGGAAATACAGACCGCCACAGTATCAAAAAAAATCTTATAGGGGCTCTTTT

ATTTGACAGTGGAGAGACAGCGGAAGCGACTCGTCTCAAACGGACAGCTCGTAGAAGGTATACAC

GTCGGAAGAATCGTATTTGTTATCTACAGGAGATTTTTTCAAATGAGATGGCGAAAGTAGATGAT

AGTTTCTTTCATCGACTTGAAGAGTCTTTTTTGGTGGAAGAAGACAAGAAGCATGAACGTCATCC

TATTTTTGGAAATATAGTAGATGAAGTTGCTTATCATGAGAAATATCCAACTATCTATCATCTGC

GAAAAAAATTGGTAGATTCTACTGATAAAGCGGATTTGCGCTTAATCTATTTGGCCTTAGCGCAT

ATGATTAAGTTTCGTGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGATAATAGTGATGTGGA

CAAACTATTTATCCAGTTGGTACAAACCTACAATCAATTATTTGAAGAAAACCCTATTAACGCAA

GTGGAGTAGATGCTAAAGCGATTCTTTCTGCACGATTGAGTAAATCAAGACGATTAGAAAATCTC

ATTGCTCAGCTCCCCGGTGAGAAGAAAAATGGCTTATTTGGGAATCTCATTGCTTTGTCATTGGG

TTTGACCCCTAATTTTAAATCAAATTTTGATTTGGCAGAAGATGCTAAATTACAGCTTTCAAAAG

ATACTTACGATGATGATTTAGATAATTTATTGGCGCAAATTGGAGATCAATATGCTGATTTGTTT

TTGGCAGCTAAGAATTTATCAGATGCTATTTTACTTTCAGATATCCTAAGAGTAAATACTGAAAT

AACTAAGGCTCCCCTATCAGCTTCAATGATTAAACGCTACGATGAACATCATCAAGACTTGACTC

TTTTAAAAGCTTTAGTTCGACAACAACTTCCAGAAAAGTATAAAGAAATCTTTTTTGATCAATCA

AAAAACGGATATGCAGGTTATATTGATGGGGGAGCTAGCCAAGAAGAATTTTATAAATTTATCAA

ACCAATTTTAGAAAAAATGGATGGTACTGAGGAATTATTGGTGAAACTAAATCGTGAAGATTTGC

TGCGCAAGCAACGGACCTTTGACAACGGCTCTATTCCCCATCAAATTCACTTGGGTGAGCTGCAT

GCTATTTTGAGAAGACAAGAAGACTTTTATCCATTTTTAAAAGACAATCGTGAGAAGATTGAAAA

AATCTTGACTTTTCGAATTCCTTATTATGTTGGTCCATTGGCGCGTGGCAATAGTCGTTTTGCAT

GGATGACTCGGAAGTCTGAAGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATAAAGGT

GCTTCAGCTCAATCATTTATTGAACGCATGACAAACTTTGATAAAAATCTTCCAAATGAAAAAGT

ACTACCAAAACATAGTTTGCTTTATGAGTATTTTACGGTTTATAACGAATTGACAAAGGTCAAAT

ATGTTACTGAAGGAATGCGAAAACCAGCATTTCTTTCAGGTGAACAGAAGAAAGCCATTGTTGAT

TTACTCTTCAAAACAAATCGAAAAGTAACCGTTAAGCAATTAAAAGAAGATTATTTCAAAAAAAT

AGAATGTTTTGATAGTGTTGAAATTTCAGGAGTTGAAGATAGATTTAATGCTTCATTAGGTACCT

ACCATGATTTGCTAAAAATTATTAAAGATAAAGATTTTTTGGATAATGAAGAAAATGAAGATATC

TTAGAGGATATTGTTTTAACATTGACCTTATTTGAAGATAGGGAGATGATTGAGGAAAGACTTAA

AACATATGCTCACCTCTTTGATGATAAGGTGATGAAACAGCTTAAACGTCGCCGTTATACTGGTT

GGGGACGTTTGTCTCGAAAATTGATTAATGGTATTAGGGATAAGCAATCTGGCAAAACAATATTA

GATTTTTTGAAATCAGATGGTTTTGCCAATCGCAATTTTATGCAGCTGATCCATGATGATAGTTT

GACATTTAAAGAAGACATTCAAAAAGCACAAGTGTCTGGACAAGGCGATAGTTTACATGAACATA

TTGCAAATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTATTTTACAGACTGTAAAAGTTGTTGAT

GAATTGGTCAAAGTAATGGGGCGGCATAAGCCAGAAAATATCGTTATTGAAATGGCACGTGAAAA

TCAGACAACTCAAAAGGGCCAGAAAAATTCGCGAGAGCGTATGAAACGAATCGAAGAAGGTATCA

AAGAATTAGGAAGTCAGATTCTTAAAGAGCATCCTGTTGAAAATACTCAATTGCAAAATGAAAAG

CTCTATCTCTATTATCTCCAAAATGGAAGAGACATGTATGTGGACCAAGAATTAGATATTAATCG

TTTAAGTGATTATGATGTCGATGCCATTGTTCCACAAAGTTTCCTTAAAGACGATTCAATAGACA

ATAAGGTCTTAACGCGTTCTGATAAAAATCGTGGTAAATCGGATAACGTTCCAAGTGAAGAAGTA

GTCAAAAAGATGAAAAACTATTGGAGACAACTTCTAAACGCCAAGTTAATCACTCAACGTAAGTT

TGATAATTTAACGAAAGCTGAACGTGGAGGTTTGAGTGAACTTGATAAAGCTGGTTTTATCAAAC

GCCAATTGGTTGAAACTCGCCAAATCACTAAGCATGTGGCACAAATTTTGGATAGTCGCATGAAT

ACTAAATACGATGAAAATGATAAACTTATTCGAGAGGTTAAAGTGATTACCTTAAAATCTAAATT

AGTTTCTGACTTCCGAAAAGATTTCCAATTCTATAAAGTACGTGAGATTAACAATTACCATCATG

CCCATGATGCGTATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCAAAACTTGAA
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TCGGAGTTTGTCTATGGTGATTATAAAGTTTATGATGTTCGTAAAATGATTGCTAAGTCTGAGCA

AGAAATAGGCAAAGCAACCGCAAAATATTTCTTTTACTCTAATATCATGAACTTCTTCAAAACAG

AAATTACACTTGCAAATGGAGAGATTCGCAAACGCCCTCTAATCGAAACTAATGGGGAAACTGGA

GAAATTGTCTGGGATAAAGGGCGAGATTTTGCCACAGTGCGCAAAGTATTGTCCATGCCCCAAGT

CAATATTGTCAAGAAAACAGAAGTACAGACAGGCGGATTCTCCAAGGAGTCAATTTTACCAAAAA

GAAATTCGGACAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAATATGGTGGTTTTGAT

AGTCCAACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAAAAAGGGAAATCGAAGAAGTT

AAAATCCGTTAAAGAGTTACTAGGGATCACAATTATGGAAAGAAGTTCCTTTGAAAAAAATCCGA

TTGACTTTTTAGAAGCTAAAGGATATAAGGAAGTTAAAAAAGACTTAATCATTAAACTACCTAAA

TATAGTCTTTTTGAGTTAGAAAACGGTCGTAAACGGATGCTGGCTAGTGCCGGAGAATTACAAAA

AGGAAATGAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTATATTTAGCTAGTCATTATGAAA

AGTTGAAGGGTAGTCCAGAAGATAACGAACAAAAACAATTGTTTGTGGAGCAGCATAAGCATTAT

TTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTAAGCGTGTTATTTTAGCAGATGCCAATTT

AGATAAAGTTCTTAGTGCATATAACAAACATAGAGACAAACCAATACGTGAACAAGCAGAAAATA

TTATTCATTTATTTACGTTGACGAATCTTGGAGCTCCCGCTGCTTTTAAATATTTTGATACAACA

ATTGATCGTAAACGATATACGTCTACAAAAGAAGTTTTAGATGCCACTCTTATCCATCAATCCAT

CACTGGTCTTTATGAAACACGCATTGATTTGAGTCAGCTAGGAGGTGACCCAATTGCCGGATCCA

AGGCTAGCCCGAAAAAGAAACGCAAAGTTGGGCGCGCCATGAAGAGAGATCATCATCATCATCAT

CATCAAGATAAGAAGACTATGATGATGAATGAAGAAGACGACGGTAACGGCATGGATGAGCTTCT

AGCTGTTCTTGGTTACAAGGTTAGGTCATCCGAAATGGCTGATGTTGCTCAGAAACTCGAGCAGC

TTGAAGTTATGATGTCTAATGTTCAAGAAGACGATCTTTCTCAACTCGCTACTGAGACTGTTCAC

TATAATCCGGCGGAGCTTTACACGTGGCTTGATTCTATGCTCACCGACCTTAATGCCATGAAGAG

AGATCATCATCATCATCATCATCAAGATAAGAAGACTATGATGATGAATGAAGAAGACGACGGTA

ACGGCATGGATGAGCTTCTAGCTGTTCTTGGTTACAAGGTTAGGTCATCCGAAATGGCTGATGTT

GCTCAGAAACTCGAGCAGCTTGAAGTTATGATGTCTAATGTTCAAGAAGACGATCTTTCTCAACT

CGCTACTGAGACTGTTCACTATAATCCGGCGGAGCTTTACACGTGGCTTGATTCTATGCTCACCG

ACCTTAATGCCATGAAGAGAGATCATCATCATCATCATCATCAAGATAAGAAGACTATGATGATG

AATGAAGAAGACGACGGTAACGGCATGGATGAGCTTCTAGCTGTTCTTGGTTACAAGGTTAGGTC

ATCCGAAATGGCTGATGTTGCTCAGAAACTCGAGCAGCTTGAAGTTATGATGTCTAATGTTCAAG

AAGACGATCTTTCTCAACTCGCTACTGAGACTGTTCACTATAATCCGGCGGAGCTTTACACGTGG

CTTGATTCTATGCTCACCGACCTTAATTGA 

 

3×FLAG 

NLS 

dCas9SP 

GAI 

 

>GID1-VPR 
ATGGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGATTACAAGGATGACGATGA

CAAGATGGCCCCCAAGAAGAAGAGGAAGGTGGGCCGCGGAATGGCTGCGAGCGATGAAGTTAATC

TTATTGAGAGCAGAACAGTGGTTCCTCTCAATACATGGGTTTTAATATCCAACTTCAAAGTAGCC

TACAATATCCTTCGTCGCCCTGATGGAACCTTTAACCGACACTTAGCTGAGTATCTAGACCGTAA

AGTCACTGCAAACGCCAATCCGGTTGATGGGGTTTTCTCGTTCGATGTCTTGATTGATCGCAGGA

TCAATCTTCTAAGCAGAGTCTATAGACCAGCTTATGCAGATCAAGAGCAACCTCCTAGTATTTTA

GATCTCGAGAAGCCTGTTGATGGCGACATTGTCCCTGTTATATTGTTCTTCCATGGAGGTAGCTT

TGCTCATTCTTCTGCAAACAGTGCCATCTACGATACTCTTTGTCGCAGGCTTGTTGGTTTGTGCA

AGTGTGTTGTTGTCTCTGTGAATTATCGGCGTGCACCAGAGAATCCATACCCTTGTGCTTATGAT

GATGGTTGGATTGCTCTTAATTGGGTTAACTCGAGATCTTGGCTTAAATCCAAGAAAGACTCAAA

GGTCCATATTTTCTTGGCTGGTGATAGCTCTGGAGGTAACATCGCGCATAATGTGGCTTTAAGAG

CGGGTGAATCGGGAATCGATGTTTTGGGGAACATTCTGCTGAATCCTATGTTTGGTGGGAATGAG

AGAACGGAGTCTGAGAAAAGTTTGGATGGGAAATACTTTGTGACGGTTAGAGACCGCGATTGGTA

CTGGAAAGCGTTTTTACCCGAGGGAGAAGATAGAGAGCATCCAGCGTGTAATCCGTTTAGCCCGA
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GAGGGAAAAGCTTAGAAGGAGTGAGTTTCCCCAAGAGTCTTGTGGTTGTCGCGGGTTTGGATTTG

ATTAGAGATTGGCAGTTGGCATACGCGGAAGGGCTCAAGAAAGCGGGTCAAGAGGTTAAGCTTAT

GCATTTAGAGAAAGCAACTGTTGGGTTTTACCTCTTGCCTAATAACAATCATTTCCATAATGTTA

TGGATGAGATTTCGGCGTTTGTAAACGCGGAATGTGGTGACCCAATTGCCGGATCCAAGGCTAGC

CCGAAAAAGAAACGCAAAGTTGGGCGCGCCGAGGCCAGCGGTTCCGGACGGGCTGACGCATTGGA

CGATTTTGATCTGGATATGCTGGGAAGTGACGCCCTCGATGATTTTGACCTTGACATGCTTGGTT

CGGATGCCCTTGATGACTTTGACCTCGACATGCTCGGCAGTGACGCCCTTGATGATTTCGACCTG

GACATGCTGATTAACTCTAGAAGTTCCGGATCTCCGAAAAAGAAACGCAAAGTTGGTAGCCAGTA

CCTGCCCGACACCGACGACCGGCACCGGATCGAGGAAAAGCGGAAGCGGACCTACGAGACATTCA

AGAGCATCATGAAGAAGTCCCCCTTCAGCGGCCCCACCGACCCTAGACCTCCACCTAGAAGAATC

GCCGTGCCCAGCAGATCCAGCGCCAGCGTGCCAAAACCTGCCCCCCAGCCTTACCCCTTCACCAG

CAGCCTGAGCACCATCAACTACGACGAGTTCCCTACCATGGTGTTCCCCAGCGGCCAGATCTCTC

AGGCCTCTGCTCTGGCTCCAGCCCCTCCTCAGGTGCTGCCTCAGGCTCCTGCTCCTGCACCAGCT

CCAGCCATGGTGTCTGCACTGGCTCAGGCACCAGCACCCGTGCCTGTGCTGGCTCCTGGACCTCC

ACAGGCTGTGGCTCCACCAGCCCCTAAACCTACACAGGCCGGCGAGGGCACACTGTCTGAAGCTC

TGCTGCAGCTGCAGTTCGACGACGAGGATCTGGGAGCCCTGCTGGGAAACAGCACCGATCCTGCC

GTGTTCACCGACCTGGCCAGCGTGGACAACAGCGAGTTCCAGCAGCTGCTGAACCAGGGCATCCC

TGTGGCCCCTCACACCACCGAGCCCATGCTGATGGAATACCCCGAGGCCATCACCCGGCTCGTGA

CAGGCGCTCAGAGGCCTCCTGATCCAGCTCCTGCCCCTCTGGGAGCACCAGGCCTGCCTAATGGA

CTGCTGTCTGGCGACGAGGACTTCAGCTCTATCGCCGATATGGATTTCTCAGCCTTGCTGGGTAG

CGGATCGGGATCTCGGGATTCCAGGGAAGGGATGTTTTTGCCGAAGCCTGAGGCCGGCTCCGCTA

TTAGTGACGTGTTTGAGGGCCGCGAGGTGTGCCAGCCAAAACGAATCCGGCCATTTCATCCTCCA

GGAAGTCCATGGGCCAACCGCCCACTCCCCGCCAGCCTCGCACCAACACCAACCGGTCCAGTACA

TGAGCCAGTCGGGTCACTGACCCCGGCACCAGTCCCTCAGCCACTGGATCCAGCGCCCGCAGTGA

CTCCCGAGGCCAGTCACCTGTTGGAGGATCCCGATGAAGAGACGAGCCAGGCTGTCAAAGCCCTT

CGGGAGATGGCCGATACTGTGATTCCCCAGAAGGAAGAGGCTGCAATCTGTGGCCAAATGGACCT

TTCCCATCCGCCCCCAAGGGGCCATCTGGATGAGCTGACAACCACACTTGAGTCCATGACCGAGG

ATCTGAACCTGGACTCACCCCTGACCCCGGAATTGAACGAGATTCTGGATACCTTCCTGAACGAC

GAGTGCCTCTTGCATGCCATGCATATCAGCACAGGACTGTCCATCTTCGACACATCTCTGTTTTT

AATTAACTACCCGTACGACGTTCCGGACTACGCTTCTTGA 

 

3×FLAG 

NLS 

GID1 

VPR 

HA tag 

 

>dCas9NM-2×FKBP 
ATGGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGATTACAAGGATGACGATGA

CAAGATGGCCCCCAAGAAGAAGAGGAAGGTGGGCCGCGGAGCCGCCTTCAAGCCCAACCCCATCA

ACTACATCCTGGGCCTGGCCATCGGCATCGCCAGCGTGGGCTGGGCCATGGTGGAGATCGACGAG

GACGAGAACCCCATCTGCCTGATCGACCTGGGTGTGCGCGTGTTCGAGCGCGCTGAGGTGCCCAA

GACTGGTGACAGTCTGGCTATGGCTCGCCGGCTTGCTCGCTCTGTTCGGCGCCTTACTCGCCGGC

GCGCTCACCGCCTTCTGCGCGCTCGCCGCCTGCTGAAGCGCGAGGGTGTGCTGCAGGCTGCCGAC

TTCGACGAGAACGGCCTGATCAAGAGCCTGCCCAACACTCCTTGGCAGCTGCGCGCTGCCGCTCT

GGACCGCAAGCTGACTCCTCTGGAGTGGAGCGCCGTGCTGCTGCACCTGATCAAGCACCGCGGCT

ACCTGAGCCAGCGCAAGAACGAGGGCGAGACCGCCGACAAGGAGCTGGGTGCTCTGCTGAAGGGC

GTGGCCGACAACGCCCACGCCCTGCAGACTGGTGACTTCCGCACTCCTGCTGAGCTGGCCCTGAA

CAAGTTCGAGAAGGAGAGCGGCCACATCCGCAACCAGCGCGGCGACTACAGCCACACCTTCAGCC

GCAAGGACCTGCAGGCCGAGCTGATCCTGCTGTTCGAGAAGCAGAAGGAGTTCGGCAACCCCCAC

GTGAGCGGCGGCCTGAAGGAGGGCATCGAGACCCTGCTGATGACCCAGCGCCCCGCCCTGAGCGG

CGACGCCGTGCAGAAGATGCTGGGCCACTGCACCTTCGAGCCAGCCGAGCCCAAGGCCGCCAAGA
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ACACCTACACCGCCGAGCGCTTCATCTGGCTGACCAAGCTGAACAACCTGCGCATCCTGGAGCAG

GGCAGCGAGCGCCCCCTGACCGACACCGAGCGCGCCACCCTGATGGACGAGCCCTACCGCAAGAG

CAAGCTGACCTACGCCCAGGCCCGCAAGCTGCTGGGTCTGGAGGACACCGCCTTCTTCAAGGGCC

TGCGCTACGGCAAGGACAACGCCGAGGCCAGCACCCTGATGGAGATGAAGGCCTACCACGCCATC

AGCCGCGCCCTGGAGAAGGAGGGCCTGAAGGACAAGAAGAGTCCTCTGAACCTGAGCCCCGAGCT

GCAGGACGAGATCGGCACCGCCTTCAGCCTGTTCAAGACCGACGAGGACATCACCGGCCGCCTGA

AGGACCGCATCCAGCCCGAGATCCTGGAGGCCCTGCTGAAGCACATCAGCTTCGACAAGTTCGTG

CAGATCAGCCTGAAGGCCCTGCGCCGCATCGTGCCCCTGATGGAGCAGGGCAAGCGCTACGACGA

GGCCTGCGCCGAGATCTACGGCGACCACTACGGCAAGAAGAACACCGAGGAGAAGATCTACCTGC

CTCCTATCCCCGCCGACGAGATCCGCAACCCCGTGGTGCTGCGCGCCCTGAGCCAGGCCCGCAAG

GTGATCAACGGCGTGGTGCGCCGCTACGGCAGCCCCGCCCGCATCCACATCGAGACCGCCCGCGA

GGTGGGCAAGAGCTTCAAGGACCGCAAGGAGATCGAGAAGCGCCAGGAGGAGAACCGCAAGGACC

GCGAGAAGGCCGCCGCCAAGTTCCGCGAGTACTTCCCCAACTTCGTGGGCGAGCCCAAGAGCAAG

GACATCCTGAAGCTGCGCCTGTACGAGCAGCAGCACGGCAAGTGCCTGTACAGCGGCAAGGAGAT

CAACCTGGGCCGCCTGAACGAGAAGGGCTACGTGGAGATCGCCGCTGCCCTGCCCTTCAGCCGCA

CCTGGGACGACAGCTTCAACAACAAGGTGCTGGTGCTGGGCAGCGAGGCTCAGAACAAGGGCAAC

CAGACCCCCTACGAGTACTTCAACGGCAAGGACAACAGCCGCGAGTGGCAGGAGTTCAAGGCCCG

CGTGGAGACCAGCCGCTTCCCCCGCAGCAAGAAGCAGCGCATCCTGCTGCAGAAGTTCGACGAGG

ACGGCTTCAAGGAGCGCAACCTGAACGACACCCGCTACGTGAACCGCTTCCTGTGCCAGTTCGTG

GCCGACCGCATGCGCCTGACCGGCAAGGGCAAGAAGCGCGTGTTCGCCAGCAACGGCCAGATCAC

CAACCTGCTGCGCGGCTTCTGGGGCCTGCGCAAGGTGCGCGCCGAGAACGACCGCCACCACGCCC

TGGACGCCGTGGTGGTGGCCTGCAGCACCGTGGCCATGCAGCAGAAGATCACCCGCTTCGTGCGC

TACAAGGAGATGAACGCCTTCGACGGTAAAACCATCGACAAGGAGACCGGCGAGGTGCTGCACCA

GAAGACCCACTTCCCCCAGCCCTGGGAGTTCTTCGCCCAGGAGGTGATGATCCGCGTGTTCGGCA

AGCCCGACGGCAAGCCCGAGTTCGAGGAGGCCGACACCCCCGAGAAGCTGCGCACCCTGCTGGCC

GAGAAGCTGAGCAGCCGCCCTGAGGCCGTGCACGAGTACGTGACTCCTCTGTTCGTGAGCCGCGC

CCCCAACCGCAAGATGAGCGGTCAGGGTCACATGGAGACCGTGAAGAGCGCCAAGCGCCTGGACG

AGGGCGTGAGCGTGCTGCGCGTGCCCCTGACCCAGCTGAAGCTGAAGGACCTGGAGAAGATGGTG

AACCGCGAGCGCGAGCCCAAGCTGTACGAGGCCCTGAAGGCCCGCCTGGAGGCCCACAAGGACGA

CCCCGCCAAGGCCTTCGCCGAGCCCTTCTACAAGTACGACAAGGCCGGCAACCGCACCCAGCAGG

TGAAGGCCGTGCGCGTGGAGCAGGTGCAGAAGACCGGCGTGTGGGTGCGCAACCACAACGGCATC

GCCGACAACGCCACCATGGTGCGCGTGGACGTGTTCGAGAAGGGCGACAAGTACTACCTGGTGCC

CATCTACAGCTGGCAGGTGGCCAAGGGCATCCTGCCCGACCGCGCCGTGGTGCAGGGCAAGGACG

AGGAGGACTGGCAGCTGATCGACGACAGCTTCAACTTCAAGTTCAGCCTGCACCCCAACGACCTG

GTGGAGGTGATCACCAAGAAGGCCCGCATGTTCGGCTACTTCGCCAGCTGCCACCGCGGCACCGG

CAACATCAACATCCGCATCCACGACCTGGACCACAAGATCGGCAAGAACGGCATCCTGGAGGGCA

TCGGCGTGAAGACCGCCCTGAGCTTCCAGAAGTACCAGATCGACGAGCTGGGCAAGGAGATCCGC

CCCTGCCGCCTGAAGAAGCGCCCTCCTGTGCGCGGTGACCCAATTGCCGGATCCAAGGCTAGCCC

GAAAAAGAAACGCAAAGTTGGGCGCGCCAGAGGAGTGCAGGTGGAAACCATCTCCCCAGGAGACG

GGCGCACCTTCCCCAAGCGCGGCCAGACCTGCGTGGTGCACTACACCGGGATGCTTGAAGATGGA

AAGAAATTTGATTCCTCCCGGGACAGAAACAAGCCCTTTAAGTTTATGCTAGGCAAGCAGGAGGT

GATCCGAGGCTGGGAAGAAGGGGTTGCCCAGATGAGTGTGGGTCAGAGAGCCAAACTGACTATAT

CTCCAGATTATGCCTATGGTGCCACTGGGCACCCAGGCATCATCCCACCACATGCCACTCTCGTC

TTCGATGTGGAGCTTCTAAAACTGGAAACTAGAGGCGTGCAGGTCGAGACCATCAGCCCCGGCGA

CGGCCGCACCTTTCCCAAGAGAGGCCAGACTTGCGTGGTCCACTACACCGGCATGCTGGAGGACG

GCAAGAAGTTCGACAGCAGCCGCGACCGCAACAAGCCCTTCAAGTTCATGCTGGGCAAACAGGAA

GTGATCCGCGGCTGGGAGGAAGGCGTGGCTCAGATGAGCGTGGGGCAGCGGGCCAAGCTGACCAT

CAGCCCCGACTATGCCTACGGCGCCACCGGCCACCCCGGCATCATCCCCCCCCACGCCACCCTGG

TGTTCGACGTGGAGCTGCTGAAGCTGGAGTGA 

 

3×FLAG 

NLS 

dCas9NM 
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FKBP 

 

>FRB-VPR 
ATGGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGATTACAAGGATGACGATGA

CAAGATGGCCCCCAAGAAGAAGAGGAAGGTGGGCCGCGGAATGGCTTCTAGAATCCTCTGGCATG

AGATGTGGCATGAAGGCCTGGAAGAGGCATCTCGTTTGTACTTTGGGGAAAGGAACGTGAAAGGC

ATGTTTGAGGTGCTGGAGCCCTTGCATGCTATGATGGAACGGGGCCCCCAGACTCTGAAGGAAAC

ATCCTTTAATCAGGCCTATGGTCGAGATTTAATGGAGGCCCAAGAGTGGTGCAGGAAGTACATGA

AATCAGGGAATGTCAAGGACCTCCTCCAAGCCTGGGACCTCTATTATCATGTGTTCCGACGAATC

TCAAAGGGTGACCCAATTGCCGGATCCAAGGCTAGCCCGAAAAAGAAACGCAAAGTTGGGCGCGC

CGAGGCCAGCGGTTCCGGACGGGCTGACGCATTGGACGATTTTGATCTGGATATGCTGGGAAGTG

ACGCCCTCGATGATTTTGACCTTGACATGCTTGGTTCGGATGCCCTTGATGACTTTGACCTCGAC

ATGCTCGGCAGTGACGCCCTTGATGATTTCGACCTGGACATGCTGATTAACTCTAGAAGTTCCGG

ATCTCCGAAAAAGAAACGCAAAGTTGGTAGCCAGTACCTGCCCGACACCGACGACCGGCACCGGA

TCGAGGAAAAGCGGAAGCGGACCTACGAGACATTCAAGAGCATCATGAAGAAGTCCCCCTTCAGC

GGCCCCACCGACCCTAGACCTCCACCTAGAAGAATCGCCGTGCCCAGCAGATCCAGCGCCAGCGT

GCCAAAACCTGCCCCCCAGCCTTACCCCTTCACCAGCAGCCTGAGCACCATCAACTACGACGAGT

TCCCTACCATGGTGTTCCCCAGCGGCCAGATCTCTCAGGCCTCTGCTCTGGCTCCAGCCCCTCCT

CAGGTGCTGCCTCAGGCTCCTGCTCCTGCACCAGCTCCAGCCATGGTGTCTGCACTGGCTCAGGC

ACCAGCACCCGTGCCTGTGCTGGCTCCTGGACCTCCACAGGCTGTGGCTCCACCAGCCCCTAAAC

CTACACAGGCCGGCGAGGGCACACTGTCTGAAGCTCTGCTGCAGCTGCAGTTCGACGACGAGGAT

CTGGGAGCCCTGCTGGGAAACAGCACCGATCCTGCCGTGTTCACCGACCTGGCCAGCGTGGACAA

CAGCGAGTTCCAGCAGCTGCTGAACCAGGGCATCCCTGTGGCCCCTCACACCACCGAGCCCATGC

TGATGGAATACCCCGAGGCCATCACCCGGCTCGTGACAGGCGCTCAGAGGCCTCCTGATCCAGCT

CCTGCCCCTCTGGGAGCACCAGGCCTGCCTAATGGACTGCTGTCTGGCGACGAGGACTTCAGCTC

TATCGCCGATATGGATTTCTCAGCCTTGCTGGGTAGCGGATCGGGATCTCGGGATTCCAGGGAAG

GGATGTTTTTGCCGAAGCCTGAGGCCGGCTCCGCTATTAGTGACGTGTTTGAGGGCCGCGAGGTG

TGCCAGCCAAAACGAATCCGGCCATTTCATCCTCCAGGAAGTCCATGGGCCAACCGCCCACTCCC

CGCCAGCCTCGCACCAACACCAACCGGTCCAGTACATGAGCCAGTCGGGTCACTGACCCCGGCAC

CAGTCCCTCAGCCACTGGATCCAGCGCCCGCAGTGACTCCCGAGGCCAGTCACCTGTTGGAGGAT

CCCGATGAAGAGACGAGCCAGGCTGTCAAAGCCCTTCGGGAGATGGCCGATACTGTGATTCCCCA

GAAGGAAGAGGCTGCAATCTGTGGCCAAATGGACCTTTCCCATCCGCCCCCAAGGGGCCATCTGG

ATGAGCTGACAACCACACTTGAGTCCATGACCGAGGATCTGAACCTGGACTCACCCCTGACCCCG

GAATTGAACGAGATTCTGGATACCTTCCTGAACGACGAGTGCCTCTTGCATGCCATGCATATCAG

CACAGGACTGTCCATCTTCGACACATCTCTGTTTTTAATTAACTACCCGTACGACGTTCCGGACT

ACGCTTCTTGA 

 

3×FLAG 

NLS 

FRB 

VPR 

HA tag 

 

>gRNASP 

NNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTA

TCAACTTGAAAAAGTGGCACCGAGTCGGTGC 

 

20bp guide sequence 

 

>gRNANM 
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NNNNNNNNNNNNNNNNNNNNNNNGTTGTAGCTCCCTTTCTCATTTCGGAAACGAAATGAGAACCG

TTGCTACAATAAGGCCGTCTGAAAAGATGTGCCGCAACGCTCTGCCCCTTAAAGCTTCTGCTTTA

AGGGGCATCGTTTA 

 

23bp guide sequence 
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