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Supplementary Discussion 

Impact of CRISPR-based devices on host dynamics 

The promoter sequences in the devices reported in this study were adapted from 

a previously reported study evaluating TALEs binding to their cognate target sites 

and modified to allow CRISPR recognition and targeting1. Nucleotide BLAST of 

these sequences finds no exact matches in the human genome2. CRISPR 

specificity and off-target effects remain active areas of research3-8. The specificity 

of Cas9 is sequence- and locus-dependent and appears to be governed by the 

quantity, position and identity of mismatching bases. While prior reports have 

suggested that 8-12 nucleotides proximal of PAM is essential for specificity5, 

another recent report demonstrates that specificity is defined by exact matching 

of the PAM-proximal 5 bp to the guide sequence4. Studies such as ours, and the 

generation and characterization of larger libraries of engineered regulatory 

devices will further improve the understanding of CRISPR specificity. 

 

In our study we used a catalytically mutant Cas9 not fused to any effector 

domain. We believe that the absence of an effector domain reduces deleterious 

effects in potential off-target binding sites. In addition, in our study we kept the 

level of transfected Cas9m as low as possible, transfecting 2x105 HEK293 cells 

with only 70ng of Cas9m, which has been suggested to decrease off-target 

effects.3 Although the efficacy of these strategies is still unclear, they may 

contribute to the low toxicity observed in our study: flow cytometry analysis of cell 

viability using 7-Aminoactinomycin-D (7-AAD) dye in the igRNA-a device 

revealed comparable viability across different conditions (Supplementary Fig. A. 

a). This was also the case for the igRNA-b device (data not shown). Likewise, 

microscope observation of transfected cells did not show toxicity beyond levels 

expected following transfection of the cells (Supplementary Fig. A.b). 

 

Additional Intronic gRNA Device Characterization 
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We assayed the intronic gRNA (igRNA) devices further. We inserted two stop 

codons within the intron sequence, which allowed us to verify proper splicing of 

intron by observing mKate fluorescence (Supplementary Fig. 7).  To verify that 

the observed repression of the output is not due to co-expression of the input 

protein and load on host cellular resources, we removed the igRNA sequence 

and expressed comparable amount of mKate fluorescent protein. We did not 

observe significant repression of output in that configuration (Supplementary 
Fig. 9). To examine whether proper processing of spliced intron is required for 

the function of Cas9m/igRNA complex, we replaced the eukaryotic intron branch 

point sequence with a sequence from HSV latency-associated transcript, which 

interferes with proper de-branching of a spliced intron9. This modification resulted 

in diminished igRNA/Cas9m mediated repression efficiency (Supplementary 
Fig. 10), suggesting that Cas9m-mediated targeting requires efficient processing 

of the spliced igRNA.   
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Figure A  7-AAD viability test following transfection with the igRNA-a device. 
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(a) 7-Aminoactinomycin D (7-AAD) is a red-fluorescent dye with strong affinity towards 
dsDNA. Live cells are generally impermeable to this dye, allowing differentiation of live and 
dead cells by flow cytometry analysis of 7-AAD negative and positive populations 
respectively. 7-AAD has a maximum absorption at 545nm and a maximum emission at 
650nm, allowing simultaneous measurement with other fluorescent proteins in our devices. 
As depicted in the bar graphs, the viability of cells was not significantly influenced by the 
presence of cas9m, igRNA-a or doxycycline. Bar graphs represent geometric mean and 
standard deviation of percentage of 7-AAD negative population (n=3 biological replicates 
from one of two representative experiments). (b) Bright-field images of cells in the 
uninduced (top) and induced (bottom) conditions does not indicate visible toxicity within the 
culture. 
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Supplementary notes: Sequences used or made in this study 
U6-gRNA-a AAGGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTCCTTCATATT

TGCATATACGATACAAGGCTGTTAGAGAGATAATTAGAATTAATTTG
ACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGT
AATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGG
ACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCT
TTATATATCTTGTGGAAAGGACGAAACACCGTATAGAACCGATCCT
CCCATGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCC
GTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTT 

U6-gRNA-b AAGGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTCCTTCATATT
TGCATATACGATACAAGGCTGTTAGAGAGATAATTAGAATTAATTTG
ACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGT
AATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGG
ACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCT
TTATATATCTTGTGGAAAGGACGAAACACCGTACCTCATCAGGAAC
ATGTGTTTAAGAGCTATGCTGGAAACAGCAGAAATAGCAAGTTTAA
ATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGT
GCTTTTTTT 

CRa-U6/gRNA-b (Version 1) GGTTTACCGAGCTCTTATTGGTTTTCAAACTTCATTGACTGTGCCAA
GGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTG
CATATACGATACAAGGCTGTTAGAGAGATAATTAGAATTAATTTGAC
TGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAAT
AATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACT
ATCATATGCTTACCGTAACTTGAAATATAGAACCGATCCTCCCATTG
GTATATATCCAATGGGAGGATCGGTTCTATACTTGTGGAAAGGACG
AAACACCGTACCTCATCAGGAACATGTGTTTAAGAGCTATGCTGGA
AACAGCAGAAATAGCAAGTTTAAATAAGGCTAGTCCGTTATCAACT
TGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTGGTGCGTTTTTATG
CTTGTAGTATTGTATAATGTTTTT 

CRa-U6/gRNA-b(version 2) AAGGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTCCTTCATATT
TGCATATACGATACAAGGCTGTTAGAGAGATAATTAGAATTAATTTG
ACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGT
AATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGG
ACTATCATATGCTTACCGTAACTTGAAACCAATGGGAGGATCGGTT
CTATATATATATTATAGAACCGATCCTCCCATTGGCTTGTGGAAAG
GACGAAACACCGTACCTCATCAGGAACATGTGTTTAAGAGCTATG
CTGGAAACAGCAGAAATAGCAAGTTTAAATAAGGCTAGTCCGTTAT
CAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTT 

CRa-U6/gRNA-b(version 3) GGTTTACCGAGCTCTTATTGGTTTTCAAACTTCATTGACTGTGCCAA
GGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTG
CATATACGATACAAGGCTGTTAGAGAGATAATTAGAATTAATTTGAC
TGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAAT
AATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACT
ATCATATGCTTACCGTAACTTGAAATATAGAACCGATCCTCCCATTG
GTATATATTATAGAACCGATCCTCCCATTGGCTTGTGGAAAGGACG
AAACACCGTACCTCATCAGGAACATGTGTTTAAGAGCTATGCTGG
AAACAGCAGAAATAGCAAGTTTAAATAAGGCTAGTCCGTTATCAAC
TTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTGGTGCGTTTTTAT
GCTTGTAGTATTGTATAATGTTTTT 

mKate-Intronic gRNA-b TCTAAGGGCGAAGAGCTGATTAAGGAGAACATGCACATGAAGCTG
TACATGGAGGGCACCGTGAACAACCACCACTTCAAGTGCACATCC
GAGGGCGAAGGCAAGCCCTACGAGGGCACCCAGACCATGAGAAT
CAAGGTGGTCGAGGGCGGCCCTCTCCCCTTCGCCTTCGACATCCT
GGCTACCAGCTTCATGTACGGCAGCAAAACCTTCATCAACCACACC
CAGGGCATCCCCGACTTCTTTAAGCAGTCCTTCCCTGAGGTAAGT
GGTCCTACCTCATCAGGAACATGTGTTTTAGAGCTAGAAATAGCA
AGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACC
GAGTCGGTGCTACTAACTCTCGAGTCTTCTTTTTTTTTTTCACAGG
GCTTCACATGGGAGAGAGTCACCACATACGAAGACGGGGGCGTG
CTGACCGCTACCCAGGACACCAGCCTCCAGGACGGCTGCCTCATC
TACAACGTCAAGATCAGAGGGGTGAACTTCCCATCCAACGGCCCT
GTGATGCAGAAGAAAACACTCGGCTGGGAGGCCTCCACCGAGATG
CTGTACCCCGCTGACGGCGGCCTGGAAGGCAGAAGCGACATGGC
CCTGAAGCTCGTGGGCGGGGGCCACCTGATCTGCAACTTGAAGAC
CACATACAGATCCAAGAAACCCGCTAAGAACCTCAAGATGCCCGG
CGTCTACTATGTGGACAGAAGACTGGAAAGAATCAAGGAGGCCGA
CAAAGAGACCTACGTCGAGCAGCACGAGGTGGCTGTGGCCAGATA
CTGCG 

mKate intronic gRNA-a ATGGTGTCTAAGGGCGAAGAGCTGATTAAGGAGAACATGCACATG
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AAGCTGTACATGGAGGGCACCGTGAACAACCACCACTTCAAGTGC
ACATCCGAGGGCGAAGGCAAGCCCTACGAGGGCACCCAGACCAT
GAGAATCAAGGTGGTCGAGGGCGGCCCTCTCCCCTTCGCCTTCGA
CATCCTGGCTACCAGCTTCATGTACGGCAGCAAAACCTTCATCAAC
CACACCCAGGGCATCCCCGACTTCTTTAAGCAGTCCTTCCCTGAG
GTAAGTGGTCCTATAGAACCGATCCTCCCATGTTTTAGAGCTAGA
AATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAG
TGGCACCGAGTCGGTGCTACTAACTCGAGTCTTCTTTTTTTTTTTC
ACAGGGCTTCACATGGGAGAGAGTCACCACATACGAAGACGGGG
GCGTGCTGACCGCTACCCAGGACACCAGCCTCCAGGACGGCTGC
CTCATCTACAACGTCAAGATCAGAGGGGTGAACTTCCCATCCAACG
GCCCTGTGATGCAGAAGAAAACACTCGGCTGGGAGGCCTCCACC
GAGATGCTGTACCCCGCTGACGGCGGCCTGGAAGGCAGAAGCGA
CATGGCCCTGAAGCTCGTGGGCGGGGGCCACCTGATCTGCAACTT
GAAGACCACATACAGATCCAAGAAACCCGCTAAGAACCTCAAGAT
GCCCGGCGTCTACTATGTGGACAGAAGACTGGAAAGAATCAAGGA
GGCCGACAAAGAGACCTACGTCGAGCAGCACGAGGTGGCTGTGG
CCAGATACTGCGACCTCCCTAGCAAACTGGGGCACAAACTTAATTG
A 

CRPa promoter GCTCCGAATTTCTCGACAGATCTCATGTGATTACGCCAAGCTACGG
GCGGAGTACTGTCCTCCGAGCGGAGTACTGTCCTCCGAGCGGAG
TACTGTCCTCCGAGCGGAGTACTGTCCTCCGAGCGGAGTTCTGTC
CTCCGAGCGGAGACTCTAGATATAGAACCGATCCTCCCATTGGAAT
TCTAGGCGTGTACGGTGGGAGGCCTATATAAGCAGAGCTCGTTTA
GTGAACCGTCAGATCGCCTCGAGTATAGAACCGATCCTCCCATTG
GATCCAATTCGAC 

CRP-b promoter GCTCCGAATTTCTCGACAGATCTCATGTGATTACGCCAAGCTACGG
GCGGAGTACTGTCCTCCGAGCGGAGTACTGTCCTCCGAGCGGAG
TACTGTCCTCCGAGCGGAGTACTGTCCTCCGAGCGGAGTTCTGTC
CTCCGAGCGGAGACTCTAGATACCTCATCAGGAACATGTTGGAATT
CTAGGCGTGTACGGTGGGAGGCCTATATAAGCAGAGCTCGTTTAG
TGAACCGTCAGATCGCCTCGAGTACCTCATCAGGAACATGTTGGAT
CCAATTCGACC 

iRFP-igRNA-a ATGGCTGAAGGATCCGTCGCCAGGCAGCCTGACCTCTTGACCTGC
GACGATGAGCCGATCCATATCCCCGGTGCCATCCAACCGCATGGA
CTGCTGCTCGCCCTCGCCGCCGACATGACGATCGTTGCCGGCAG
CGACAACCTTCCCGAACTCACCGGACTGGCGATCGGCGCCCTGAT
CGGCCGCTCTGCGGCCGATGTCTTCGACTCGGAGACGCACAACC
GTCTGACGATCGCCTTGGCCGAGCCCGGGGCGGCCGTCGGAGCA
CCGATCACTGTCGGCTTCACGATGCGAAAGGTAAGTGGTCCTATA
GAACCGATCCTCCCATGTTTTAGAGCTAGAAATAGCAAGTTAAAA
TAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGG
TGCTACTAACTCTCGAGTCTTCTTTTTTTTTTTCACAGGACGCAGG
CTTCATCGGCTCCTGGCATCGCCATGATCAGCTCATCTTCCTCGAG
CTCGAGCCTCCCCAGCGGGACGTCGCCGAGCCGCAGGCGTTCTT
CCGCCGCACCAACAGCGCCATCCGCCGCCTGCAGGCCGCCGAAA
CCTTGGAAAGCGCCTGCGCCGCCGCGGCGCAAGAGGTGCGGAAG
ATTACCGGCTTCGATCGGGTGATGATCTATCGCTTCGCCTCCGACT
TCAGCGGCGAAGTGATCGCAGAGGATCGGTGCGCCGAGGTCGAG
TCAAAACTAGGCCTGCACTATCCTGCCTCAACCGTGCCGGCGCAG
GCCCGTCGGCTCTATACCATCAACCCGGTACGGATCATTCCCGAT
ATCAATTATCGGCCGGTGCCGGTCACCCCAGACCTCAATCCGGTC
ACCGGGCGGCCGATTGATCTTAGCTTCGCCATCCTGCGCAGCGTC
TCGCCCGTCCATCTGGAATTCATGCGCAACATAGGCATGCACGGC
ACGATGTCGATCTCGATTTTGCGCGGCGAGCGACTGTGGGGATTG
ATCGTTTGCCATCACCGAACGCCGTACTACGTCGATCTCGATGGC
CGCCAAGCCTGCGAGCTAGTCGCCCAGGTTCTGGCCTGGCAGAT
CGGCGTGATGGAAGAGTGA 

iRFP-igRNA-b ATGGCTGAAGGATCCGTCGCCAGGCAGCCTGACCTCTTGACCTGC
GACGATGAGCCGATCCATATCCCCGGTGCCATCCAACCGCATGGA
CTGCTGCTCGCCCTCGCCGCCGACATGACGATCGTTGCCGGCAG
CGACAACCTTCCCGAACTCACCGGACTGGCGATCGGCGCCCTGAT
CGGCCGCTCTGCGGCCGATGTCTTCGACTCGGAGACGCACAACC
GTCTGACGATCGCCTTGGCCGAGCCCGGGGCGGCCGTCGGAGCA
CCGATCACTGTCGGCTTCACGATGCGAAAGGTAAGTGGTCCTACC
TCATCAGGAACATGTGTTTTAGAGCTAGAAATAGCAAGTTAAAAT
AAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGT
GCTACTAACTCTCGAGTCTTCTTTTTTTTTTTCACAGGACGCAGGC
TTCATCGGCTCCTGGCATCGCCATGATCAGCTCATCTTCCTCGAGC
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TCGAGCCTCCCCAGCGGGACGTCGCCGAGCCGCAGGCGTTCTTC
CGCCGCACCAACAGCGCCATCCGCCGCCTGCAGGCCGCCGAAAC
CTTGGAAAGCGCCTGCGCCGCCGCGGCGCAAGAGGTGCGGAAGA
TTACCGGCTTCGATCGGGTGATGATCTATCGCTTCGCCTCCGACTT
CAGCGGCGAAGTGATCGCAGAGGATCGGTGCGCCGAGGTCGAGT
CAAAACTAGGCCTGCACTATCCTGCCTCAACCGTGCCGGCGCAGG
CCCGTCGGCTCTATACCATCAACCCGGTACGGATCATTCCCGATAT
CAATTATCGGCCGGTGCCGGTCACCCCAGACCTCAATCCGGTCAC
CGGGCGGCCGATTGATCTTAGCTTCGCCATCCTGCGCAGCGTCTC
GCCCGTCCATCTGGAATTCATGCGCAACATAGGCATGCACGGCAC
GATGTCGATCTCGATTTTGCGCGGCGAGCGACTGTGGGGATTGAT
CGTTTGCCATCACCGAACGCCGTACTACGTCGATCTCGATGGCCG
CCAAGCCTGCGAGCTAGTCGCCCAGGTTCTGGCCTGGCAGATCG
GCGTGATGGAAGAGTGA 
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