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gRNAID Sequence Number | Sequence

1 541 ACCAACTCGTCCGTAAAGGGTCT
2 1226 TCGTGAAGCAACCCTGCGTATTG
3 1271 TCCGATAGCCCTGAAGCGACAAT
4 1674 TCGTCGGATAAGCCGTAACTCGT
5 120 TCTGTCCGTGAACCACCGTAAGA
6 512 TCCTCGTGCTCGCTGGTCAATAA

7 1367 TCAACTATCCAGAGCGTTCGGCT
8 1608 TGTGCGTTATTCCAACAGGAGCG
9 1675 ACCCGACAATCGTCCTCTGAAGT

Supplementary Table 1. gRNAs sequences generated by gDesigner. gRNA ID identifies gRNAs
tested in HEK293FT, U20S and H1299 cell lines. Sequence Number refers to the initial
identification number of putative gRNA sequences during R20DNA sequence generation that
subsequently undergo a further selection according to user-specific constraints.



ID Gibbs F (kJ) | Kd F (e-21) | Gibbs R (kJ) Kd F (e-21) Offtarget F | Number of | Offtarget R Number of
Genomic Genomic Targets
Targets F R
1 -127064.8 0.3985603 | -125769.3 0.658680221 | 0.92208826 | 509 0.9211810175 | 487
91425 594 4041 89
2 -121535.7 | 3.4015168 |-123354.4 1.680265342 | 0.91097916 | 620 0.9370650655 | 670
0561 75 801 48
3 -129454.1 0.1577982 | -126386.3 0.518517136 | 0.94201862 | 600 0.9056641906 | 974
89521 359 6341 81
4 -122773.7 | 2.1046309 | -123071.1 1.875381331 | 0.98786736 | 155 0.9853038349 | 124
1941 61 2223 52
5 -121646.1 3.2589650 | -126537.0 0.489083607 | 0.87430505 | 755 0.8854401690 | 785
4751 261 4017 7
6 -121886.0 2.9694577 | -129155.4 0.177177099 | 0.90221011 | 829 0.8458377635 | 1287
9105 406 6165 66
7 -123868.8 1.3764031 | -127955.7 0.282133074 | 0.91661881 | 632 0.9338851924 | 528
2142 467 0264 59




8 -122612.2 2.2406541 | -122277.9 2.550795632 | 0.89826071 | 802 0.9059961393 | 812

4283 4 6591 93
9 -121552.3 3.3796906 | -127993.3 0.278049187 | 0.91780927 | 720 0.8717505821 | 638
223 768 7441 56

Supplementary Table 2. Properties of the gRNAs selected by gDesigner and used in this manuscript. The calculated Gibbs Free Energy, Kd,
Offtarget score and the number of Genomic Targets are displayed for each gRNA in both the forward (F) and the reverse (R) orientation. All
gRNAs have Gibbs Free Energy -130 000 < x < -120 000 and Offtarget scores > 0.8. The number of Genomic Targets is for the allowed number of
mismatches as a part of the offtarget scoring (7).



dLbCas12a

LbCas12a fwd CTATGTGATCGGCATCGCTAGGGGCGAGCGC

LbCas12a rev CTCGCCCCTAGCGATGCCGATCACATAGGGGTTATCG

gRNA Cloning Vector

hU6 pSIREN Fwd GCCTTTCTGCGTTTATACACCTGCGACTTTTTTTtcgatgcaaatgattctatcctaaaagacca

hU6 pSIREN Rev GACTGAGCTAGCCGTCAACACCTGCGTACccggtgtttcgtcctttccacaagatatataaagccaag

hU6 Cas12a RFP Fwd | GTACGCAGGTGTTGACGGCTAGCTCAGTC

hU6 Cas12a RFP Rev | GTCGCAGGTGTATAAACGCAGAAAGGCCC

Promoter Cloning Vector

Bbsl CMV_Fwd TAGAGTGTCTTCGTTGACGGCTAGCTCAGTCCTAGG

Bbsl CMV_Rev TCCAAGGTCTTCGTATAAACGCAGAAAGGCCCACCC

CMV BB_Fwd TGGGCCTTTCTGCGTTTATACGAAGACCTTGGATCCAATTCGACaccggtcge
CMV BB_Rev GGACTGAGCTAGCCGTCAACGAAGACACTCTAGAGTCTCCGCTCGGAGGACAG

Sequencing Primers

hU6 seq primer GACTATCATATGCTTACCGTAACTTGAAAGTATTTC

Seq Promoter atgcattagttattaatGCTCCGAATTTCTCGACAGATC

Promoter Primers

smCMV superminimal CMV fwd | TATATAAGCAGAGCTCGTTTAGTGAACCGTCAGA

superminimal CMV rev GCGATCTGACGGTTCACTAAACGAGCTCTGCTTA




Orientation 1

1226

smCMV Lb1226_11 fwd

TAGATTTATCGTGAAGCAACCCTGCGTATTG

smCMV Lb1226_11 rev

TATACAATACGCAGGGTTGCTTCACGATAAA

smCMV Lb1226_12 fwd

TCGCCAATACGCAGGGTTGCTTCACGATAAA

smCMV Lb1226_12 rev

TCCATTTATCGTGAAGCAACCCTGCGTATTG

1674

smCMV Lb1674_11 fwd

TAGATTTATCGTCGGATAAGCCGTAACTCGT

smCMV Lb1674_11 rev

TATAACGAGTTACGGCTTATCCGACGATAAA

smCMV Lb1674_12 fwd

TCGCACGAGTTACGGCTTATCCGACGATAAA

smCMV Lb1674_12 rev

TCCATTTATCGTCGGATAAGCCGTAACTCGT

Orientation 2

541

smCMV Lb541_21 fwd

TAGAAGACCCTTTACGGACGAGTTGGTtaaa

smCMV Lb541 21 rev

TATAtttaACCAACTCGTCCGTAAAGGGTCT

smCMV Lb541 22 fwd

TCGCtttaACCAACTCGTCCGTAAAGGGTCT

smCMV Lb541_22 rev

TCCAAGACCCTTTACGGACGAGTTGGTtaaa

1226

smCMV Lb1226_21 fwd

TAGACAATACGCAGGGTTGCTTCACGAtaaa

smCMV Lb1226_21 rev

TATAtttaTCGTGAAGCAACCCTGCGTATTG

smCMV Lb1226 22 fwd

TCGCtttaTCGTGAAGCAACCCTGCGTATTG

smCMV Lb1226 22 rev

TCCACAATACGCAGGGTTGCTTCACGAtaaa

1271

smCMV Lb1271 21 fwd

TAGAATTGTCGCTTCAGGGCTATCGGAtaaa

smCMV Lb1271 21 rev

TATAtttaTCCGATAGCCCTGAAGCGACAAT

smCMV Lb1271_22 fwd

TCGCtttaTCCGATAGCCCTGAAGCGACAAT

smCMV Lb1271 22 rev

TCCAATTGTCGCTTCAGGGCTATCGGAtaaa

1674

smCMV Lb1674_21 fwd

TAGAACGAGTTACGGCTTATCCGACGAtaaa

smCMV Lb1674_21 rev

TATAtttaTCGTCGGATAAGCCGTAACTCGT

smCMV Lb1674_22 fwd

TCGCtttaTCGTCGGATAAGCCGTAACTCGT

smCMV Lb1674_22 rev

TCCAACGAGTTACGGCTTATCCGACGAtaaa




120

smCMV Lb120_21 fwd

TAGATCTTACGGTGGTTCACGGACAGAtaaa

smCMV Lb120_21 rev

TATAtttaTCTGTCCGTGAACCACCGTAAGA

smCMV Lb120_22 fwd

TCGCtttaTCTGTCCGTGAACCACCGTAAGA

smCMV Lb120_22 rev

TCCATCTTACGGTGGTTCACGGACAGAtaaa

512

smCMV Lb512_21 fwd

TAGATTATTGACCAGCGAGCACGAGGAtaaa

smCMV Lb512 21 rev

TATAtttaTCCTCGTGCTCGCTGGTCAATAA

smCMV Lb512_22 fwd

TCGCtttaTCCTCGTGCTCGCTGGTCAATAA

smCMV Lb512 22 rev

TCCATTATTGACCAGCGAGCACGAGGAtaaa

1367

smCMV Lb1367_21 fwd

TAGAAGCCGAACGCTCTGGATAGTTGAtaaa

smCMV Lb1367_21 rev

TATAtttaTCAACTATCCAGAGCGTTCGGCT

smCMV Lb1367_22 fwd

TCGCtttaTCAACTATCCAGAGCGTTCGGCT

smCMV Lb1367_22 rev

TCCAAGCCGAACGCTCTGGATAGTTGAtaaa

1608

smCMV Lb1608_21 fwd

TAGACGCTCCTGTTGGAATAACGCACAtaaa

smCMV Lb1608 21 rev

TATAtttaTGTGCGTTATTCCAACAGGAGCG

smCMV Lb1608 22 fwd

TCGCtttaTGTGCGTTATTCCAACAGGAGCG

smCMV Lb1608 22 rev

TCCACGCTCCTGTTGGAATAACGCACAtaaa

1675

smCMV Lb1675_21 fwd

TAGAACTTCAGAGGACGATTGTCGGGTtaaa

smCMV Lb1675_21 rev

TATAtttaACCCGACAATCGTCCTCTGAAGT

smCMV Lb1675_22 fwd

TCGCtttaACCCGACAATCGTCCTCTGAAGT

smCMV Lb1675_22 rev

TCCAACTTCAGAGGACGATTGTCGGGTtaaa

Orientation 3

1226

smCMV Lb1226_ 11 fwd

TAGATTTATCGTGAAGCAACCCTGCGTATTG

smCMV Lb1226_11 rev

TATACAATACGCAGGGTTGCTTCACGATAAA

smCMV Lb1226_22 fwd

TCGCtttaTCGTGAAGCAACCCTGCGTATTG

smCMV Lb1226_22 rev

TCCACAATACGCAGGGTTGCTTCACGAtaaa

1674

smCMV Lb1674_11 fwd

TAGATTTATCGTCGGATAAGCCGTAACTCGT




smCMV Lb1674_11 rev

TATAACGAGTTACGGCTTATCCGACGATAAA

smCMV Lb1674_22 fwd

TCGCtttaTCGTCGGATAAGCCGTAACTCGT

smCMV Lb1674_22 rev

TCCAACGAGTTACGGCTTATCCGACGAtaaa

Orientation 4

1226

smCMV Lb1226_21 fwd

TAGACAATACGCAGGGTTGCTTCACGAtaaa

smCMV Lb1226 21 rev

TATAtttaTCGTGAAGCAACCCTGCGTATTG

smCMV Lb1226_12 fwd

TCGCCAATACGCAGGGTTGCTTCACGATAAA

smCMV Lb1226_12 rev

TCCATTTATCGTGAAGCAACCCTGCGTATTG

1674

smCMV Lb1674_21 fwd

TAGAACGAGTTACGGCTTATCCGACGAtaaa

smCMV Lb1674_21 rev

TATAtttaTCGTCGGATAAGCCGTAACTCGT

smCMV Lb1674_12 fwd

TCGCACGAGTTACGGCTTATCCGACGATAAA

smCMV Lb1674_12 rev

TCCATTTATCGTCGGATAAGCCGTAACTCGT

gRNA Primers

Code

541

Lb541 gRNA hU6 fwd

CCGGTAATTTCTACTAAGTGTAGATACCAACTCGTCCGTAAAGGGTCT

Lb541 gRNA hU®6 rev

AAAAAGACCCTTTACGGACGAGTTGGTATCTACACTTAGTAGAAATTA

1226

Lb 1226 guide hu6 Fwd

CCGGTAATTTCTACTAAGTGTAGATTCGTGAAGCAACCCTGCGTATTG

Lb 1226 guide hu6 Rev

AAAACAATACGCAGGGTTGCTTCACGAATCTACACTTAGTAGAAATTA

1271

Lb1271 gRNA hU6 fwd

CCGGTAATTTCTACTAAGTGTAGATTCCGATAGCCCTGAAGCGACAAT

Lb1271 gRNA hU6 rev

AAAAATTGTCGCTTCAGGGCTATCGGAATCTACACTTAGTAGAAATTA

1674

Lb 1674 guide hu6 Fwd

CCGGTAATTTCTACTAAGTGTAGATTCGTCGGATAAGCCGTAACTCGT

Lb 1674 guide hu6 Rev

AAAAACGAGTTACGGCTTATCCGACGAATCTACACTTAGTAGAAATTA

120

Lb 120 guide hu6 Fwd

CCGGTAATTTCTACTAAGTGTAGATTCTGTCCGTGAACCACCGTAAGA




Lb 120 guide hu6 Rev

AAAATCTTACGGTGGTTCACGGACAGAATCTACACTTAGTAGAAATTA

512 | Lb 512 guide hu6 Fwd

CCGGTAATTTCTACTAAGTGTAGATTCCTCGTGCTCGCTGGTCAATAA

Lb 512 guide hu6 Rev

AAAATTATTGACCAGCGAGCACGAGGAATCTACACTTAGTAGAAATTA

1367 | Lb 1367 guide hu6 Fwd

CCGGTAATTTCTACTAAGTGTAGATTCAACTATCCAGAGCGTTCGGCT

Lb 1367 guide hu6 Rev

AAAAAGCCGAACGCTCTGGATAGTTGAATCTACACTTAGTAGAAATTA

1608 | Lb 1608 guide hu6 Fwd

CCGGTAATTTCTACTAAGTGTAGATTGTGCGTTATTCCAACAGGAGCG

Lb 1608 guide hu6 Rev

AAAACGCTCCTGTTGGAATAACGCACAATCTACACTTAGTAGAAATTA

1675 | Lb 1675 guide hu6 Fwd

CCGGTAATTTCTACTAAGTGTAGATACCCGACAATCGTCCTCTGAAGT

Lb 1675 guide hu6 Rev

AAAAACTTCAGAGGACGATTGTCGGGTATCTACACTTAGTAGAAATTA

Supplementary Table 3. List of primers and oligos to create and sequence constructs used in this manuscript.

Cell Line Viable Cells Gating Vertices Single Cell Gating Vertices
HEK293FT (50000,20000),(200000,20000), (120000,40000),(120000,110000),
(80000,110000),(80000,40000)
(200000,200000),(50000,200000)
u20s (10000,1000),(80000,1000), (80000,6000),(120000,6000),
(80000,40000),(10000,40000) (120000,22000),(80000,22000)
H1299 (10000,1000),(50000,1000), (80000,6000),(125000,6000),

(50000,50000),(1000,50000)

(125000,23000),(80000,23000)

Supplementary Table 4. Vertices for viable cell and single cell gating for HEK293FT, U20S and H1299 cell lines.
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Supplementary Figure 1. Test of promoter binding site orientation. (a) Design of different
promoters with binding sites orientated inward, outward, 5’ and 3’ direction. (b) Binding site
orientation characterisation in HEK293FT cells. The promoter output was measured in each
orientation for four different conditions: no Gal4VP16 (-Activator), no gRNA (-gRNA), with
cognate gRNA (Repressed) and with gRNA (Orthogonal gRNA). Data represent geometric
mean and standard deviation of means of EGFP MEFL normalised by mKate expression for
cells expressing > 2x10* MEFL of transfection marker mKate for at least 2 replicates. Statistical
significance, calculated using the Student’s t-test, is denoted by asterisks (where ** means

p<0.01).
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Supplementary Figure 2. Activation/Repression optimization. Increasing concentration of
Gal4-VP16 (range 5 to 50 ng) encoding plasmid were co-transfected in HEK293FT cells along
with fixed amounts of the other components of the synthetic repression system (+gRNA) or
in absence of gRNA (-gRNA). Data represent geometric mean and standard deviation of means
of EGFP normalised by mKate for cells expressing >1x103 of transfection marker mKate for n
= 2 replicates.
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Supplementary Figure 3. Library of gRNA/promoter repression in HEK293FT cells. gRNA-
Promoter library was co-transfected in HEK293FT cells in presence or absence of associated
gRNAs, or of orthogonal gRNAs. Fold repression (black line) is calculated by dividing the
geometric mean of EGFP MEFL (normalised by the MEFL of the mKate transfection marker) of
unrepressed control cells (transfected with EGFP reporter, Gal4-VP16 and hdLbCasl2a
expression plasmids) by the transfection marker normalised geometric mean of EGFP MEFL
of repressed cells (transfected with plasmids encoding EGFP reporter, Gal4-VP16, hdLbCas12a
and gRNA) for at least 2 replicates at different minimum MEFL cut-offs of the mKate
transfection marker. hdLbCasl2a was transfected along with Gal4-VP16 and reporter
encoding plasmids in the unrepressed control to account for any additional burden imposed
to the cells by exogenous plasmid expression. Reference fold repression of 1 is represented
by the red line. The dashed grey lines represent standard error.
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Supplementary Figure 4. Test of hdLbCas12a functionality and orthogonality in U20S cells.
(a) Orthogonality matrix of gRNAs g1-g4 in U20S cells. Fold repression is calculated by dividing
the transfection marker normalised geometric mean of the EGFP MEFL of unrepressed control
cells by the normalised geometric mean of gRNA repressed cells with a transfection marker
cut-off of 5x10® mKate MEFL for n = 2 technical replicates. (b) Fold repression of
gRNA/cognate and non-cognate promoter pairs across different mKate transfection marker
cut-offs for at least 2 replicates. Reference fold repression of 1 is represented by the red line.
The dashed grey lines represent standard error.
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Supplementary Figure 5. Gal4VP16 transcriptional activation. HEK293FT, U20S and H1299
cell lines show different output expression and background activity in presence and absence

of the transcriptional activator.
EGFP MEFL for cells expressing > 2x10* MEFL (HEK293FT, H1299), >5x103 (U20S) of

transfection marker mKate for at least 2 replicates.
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Supplementary Figure 6. Flow Cytometry Gating Strategy (a) Manual Cell Gating for Viable
Cells: Cells were manually gated using the Side Scatter (SSC-A) and Forward Scatter (FSC-A)
characteristics to select for viable cells. (b) Manual Cell Gating for Single Cells: Cells were then
gated using their Forward Scatter (FSC-H and FSC-W) properties to select for single cells. The
gating is applied for data from HEK293FT cells. The gate vertices for all cells lines are available

in the Supplementary Table 4.



Table of resources

Scientific

REAGENT or RESOURCE SOURCE IDENTIFIER
Bacterial and Virus Strains
NEB® 5-alpha Competent E. coli (Subcloning NEB C2988)
Efficiency)
Chemicals, Peptides, and Recombinant Proteins
Phusion Polymerase NEB MO0530L
T4 PNK NEB MO0201L
Bpil (Bbsl) ThermoFisher ER1011
Scientific
T4 DNA Ligase NEB MO0202T
BspMI NEB RO502L
DMEM ThermoFisher
11960044
Scientific
Opti-MEM Th Fish
PH ermorisher 31985062
Scientific
Trypsin 0.25% ThermoFisher 25200056
Scientific
DMEM Media — No Phenol Red ThermoFisher
o 31053028
Scientific
. e i i ThermoFisher 10500064
Fetal Bovine Serum, qualified, heat inactivated, L
Scientific
E.U.-approved, South America Origin
A i ThermoFisher
Penicillin-Streptomycin (10,000 U/mL) L 15140122
Scientific
i ThermoFisher
L-Glutamine (200 mM) L 25030081
Scientific
. . . . ThermoFisher
MEM Non-Essential Amino Acids Solution (100X) o 11140050
Scientific
Rainbow Calibration Particles, 8 Peaks Spherotech RCP-30-5A
Lipofectamine 3000 ThermoFisher L3000008




FUGENE® 6 Transfection Reagent Promega E2691

Experimental Models: Cell Lines

HEK293 FT

H1299

u20S

Oligonucleotides

ssDNA oligos (see Supplementary Table 3 for IDT N/A

sequences)

Recombinant DNA

pcDNA3.1-hLbCpfl ! Addgene #69988

pcDNA3.1-hdLbCas12a This study

pSIREN_U6-shRNA_FF5-CMV-iRFP Courtesy of Dr.
Wroblewska

pPSIREN_U6-Cas12a gRNA This study

pLS1-BoxCDGC_2xKMet_-cloningvector This study

pLS1-BoxCDGC_2xKMet_-cloningvector-RFP This study

pT-GTW6-CMV-mKate 2 mKate: Evrogen3

pLS1 2

Gal4-VP16 2

pL-A2 2

PSIREN U6 gRNA Lb541 This study

PSIREN U6 gRNA Lb1226 This study

pSIREN U6 gRNA Lb1271 This study

pSIREN U6 gRNA Lb1674 This study

pSIREN U6 gRNA Lb120 This study

pSIREN U6 gRNA Lb512 This study

pSIREN U6 gRNA Lb1367 This study

pSIREN U6 gRNA Lb1608 This study

pSIREN U6 gRNA Lb1675 This study

pLS1-Lb1674 p1 smCMV This study

pLS1-Lb1226 p1 smCMV This study

pLS1-Lb1674 p3 smCMV This study

pLS1-Lb1226 p3 smCMV This study




pLS1-Lb1674 p4 smCMV This study

pLS1-Lb1226 p4 smCMV This study

pLS1-Lb541 p2 smCMV This study

pLS1-Lb1226 p2 smCMV This study

pLS1-Lb1271 p2 smCMV This study

pLS1-Lb1674 p2 smCMV This study

pLS1-Lb120 p2 smCMV This study

pLS1-Lb512 p2 smCMV This study

pLS1-Lb1367 p2 smCMV This study

pLS1-Lb1608 p2 smCMV This study

pLS1-Lb1675 p2 smCMV This study

Software and Algorithms

R Studio — Open source edition Rstudio https://www.rstud
io.com/

TASBE 4 https://github.com
/bpteague/cytoflo
w

Cas-OFFinder > https://github.com
/snugel/cas-
offinder

MELTING 67 http://www.ebi.ac
.uk/biomodels/too
Is/melting/

MultiRNAFold 2.0 http://www.rnasof
t.ca/download/

R20DNA Designer 8 http://www.r2odn
a.com/

FlowJo FlowlJo, LLC https://www.flow;j
o.com/

gDesigner This study https://github.com

/imacdona/gDesig

ner
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