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Supplementary Figures 
 

 
Supplementary Figure 1 | Nucleotide-level schematics of toehold repressors and three-way junction (3WJ) 
repressors. a, Toehold repressors employ a switch RNA with a 15-nt toehold and a 30-nt stem to interact with a 
trigger RNA with a 45-nt single-stranded region. Binding of the trigger causes formation of a translation-repressing 
hairpin structure. b, Three-way junction repressors employ a conserved hairpin structure in the switch RNA that places 
binding domains a* and b* in close proximity while still enabling effective translation. Binding of the trigger RNA 
through a toehold-mediated interaction forms a 3WJ structure that represses translation. Black bases designate 
sequences that are biologically conserved (e.g. terminators, RBS, start codons). White bases indicate sequences 
determined by NUPACK based on the specified secondary structure. Gray bases indicate sequences derived from 
previous riboregulators.  
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Supplementary Figure 2 | GFP fluorescence of the toehold and 3WJ repressor libraries. a-c, GFP fluorescence 
levels measured via flow cytometry for the switch RNA expressed with a non-cognate trigger with high secondary 
structure (colored bars, ON state) and with the cognate trigger (gray bars, OFF state) for the first-generation toehold 
repressors (a), 3WJ repressors (b), and second-generation toehold repressors (c). Repressors were measured 3 hr 
after induction. GFP fluorescence and error bars are from the arithmetic mean and the standard deviation (SD), 
respectively, of n=3 biologically independent samples. Individual points show the fluorescence measured from each 
biologically independent sample. 
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Supplementary Figure 3 | GFP fold reduction measured from synthetic repressors in different E. coli strains. a, 
Comparison of GFP fold reduction for second-generation toehold repressors in E. coli BL21 Star DE3, which is RNase 
deficient, with E. coli BL21 DE3, which has wild-type RNase levels. The toehold repressors exhibit device dependent 
variations with strain but provide >40-fold reduction levels. Cells were measured via flow cytometry after 4 hours of 
induction with 0.1 mM IPTG. b, Comparison of GFP fold reduction in the same two strains for 3WJ repressors. The 
devices show comparable fold reductions in both strains. Cells were measured via flow cytometry after 5 hours of 
induction with 0.1 mM IPTG. Fold reduction is the ratio of the arithmetic mean of the GFP fluorescence level for the 
ON and OFF translation states and the relative errors for the ON and OFF states are from the SD of n=3 biologically 
independent samples. Relative errors for GFP fold reduction were obtained by adding the relative errors of the 
repressor ON- and OFF-state fluorescence measurements in quadrature. Individual points show the fold reduction 
from n=3 pairs of biologically independent samples. 
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Supplementary Figure 4 | Time-course measurements of toehold and 3WJ repressors. a, Toehold repressors 
display increasing GFP expression as induction time increases. Strong fold reductions are observed within an hour of 
induction and increase over time. b, 3WJ repressors display a relatively weaker increase in GFP expression over time 
in the absence of the trigger compared to the toehold repressors, while GFP levels in the presence of the trigger 
decrease over time. Fold reductions reach ~10-fold within an hour of induction and increase over time. GFP 
fluorescence values and their errors are the arithmetic mean and SD, respectively, of n=3 biologically independent 
samples. Fold reduction is the ratio of the GFP fluorescence values for the ON and OFF translation states. Relative 
errors for GFP fold reduction were obtained by adding the relative errors of the repressor ON- and OFF-state 
fluorescence measurements in quadrature. Individual points show fluorescence from n=3 biologically independent 
samples or the fold reduction from n=3 pairs of biologically independent samples. 
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Supplementary Figure 5 | Characterization of toehold and 3WJ repressors expressed using inducible 
promoters in MG1655/Marionette-Wild. a, GFP fluorescence and fold reduction obtained from first-generation 
toehold repressor index 1 under various induction conditions. b, GFP fluorescence and fold reduction obtained from 
3WJ repressor index 19 under various induction conditions. Trigger RNAs were induced by 3OC6-HSL via the PluxB 
promoter on a ColE1-origin plasmid and switch RNAs were induced by anhydrotetracycline (aTc) via the Ptet*

 promoter 
on a ColA-origin plasmid. The 3WJ repressor requires less trigger RNA to reduce expression than the toehold 
repressor and is capable of providing over 10-fold GFP reduction within 3 hours even at the lowest 3OC6-HSL 
concentration tested (0.25 nM). GFP fluorescence values and their errors are the arithmetic mean and SD, respectively, 
of n=3 biologically independent samples. Individual points show fluorescence from n=3 biologically independent 
samples in a (i) and b (i). 
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Supplementary Figure 6 | Measurements of toehold and 3WJ repressor performance in cell-free in vitro 
translation reactions. Switch and trigger RNAs for the repressors were transcribed separately in vitro and added at 
known concentration ratios to the cell-free reactions. The levels of GFP translated in vitro were then measured over 
time. GFP fold reduction after 3 hours is shown in the bottom row of plots. Dashed line in the GFP fold reduction plots 
marks the 10-fold reduction level. For the first-generation toehold repressor index 36 and 3WJ repressor index 20, 
only a two-fold higher concentration of trigger compared to the switch is sufficient to achieve a 10-fold reduction in 
gene expression after 3 hours, while four- to six-fold higher trigger RNA is required for the other devices. Individual 
points show the fluorescence from n=3 technical replicates or the fold reduction from n=3 pairs of technical replicates. 
In fluorescence plots, lines indicate the arithmetic mean of the fluorescence obtained from n=3 technical replicates. 
In fold reduction plots, lines show the ratio of the arithmetic mean fluorescence levels of the ON and OFF states.
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Supplementary Figure 7 | Investigation of 3WJ repressor variants having different sequences in the stem region. 
a, Schematic showing the sequence differences incorporated into the NN and SW designs. NN designs use any base 
(N) in the white positions that satisfy the secondary structure requirements. SW designs retain the same combination 
of strong (S) and weak (W) base pairs from the original 3WJ repressor design as indicated by purple and green bases, 
respectively. b, Comparison of the sequences used for the original 3WJ repressor index 20 and the NN and SW design 
variants. Only sequences within the stem region were modified in the variants. c-d, GFP fluorescence after 5 hours of 
induction (c) and GFP fold reduction after 3 to 5 hours of induction (d) measured for the different devices. SW designs 
B and C with weaker stem secondary structures are able to successfully generate GFP and repress translation in 
response to the trigger RNA. The two designs also show lower signal leakage than the original repressor. GFP 
fluorescence values and their error bars are the arithmetic mean and SD, respectively, of n=3 biologically independent 
samples. Fold reductions for each repressor were calculated by dividing the ON-state fluorescence value by the OFF-
state fluorescence value. Relative errors for the fold reductions were obtained by adding the relative fluorescence 
errors in quadrature. Individual points show the fluorescence measured from n=3 biologically independent samples 
(c) or the fold reduction (d) from n=3 pairs of biologically independent samples. 
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Supplementary Figure 8 | Effect of different degradation tags on 3WJ repressor performance. The GFPmut3b 
reporter protein was studied with no degradation tag (solid lines, circles), an intermediate-lifetime ASV degradation 
tag (dashed lines, squares), and a short-lifetime LVA degradation tag (dotted lines, triangles). GFP fluorescence 
without the trigger (green lines) and with the trigger (red lines) decreased with shorter GFP lifetimes, but a much more 
pronounced reduction was observed for cases with the trigger present. This effect leads to a significant increase in 
fold reduction for GFPmut3b-LVA compared to the other GFP variants. GFP fluorescence values and their error bars 
are the arithmetic mean and SD, respectively, of n=3 biologically independent samples. Fold reductions for each 
repressor were calculated by dividing the ON-state fluorescence value by the OFF-state fluorescence value. Relative 
errors for the fold reductions were obtained by adding the relative fluorescence errors in quadrature. Individual points 
show the fluorescence measured from n=3 biologically independent samples or the fold reduction from n=3 pairs of 
biologically independent samples. 
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Supplementary Figure 9 | Map of R2 values of two-parameter linear regressions for the first-generation toehold 
repressors. Linear regressions were performed on 6,555 combinations of two thermodynamic parameters against 
the experimental GFP fold reduction values. Hotspots with stronger correlations to device performance can be 
observed for multiple parameters, such as measures of binding for critical RNA domains. 
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Supplementary Figure 10 | Automated forward engineering of toehold repressors. a, Forward engineering was 
carried out by screening three-variable linear regressions based on 114 different thermodynamic parameters. The top 
10 three-variable regressions were used to generate a scoring function, which was then used to select second-
generation toehold repressor designs. b, Correlation between predicted performance of toehold repressors using a 
three-parameter linear regression model and experimentally observed performance of the repressors. Experimental 
fold reduction is the ratio of the mean GFP fluorescence level for the ON and OFF translation states. Relative errors 
for ON and OFF states are from the SD of n=3 biologically independent samples. Relative errors for GFP fold reduction 
were obtained by adding the relative errors of the repressor ON- and OFF-state fluorescence measurements in 
quadrature. 
 



 
Supplementary Figure 11 | In-cell SHAPE-Seq characterization of trigger variants with varying repression 
efficiencies. a, Design schematic for testing 3WJ repressor variants. A 3WJ repressor switch RNA was characterized 
using in-cell SHAPE-Seq, either expressed alone or co-expressed with a trigger RNA. Two triggers were tested, with 
designed binding lengths (ab) of 18 nt or 20 nt (see Supplementary Table 7 for sequence information). b, Functional 
characterization of switch RNA expressed without trigger (green) and with triggers of increasing interaction length 
(blue). Weak repression (fold reduction = 3) is observed when ab = 18 nt. Repression efficiency increases dramatically 
(fold reduction = 17) when ab is increased to 20 nt. GFP fluorescence levels and their error bars are the arithmetic 
mean and SD, respectively, of n=3 biologically independent samples. Individual points show the GFP fluorescence 
from each sample. c, In-cell SHAPE-Seq reactivity profile of the switch RNA expressed alone. A trend of high 
reactivities is observed across the molecule, consistent with the design hypothesis that the switch hairpin can be 
disrupted by ribosome binding and actively translated. d, In-cell SHAPE-Seq reactivity profile of the switch RNA co-
expressed with a poorly-repressing trigger RNA (ab = 18 nt). Drops in reactivity are only observed within the b-b* 
interaction domain, suggesting that trigger binding does not occur across the predicted 3WJ. Improper formation of 
the 3WJ is the likely cause of the weak repression efficiency for this trigger-switch pair, with repression only decreased 
because of the b-b* RNA duplex impeding translation. e, In-cell SHAPE-Seq reactivity profile of the switch RNA co-
expressed with a longer trigger RNA (ab = 20 nt) showing improved repression efficiency compared to the shorter 
trigger (d). This length variant shows a reactivity profile more consistent with proper 3WJ formation, with reactivity 
drops observed at the a-a* and b-b* interaction regions, and within the base-paired stem regions of the switch hairpin. 
The RBS and start codon (AUG) positions are indicated. For c-e, reactivity levels and error bars represent the 
arithmetic mean and SD, respectively, of n=3 biologically independent samples. Individual points show the reactivity 
of each sample. f, The difference in reactivities observed between measurements of the 20-nt trigger-switch complex 
and the switch alone. Relative decreases in reactivity are observed through most of the stem region of the switch with 
the trigger present (shaded gray), while reactivity increases around the exposed RBS and constrained bulge region of 
the start codon. Reactivity differences are taken by subtracting the reactivity level in c from the reactivity level in e. 
Error bars for the reactivity differences were obtained by adding the standard deviations of the reactivity 
measurements in quadrature. Individual points show the reactivity differences obtained from n=3 pairs of biologically 
independent samples. 



 
Supplementary Figure 12 | GFP fluorescence levels for 3WJ repressor orthogonality measurements. a-b, Linear-
scale (a) and logarithmic-scale (b) GFP fluorescence intensities from orthogonality measurements of 16 3WJ 
repressors after 3 hours of induction. Each switch was tested against the same panel of 17 different cognate (gray 
bars) and non-cognate trigger RNAs. The non-cognate trigger “(–)” is an RNA with high secondary structure (dark blue 
bars), while the other non-cognate RNAs are from other 3WJ repressors (light blue bars). Fluorescence levels and 
error bars represent the arithmetic mean and SD, respectively, of n=3 biologically independent samples. Individual 
points show the fluorescence from each sample. 
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Supplementary Figure 13 | mRNA sensing using toehold and 3WJ repressors. a, Design schematic of the mRNA-
sensing toehold and 3WJ repressors. The region within the mRNA sequence used to trigger repression is emphasized 
in red. b, Fluorescent protein (FP) fluorescence observed for toehold and 3WJ repressors targeting different pairs of 
antibiotic resistance mRNAs. c, Fold reduction of FP fluorescence for the toehold and 3WJ repressor mRNA sensors. 
The mRNA sensors used GFP as the reporter, except for the kanR-responsive toehold repressor, which output 
mCherry. Sensors were measured 5 hr after induction. FP fluorescence values and their error bars are the arithmetic 
mean and SD, respectively, of n=3 biologically independent samples. Fold reductions were calculated by dividing the 
FP fluorescence value from the switch RNA without the trigger mRNA by the FP fluorescence value obtained with the 
trigger mRNA. Relative errors are from the SD of three biological replicates. Relative errors for the fold reductions 
were calculated by adding the relative fluorescence errors in quadrature. Individual points show the fluorescence 
measured from n=3 biologically independent samples (b) or the fold reduction from n=3 pairs of biologically 
independent samples. 
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Supplementary Figure 14 | Nucleotide-level schematics for toehold-repressor-based NAND ribocomputing 
devices. a-b, The two-input toehold repressor NAND gate features a modified switch RNA design and employs input 
RNAs that hybridize through complementary u-u* domains (a) and v-v* domains (b). The trigger RNA sequence is 
divided into separate segments of 16 nts and 24 nts (a) or 20 nts each (b). 
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Supplementary Figure 15 | Nucleotide-level schematics for 3WJ-repressor-based ribocomputing devices. a, 
The two-input 3WJ repressor NOR gate employs two input-sensing hairpins with loop-confined triggers for a 
downstream 3WJ repressor hairpin. b, The programmed secondary structure for a four-input 3WJ repressor NAND 
gate RNA. Single-stranded 17-nt spacers separate four 3WJ repressor hairpins and do not encode in-frame stop 
codons. 
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Supplementary Figure 16 | Cell population distributions for ribocomputing logic circuits. a, Two-input toehold 
repressor NAND gate from Figure 5a-c. b, Two-input 3WJ repressor NAND gate from Figure 5d-f. c, Two-input 3WJ 
repressor NOR gate from Figure 5g-i. d, Three-input 3WJ repressor NAND gate from Figure 6a-c. e, Four-input 3WJ 
repressor NANsD gate from Figure 6d-f. f, Toehold repressor NOT ((A1 AND A2) OR (B1 AND B2)) gate from Figure 
6g-i. These experiments were repeated n=3 times with biologically independent samples with similar results. 
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Supplementary Figure 17 | Time-course measurements of ribocomputing devices. a-b, GFP fluorescence and 
fold reduction measured for all input RNA combinations for the two-input (a) and three-input (b) 3WJ repressor NAND 
gates shown in Figures 5 and 6. GFP expression for the logical TRUE cases generally increases with induction and 
expression from the logical FALSE cases decreases over time. GFP fluorescence values and their error bars are the 
arithmetic mean and SD, respectively, of n=3 biologically independent samples. Fold reductions for each device were 
calculated by dividing the GFP fluorescence value from the gate RNA obtained for the null input case by the GFP 
fluorescence value for each input combination. Relative errors for the fold reductions were obtained by adding the 
relative fluorescence errors in quadrature. Individual points show the fluorescence measured from n=3 biologically 
independent samples or the fold reduction from n=3 pairs of biologically independent samples. 
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Supplementary Figure 18 | Characterization of 16 different two-input 3WJ repressor NAND gates. a-b, GFP 
fluorescence and fold reduction of eight gate RNAs using an 11-nt spacer between repressor modules (a) and eight 
gate RNAs using a 17-nt spacer between modules (b). The number of the device and the order and identity of the 3WJ 
repressor modules used in each gate RNA are listed above the plots. Fourteen out of 16 NAND gates provide at least 
10-fold GFP reductions and statistically significant differences between TRUE and FALSE states (p < 0.023, unpaired 
two-sample t-test with unequal variances). Devices N6 and N9 are considered non-functional based on low fold 
reduction and TRUE state variability, respectively. Device N16 is used in the Figure 5 of the main text as indicated by 
the gray box. Fluorescence was measured 6 hr after IPTG induction. GFP fluorescence values and their error bars are 
the arithmetic mean and SD, respectively, of n=3 biologically independent samples. Fold reductions for each device 
were calculated by dividing the GFP fluorescence value from the gate RNA obtained for the null input case by the GFP 
fluorescence value for each input combination. Relative errors for the fold reductions were obtained by adding the 
relative fluorescence errors in quadrature. Individual points show the fluorescence measured from n=3 biologically 
independent samples or the fold reduction from n=3 pairs of biologically independent samples. 
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Supplementary Figure 19 | Characterization of different three-input and four-input 3WJ repressor NAND gates. 
a-b, GFP fluorescence and fold reduction of six different three-input NAND gate RNAs (a) and three different four-
input NAND gate RNAs (b). The number of the device and the order and identity of the 3WJ repressor modules used 
in the gate RNA are listed above the plots. All three-input and four-input NAND gates provide statistically significant 
differences between TRUE and FALSE states (p < 0.016, unpaired two-sample t-test with unequal variances) and 
display fold reductions of at least 5-fold and 2.5-fold, respectively. Three-input device N3 and four-input device N3 
are used in the Figure 6 of the main text as indicated by the gray boxes. Fluorescence was measured 6 hr after IPTG 
induction. GFP fluorescence values and their error bars are the arithmetic mean and SD, respectively, of n=3 
biologically independent samples. Fold reductions for each device were calculated by dividing the GFP fluorescence 
value from the gate RNA obtained for the null input case by the GFP fluorescence value for each input combination. 
Relative errors for the fold reductions were obtained by adding the relative fluorescence errors in quadrature. Individual 
points show the fluorescence measured from n=3 biologically independent samples or the fold reduction from n=3 
pairs of biologically independent samples. 
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Supplementary Figure 20 | Variations in NAND gate performance based on changes in input RNA plasmid copy 
number. a, Schematic showing different complexes formed between gate and input RNAs depending on the 
combination expressed. When input B is expressed with the gate RNA, bound input B has the potential to impede 
translation from the upstream 3WJ repressor module. b-c, GFP fluorescence (b) and fold reduction (c) measured for 
two-input NAND gate N8 using input RNAs expressed from plasmids with different copy numbers in E. coli BL21 Star 
DE3. Weaker translation from the gate RNA is observed when input B is expressed from the relatively higher copy 
number ColE1-origin plasmid. Fluorescence was measured 6 hr after IPTG induction. GFP fluorescence values and 
their error bars are the arithmetic mean and SD, respectively, of n=3 biologically independent samples. Fold reductions 
for each device were calculated by dividing the GFP fluorescence value from the gate RNA obtained for the null input 
case by the GFP fluorescence value for each input combination. Relative errors for the fold reductions were obtained 
by adding the relative fluorescence errors in quadrature. Individual points show the fluorescence measured from n=3 
biologically independent samples or the fold reduction from n=3 pairs of biologically independent samples. 
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Supplementary Figure 21 | Gating of flow cytometry data. a, Two-dimensional histogram of cell counts as a function 
of FSC and SSC for a representative population of E. coli cells. This histogram was used to define a gate based on 
values of FSC and SSC where the cell count was at least 10% of the maximum cell count from the peak of the two-
dimensional histogram. b, The gate generated from the cell population in panel a is shown in red. c, Overlay of the 
gating region over the cell population. The geometric mean fluorescence from the gated cell population was then used 
for analysis of system performance. 
 



Supplementary Table 1. PCR primers and other sequences used for experiments

Name Sequence
T7 promoter TAATACGACTCACTATA[GGG]
Ptet* TTTTCAGCAGGACGCACTGACCTCCCTATCAGTGATAGAGATTGACATCCCTATCAGTGATAGAGATACTGAGCAC
PluxB ACCTGTAGGATCGTACAGGTTTACGCAAGAAAATGGTTTGTTACAGTCGAATAAA
T7 terminator TAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTG
Terminator_1 ACTTAAGACCGCCGGTCTTGTCCACTACCTTGCAGTAATGCGGTGGACAGGATCGGCGGTTTTCTTTTCTC
Terminator_2 AGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGA
RiboJ AGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGAAACAGCCTCTACAAATAATTTTGTTTAA
21-nt Linker AACCTGGCGGCAGCGCAAAAG
Switch universal forward primer GCCGGGTTTAGAAATCTGAAGCTCTAGAGAGCGCTAATACGACTCACTATAGGG
Switch universal reverse primer TTTACGCATCTTTTGCGCTGCCGCCAGGTT
Trigger universal forward primer GCCGGGTTTAGAAATCTGAAGCTCTAGAGAGCGCTAATACGACTCACTATAGGG
Trigger universal reverse primer CCCGTTTAGAGGCCCCAAGGGGTTATGCTA
Switch backbone forward primer AACCTGGCGGCAGCGCAA
Switch backbone reverse primer TCTCTAGAGCTTCAGATTTCTAAACCCGGCCATAAGGGAGAGCGTCGAGATC
Trigger backbone forward primer TAGCATAACCCCTTGGGGC
Trigger backbone reverse primer TCTCTAGAGCTTCAGATTTCTAAACCCGGCCGAGATCTCGATCCTCTACGC
Non-cognate RNA used for library 
characterization GGGUCUCACGCCCUCAGCUGGGCGUGAGAUGAGCCUCGUCUCCAGAUGACGAGGCAACGUAGGAUCUGACUGAUCCUACUAU

GFPmut3b-ASV

ATGCGTAAAGGAGAAGAACTTTTCACTGGAGTTGTCCCAATTCTTGTTGAATTAGATGGTGATGTTAATGGGCACAAATTTTCTGTCAGTGGAGAGGGTGAAGGTG
ATGCAACATACGGAAAACTTACCCTTAAATTTATTTGCACTACTGGAAAACTACCTGTTCCGTGGCCAACACTTGTCACTACTTTCGGTTATGGTGTTCAATGCTTT
GCGAGATACCCAGATCACATGAAACAGCATGACTTTTTCAAGAGTGCCATGCCCGAAGGTTACGTACAGGAAAGAACTATATTTTTCAAAGATGACGGGAACTA
CAAGACACGTGCTGAAGTCAAGTTTGAAGGTGATACCCTTGTTAATAGAATCGAGTTAAAAGGTATTGATTTTAAAGAAGATGGAAACATTCTTGGACACAAATTG
GAATACAACTATAACTCACACAATGTATACATCATGGCAGACAAACAAAAGAATGGAATCAAAGTTAACTTCAAAATTAGACACAACATTGAAGATGGAAGCGTTC
AACTAGCAGACCATTATCAACAAAATACTCCGATTGGCGATGGCCCTGTCCTTTTACCAGACAACCATTACCTGTCCACACAATCTGCCCTTTCGAAAGATCCC
AACGAAAAGAGAGACCACATGGTCCTTCTTGAGTTTGTAACCGCTGCTGGGATTACACATGGCATGGATGAACTATACAAAAGGCCTGCAGCAAACGACGAAAA
CTACGCTGCATCAGTTTAATAA

GFPmut3b-LVA

ATGCGTAAAGGAGAAGAACTTTTCACTGGAGTTGTCCCAATTCTTGTTGAATTAGATGGTGATGTTAATGGGCACAAATTTTCTGTCAGTGGAGAGGGTGAAGGTG
ATGCAACATACGGAAAACTTACCCTTAAATTTATTTGCACTACTGGAAAACTACCTGTTCCGTGGCCAACACTTGTCACTACTTTCGGTTATGGTGTTCAATGCTTT
GCGAGATACCCAGATCACATGAAACAGCATGACTTTTTCAAGAGTGCCATGCCCGAAGGTTACGTACAGGAAAGAACTATATTTTTCAAAGATGACGGGAACTA
CAAGACACGTGCTGAAGTCAAGTTTGAAGGTGATACCCTTGTTAATAGAATCGAGTTAAAAGGTATTGATTTTAAAGAAGATGGAAACATTCTTGGACACAAATTG
GAATACAACTATAACTCACACAATGTATACATCATGGCAGACAAACAAAAGAATGGAATCAAAGTTAACTTCAAAATTAGACACAACATTGAAGATGGAAGCGTTC
AACTAGCAGACCATTATCAACAAAATACTCCGATTGGCGATGGCCCTGTCCTTTTACCAGACAACCATTACCTGTCCACACAATCTGCCCTTTCGAAAGATCCC
AACGAAAAGAGAGACCACATGGTCCTTCTTGAGTTTGTAACCGCTGCTGGGATTACACATGGCATGGATGAACTATACAAAAGGCCTGCAGCAAACGACGAAAA
CTACGCTTTAGTAGCTTAATAA

GFPmut3b-notag

ATGCGTAAAGGAGAAGAACTTTTCACTGGAGTTGTCCCAATTCTTGTTGAATTAGATGGTGATGTTAATGGGCACAAATTTTCTGTCAGTGGAGAGGGTGAAGGTG
ATGCAACATACGGAAAACTTACCCTTAAATTTATTTGCACTACTGGAAAACTACCTGTTCCGTGGCCAACACTTGTCACTACTTTCGGTTATGGTGTTCAATGCTTT
GCGAGATACCCAGATCACATGAAACAGCATGACTTTTTCAAGAGTGCCATGCCCGAAGGTTACGTACAGGAAAGAACTATATTTTTCAAAGATGACGGGAACTA
CAAGACACGTGCTGAAGTCAAGTTTGAAGGTGATACCCTTGTTAATAGAATCGAGTTAAAAGGTATTGATTTTAAAGAAGATGGAAACATTCTTGGACACAAATTG
GAATACAACTATAACTCACACAATGTATACATCATGGCAGACAAACAAAAGAATGGAATCAAAGTTAACTTCAAAATTAGACACAACATTGAAGATGGAAGCGTTC
AACTAGCAGACCATTATCAACAAAATACTCCGATTGGCGATGGCCCTGTCCTTTTACCAGACAACCATTACCTGTCCACACAATCTGCCCTTTCGAAAGATCCC
AACGAAAAGAGAGACCACATGGTCCTTCTTGAGTTTGTAACCGCTGCTGGGATTACACATGGCATGGATGAACTATACAAAAGGCCTGCAGCAAACGACGAAAA
CTACGCTTAATAA



Supplementary Table 2. Sequence and performance information for first-generation toehold repressors

NOTES:

First-
generation 

toehold 
repressor 
ranking

First-
generation 

toehold 
repressor 

index

GFP fold 
reduction Switch sequence Trigger sequence Switch plasmid Switch plasmid 

origin/Resistance Trigger plasmid Trigger plasmid 
origin/Resistance

1 9 172.8 ± 29.4
GGGAAAGUGAAGAAGAAUAUAAAGUUGAAUGAAGGCGAUGAUUGUAAGGU
UACUACACUUACACUCAUCGCUUUCAUUCUACUUUAUAAACAGAGGAGA
AUAAAGAUGAAUGAAAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCAAGGCAUUAGCCCUAAUGCCUUG
AAUACUUACAAUCAUCGCCUUCAUUCAA
CUUUAUAUUCUUCUUCACUUUACU

pAG_ToeRep_N09_switch ColA/kanamycin pAG_ToeRep_N09_trigger CDF/spectinomycin

2 40 93.3 ± 26.6
GGGAAUAAAGAAAGAUGAAUAAAUGUGAAGAUAAGGUUGAUGAAUGUAUA
CUAUAAUUACAUUUAUCAACCUUAUCUUCUCAUUUAUAAACAGAGGAGAA
UAAAUAUGAAGAUAAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAGUCGGUCUCGCGGUUGAGACCGA
CUAUUUACAUUCAUCAACCUUAUCUUCA
CAUUUAUUCAUCUUUCUUUAUUACU

pAG_ToeRep_N40_switch ColA/kanamycin pAG_ToeRep_N40_trigger CDF/spectinomycin

3 1 88.5 ± 17.4
GGGAGAAAUGAAGAUAAGAUAGAUGUGAUGAAGUGCGAAGUUGUAAUAAC
AAAUAACUAUUACUACUUCGCUCUUCAUCUCAUCUAUAAACAGAGGAGAA
UAGAUAUGAUGAAGAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCAGACAAACCGGUAGGUUUGUCUG
AAUAUAUUACAACUUCGCACUUCAUCAC
AUCUAUCUUAUCUUCAUUUCUAAC

pAG_ToeRep_N01_switch ColA/kanamycin pAG_ToeRep_N01_trigger CDF/spectinomycin

4 42 67.5 ± 7.5
GGGAGAAUAAUAAAGAGAAUAGAGGUGAGAAGAACGGUGAAAGAAAUAUC
AACAUAUUAUUUCUUUCACCGUUCUUCUCGCCUCUAUAAACAGAGGAGA
AUAGAGAUGAGAAGAACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGAACUUGAAACAGGAUUCAAGUUC
GCAUUAUUUCUUUCACCGUUCUUCUCA
CCUCUAUUCUCUUUAUUAUUCUACU

pAG_ToeRep_N42_switch ColA/kanamycin pAG_ToeRep_N42_trigger CDF/spectinomycin

5 36 57.2 ± 16.4
GGGAGAAUAAUGAUGGAGAUAGAGUGGAAGAUGAGGAGAGUGAGUAGUAA
CAAAUACACUACUAACUCUCCUCAUCUUCUACUCUAUAAACAGAGGAGAA
UAGAGAUGAAGAUGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCUUGACUCGAUGCAACGAGUCAAG
GCAAACUACUCACUCUCCUCAUCUUCCA
CUCUAUCUCCAUCAUUAUUCUACU

pAG_ToeRep_N36_switch ColA/kanamycin pAG_ToeRep_N36_trigger CDF/spectinomycin

6 25 37.5 ± 6.9
GGGAGAAAUGAAAGAUGAAUAAGAAAUGAGAGAACGGGAAUAAUAAAGAAC
UUACUACUUUAUAAUUCCCGUUCUCUCACUUCUUAUAAACAGAGGAGAA
UAAGAAUGGAGAGAACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUGGAGUACGAGCGAGUUCGUACUC
CACGACUUUAUUAUUCCCGUUCUCUCA
UUUCUUAUUCAUCUUUCAUUUCUCUU

pAG_ToeRep_N25_switch ColA/kanamycin pAG_ToeRep_N25_trigger CDF/spectinomycin

7 35 24.7 ± 0.5
GGGAAGAUGAUAGAGAGAAUAGAAUGUAAGAUGUGGUGCGCGCGUUAUA
CAAUGAAUAUAACGAGCGCACCUCAUCUUAUAUUCUAUAAACAGAGGAGA
AUAGAAAUGAAGAUGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCAGUAGGGACUUGAUUCCCUACU
GAUAAAUAACGCGCGCACCACAUCUUAC
AUUCUAUUCUCUCUAUCAUCUUAAU

pAG_ToeRep_N35_switch ColA/kanamycin pAG_ToeRep_N35_trigger CDF/spectinomycin

8 6 19.9 ± 0.8
GGGAAAGAUGGAGAAGAUAUAGAUGGGAGGGAUUGGGAGGUGUGUGUAA
GAAACAGAUACACAAACCUCCCUAUCCCUCCCAUCUAUAAACAGAGGAGA
AUAGAUAUGAGGGAUAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGGCAGAUGCUAGUCAGCAUCUGC
CGCAAUACACACACCUCCCAAUCCCUCC
CAUCUAUAUCUUCUCCAUCUUUAAU

pAG_ToeRep_N06_switch ColA/kanamycin pAG_ToeRep_N06_trigger CDF/spectinomycin

9 21 17.3 ± 6.0
GGGAAAGUAAAGAUAAGAAUAAAUGAUGAAUGGCGCUGUAUGUGUUGUAC
GGAAGAGACAACAGAUACAGCUCCAUUCACCAUUUAUAAACAGAGGAGAA
UAAAUAUGGAAUGGAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCUGGGAUGCUUGGUAGCAUCCCA
GAGAAACAACACAUACAGCGCCAUUCAU
CAUUUAUUCUUAUCUUUACUUUAUU

pAG_ToeRep_N21_switch ColA/kanamycin pAG_ToeRep_N21_trigger CDF/spectinomycin

10 3 16.8 ± 1.4
GGGAGUGAAAGAGUGAAGAUAAGAGGUGAGAGUUGGGAUGUGUGUGAGA
CACAAGAACUCACAAACAUCCCUACUCUCAGCUCUUAUAAACAGAGGAGA
AUAAGAAUGGAGAGUAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGGCCAGGUCGAAGUGGACCUGGC
CGCGACUCACACACAUCCCAACUCUCAC
CUCUUAUCUUCACUCUUUCACUUUA

pAG_ToeRep_N03_switch ColA/kanamycin pAG_ToeRep_N03_trigger CDF/spectinomycin

11 13 15.8 ± 12.8
GGGAAGAUAAGAAUGAAUAUAAAGAAUGAUGAAACGUGUAAGAAUAGUCA
UAAACAAACUAUUAUUACACGUUUCAUCACUCUUUAUAAACAGAGGAGAA
UAAAGAUGGAUGAAACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAGGUGCGAAUCUCAGAAUUCGCACC
UAUUACUAUUCUUACACGUUUCAUCAUU
CUUUAUAUUCAUUCUUAUCUUAGC

pAG_ToeRep_N13_switch ColA/kanamycin pAG_ToeRep_N13_trigger CDF/spectinomycin

12 34 15.6 ± 1.1
GGGAUAAUGGAAGGAGGUAUAAAGGGUGGAGAGUGCUGUGUGUUGAGUG
ACAAUAAUACUCAAGACACAGCUCUCUCCACCCUUUAUAAACAGAGGAGA
AUAAAGAUGGGAGAGAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCACGUUAUGAAUCGCCAUAACGUG
GCAAACUCAACACACAGCACUCUCCACC
CUUUAUACCUCCUUCCAUUAUCUU

pAG_ToeRep_N34_switch ColA/kanamycin pAG_ToeRep_N34_trigger CDF/spectinomycin

13 26 15.2 ± 3.4
GGGAAAUGGAGAGAAGUGAUAGAAGAGAAUGAGGCGAUGAAAGUAGAUCC
AACCUUUAUCUACAUUCAUCGUCUCAUUCCCUUCUAUAAACAGAGGAGA
AUAGAAAUGAAUGAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCCGGUUAAACGCCGAUUUAACCGG
ACAUAUCUACUUUCAUCGCCUCAUUCUC
UUCUAUCACUUCUCUCCAUUUACU

pAG_ToeRep_N26_switch ColA/kanamycin pAG_ToeRep_N26_trigger CDF/spectinomycin

1. Trigger RNA sequences are listed up to the base immediately before the T7 terminator used to terminate transcription.
2. Switch RNA sequences are listed up to the 30th base (inclusive) following the end of their trigger binding domain. This 30-nt sequence contains the 21-nt linker sequence and the first 9-nts of GFPmut3b.
3. Devices were measured 3 hr after induction. GFP fluorescence values and their errors are the arithmetic mean and SD, respectively, of n=3 biologically independent samples. Fold reductions for each device are 
calculated by dividing the GFP fluorescence value from the ON state by the GFP fluorescence value from the OFF state. Relative errors for the fold reductions were obtained by adding the relative fluorescence errors in 
quadrature.



14 20 14.4 ± 1.3
GGGAGAAGUGAGGAGUGGAUAAGAGGGAGUAAGUGCGGUGAGUGUAGUC
ACACAAUAACUACAAUCACCGCUCUUACUCUCUCUUAUAAACAGAGGAGA
AUAAGAAUGAGUAAGAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCUGUGUAGAAUACCCUCUACACAG
GCAUACUACACUCACCGCACUUACUCCC
UCUUAUCCACUCCUCACUUCUAUA

pAG_ToeRep_N20_switch ColA/kanamycin pAG_ToeRep_N20_trigger CDF/spectinomycin

15 27 13.7 ± 2.4
GGGAUGGAGAGAGAUGAGAUAAAGUGUAGAGAGGCGUUGUUGAGUAGUA
AUAAGAGAACUACUAAACAACGUCUCUCUAAACUUUAUAAACAGAGGAGA
AUAAAGAUGAGAGAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCCGAUAGCUCAGAUUAGCUAUCGG
ACAAACUACUCAACAACGCCUCUCUACA
CUUUAUCUCAUCUCUCUCCAUAUU

pAG_ToeRep_N27_switch ColA/kanamycin pAG_ToeRep_N27_trigger CDF/spectinomycin

16 33 12.3 ± 1.4
GGGAGAAAGUGGAGAAGUAAUGAAGGGAAGAUGAGGAGAGUGAGUAAAGG
ACAUACAUUUACUAACUCUCCUCAUCUUCCCUUCAUUAAACAGAGGAGA
AAUGAAAUGAAGAUGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGUGGUUCAGGUUGGCCUGAACCA
CGCAAUUUACUCACUCUCCUCAUCUUC
CCUUCAUUACUUCUCCACUUUCUAUA

pAG_ToeRep_N33_switch ColA/kanamycin pAG_ToeRep_N33_trigger CDF/spectinomycin

17 8 11.9 ± 1.2
GGGAGAAUGAUAGAUGAAAUAAUAGGUAAAGAGUCGAGUUGUUGUAAUGA
AACCUGGAUUACAACAACUCGUCUCUUUAACUAUUAUAAACAGAGGAGAA
UAAUAAUGAAAGAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAGUGACCGGUGUGGCAACCGGUCA
CUAAUAUUACAACAACUCGACUCUUUAC
CUAUUAUUUCAUCUAUCAUUCUUAU

pAG_ToeRep_N08_switch ColA/kanamycin pAG_ToeRep_N08_trigger CDF/spectinomycin

18 28 11.4 ± 0.4
GGGAUGAAGAUAAGAAAGAUAAAGGGUGAGAAAUGGAGAGAGAUAAGUUC
AAAUUUCACUUAUAUCUCUCCAUUUCUCAACCUUUAUAAACAGAGGAGA
AUAAAGAUGGAGAAAUGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGAGUGCCUUUAGACAAAGGCACUC
GCAUACUUAUCUCUCUCCAUUUCUCAC
CCUUUAUCUUUCUUAUCUUCAUCUU

pAG_ToeRep_N28_switch ColA/kanamycin pAG_ToeRep_N28_trigger CDF/spectinomycin

19 37 11.2 ± 2.2
GGGUGGAAGAUGGAGGAGAUUGAAGAGGAAUGGAGGUGGUAUGUAUGUA
CGAACCAAACAUACUUACCACCUCCAUUCCUCUUCAAUAAACAGAGGAGA
AUUGAAAUGGAAUGGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCUAUCCCUCGCGAAUGAGGGAUAG
ACAAACAUACAUACCACCUCCAUUCCUC
UUCAAUCUCCUCCAUCUUCCAAUU

pAG_ToeRep_N37_switch ColA/kanamycin pAG_ToeRep_N37_trigger CDF/spectinomycin

20 5 10.5 ± 0.8
GGGAGAAGUGGAAGAGUGAUAAGAGGUGAGAUGUGGUUGAGGAGUUGUA
ACGACUCGACAACUACUCAACCUCAUCUCAGCUCUUAUAAACAGAGGAG
AAUAAGAAUGGAGAUGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGCAAUAUACUGUCAGGUAUAUUGC
GCAAACAACUCCUCAACCACAUCUCACC
UCUUAUCACUCUUCCACUUCUUAU

pAG_ToeRep_N05_switch ColA/kanamycin pAG_ToeRep_N05_trigger CDF/spectinomycin

21 22 10.0 ± 1.3
GGGAGAAGUAAGAGAGUGAUUAGAUGUGUGAUGUCGGUUGUGCUUAUUA
ACGAAACAAAUAAGAACAACCGUCAUCACAUAUCUAAUAAACAGAGGAGAA
UUAGAAUGGUGAUGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCCUUCUGGGCAUGGUCCCAGAAG
GGAAUAAUAAGCACAACCGACAUCACACA
UCUAAUCACUCUCUUACUUCUAUA

pAG_ToeRep_N22_switch ColA/kanamycin pAG_ToeRep_N22_trigger CDF/spectinomycin

22 41 9.6 ± 0.2
GGGAAAGUGAAGAAGAUGAUAAGAAGUGAAGAAGGCUGUGUAAAGUAUCC
UACUAUCAUACUUAACACAGCUUUCUUCACUUCUUAUAAACAGAGGAGA
AUAAGAAUGGAAGAAAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCUGGACGUAUGUUUGUACGUCCA
GAAUUAUACUUUACACAGCCUUCUUCAC
UUCUUAUCAUCUUCUUCACUUUACU

pAG_ToeRep_N41_switch ColA/kanamycin pAG_ToeRep_N41_trigger CDF/spectinomycin

23 44 9.5 ± 0.5
GGGAUAAGAGAAGUGGAGAUAAAGGGUGAAAGUGGGAGGGUGAGAGAACA
UACAUCAUUCUCUUACCCUCCUACUUUCACCCUUUAUAAACAGAGGAGA
AUAAAGAUGGAAAGUAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGCUCAGAACCCGUCCGUUCUGAG
CGCAUUUCUCUCACCCUCCCACUUUCA
CCCUUUAUCUCCACUUCUCUUAUAUU

pAG_ToeRep_N44_switch ColA/kanamycin pAG_ToeRep_N44_trigger CDF/spectinomycin

24 11 9.2 ± 0.6
GGGAGGAAUGGAGAGAAUAUAGAAGGUGAGGGCUGGUUUAGGUUGAUUC
AGAACAAUAAUCAAACUAAACCUGCCCUCAGCUUCUAUAAACAGAGGAGA
AUAGAAAUGGAGGGCAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACACUAGCCGUUCGAUCGGCUAGU
GUCGAAAUCAACCUAAACCAGCCCUCAC
CUUCUAUAUUCUCUCCAUUCCUUAU

pAG_ToeRep_N11_switch ColA/kanamycin pAG_ToeRep_N11_trigger CDF/spectinomycin

25 23 8.6 ± 4.6
GGGCGUGAGCGGAUGAAUAUAGAUGUGAUAAAGUGGUGUGAUGUAGUAA
CGACGACAUACUACAUCACACCUCUUUAUCUCAUCUAUAAACAGAGGAG
AAUAGAUAUGAUAAAGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAGUGUACAACAGGUGCGUUGUACAC
UAAAUACUACAUCACACCACUUUAUCAC
AUCUAUAUUCAUCCGCUCACGAAC

pAG_ToeRep_N23_switch ColA/kanamycin pAG_ToeRep_N23_trigger CDF/spectinomycin

26 4 8.5 ± 1.9
GGGAAUGGAGAGAGUGGGAUAGAGUGUGAGGAGUGCGAAGGAAGUGUAC
ACAAGACAUACACUACCUUCGCUCUCCUCAGACUCUAUAAACAGAGGAG
AAUAGAGAUGGAGGAGAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGAGAGGUUUCAGGACAAACCUCUC
GCAUUACACUUCCUUCGCACUCCUCACA
CUCUAUCCCACUCUCUCCAUUAAU

pAG_ToeRep_N04_switch ColA/kanamycin pAG_ToeRep_N04_trigger CDF/spectinomycin

27 10 7.4 ± 0.5
GGGUGGUGGAGGAAGUGGAAUGAAUGGAAGGAGUGCGAGGUGAGUGUAG
AAAGAAGAUACACUAACCUCGCUCUCCUUCUAUUCAUUAAACAGAGGAGA
AAUGAAAUGAAGGAGAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCUAAGGGCCUGGAGCGGCCCUUA
GGCAUUACACUCACCUCGCACUCCUUC
CAUUCAUUCCACUUCCUCCACCAUAU

pAG_ToeRep_N10_switch ColA/kanamycin pAG_ToeRep_N10_trigger CDF/spectinomycin

28 39 7.4 ± 0.8
GGGAGGAGAAAUGAAAGAAUAGAAGGUAAGAAGGCGGUGUGGAUUGUCU
UAAUAACUGACAAUACACACCGUCUUCUUACCUUCUAUAAACAGAGGAGA
AUAGAAAUGAAGAAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACAUGCGAAGGCGGAACUUCGCAUG
UCACGACAAUCCACACCGCCUUCUUACC
UUCUAUUCUUUCAUUUCUCCUUAU

pAG_ToeRep_N39_switch ColA/kanamycin pAG_ToeRep_N39_trigger CDF/spectinomycin

29 32 6.6 ± 0.5
GGGAAUGGAGAGAAUGAAAUACAGAGUGAGAUGAGGAGAGUGAGAGUAAC
UACAACAUACUCUAACUCUCCUCAUCUCAUUCUGUAUAAACAGAGGAGA
AUACAGAUGGAGAUGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCCUUAUGGCAACGAAGCCAUAAGG
GCAUUACUCUCACUCUCCUCAUCUCAC
UCUGUAUUUCAUUCUCUCCAUUUAU

pAG_ToeRep_N32_switch ColA/kanamycin pAG_ToeRep_N32_trigger CDF/spectinomycin



30 14 6.2 ± 3.1
GGGAAGAUGGAGAGAUGGAUAAGAGAGAAAUGGUGCGAGAGAAGAGUUAU
UAUCUUCAACUCUACUCUCGCUCCAUUUCUCUCUUAUAAACAGAGGAGA
AUAAGAAUGAAAUGGAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCGUUGUCGGGCGAGUCCGACAAC
GGCAUAACUCUUCUCUCGCACCAUUUC
UCUCUUAUCCAUCUCUCCAUCUUUAU

pAG_ToeRep_N14_switch ColA/kanamycin pAG_ToeRep_N14_trigger CDF/spectinomycin

31 18 5.9 ± 1.3
GGGAGAAGUUACGCCGAAAUAGAAGAUAGAAUAAGGUUGAUGUGGCUGAA
ACAAAUACAGCCAAAUCAACCUUAUUCUAGCUUCUAUAAACAGAGGAGAA
UAGAAAUGAGAAUAAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCCUUGGUUCGUUGUAGAACCAAG
GAAAGCAGCCACAUCAACCUUAUUCUAU
CUUCUAUUUCGGCGUAACUUCUAUA

pAG_ToeRep_N18_switch ColA/kanamycin pAG_ToeRep_N18_trigger CDF/spectinomycin

32 29 5.4 ± 0.1
GGGAAAGUGAGAGGAAGUAUAGAUGGUGGAGGAGGCUGUGUGUGUAAUA
CUCUAAACAUUACAAACACAGCUUCCUCCACCAUCUAUAAACAGAGGAGA
AUAGAUAUGGGAGGAAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCUGUGUUCCGAGUCUGGAACACA
GACAAAUUACACACACAGCCUCCUCCAC
CAUCUAUACUUCCUCUCACUUUAUU

pAG_ToeRep_N29_switch ColA/kanamycin pAG_ToeRep_N29_trigger CDF/spectinomycin

33 7 5.3 ± 0.8
GGGAUUGGCCCGCGGAAUAUAAAGUUGAAGAGCUGCCUUUGUUUCUUUA
AACAAAUGAAAGAAACAAAGGCUGCUCUUCCACUUUAUAAACAGAGGAGA
AUAAAGAUGAAGAGCAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUGAUGGAACUACACAAAGUUCCAUC
AAAUAAAGAAACAAAGGCAGCUCUUCAAC
UUUAUAUUCCGCGGGCCAAUAAU

pAG_ToeRep_N07_switch ColA/kanamycin pAG_ToeRep_N07_trigger CDF/spectinomycin

34 12 5.3 ± 8.1
GGGGAUGAAGAAGAUGAUAAUGAAGAGAAGAUGAGGUGUAUAUGUUUGGA
GGAAAUACAAACACAUACACCUCAUCUUCCCUUCAUUAAACAGAGGAGAA
AUGAAAUGAAGAUGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGCCAACUCCCAUUUCGGAGUUGG
CGAAACAAACAUAUACACCUCAUCUUCU
CUUCAUUAUCAUCUUCUUCAUCAUU

pAG_ToeRep_N12_switch ColA/kanamycin pAG_ToeRep_N12_trigger CDF/spectinomycin

35 38 5.0 ± 3.4
GGGAAAUGGAGGGAGUGGAUAAGGUGGGUGGAGAGGAGUAAAGAAGUAC
UCUUCUCAUACUUCAUUACUCCUCUCCACCUACCUUAUAAACAGAGGAG
AAUAAGGAUGGUGGAGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGCGCAUCCCAGAGAUGGGAUGCG
CGCAUUACUUCUUUACUCCUCUCCACC
CACCUUAUCCACUCCCUCCAUUUACU

pAG_ToeRep_N38_switch ColA/kanamycin pAG_ToeRep_N38_trigger CDF/spectinomycin

36 2 4.8 ± 0.9
GGGAGAGUAAGAAAGAUGAUAAAGGAAAGUAAGUGCUGUGUGUGUAGUAA
CGAAGAAACUACAAACACAGCUCUUACUUACCUUUAUAAACAGAGGAGAA
UAAAGAUGAGUAAGAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGCAAAUCGUCGAGGAACGAUUUGC
GAAUACUACACACACAGCACUUACUUUC
CUUUAUCAUCUUUCUUACUCUUAU

pAG_ToeRep_N02_switch ColA/kanamycin pAG_ToeRep_N02_trigger CDF/spectinomycin

37 43 3.3 ± 0.2
GGGAGAAGAAGUGAUGAAAUAAAGUGGAUAAAGAGGUGUAGUAAUAAGAC
AAACAAGCUUAUUACUACACCUCUUUAUCUACUUUAUAAACAGAGGAGAA
UAAAGAUGAUAAAGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCCAAAUUAUAGGUGAAUAAUUUGG
ACGACUUAUUACUACACCUCUUUAUCCA
CUUUAUUUCAUCACUUCUUCUUUA

pAG_ToeRep_N43_switch ColA/kanamycin pAG_ToeRep_N43_trigger CDF/spectinomycin

38 17 3.1 ± 0.8
GGGAAUGGAGAGAAACUUAUAGAAUGUGUGAAGCGCUGUGUUAUUGUAC
AAGAGAAAUACAAUGACACAGCUCUUCACAAAUUCUAUAAACAGAGGAGA
AUAGAAAUGGUGAAGAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACAGUGGCAGAGGACCCUGCCACUG
UAAAUACAAUAACACAGCGCUUCACACA
UUCUAUAAGUUUCUCUCCAUUAAU

pAG_ToeRep_N17_switch ColA/kanamycin pAG_ToeRep_N17_trigger CDF/spectinomycin

39 30 2.5 ± 0.4
GGGAGAGUAAAGAGAAGUAAUGAUGAGAGGGAUGGGAGAAGAGUGUAUGA
CAGAUACAUACACACUUCUCCUAUCCCUCCCAUCAUUAAACAGAGGAGA
AAUGAUAUGAGGGAUAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCAAGCGGAGCGUCUUCUCCGCUU
GGCAUAUACACUCUUCUCCCAUCCCUC
UCAUCAUUACUUCUCUUUACUCUUAU

pAG_ToeRep_N30_switch ColA/kanamycin pAG_ToeRep_N30_trigger CDF/spectinomycin

40 31 2.2 ± 0.2
GGGAGAAAUGGAGAAGAUAAUGGAGGAGAGAUGUGGUGUAAGGUUGUGA
AUACAGAUCACAACAUUACACCUCAUCUCUCCUCCAUUAAACAGAGGAGA
AAUGGAAUGGAGAUGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGUCGGUCCGUGCCAGCGGACCGA
CGCGACACAACCUUACACCACAUCUCUC
CUCCAUUAUCUUCUCCAUUUCUUAU

pAG_ToeRep_N31_switch ColA/kanamycin pAG_ToeRep_N31_trigger CDF/spectinomycin

41 19 1.9 ± 0.1
GGGAGGGAAGUGGGAGUGAUAAGAGGUGAAGAGUGCUGGUUGAUGUGUG
AGACAAGAACACAUAAACCAGCUCUCUUCACCUCUUAUAAACAGAGGAGA
AUAAGAAUGGAAGAGAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCGUGCACAACGUGGUUUGUGCAC
GGCAAACACAUCAACCAGCACUCUUCAC
CUCUUAUCACUCCCACUUCCCUAUA

pAG_ToeRep_N19_switch ColA/kanamycin pAG_ToeRep_N19_trigger CDF/spectinomycin

42 15 1.5 ± 1.3
GGGAAGAUGAAGAUAAGAAUAAAUGAGAAAGACGCGGAGAGAAUAAGUAU
CAAAUCAACUUAUACUCUCCGUGUCUUUCCCAUUUAUAAACAGAGGAGA
AUAAAUAUGAAAGACACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUGAUUUCAAGCUAGUUCUUGAAAUC
ACAUACUUAUUCUCUCCGCGUCUUUCU
CAUUUAUUCUUAUCUUCAUCUUUAU

pAG_ToeRep_N15_switch ColA/kanamycin pAG_ToeRep_N15_trigger CDF/spectinomycin

43 16 1.3 ± 0.7
GGGAGUGUGGAGAAGUGGAUAAUGGAUGAAGAGUGCUGUGUGUAUGUAA
CUCAUUUAUACAUACACACAGCUCUCUUCAGCCAUUAUAAACAGAGGAG
AAUAAUGAUGGAAGAGAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCGCCCGGAGCUCUCGCUCCGGGC
GACAUUACAUACACACAGCACUCUUCAU
CCAUUAUCCACUUCUCCACACUAUA

pAG_ToeRep_N16_switch ColA/kanamycin pAG_ToeRep_N16_trigger CDF/spectinomycin

44 24 0.1 ± 0.1
GGGAUGGAAUGGUGGUGGAAUGAAGAGAAAUGGAGGAUGAAAGAGUGUAA
CUUACCAACACUCAUUCAUCCUCCAUUUCCCUUCAUUAAACAGAGGAGA
AAUGAAAUGAAAUGGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGGACUACCAAGGGUUUGGUAGUC
CGCAUACACUCUUUCAUCCUCCAUUUC
UCUUCAUUCCACCACCAUUCCAUUAU

pAG_ToeRep_N24_switch ColA/kanamycin pAG_ToeRep_N24_trigger CDF/spectinomycin



Supplementary Table 3. Sequence and performance information for three-way junction (3WJ) repressors

NOTES:

3WJ 
repressor 
ranking

3WJ 
repressor 

index

GFP fold 
reduction Switch sequence Trigger sequence Switch plasmid Switch plasmid 

origin/Resistance Trigger plasmid Trigger plasmid 
origin/Resistance

1 20 134.2 ± 8.1
GGGAUGAAUGAUAUACACUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAGCACGAAUUGACUAC
ACUAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACGAAUUGAUUUGUCAAUUCGU
GCGUGUAUAUCAUUCAUCAU pYZ_3WJrep_N20_switch ColA/kanamycin pYZ_3WJrep_N20_trigger ColE1/ampicillin

2 19 85.2 ± 4.9
GGGACUAAUCAGAUCUACUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAGCACCUAACAAGACU
AAUCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACCUAACAUAAACUUGUUAGGU
GCGUAGAUCUGAUUAGUGUG pYZ_3WJrep_N19_switch ColA/kanamycin pYZ_3WJrep_N19_trigger ColE1/ampicillin

3 10 66.1 ± 3.2
GGGUAGUAAGAUUAGAUAUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAGUACAAGAACCGAAAC
GAGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACAAGAACAAUACGGUUCUUGU
ACUAUCUAAUCUUACUAAAC pYZ_3WJrep_N10_switch ColA/kanamycin pYZ_3WJrep_N10_trigger ColE1/ampicillin

4 24 56.9 ± 7.0
GGGCUCCUAUCACUUUACUUGUUAUAGUUAUGAAC
AGAGGAGACAUAACAUGAACAAGCACACUAACUACAA
AUUCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACACUAACCAUAUAGUUAGUGU
GCGUAAAGUGAUAGGAGUAA pYZ_3WJrep_N24_switch ColA/kanamycin pYZ_3WJrep_N24_trigger ColE1/ampicillin

5 15 44.7 ± 7.1
GGGUCCAAAUCUUACUUAUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUCACUACCUCGAAUA
CUUAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACUACCUCACACUCGAGGUAGU
GAUAAGUAAGAUUUGGAAGU pYZ_3WJrep_N15_switch ColA/kanamycin pYZ_3WJrep_N15_trigger ColE1/ampicillin

6 32 41.8 ± 1.1
GGGUACUCAAGAAUUCCAUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUCACAUACUAACAUU
ACUAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACAUACUAUAUCGUUAGUAUGU
GAUGGAAUUCUUGAGUAAUG pYZ_3WJrep_N32_switch ColA/kanamycin pYZ_3WJrep_N32_trigger ColE1/ampicillin

7 21 41.2 ± 1.8
GGGACUACUAUUCACUUAUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUCCGACACUACAAUU
UCGAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGACACUAAUAGUGUAGUGUCG
GAUAAGUGAAUAGUAGUAGA pYZ_3WJrep_N21_switch ColA/kanamycin pYZ_3WJrep_N21_trigger ColE1/ampicillin

8 13 41.0 ± 5.4
GGGACAAUCAAAUACAAAUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUCACAUACAAAGCAAA
CGAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACAUACAAUGAACUUUGUAUGU
GAUUUGUAUUUGAUUGUAGC pYZ_3WJrep_N13_switch ColA/kanamycin pYZ_3WJrep_N13_trigger ColE1/ampicillin

9 2 40.3 ± 2.8
GGGAUGAUAUUGAAUUACUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAGCACACUACACUAAA
CAUAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACACUACAACUCAGUGUAGUGU
GCGUAAUUCAAUAUCAUACU pYZ_3WJrep_N02_switch ColA/kanamycin pYZ_3WJrep_N02_trigger ColE1/ampicillin

10 3 37.9 ± 2.4
GGGAGUAUAAGAUAGAUAUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAGUACGAAGCAACGAA
CAUAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACGAAGCAUAAAGUUGCUUCGU
ACUAUCUAUCUUAUACUAAC pYZ_3WJrep_N03_switch ColA/kanamycin pYZ_3WJrep_N03_trigger ColE1/ampicillin

11 16 37.7 ± 12.7
GGGUCCCAUUAUCUUACCUUGUUAUAGUUAUGAAC
AGAGGAGACAUAACAUGAACAAGCCUACACUACCAU
UCCCGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCUACACUAAACAGGUAGUGUAG
GCGGUAAGAUAAUGGGAGUA pYZ_3WJrep_N16_switch ColA/kanamycin pYZ_3WJrep_N16_trigger ColE1/ampicillin

12 23 37.2 ± 6.2
GGGCAAAUACUCCAUAUCUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAGCACAUAAACUCACU
GAUAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACAUAAACCUAUGAGUUUAUGU
GCGAUAUGGAGUAUUUGAAA pYZ_3WJrep_N23_switch ColA/kanamycin pYZ_3WJrep_N23_trigger ColE1/ampicillin

1. Trigger RNA sequences are listed up to the base immediately before the T7 terminator used to terminate transcription.
2. Switch RNA sequences are listed up to the 30th base (inclusive) following the end of their trigger binding domain. This 30-nt sequence contains the 21-nt linker sequence and the first 9-nts of GFPmut3b.
3. Devices were measured 3 hr after induction. GFP fluorescence values and their errors are the arithmetic mean and SD, respectively, of n=3 biologically independent samples. Fold reductions for each device are calculated 
by dividing the GFP fluorescence value from the ON state by the GFP fluorescence value from the OFF state. Relative errors for the fold reductions were obtained by adding the relative fluorescence errors in quadrature.



13 34 34.5 ± 2.2
GGGCAAAGUAUCCAUCAUUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUCACAUACUAGAAUC
UAAGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACAUACUAACAAUCUAGUAUGU
GAAUGAUGGAUACUUUGAAA pYZ_3WJrep_N34_switch ColA/kanamycin pYZ_3WJrep_N34_trigger ColE1/ampicillin

14 7 26.2 ± 1.0
GGGCAAGAUUUAGUAGAUUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUCCGAACGACCGAAA
UGAUAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGAACGACGAAACGGUCGUUCG
GAAUCUACUAAAUCUUGAAA pYZ_3WJrep_N07_switch ColA/kanamycin pYZ_3WJrep_N07_trigger ColE1/ampicillin

15 40 23.4 ± 1.8
GGGAUACUUUCAAACUUAUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUCACACUAAUCGACU
GAAUAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACACUAAUACUACGAUUAGUGU
GAUAAGUUUGAAAGUAUAAG pYZ_3WJrep_N40_switch ColA/kanamycin pYZ_3WJrep_N40_trigger ColE1/ampicillin

16 11 23.2 ± 3.9
GGGAUCAAUCAAUUCUACUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUCACAUAAACCUAAGA
ACUAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACAUAAACAUAGAGGUUUAUGU
GAGUAGAAUUGAUUGAUAAG pYZ_3WJrep_N11_switch ColA/kanamycin pYZ_3WJrep_N11_trigger ColE1/ampicillin

17 33 23.1 ± 0.8
GGGUCCAUAUACUUCAAUUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUCAACCUAAUUCUGA
GAUAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAACCUAAUGUACGAAUUAGGUU
GAAUUGAAGUAUAUGGAAUC pYZ_3WJrep_N33_switch ColA/kanamycin pYZ_3WJrep_N33_trigger ColE1/ampicillin

18 9 22.9 ± 5.3
GGGCGAAGAUGAUACAAUUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAGCCACCUCACACUCA
ACAUAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCACCUCACCUACGUGUGAGGU
GGCAUUGUAUCAUCUUCGUAU pYZ_3WJrep_N09_switch ColA/kanamycin pYZ_3WJrep_N09_trigger ColE1/ampicillin

19 12 22.9 ± 0.2
GGGUGAUUGAAUAAGAAUUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAGCCGAUAAUGACACU
AACUAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGAUAAUGUUCCGUCAUUAUC
GGCAUUCUUAUUCAAUCAUAG pYZ_3WJrep_N12_switch ColA/kanamycin pYZ_3WJrep_N12_trigger ColE1/ampicillin

20 36 21.3 ± 0.8
GGGAUGUGAUUACUAGAUUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUCCGAACAAGCAAUA
CAAGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGAACAAGAACAUGCUUGUUCG
GAAUCUAGUAAUCACAUCUA pYZ_3WJrep_N36_switch ColA/kanamycin pYZ_3WJrep_N36_trigger ColE1/ampicillin

21 42 20.8 ± 0.5
GGGAUUCACUUACAAGAUUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUCACAUAGACCAUAG
AACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACAUAGACAAUUUGGUCUAUGU
GAAUCUUGUAAGUGAAUAUG pYZ_3WJrep_N42_switch ColA/kanamycin pYZ_3WJrep_N42_trigger ColE1/ampicillin

22 8 20.5 ± 0.7
GGGACAAAUCAGAUAAACUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAGCCAAUAGAUAGAACA
CGAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCAAUAGAUCAAACUAUCUAUUG
GCGUUUAUCUGAUUUGUAUG pYZ_3WJrep_N08_switch ColA/kanamycin pYZ_3WJrep_N08_trigger ColE1/ampicillin

23 1 19.9 ± 2.4
GGGCAAUUAGUACUAUCCUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAGUCACAUAACCGCAA
ACUAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCACAUAACAUAACGGUUAUGUG
ACGGAUAGUACUAAUUGAAA pYZ_3WJrep_N01_switch ColA/kanamycin pYZ_3WJrep_N01_trigger ColE1/ampicillin

24 47 17.5 ± 0.6
GGGCAAUUCCUAAUCCUAUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUCCAAAUAGAGCAAAG
CAGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCAAAUAGAUAGAGCUCUAUUUG
GAUAGGAUUAGGAAUUGAAA pYZ_3WJrep_N47_switch ColA/kanamycin pYZ_3WJrep_N47_trigger ColE1/ampicillin

25 38 17.0 ± 1.1
GGGAUGAUCGAAACGAAUUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUACAAGAAUAGACAAU
AGAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCAAGAAUAACAUUCUAUUCUUG
UAAUUCGUUUCGAUCAUAUG pYZ_3WJrep_N38_switch ColA/kanamycin pYZ_3WJrep_N38_trigger ColE1/ampicillin

26 25 16.1 ± 1.0
GGGUAAGAAUUAGAAUCAUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUCAGCGAACACGAAA
CAUAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAGCGAACAAUAACGUGUUCGCU
GAUGAUUCUAAUUCUUAACA pYZ_3WJrep_N25_switch ColA/kanamycin pYZ_3WJrep_N25_trigger ColE1/ampicillin

27 35 15.9 ± 1.0
GGGAAUCCAAGUUAUCAUUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUACACAUAAAGACCU
CAUAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCACAUAAACUAAUCUUUAUGUG
UAAUGAUAACUUGGAUUGAA pYZ_3WJrep_N35_switch ColA/kanamycin pYZ_3WJrep_N35_trigger ColE1/ampicillin



28 27 15.8 ± 2.1
GGGAAUGAAGAUAGUGAUUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUCCGAAUAAGCGAAC
UAAGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGAAUAAGAAUGCGCUUAUUCG
GAAUCACUAUCUUCAUUAAC pYZ_3WJrep_N27_switch ColA/kanamycin pYZ_3WJrep_N27_trigger ColE1/ampicillin

29 41 15.4 ± 0.5
GGGAUCUCACCGUGUCUAUUGUUAUAGUUAUGAAC
AGAGGAGACAUAACAUGAACAAUCAACAUACAUCAUA
CAAGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAACAUACAAAUUGAUGUAUGUU
GAUAGACACGGUGAGAUAGA pYZ_3WJrep_N41_switch ColA/kanamycin pYZ_3WJrep_N41_trigger ColE1/ampicillin

30 45 13.2 ± 0.6
GGGCGACUUAAACUACUAUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUCACUCCACGGAAAC
UACUAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACUCCACGAAUAUCCGUGGAGU
GAUAGUAGUUUAAGUCGUAG pYZ_3WJrep_N45_switch ColA/kanamycin pYZ_3WJrep_N45_trigger ColE1/ampicillin

31 4 12.8 ± 1.1
GGGUAAUGAAGUGAAUACUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAGCCAAAUGAUACUAAA
CCGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCAAAUGAUCAUCGUAUCAUUUG
GCGUAUUCACUUCAUUAACA pYZ_3WJrep_N04_switch ColA/kanamycin pYZ_3WJrep_N04_trigger ColE1/ampicillin

32 48 12.4 ± 1.2
GGGACUACUCCAUUCUAUUUGUUAUAGUUAUGAAC
AGAGGAGACAUAACAUGAACAAUCCAUACCUCAUAC
AACGAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCAUACCUCUACAAUGAGGUAUG
GAAUAGAAUGGAGUAGUAAG pYZ_3WJrep_N48_switch ColA/kanamycin pYZ_3WJrep_N48_trigger ColE1/ampicillin

33 37 11.1 ± 0.6
GGGAUGUGAACUUAAAGAUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUGCGAAAUACGGAAA
UAGAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGAAAUACAAUACCGUAUUUCG
CAUCUUUAAGUUCACAUCGA pYZ_3WJrep_N37_switch ColA/kanamycin pYZ_3WJrep_N37_trigger ColE1/ampicillin

34 44 10.2 ± 0.3
GGGUACCUUCAAAUUCCAUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUCACCUCACUAACAU
UAUCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACCUCACUUACAUUAGUGAGGU
GAUGGAAUUUGAAGGUAAUG pYZ_3WJrep_N44_switch ColA/kanamycin pYZ_3WJrep_N44_trigger ColE1/ampicillin

35 18 9.6 ± 0.2
GGGCAAUCCUAUUCAUCAUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUUCUCAACAUCAAUC
ACUCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCUCAACAUAACAUGAUGUUGAG
AAUGAUGAAUAGGAUUGAGA pYZ_3WJrep_N18_switch ColA/kanamycin pYZ_3WJrep_N18_trigger ColE1/ampicillin

36 30 9.3 ± 0.7
GGGCGAUAUGAGUAAAGAUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUGCAAUAGAACGAUA
CAAGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCAAUAGAAAUACCGUUCUAUUG
CAUCUUUACUCAUAUCGAUU pYZ_3WJrep_N30_switch ColA/kanamycin pYZ_3WJrep_N30_trigger ColE1/ampicillin

37 22 7.5 ± 0.2
GGGUCAAUCCGAUAAUCUUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUUACUCCAAGGCAAU
GAUAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACUCCAAGAUAAGCCUUGGAGU
AAAGAUUAUCGGAUUGAAUG pYZ_3WJrep_N22_switch ColA/kanamycin pYZ_3WJrep_N22_trigger ColE1/ampicillin

38 6 7.5 ± 0.4
GGGAUUUAGAAGUAAGUAUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUUCGAAGAUAUGGGA
CGAUAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGAAGAUAGAUACAUAUCUUCG
AAUACUUACUUCUAAAUCUA pYZ_3WJrep_N06_switch ColA/kanamycin pYZ_3WJrep_N06_trigger ColE1/ampicillin

39 29 7.5 ± 0.3
GGGACUCCAAUUGACGAUUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUACAUAUAGACUAAAC
AUAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCAUAUAGAAUAGAGUCUAUAUG
UAAUCGUCAAUUGGAGUAGA pYZ_3WJrep_N29_switch ColA/kanamycin pYZ_3WJrep_N29_trigger ColE1/ampicillin

40 31 7.0 ± 0.4
GGGAAUGAAUGAUGAGAUUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUGAGCGAACGAGCAA
UGGAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAGCGAACGCGAACUCGUUCGC
UCAAUCUCAUCAUUCAUUAAG pYZ_3WJrep_N31_switch ColA/kanamycin pYZ_3WJrep_N31_trigger ColE1/ampicillin

41 39 6.1 ± 0.1
GGGCGAAUUGAAAUGAAAUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUGACGGAAUAGAAAC
UAAGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACGGAAUAACACUCUAUUCCGU
CAUUUCAUUUCAAUUCGUAA pYZ_3WJrep_N39_switch ColA/kanamycin pYZ_3WJrep_N39_trigger ColE1/ampicillin



42 26 5.6 ± 0.6
GGGUAUUACUUACCGAUAUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUCACUCCAACGGAAC
AAUCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACUCCAACUAAACCGUUGGAGU
GAUAUCGGUAAGUAAUAGAA pYZ_3WJrep_N26_switch ColA/kanamycin pYZ_3WJrep_N26_trigger ColE1/ampicillin

43 43 5.2 ± 0.4
GGGCAUUUACCCUACUAUUUGUUAUAGUUAUGAAC
AGAGGAGACAUAACAUGAACAAUACACUCCAAAUCAA
AGAUAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCACUCCAAUAGGAUUUGGAGUG
UAAUAGUAGGGUAAAUGAGA pYZ_3WJrep_N43_switch ColA/kanamycin pYZ_3WJrep_N43_trigger ColE1/ampicillin

44 28 4.6 ± 0.1
GGGAUUUACUUAGAUACUUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUUACAUAUACAUACG
AACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACAUAUACUUUCAUGUAUAUGU
AAAGUAUCUAAGUAAAUGAA pYZ_3WJrep_N28_switch ColA/kanamycin pYZ_3WJrep_N28_trigger ColE1/ampicillin

45 46 4.0 ± 0.0
GGGCUCAUACUUCACUAUUUGUUAUAGUUAUGAAC
AGAGGAGACAUAACAUGAACAAUACACCUAACAUAAU
CACUAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCACCUAACUAACAUGUUAGGUG
UAAUAGUGAAGUAUGAGAUG pYZ_3WJrep_N46_switch ColA/kanamycin pYZ_3WJrep_N46_trigger ColE1/ampicillin

46 5 2.9 ± 0.1
GGGAUCUCCAUCUAUCCAUUGUUAUAGUUAUGAAC
AGAGGAGACAUAACAUGAACAAUCCAUUAAGUAACAA
GCAGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCAUUAAGUUAAGUUACUUAAUG
GAUGGAUAGAUGGAGAUGAU pYZ_3WJrep_N05_switch ColA/kanamycin pYZ_3WJrep_N05_trigger ColE1/ampicillin

47 14 2.2 ± 0.0
GGGUAGAUUAAGAGUGAUUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAUGACCUAAACGCACG
AACUAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACCUAAACUAACGCGUUUAGGU
CAAUCACUCUUAAUCUACUA pYZ_3WJrep_N14_switch ColA/kanamycin pYZ_3WJrep_N14_trigger ColE1/ampicillin

48 17 2.0 ± 0.1
GGGCAAUCUCCAAUACGUUUGUUAUAGUUAUGAACA
GAGGAGACAUAACAUGAACAAGCACUUAAACCGAAU
AACUAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACUUAAACGAAACGGUUUAAGU
GCACGUAUUGGAGAUUGGGA pYZ_3WJrep_N17_switch ColA/kanamycin pYZ_3WJrep_N17_trigger ColE1/ampicillin



Supplementary Table 4. Sequence information for repressors with inducible promoters

NOTES:
1. Trigger RNA sequences are listed up to the base immediately before the terminator.
2. Switch RNA sequences are listed from RiboJ up to the 30th base (inclusive) following the end of their trigger binding domain. This 30-nt sequence contains the 21-nt linker sequence and the first 9-nts of GFPmut3b.

First 
generation 

toehold 
repressor 

index

Switch sequence Switch 
promoter

Switch 
terminator Trigger sequence Trigger 

promoter
Trigger 

terminator Switch plasmid Switch plasmid 
origin/Resistance Trigger plasmid Trigger plasmid 

origin/Resistance

1

AGCUGUCACCGGAUGUGCUUUCCGGUCUG
AUGAGUCCGUGAGGACGAAACAGCCUCUAC
AAAUAAUUUUGUUUAAAGAAAUGAAGAUAA
GAUAGAUGUGAUGAAGUGCGAAGUUGUAAU
AACAAAUAACUAUUACUACUUCGCUCUUCA
UCUCAUCUAUAAACAGAGGAGAAUAGAUAU
GAUGAAGAGCAACCUGGCGGCAGCGCAAAA
GAUGCGUAAA

Ptet* terminator_1

GGGUCAGACAAACCGGUAGGUUU
GUCUGAAUAUAUUACAACUUCGCA
CUUCAUCACAUCUAUCUUAUCUU
CAUUUCUAAC

PluxB T7 terminator pAG_Ptet*_ToeRep_N01_switch ColA/kanamycin pAG_PluxB_ToeRep_N01_trigger CDF/spectinomycin

3WJ 
repressor 

index
Switch sequence Switch 

promoter
Switch 

terminator Trigger sequence Trigger 
promoter

Trigger 
terminator Switch plasmid Switch plasmid 

origin/Resistance Trigger plasmid Trigger plasmid 
origin/Resistance

19

AGCUGUCACCGGAUGUGCUUUCCGGUCUG
AUGAGUCCGUGAGGACGAAACAGCCUCUAC
AAAUAAUUUUGUUUAAACUAAUCAGAUCUA
CUUGUUAUAGUUAUGAACAGAGGAGACAUA
ACAUGAACAAGCACCUAACAAGACUAAUCA
ACCUGGCGGCAGCGCAAAAGAUGCGUAAA

Ptet* terminator_1 GGGACCUAACAUAAACUUGUUAGG
UGCGUAGAUCUGAUUAGUGUG PluxB terminator_2 pYZ_Ptet*_3WJrep_N19_switch ColA/kanamycin pYZ_PluxB_3WJrep_N19_trigger ColE1/ampicillin



Supplementary Table 5. Sequence and performance information for 3WJ repressors with altered stems

NOTES:

GFP fold 
reduction Switch sequence Trigger sequence Switch plasmid Switch plasmid 

origin/Resistance Trigger plasmid Trigger plasmid 
origin/Resistance

42.1 ± 3.4

GGGAAAGUGAAGAAGAAUAUAAAG
UUGAAUGAAGGCGAUGAUUGUAAG
GUUACUACACUUACACUCAUCGCU
UUCAUUCUACUUUAUAAACAGAGG
AGAAUAAAGAUGAAUGAAAGCAACC
UGGCGGCAGCGCAAAAGAUGCGUA
AA

GGGUCAAGGCAUUAGCCCUAAU
GCCUUGAAUACUUACAAUCAUCG
CCUUCAUUCAACUUUAUAUUCU
UCUUCACUUUACU

pYZ_3WJrep_N20_switch ColA/kanamycin pYZ_3WJrep_N20_trigger ColE1/ampicillin

1.1 ± 0.4

GGGAUGAAUGAUAUACACGGUUGA
GGCAGUGGAACAGAGGAGACCACU
GAUGCAACCGCACGAAUUGACUAC
ACUAAACCUGGCGGCAGCGCAAAA
GAUGCGUAAA

GGGUCAAGGCAUUAGCCCUAAU
GCCUUGAAUACUUACAAUCAUCG
CCUUCAUUCAACUUUAUAUUCU
UCUUCACUUUACU

pYZ_3WJrep_N20_switch_NNvA ColA/kanamycin pYZ_3WJrep_N20_trigger ColE1/ampicillin

1.0 ± 0.1

GGGAUGAAUGAUAUACACGGUAAA
GGCUAUCGAACAGAGGAGACGAUA
GAUGUUACCGCACGAAUUGACUAC
ACUAAACCUGGCGGCAGCGCAAAA
GAUGCGUAAA

GGGUCAAGGCAUUAGCCCUAAU
GCCUUGAAUACUUACAAUCAUCG
CCUUCAUUCAACUUUAUAUUCU
UCUUCACUUUACU

pYZ_3WJrep_N20_switch_NNvB ColA/kanamycin pYZ_3WJrep_N20_trigger ColE1/ampicillin

1.0 ± 0.1

GGGAUGAAUGAUAUACACUUGAUA
GGCUAUUGAACAGAGGAGACAAUA
GAUGAUCAAGCACGAAUUGACUAC
ACUAAACCUGGCGGCAGCGCAAAA
GAUGCGUAAA

GGGUCAAGGCAUUAGCCCUAAU
GCCUUGAAUACUUACAAUCAUCG
CCUUCAUUCAACUUUAUAUUCU
UCUUCACUUUACU

pYZ_3WJrep_N20_switch_SWvA ColA/kanamycin pYZ_3WJrep_N20_trigger ColE1/ampicillin

41.2 ± 5.1

GGGAUGAAUGAUAUACACAUGUAA
ACCUAUUGAACAGAGGAGACAAUA
GAUGUACAUGCACGAAUUGACUAC
ACUAAACCUGGCGGCAGCGCAAAA
GAUGCGUAAA

GGGUCAAGGCAUUAGCCCUAAU
GCCUUGAAUACUUACAAUCAUCG
CCUUCAUUCAACUUUAUAUUCU
UCUUCACUUUACU

pYZ_3WJrep_N20_switch_SWvB ColA/kanamycin pYZ_3WJrep_N20_trigger ColE1/ampicillin

32.6 ± 5.0

GGGAUGAAUGAUAUACACUUGAUA
AGCUUAUGAACAGAGGAGACAUAA
GAUGAUCAAGCACGAAUUGACUAC
ACUAAACCUGGCGGCAGCGCAAAA
GAUGCGUAAA

GGGUCAAGGCAUUAGCCCUAAU
GCCUUGAAUACUUACAAUCAUCG
CCUUCAUUCAACUUUAUAUUCU
UCUUCACUUUACU

pYZ_3WJrep_N20_switch_SWvC ColA/kanamycin pYZ_3WJrep_N20_trigger ColE1/ampicillin

1. Trigger RNA sequences are listed up to the base immediately before the T7 terminator used to terminate transcription.
2. Switch RNA sequences are listed up to the 30th base (inclusive) following the end of their trigger binding domain. This 30-nt sequence contains the 21-nt linker sequence and the first 9-nts of GFPmut3b.
3. Devices were measured 3 hr after induction. GFP fluorescence values and their errors are the arithmetic mean and SD, respectively, of n=3 biologically independent samples. Fold reductions for each 
device are calculated by dividing the GFP fluorescence value from the ON state by the GFP fluorescence value from the OFF state. Relative errors for the fold reductions were obtained by adding the relative 
fluorescence errors in quadrature.



Supplementary Table 6. Sequence and performance information for second-generation toehold repressors

NOTES:
1. Trigger RNA sequences are listed up to the base immediately before the T7 terminator used to terminate transcription.
2. Switch RNA sequences are listed up to the 30th base (inclusive) following the end of their trigger binding domain. This 30-nt sequence contains the 21-nt linker sequence and the first 9-nts of GFPmut3b.

Second-generation 
toehold repressor 

ranking

Second-
generation 

toehold repressor 
index

GFP fold 
reduction Switch sequence Trigger sequence Switch plasmid Switch plasmid 

origin/Resistance Trigger plasmid Trigger plasmid 
origin/Resistance

1 2 390.7 ± 89.4
GGGAAAGUGAAAGUAAGAAUAAAGUGGAAAGAGACGAGAAUAAGAAGAGA
CAUCAUAUCUUCUUAUUCUCGUCUCUUUCUACUUUAUAAACAGAGGAG
AAUAAAGAUGAAAGAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGAUAGCUAUACCUGGAUAGCUAU
CGCAUUCUUCUUAUUCUCGUCUCUUUC
CACUUUAUUCUUACUUUCACUUUACU

pJK_ToeRepG2_N02_switch ColA/kanamycin pJK_ToeRepG2_N02_trigger CDF/spectinomycin

2 64 262.8 ± 36.2
GGGAUGAAAGAUAAGAGAAUAGAUGAGAGAAGUGGGUUUGAAUAUGAUC
UAUCUAACAUCAUAAUCAAACCUACUUCUCCCAUCUAUAAACAGAGGAG
AAUAGAUAUGAGAAGUAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACGGGCCUGUAAUUCAACAGGCCC
GUCUUAUCAUAUUCAAACCCACUUCUC
UCAUCUAUUCUCUUAUCUUUCAUCGC

pJK_ToeRepG2_N64_switch ColA/kanamycin pJK_ToeRepG2_N64_trigger CDF/spectinomycin

3 19 246.5 ± 78.6
GGGAUAAAGAAUGAAGUGAAUAGAGUGAUAAAGGCGGUGAUGAUAAAGAC
UCAAAGGCUUUAUUAUCACCGUCUUUAUCCCUCUAUUAAACAGAGGAGA
AAUAGAAUGAUAAAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACGGUUAAGUGAUGCGACUUAACC
GUACACUUUAUCAUCACCGCCUUUAUC
ACUCUAUUCACUUCAUUCUUUAUCAC

pJK_ToeRepG2_N19_switch ColA/kanamycin pJK_ToeRepG2_N19_trigger CDF/spectinomycin

4 72 217.5 ± 23.3
GGGAGAGAAAAUAGAAAGAAUGGAGGUGAAUGGAGGUGUGUGAUGUGUA
AUAUAAAGACACAUAACACACCUCCAUUCAGCUCCAUUAAACAGAGGAGA
AAUGGAAUGGAAUGGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCCGUGGUGUUGUCUUACACCACG
GGCAAACACAUCACACACCUCCAUUCAC
CUCCAUUCUUUCUAUUUUCUCUACU

pJK_ToeRepG2_N72_switch ColA/kanamycin pJK_ToeRepG2_N72_trigger CDF/spectinomycin

5 11 192.2 ± 30.6
GGGAAAAUAAUGAGAAGAAUAAAGUUGAAGAUAAGGAGUUGUGUAAAGAU
CAUACUCCUUUACACAACUCCUUAUCUUCUACUUUAUAAACAGAGGAGA
AUAAAGAUGAAGAUAAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUGGCGCGCUAGAGGUGUAGCGCGC
CAAUACUUUACACAACUCCUUAUCUUCA
ACUUUAUUCUUCUCAUUAUUUUACU

pJK_ToeRepG2_N11_switch ColA/kanamycin pJK_ToeRepG2_N11_trigger CDF/spectinomycin

6 34 180.1 ± 40.3
GGGAUAAGAAGAGUAAGAAUAGAUGUGAAGAAGUGGUGUGAUGAUUUGG
AACAUAAACAAAUCAUCACACCACUUCUUCUCAUCUAUAAACAGAGGAGA
AUAGAUAUGAAGAAGUGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACAGACGGUAAGCGGUUACCGUCU
GUAAACAAAUCAUCACACCACUUCUUCA
CAUCUAUUCUUACUCUUCUUAUAUU

pJK_ToeRepG2_N34_switch ColA/kanamycin pJK_ToeRepG2_N34_trigger CDF/spectinomycin

7 22 117.8 ± 9.4
GGGAAAGAAGUAAGAAGAAUAAAGUGUGAAUGGGCGUGUGUAAGUAAGAA
UACACUACUUACUAACACACGUCCAUUCACACUUUAUAAACAGAGGAGA
AUAAAGAUGGAAUGGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAGUGUGUAGCAUAAAUGCUACACAC
UCGACUUACUUACACACGCCCAUUCACA
CUUUAUUCUUCUUACUUCUUUAUU

pJK_ToeRepG2_N22_switch ColA/kanamycin pJK_ToeRepG2_N22_trigger CDF/spectinomycin

8 96 117.7 ± 5.8
GGGAAUAAAGAUGGAGAAAUAAAGAAUAGAGAGACGGAAAGAAUAGUAAA
UCCAUACUACUAUACUUUCCGUCUCUCUAGUCUUUAUAAACAGAGGAGA
AUAAAGAUGAGAGAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGUGUCAGUCCCAGCUGACUGACA
CGCUAUACUAUUCUUUCCGUCUCUCUA
UUCUUUAUUUCUCCAUCUUUAUUACU

pJK_ToeRepG2_N96_switch ColA/kanamycin pJK_ToeRepG2_N96_trigger CDF/spectinomycin

9 59 87.8 ± 3.8
GGGAAAGAUAAGAAGGUAAUAAGAAUGAAUGAUGGCUGUGUGUAUAUAA
CAGACAACUAUAUAUACACAGCUAUCAUUCUUUCUUAUAAACAGAGGAG
AAUAAGAAUGAAUGAUAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCAGAUCAAUAACAAGAUUGAUCUG
ACAAUAUAUACACACAGCCAUCAUUCAU
UCUUAUUACCUUCUUAUCUUUCAC

pJK_ToeRepG2_N59_switch ColA/kanamycin pJK_ToeRepG2_N59_trigger CDF/spectinomycin

10 33 70.1 ± 10.2
GGGAAGAUGAUGAAGAAGAUUGGAUUGAAGAUAGGGUUGGUGAGAGUAU
UUCAAAUCUACUCUAACCAACCAUAUCUUCGAUCCAAUAAACAGAGGAG
AAUUGGAAUGAAGAUAUGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGACUCCCAUUAUGUCAUGGGAGU
CGCACUACUCUCACCAACCCUAUCUUC
AAUCCAAUCUUCUUCAUCAUCUUAAU

pJK_ToeRepG2_N33_switch ColA/kanamycin pJK_ToeRepG2_N33_trigger CDF/spectinomycin

11 24 68.5 ± 12.5
GGGAGAAGAAUGAGAAGAAUAAAGGAUGAGAGAGCGGAGAAAUGUGUAGA
CAAAUUAUACACACUUCUCCGUUCUCUCAGCCUUUAUAAACAGAGGAGA
AUAAAGAUGGAGAGAACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCUUAGCGAAUUAAAUUUCGCUAAG
GCAUUACACAUUUCUCCGCUCUCUCAU
CCUUUAUUCUUCUCAUUCUUCUAUU

pJK_ToeRepG2_N24_switch ColA/kanamycin pJK_ToeRepG2_N24_trigger CDF/spectinomycin

12 18 68.1 ± 7.0
GGGAAGAAAGUAAAUGAGAUAAAGAAUGAGAAGACGGAUAGAGAAGUUAC
AAUAAAUAACUUCACUAUCCGUCUUCUCAUUCUUUAUAAACAGAGGAGA
AUAAAGAUGGAGAAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCGGAUACCAAAUAUAUGGUAUCCG
GCUAAACUUCUCUAUCCGUCUUCUCAU
UCUUUAUCUCAUUUACUUUCUUCAC

pJK_ToeRepG2_N18_switch ColA/kanamycin pJK_ToeRepG2_N18_trigger CDF/spectinomycin

13 51 61.3 ± 3.3
GGGAAAGAUAAUGGGAAGAUAAUAGGUGGUGAGUGGAGUAAAUGUGAAC
CUAAAUUCUUCACACUUACUCCUCUCACCAGCUAUUAUAAACAGAGGAG
AAUAAUAAUGGGUGAGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGUACCCUUGCGUAUCCAAGGGUA
CGCGAUUCACAUUUACUCCACUCACCA
CCUAUUAUCUUCCCAUUAUCUUUAUU

pJK_ToeRepG2_N51_switch ColA/kanamycin pJK_ToeRepG2_N51_trigger CDF/spectinomycin

14 79 61.2 ± 10.3
GGGAGAAAUAGUGGAAGAAUAAGAUUGGAGAUGUGGAGGGUUGGUAUAG
ACGAACAAUAUACCAACCCUCCUCAUCUCCCAUCUUAUAAACAGAGGAG
AAUAAGAAUGGAGAUGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCAAGUAGAGGGCGUGCUCUACUU
GGCAAUAUACCAACCCUCCACAUCUCCA
AUCUUAUUCUUCCACUAUUUCUAAC

pJK_ToeRepG2_N79_switch ColA/kanamycin pJK_ToeRepG2_N79_trigger CDF/spectinomycin

3. Devices were measured 3 hr after induction. GFP fluorescence values and their errors are the arithmetic mean and SD, respectively, of n=3 biologically independent samples. Fold reductions for each device are 
calculated by dividing the GFP fluorescence value from the ON state by the GFP fluorescence value from the OFF state. Relative errors for the fold reductions were obtained by adding the relative fluorescence errors in 
quadrature.



15 17 59.9 ± 2.2
GGGAAAGAUGAAAUGAAGAUAGAAGGUGGAAGUUGGAGUGUGUGUAAGA
UUACGAAACUUACAAACACUCCUACUUCCACCUUCUAUAAACAGAGGAG
AAUAGAAAUGGGAAGUAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCAUUCACCAACACGAUGGUGAAUG
ACGACUUACACACACUCCAACUUCCACC
UUCUAUCUUCAUUUCAUCUUUACU

pJK_ToeRepG2_N17_switch ColA/kanamycin pJK_ToeRepG2_N17_trigger CDF/spectinomycin

16 46 58.9 ± 3.1
GGGAGAGAAGAUAAGAAGAUAGAACGGAAUAAGUGCGAAAGUAGAAAUAA
CAUCAAUAUUUCUACUUUCGCUCUUAUUCUGUUCUAUAAACAGAGGAGA
AUAGAAAUGAAUAAGAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCAGAUGUGAUGCCUCUCACAUCU
GAAACAUUUCUACUUUCGCACUUAUUC
CGUUCUAUCUUCUUAUCUUCUCUUAU

pJK_ToeRepG2_N46_switch ColA/kanamycin pJK_ToeRepG2_N46_trigger CDF/spectinomycin

17 56 47.4 ± 3.3
GGGAUGGAGAAAGAUGAUAUUGAAGGAGAAUGGAGGGUUUGGAGUGUUA
CAAACACUAACACUUCAAACCCUCCAUUCUUCUUCAAUAAACAGAGGAG
AAUUGAAAUGGAAUGGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGUAACUUGCACCUGGGCAAGUUA
CGCAUAACACUCCAAACCCUCCAUUCUC
CUUCAAUAUCAUCUUUCUCCAUCAC

pJK_ToeRepG2_N56_switch ColA/kanamycin pJK_ToeRepG2_N56_trigger CDF/spectinomycin

18 21 47.0 ± 2.1
GGGAUGAAAGAUGAAGUGAUAGAAGAUGAAGAGGCGAUGAUGUGUAGUU
CAAUCUUUACUACAAAUCAUCGUCUCUUCAACUUCUAUAAACAGAGGAG
AAUAGAAAUGGAAGAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCACUAGUGGCUGACACCACUAGU
GAAUAACUACACAUCAUCGCCUCUUCAU
CUUCUAUCACUUCAUCUUUCAUAUU

pJK_ToeRepG2_N21_switch ColA/kanamycin pJK_ToeRepG2_N21_trigger CDF/spectinomycin

19 75 44.8 ± 3.8
GGGAUGGAUAAAGAUGAAAUAAGAGGUGAAGAUGGCUGUUGGUAUGUUA
AUAAAUCGAACAUAACAACAGCUAUCUUCAUCUCUUAUAAACAGAGGAGA
AUAAGAAUGGAAGAUAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAGUCCCUGGUUUAAUAACCAGGGA
CUCAUAACAUACCAACAGCCAUCUUCAC
CUCUUAUUUCAUCUUUAUCCAUAUU

pJK_ToeRepG2_N75_switch ColA/kanamycin pJK_ToeRepG2_N75_trigger CDF/spectinomycin

20 44 43.0 ± 5.3
GGGAAAGUAAGAAGUGAAAUAAAGAAUGAAGAAGGCGAAGUGUGUAAUCA
CAAAUCUAUUACAUACUUCGCUUUCUUCACUCUUUAUAAACAGAGGAGA
AUAAAGAUGGAAGAAAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCAGUUCCUAGCAUCUUAGGAACU
GAUAUAUUACACACUUCGCCUUCUUCA
UUCUUUAUUUCACUUCUUACUUUACU

pJK_ToeRepG2_N44_switch ColA/kanamycin pJK_ToeRepG2_N44_trigger CDF/spectinomycin

21 88 42.2 ± 4.9
GGGAAUGAAAGAAAGGAUAUAAGGUGGGAAAUGUGGGAGUGUAAGAGAC
ACUUCAAUUCUCUUACACUCCCUCAUUUCCGACCUUAUAAACAGAGGAG
AAUAAGGAUGGAAAUGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCGAGCCGCCGUUCAGGGCGGCUC
GGCAAUCUCUUACACUCCCACAUUUCC
CACCUUAUAUCCUUUCUUUCAUUACU

pJK_ToeRepG2_N88_switch ColA/kanamycin pJK_ToeRepG2_N88_trigger CDF/spectinomycin

22 77 40.6 ± 2.7
GGGAGAAGAGUAGUGAAGAUUGAAAUUGAAAGAGGCGAAGUUUGUGAUC
AAAUAACAAUCACAAACUUCGCUUCUUUCAGUUUCAAUAAACAGAGGAG
AAUUGAAAUGGAAAGAAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACGAGGCGCAGACUUGUGCGCCUC
GUCAUAUCACAAACUUCGCCUCUUUCAA
UUUCAAUCUUCACUACUCUUCUUUA

pJK_ToeRepG2_N77_switch ColA/kanamycin pJK_ToeRepG2_N77_trigger CDF/spectinomycin

23 52 40.3 ± 2.8
GGGAAAGUGGAGAAGAAUAUAGAGGGUGAGAGUGGGUUGAGAUGUUGUA
UUAACUUAACAACAACUCAACCUACUCUCAGCCUCUAUAAACAGAGGAG
AAUAGAGAUGGAGAGUAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGUAGAGGUAACUAUAUACCUCUAC
GCAAACAACAUCUCAACCCACUCUCACC
CUCUAUAUUCUUCUCCACUUUAAU

pJK_ToeRepG2_N52_switch ColA/kanamycin pJK_ToeRepG2_N52_trigger CDF/spectinomycin

24 43 39.3 ± 1.9
GGGAGAAAGAUAAGAAAGAUAAAGAGUGGAAUGAGGUGUGUGAUAGUACA
AACUCUUUACUAUAACACACCUCAUUCCAUUCUUUAUAAACAGAGGAGA
AUAAAGAUGGGAAUGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGACUCAACCUGCUGAGGUUGAGU
CGAACUACUAUCACACACCUCAUUCCAC
UCUUUAUCUUUCUUAUCUUUCUACU

pJK_ToeRepG2_N43_switch ColA/kanamycin pJK_ToeRepG2_N43_trigger CDF/spectinomycin

25 8 37.6 ± 4.1
GGGAGAGAAAAUAGAGAAAUAGAUAGGAGGAAGUGGAGAGUGAGAGAACU
CUCAAAUUUCUCUUACUCUCCACUUCCUCCUAUCUAUAAACAGAGGAGA
AUAGAUAUGAGGAAGUGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCUAACCUUUGGAAUCAAAGGUUAG
GCAAUUCUCUCACUCUCCACUUCCUCC
UAUCUAUUUCUCUAUUUUCUCUAUU

pJK_ToeRepG2_N08_switch ColA/kanamycin pJK_ToeRepG2_N08_trigger CDF/spectinomycin

26 3 36.1 ± 12.3
GGGAGAAAUAUGAAAUGGAUUGAAGGUGUGAAAGGGAGUAGUAGGUUGA
UAUUCACGCAACCUACUACUCCAUUUCACAACUUCAAUAAACAGAGGAG
AAUUGAAAUGGUGAAAUGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGACCGACGGCUCGUCCCGUCGGU
CGCGGCAACCUACUACUCCCUUUCACA
CCUUCAAUCCAUUUCAUAUUUCUAAU

pJK_ToeRepG2_N03_switch ColA/kanamycin pJK_ToeRepG2_N03_trigger CDF/spectinomycin

27 89 34.5 ± 1.6
GGGAGAGAAUGGAGAAAGAUAGAAAGGAUGGAAGGGAUAGUGAGAGAUC
UCAUUCACAUCUCUAACUAUCCUUUCCAUCCUUUCUAUAAACAGAGGAG
AAUAGAAAUGAUGGAAAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCUGAUAGGCGCGCUGGCCUAUCA
GGCGUAUCUCUCACUAUCCCUUCCAUC
CUUUCUAUCUUUCUCCAUUCUCUUAU

pJK_ToeRepG2_N89_switch ColA/kanamycin pJK_ToeRepG2_N89_trigger CDF/spectinomycin

28 42 34.1 ± 10.6
GGGGUAAAGAUGAGUGUGAUAAGAGGUAGAGAGGCGUGUGUGAGUGUAG
ACAUAAGAUACACUAACACACGUCUCUCUAACUCUUAUAAACAGAGGAG
AAUAAGAAUGAGAGAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCUUAGUGUGCUAUGCAGCACACUA
AGCAUUACACUCACACACGCCUCUCUAC
CUCUUAUCACACUCAUCUUUACAUU

pJK_ToeRepG2_N42_switch ColA/kanamycin pJK_ToeRepG2_N42_trigger CDF/spectinomycin

29 15 34.1 ± 2.3
GGGAAGAAAGUAAAUGAGAUAGAAGGAGAUAAGAGGAUGAGAGUAAGAGC
UUAUUAUUCUUACACUCAUCCUCUUAUCUUCUUCUAUAAACAGAGGAGA
AUAGAAAUGGAUAAGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGCGAGCUAGGAUGGACUAGCUCG
CGCAUUCUUACUCUCAUCCUCUUAUCU
CCUUCUAUCUCAUUUACUUUCUUACU

pJK_ToeRepG2_N15_switch ColA/kanamycin pJK_ToeRepG2_N15_trigger CDF/spectinomycin

30 86 33.9 ± 1.9
GGGGUAAAGAUAAGAGUGAUAAGAGAGGAUGAGUCGUUGUGUGUAAGUU
ACUUAAACACUUACACACAACGUCUCAUCCUCUCUUAUAAACAGAGGAG
AAUAAGAAUGGAUGAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGGAGCAAGGCAUAUUCCUUGCUC
CGAAUACUUACACACAACGACUCAUCCU
CUCUUAUCACUCUUAUCUUUACAUU

pJK_ToeRepG2_N86_switch ColA/kanamycin pJK_ToeRepG2_N86_trigger CDF/spectinomycin

31 1 33.2 ± 1.4
GGGAAGAUAAAGAAAAUGAUAAGAGUGAUGAAAUGGUGUGAUGUAAGUAC
GGACGAGACUUACAUCACACCAUUUCAUCCCUCUUAUAAACAGAGGAGA
AUAAGAAUGAUGAAAUGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAGUAGCCAAACAAGCGUUUGGCUAC
UAUAACUUACAUCACACCAUUUCAUCAC
UCUUAUCAUUUUCUUUAUCUUCUU

pJK_ToeRepG2_N01_switch ColA/kanamycin pJK_ToeRepG2_N01_trigger CDF/spectinomycin



32 4 33.2 ± 9.0
GGGAAUGAAAUAAUGGAGAUAAGUAAUAAUGAGUCGGUGUGUGCUGUUA
AACAGAUCAACAGCACACACCGUCUCAUUAUUACUUAUAAACAGAGGAG
AAUAAGUAUGAAUGAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCAAUGGACAACUAUUUGUCCAUU
GGAAGAACAGCACACACCGACUCAUUAU
UACUUAUCUCCAUUAUUUCAUUUAU

pJK_ToeRepG2_N04_switch ColA/kanamycin pJK_ToeRepG2_N04_trigger CDF/spectinomycin

33 41 29.3 ± 12.4

GGGGAUUUGAAAGUGAAUAUUGGCCCUGGACGGUCGAUUGUUGUAGAU
ACUUCUUCAAUCUACUACAAUCGUCCGUCCAAGGCCAAUAAACAGAGGA
GAAUUGGCAUGGGACGGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAA
A

GGGUGACCUGUCGAGGGCUCGACAGGU
CAUAUAUCUACAACAAUCGACCGUCCAG
GGCCAAUAUUCACUUUCAAAUCACA

pJK_ToeRepG2_N41_switch ColA/kanamycin pJK_ToeRepG2_N41_trigger CDF/spectinomycin

34 49 28.9 ± 1.4
GGGAAGAUGAUAAGUGAAAUAGAAGGUAGAGAGGCGUGUGUUGAAAGUU
UAAUAUCUACUUUCUACACACGUCUCUCUAACUUCUAUAAACAGAGGAG
AAUAGAAAUGAGAGAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACUGGAUGCAGGACGUUGCAUCCA
GUCAUACUUUCAACACACGCCUCUCUA
CCUUCUAUUUCACUUAUCAUCUUUAU

pJK_ToeRepG2_N49_switch ColA/kanamycin pJK_ToeRepG2_N49_trigger CDF/spectinomycin

35 55 28.4 ± 15.3
GGGGUAAAGAAGAUGGAGAUAAAGAGUGAAUGGAGGGUGAAGUGUGUAA
UAAACUACUACACAUUUCACCCUCCAUUCAUUCUUUAUAAACAGAGGAG
AAUAAAGAUGGAAUGGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCUAAGCUUAUGGGUUAAUAAGCUUA
GCAAUACACACUUCACCCUCCAUUCACU
CUUUAUCUCCAUCUUCUUUACUUA

pJK_ToeRepG2_N55_switch ColA/kanamycin pJK_ToeRepG2_N55_trigger CDF/spectinomycin

36 61 28.0 ± 1.3
GGGAGAAGAAUAAGAGUGAUAAAGUGUAGAUGUGCGGUUGUUGAUUUCU
AUGAAAUUGAAAUCUACAACCGUACAUCUAAACUUUAUAAACAGAGGAGA
AUAAAGAUGAGAUGUACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAGGUAUGUACUACCAAGUACAUACC
UAACGAAAUCAACAACCGCACAUCUACA
CUUUAUCACUCUUAUUCUUCUUUA

pJK_ToeRepG2_N61_switch ColA/kanamycin pJK_ToeRepG2_N61_trigger CDF/spectinomycin

37 65 26.5 ± 4.3
GGGAGAAAGUGGAAAGAUAUAGAGUGGAUGGAGAGGUGUGAGUGUGUUA
AUACAUACAACACAUUCACACCUCUCCAUCUACUCUAUAAACAGAGGAG
AAUAGAGAUGAUGGAGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGACAGUGCGAUAGGACGCACUGU
CGCAUAACACACUCACACCUCUCCAUCC
ACUCUAUAUCUUUCCACUUUCUAAU

pJK_ToeRepG2_N65_switch ColA/kanamycin pJK_ToeRepG2_N65_trigger CDF/spectinomycin

38 58 26.2 ± 2.6
GGGAGAAAUAAGAAGAGUAAUGAAAGUGAGAAGUGGUGUGUGAAUAUAAU
ACAAACUUAUAUUUACACACCACUUCUCACUUUCAUUAAACAGAGGAGA
AAUGAAAUGGAGAAGUGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGAACUAGUGUAGUUCCACUAGUU
CGAUAUAUAUUCACACACCACUUCUCAC
UUUCAUUACUCUUCUUAUUUCUUAU

pJK_ToeRepG2_N58_switch ColA/kanamycin pJK_ToeRepG2_N58_trigger CDF/spectinomycin

39 36 25.2 ± 1.5
GGGAAAAUAAUGAGUGGAAUAAAGGGUAAAGAGUCGAGGUGUGUAAGUG
AUACAAAGACUUACACACCUCGUCUCUUUAACCUUUAUAAACAGAGGAG
AAUAAAGAUGAAAGAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGGUUGCUUAUGGGCGUAAGCAAC
CGCAAACUUACACACCUCGACUCUUUAC
CCUUUAUUCCACUCAUUAUUUUCAC

pJK_ToeRepG2_N36_switch ColA/kanamycin pJK_ToeRepG2_N36_trigger CDF/spectinomycin

40 50 24.6 ± 1.7
GGGAGAAUAAGAGGAAAUAUAAAGAGUGAGAGUGCGGGAUUGGUUGUAA
UCACAAUAUACAACAAAUCCCGUACUCUCAAUCUUUAUAAACAGAGGAG
AAUAAAGAUGGAGAGUACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAGACCGGGAAUCCACAUUCCCGGU
CUCCGUACAACCAAUCCCGCACUCUCA
CUCUUUAUAUUUCCUCUUAUUCUUUA

pJK_ToeRepG2_N50_switch ColA/kanamycin pJK_ToeRepG2_N50_trigger CDF/spectinomycin

41 76 24.5 ± 1.2
GGGAGUAGAAGAAAUGGAAUAAAGUUUGAGAUGAGGUUGUUGCUUAGUG
AAACGAUGACUAAGAAACAACCUCAUCUCACACUUUAUAAACAGAGGAGA
AUAAAGAUGGAGAUGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGGUGUGUUCGGUGCCGAACACAC
CGAUAACUAAGCAACAACCUCAUCUCAA
ACUUUAUUCCAUUUCUUCUACUAAU

pJK_ToeRepG2_N76_switch ColA/kanamycin pJK_ToeRepG2_N76_trigger CDF/spectinomycin

42 73 23.4 ± 4.2
GGGAAGAAUGGAGAGGUAAUAAAGAAUGAGAAGACGUGUGAGAGGAUUG
AAAUAAAGAAUCCUAUCACACGUCUUCUCAUUCUUUAUAAACAGAGGAG
AAUAAAGAUGGAGAAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGCCAUUAACACCACUGUUAAUGG
CGCUAAAUCCUCUCACACGUCUUCUCA
UUCUUUAUUACCUCUCCAUUCUUACU

pJK_ToeRepG2_N73_switch ColA/kanamycin pJK_ToeRepG2_N73_trigger CDF/spectinomycin

43 91 22.5 ± 1.2
GGGAGCGCUUUAAUUCAUAUAUUUCAGACUAGUACCGUGUUUCUUUGU
GAAUAUGAGACAAAGAAACACGGUACUAGUCCGAAAUAUAAACAGAGGAG
AAUAUUUAUGACUAGUACCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAGUACCACAGCGUUAUCUGUGGUA
CUGAAACAAAGAAACACGGUACUAGUCU
GAAAUAUAUGAAUUAAAGCGCUAAA

pJK_ToeRepG2_N91_switch ColA/kanamycin pJK_ToeRepG2_N91_trigger CDF/spectinomycin

44 78 21.8 ± 4.8
GGGAGAAUGAAAGAAGUGAUAAGUGUGAUGAAGUGCGUUGUUAUGUAUC
GACUAAACAUACAUAACAACGCUCUUCAUCUCACUUAUAAACAGAGGAG
AAUAAGUAUGAUGAAGAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCCCUAGGAAACCGUCUUCCUAGG
GAUAAAUACAUAACAACGCACUUCAUCA
CACUUAUCACUUCUUUCAUUCUAUA

pJK_ToeRepG2_N78_switch ColA/kanamycin pJK_ToeRepG2_N78_trigger CDF/spectinomycin

45 53 21.6 ± 2.3
GGGAUAAAGAUGGAGAAGAUAAGAUUGGAUGAAGGGUUGAGGGUAUAUA
UCGAUCUUAUAUACACUCAACCUUUCAUCCAAUCUUAUAAACAGAGGAG
AAUAAGAAUGGAUGAAAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGUUCUUGAGAAAUAGCUCAAGAAC
GCAAAUAUACCCUCAACCCUUCAUCCAA
UCUUAUCUUCUCCAUCUUUAUACU

pJK_ToeRepG2_N53_switch ColA/kanamycin pJK_ToeRepG2_N53_trigger CDF/spectinomycin

46 83 20.3 ± 1.1
GGGAAGAAUGAAGAAGAUAUAGAAGAAGUAAGAAGGUGUGUAAGUAAUUA
CAAACACAUUACUUACACACCUUCUUACUUCUUCUAUAAACAGAGGAGA
AUAGAAAUGGUAAGAAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCCAGUCCUUAAGAACAAGGACUGG
AAUUAUUACUUACACACCUUCUUACUUC
UUCUAUAUCUUCUUCAUUCUUACU

pJK_ToeRepG2_N83_switch ColA/kanamycin pJK_ToeRepG2_N83_trigger CDF/spectinomycin

47 31 20.0 ± 2.3
GGGAGAAGUGAGAAAGAUAUAGAGGGUGAAUGGAGGAAGGUGUGUAAGG
AACAAGAACUUACAUACCUUCCUCCAUUCACCCUCUAUAAACAGAGGAG
AAUAGAGAUGGAAUGGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCAGCCAGGUUUGUUAGAACCUGGC
UGCGACUUACACACCUUCCUCCAUUCA
CCCUCUAUAUCUUUCUCACUUCUAAU

pJK_ToeRepG2_N31_switch ColA/kanamycin pJK_ToeRepG2_N31_trigger CDF/spectinomycin

48 48 19.9 ± 3.8
GGGAUAAGAAAGAUGGAGAUUAGAUGGAGAAAGGCCGGUUUAUGUAGAU
UCAUCACAUCUACAGAAACCGGUCUUUCUCGAUCUAAUAAACAGAGGAG
AAUUAGAAUGAGAAAGACCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUGCGGUUUGGUGCCCUCCAAACCG
CAAUUUCUACAUAAACCGGCCUUUCUC
CAUCUAAUCUCCAUCUUUCUUAUAAC

pJK_ToeRepG2_N48_switch ColA/kanamycin pJK_ToeRepG2_N48_trigger CDF/spectinomycin



49 90 19.6 ± 1.0
GGGAGAAAGGUAAAGAAUAUAGAAAGUGUAGAGUGGUGUGUAAUUGUGC
AUAACUUUCACAAUAACACACCUCUCUACACUUUCUAUAAACAGAGGAG
AAUAGAAAUGGUAGAGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCUAGCUAUAGGAUGAUAUAGCUAG
GAAGCACAAUUACACACCACUCUACACU
UUCUAUAUUCUUUACCUUUCUACU

pJK_ToeRepG2_N90_switch ColA/kanamycin pJK_ToeRepG2_N90_trigger CDF/spectinomycin

50 95 19.1 ± 1.0
GGGAAAGAAUGGAAGAAGAUAGAACUAAAGGAUGGGAUGUGGGAAUGUU
AUCUUUAUACAUUCUCACAUCCUAUCCUUUCGUUCUAUAAACAGAGGAG
AAUAGAAAUGAAGGAUAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGAUUUCACUCCGACAAGUGAAAUC
GCAUACAUUCCCACAUCCCAUCCUUUA
GUUCUAUCUUCUUCCAUUCUUUAUU

pJK_ToeRepG2_N95_switch ColA/kanamycin pJK_ToeRepG2_N95_trigger CDF/spectinomycin

51 16 18.4 ± 1.9
GGGAAAGUAAAUGAAAUGAUAAAGUGUGUGAAUGCGAUGUGUGUAGUUA
CUAUUCACAACUACACACAUCGUAUUCACAUACUUUAUAAACAGAGGAG
AAUAAAGAUGGUGAAUACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAGGCGCUGAAUACUCUUUCAGCGC
CUAUUAACUACACACAUCGCAUUCACAC
ACUUUAUCAUUUCAUUUACUUUACU

pJK_ToeRepG2_N16_switch ColA/kanamycin pJK_ToeRepG2_N16_trigger CDF/spectinomycin

52 82 18.4 ± 1.1
GGGAGAAGAAUAAGGAAGAUAAAGAAUGAAGGAGGCGAAGGUAUAGUUGA
CAACUUAAACUAUACCUUCGCUUCCUUCAGUCUUUAUAAACAGAGGAGA
AUAAAGAUGGAAGGAAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCGGUGUAACACGAACGUUACACC
GACAUAACUAUACCUUCGCCUCCUUCA
UUCUUUAUCUUCCUUAUUCUUCUACU

pJK_ToeRepG2_N82_switch ColA/kanamycin pJK_ToeRepG2_N82_trigger CDF/spectinomycin

53 37 18.2 ± 1.6
GGGAGAAUGAAUAAGAAGAUAAAGUGGAAAGAGGCGGUGAAAGAAGUACC
UUAUAACUACUUCAUUCACCGUCUCUUUCCACUUUAUAAACAGAGGAGA
AUAAAGAUGAAAGAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCACAAUUUCAGCAUGGAAAUUGUG
GCAUUACUUCUUUCACCGCCUCUUUCC
ACUUUAUCUUCUUAUUCAUUCUCAC

pJK_ToeRepG2_N37_switch ColA/kanamycin pJK_ToeRepG2_N37_trigger CDF/spectinomycin

54 63 18.2 ± 1.4
GGGAAAAUAAGAUGGAGAAUAAAGGGAGAUGGAAGGGUGAGAGAGAAACU
AACACAAUUUCUCACUCACCCUUCCAUCUUCCUUUAUAAACAGAGGAGA
AUAAAGAUGGAUGGAAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGAUUCUCUGUUAGGUCAGAGAAU
CGCAAUUUCUCUCUCACCCUUCCAUCU
CCCUUUAUUCUCCAUCUUAUUUUACU

pJK_ToeRepG2_N63_switch ColA/kanamycin pJK_ToeRepG2_N63_trigger CDF/spectinomycin

55 38 17.9 ± 5.1
GGGUUAAGACGCCUGAGAAUAGAAAGAAAUAAGUCGGAAGAAAGUAGUGA
UCAAUAUACUACUUUCUUCCGUCUUAUUUCUUUCUAUAAACAGAGGAGA
AUAGAAAUGAAUAAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUGUGGCUAUCUGGUGCGAUAGCCA
CAUAUACUACUUUCUUCCGACUUAUUU
CUUUCUAUUCUCAGGCGUCUUAAUUA

pJK_ToeRepG2_N38_switch ColA/kanamycin pJK_ToeRepG2_N38_trigger CDF/spectinomycin

56 57 17.6 ± 1.0
GGGAGAGAUGAAAGAGUAAUAAAGUGGGAAAGUAGGGUAAGGUGUAUGA
CUAGAACACAUACACCUUACCCUACUUUCCUACUUUAUAAACAGAGGAG
AAUAAAGAUGGAAAGUAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCGCCAGCAACGGGAAUUGCUGGC
GGCGACAUACACCUUACCCUACUUUCC
CACUUUAUUACUCUUUCAUCUCUUUA

pJK_ToeRepG2_N57_switch ColA/kanamycin pJK_ToeRepG2_N57_trigger CDF/spectinomycin

57 87 16.8 ± 3.1
GGGAAGAGAGUAAAGAAGAUAAGAGUGAUAAAGUGCUGUGUUGUAGUGC
AUAUAAAUCACUACAACACAGCUCUUUAUCCCUCUUAUAAACAGAGGAG
AAUAAGAAUGAUAAAGAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGGAACUCUUGCGACUAAGAGUUC
CGAAACACUACAACACAGCACUUUAUCA
CUCUUAUCUUCUUUACUCUCUUACU

pJK_ToeRepG2_N87_switch ColA/kanamycin pJK_ToeRepG2_N87_trigger CDF/spectinomycin

58 68 16.8 ± 1.4
GGGAGAAGAGUAAGAAGAAUAGAAUGGAAUAGAAGGUUGAUGGUAGUAAA
UUACAACUACUACAAUCAACCUUCUAUUCUAUUCUAUAAACAGAGGAGA
AUAGAAAUGAAUAGAAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGCACGAGGAUAGCAAUCCUCGUG
CGAACUACUACCAUCAACCUUCUAUUCC
AUUCUAUUCUUCUUACUCUUCUUAU

pJK_ToeRepG2_N68_switch ColA/kanamycin pJK_ToeRepG2_N68_trigger CDF/spectinomycin

59 30 16.5 ± 2.1
GGGAGAGUAAGAAGAUAUAUAGAAGUGCGAAUGAGGUGUGUAAGUAGUA
CAAAUAUCACUACUUACACACCUCAUUCGCUCUUCUAUAAACAGAGGAG
AAUAGAAAUGCGAAUGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCGUUUGUGCUCGAACGCACAAAC
GGAAUACUACUUACACACCUCAUUCGCA
CUUCUAUAUAUCUUCUUACUCUACU

pJK_ToeRepG2_N30_switch ColA/kanamycin pJK_ToeRepG2_N30_trigger CDF/spectinomycin

60 25 16.4 ± 2.4
GGGAUGGAUAAGAAGUGGAUAAGAUGGAAGAUGACGAGAAUAGGUAUGG
ACAAUAAACAUACCUAUUCUCGUCAUCUUCGAUCUUAUAAACAGAGGAG
AAUAAGAAUGAAGAUGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGGGAAGUCUCUAGGUAGACUUCC
CGCAACAUACCUAUUCUCGUCAUCUUC
CAUCUUAUCCACUUCUUAUCCAUCUU

pJK_ToeRepG2_N25_switch ColA/kanamycin pJK_ToeRepG2_N25_trigger CDF/spectinomycin

61 94 15.9 ± 1.1
GGGAGAGAAAUGAGAAGUAAUGAAGGUGAGAAGGCGAGAAAGAUAAAGGA
CUUUAGACUUUAUAUUUCUCGUCUUCUCACCUUCAUUAAACAGAGGAG
AAAUGAAAUGGAGAAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCUUCCAGGUAGCCGUUUACCUGGA
AGCAACUUUAUCUUUCUCGCCUUCUCA
CCUUCAUUACUUCUCAUUUCUCUAUA

pJK_ToeRepG2_N94_switch ColA/kanamycin pJK_ToeRepG2_N94_trigger CDF/spectinomycin

62 40 15.5 ± 0.4
GGGAGAAUAAGAGAGAUAAUAAGAAAGAGUGAAUGGGUAUGUUGUGUAAA
CGGCAACUACACAACAUACCCUUUCACUCCUUCUUAUAAACAGAGGAGA
AUAAGAAUGAGUGAAAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAGCCAAGCCAUCUGAAUGGCUUGG
CUCAAUACACAACAUACCCAUUCACUCU
UUCUUAUUAUCUCUCUUAUUCUACU

pJK_ToeRepG2_N40_switch ColA/kanamycin pJK_ToeRepG2_N40_trigger CDF/spectinomycin

63 92 15.3 ± 1.1
GGGAUAAGAAUGAAGUGGAAUGAAGAUGAAAGAGGCAAGUGUGUAGUUC
UUCAUAUCAACUACACACUUGCUUCUUUCAACUUCAUUAAACAGAGGAG
AAAUGAAAUGGAAAGAAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCAUUUAGAUUAACAAAUCUAAAUG
AUUUAACUACACACUUGCCUCUUUCAU
CUUCAUUCCACUUCAUUCUUAUUAU

pJK_ToeRepG2_N92_switch ColA/kanamycin pJK_ToeRepG2_N92_trigger CDF/spectinomycin

64 66 14.8 ± 2.7
GGGAAAGAGUGGAGAAGUAAUGAAGGUGAGAUGUGGAGUGUGAGUUGUG
ACAUAAAUACAACUAACACUCCUCAUCUCAUCUUCAUUAAACAGAGGAG
AAAUGAAAUGGAGAUGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCGCAAGCUCAAAUCAGAGCUUGC
GGCAAACAACUCACACUCCACAUCUCAC
CUUCAUUACUUCUCCACUCUUUAUA

pJK_ToeRepG2_N66_switch ColA/kanamycin pJK_ToeRepG2_N66_trigger CDF/spectinomycin

65 35 14.3 ± 3.9
GGGAAAGAUGAAGAGGUAAUAAUGUGUGAAGAGUGCUUGUGUUGUAGAA
CAUUUAAUUCUACAACACAAGCUCUCUUCAUACAUUAUAAACAGAGGAG
AAUAAUGAUGGAAGAGAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCUCUCUGGCCAGGAGGCCAGAGA
GGAUAUCUACAACACAAGCACUCUUCAC
ACAUUAUUACCUCUUCAUCUUUAAC

pJK_ToeRepG2_N35_switch ColA/kanamycin pJK_ToeRepG2_N35_trigger CDF/spectinomycin



66 7 13.9 ± 2.0
GGGAAAGUAAAUGAAGUGAUAGAAGAUAGAAGUGCGAUGUGUGUUAGAU
UCAAACAUUCUAACACACAUCGUACUUCUAUCUUCUAUAAACAGAGGAG
AAUAGAAAUGAGAAGUACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGACCCUAUGCGACUAACCGCAUAGG
GUAAAUCUAACACACAUCGCACUUCUAU
CUUCUAUCACUUCAUUUACUUUAUU

pJK_ToeRepG2_N07_switch ColA/kanamycin pJK_ToeRepG2_N07_trigger CDF/spectinomycin

67 54 13.9 ± 1.4
GGGGUAAGAGAAGUAGUGAUAAGAGGAAUGAGAAGGAUGUUUGUGUAUA
CUCGAAAUAUACACAAACAUCCAUCUCAUUGCUCUUAUAAACAGAGGAG
AAUAAGAAUGAUGAGAUGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCUGGUCAUCAAUCAUGAUGACCA
GACUAAUACACAAACAUCCUUCUCAUUC
CUCUUAUCACUACUUCUCUUACAUU

pJK_ToeRepG2_N54_switch ColA/kanamycin pJK_ToeRepG2_N54_trigger CDF/spectinomycin

68 32 13.6 ± 1.6
GGGAUAAGAAAGAGUGGAAUAGAGGUUGAGGAAGGCUUGAGUUGUAGUA
CACACAGAACUACAACUCAAGCUUUCCUCAACCUCUAUAAACAGAGGAG
AAUAGAGAUGGAGGAAAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCAAGCAACGUGUCGGCGUUGCUU
GGCAAACUACAACUCAAGCCUUCCUCAA
CCUCUAUUCCACUCUUUCUUAUAUU

pJK_ToeRepG2_N32_switch ColA/kanamycin pJK_ToeRepG2_N32_trigger CDF/spectinomycin

69 67 13.5 ± 3.8
GGGAGAAGUAAGAAAGUGAUAGAUGUUGAAGAGUGCUGUGUGUAUUGUA
CAGAAAGAACAAUAAACACAGCUCUCUUCAUCAUCUAUAAACAGAGGAGA
AUAGAUAUGGAAGAGAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCUGGGUCUAUGCGGCUAGACCCA
GGAUUACAAUACACACAGCACUCUUCAA
CAUCUAUCACUUUCUUACUUCUAAU

pJK_ToeRepG2_N67_switch ColA/kanamycin pJK_ToeRepG2_N67_trigger CDF/spectinomycin

70 47 13.5 ± 1.3
GGGAAGAUGAAAGAUAGAAUAGAAUGUAGAAGAUGCGAAGUUGAUGUUC
AACAAUUCAACAUCAACUUCGCUUCUUCUAGAUUCUAUAAACAGAGGAG
AAUAGAAAUGAGAAGAAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCUAAGAAUAGGUUUAUAUUCUUAG
AAAUAACAUCAACUUCGCAUCUUCUACA
UUCUAUUCUAUCUUUCAUCUUACU

pJK_ToeRepG2_N47_switch ColA/kanamycin pJK_ToeRepG2_N47_trigger CDF/spectinomycin

71 28 12.7 ± 1.6
GGGAAAAUAAUGGGAGAGAUAAGAGGGAUAAAGAGGGUGAGAAGUAGAAA
CUUAACCUCUACUACUCACCCUCUUUAUCCCUCUUAUAAACAGAGGAGA
AUAAGAAUGAUAAAGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGAGAGAUGUAUACUAACAUCUCUC
GCAAUCUACUUCUCACCCUCUUUAUCC
CUCUUAUCUCUCCCAUUAUUUUCAC

pJK_ToeRepG2_N28_switch ColA/kanamycin pJK_ToeRepG2_N28_trigger CDF/spectinomycin

72 9 12.4 ± 1.6
GGGAAAGUAAGAAAGAGUAUAAGAGAGAUAGAAAGGUGUGCGCGUAUAC
UGACGAGAUAUACGAGCACACCUUUCUAUCUCUCUUAUAAACAGAGGAG
AAUAAGAAUGAUAGAAAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCCCGGAAACCGAAUCGUUUCCGG
GAAUUUAUACGCGCACACCUUUCUAUC
UCUCUUAUACUCUUUCUUACUUUAUU

pJK_ToeRepG2_N09_switch ColA/kanamycin pJK_ToeRepG2_N09_trigger CDF/spectinomycin

73 29 12.3 ± 4.5
GGGAAAGUGAAUGAGAUUAUUAUUGGAGGUAUUUGGAGAGAAUGUUAUA
CGGCACAUAUAACAAUCUCUCCUAAUACCUACAAUAAUAAACAGAGGAGA
AUUAUUAUGGGUAUUAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCCAGCUCCCAUGAAAGGGAGCUG
GACAAAUAACAUUCUCUCCAAAUACCUC
CAAUAAUAAUCUCAUUCACUUUAAA

pJK_ToeRepG2_N29_switch ColA/kanamycin pJK_ToeRepG2_N29_trigger CDF/spectinomycin

74 80 12.1 ± 0.6
GGGAGAGAUGAUGGAAGAAUAAAGAGUGAGAUGAGGUUGUGUAGUAAGG
AGAAAUUACUUACUACACAACCUCAUCUCACUCUUUAUAAACAGAGGAG
AAUAAAGAUGGAGAUGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGUGGAGAUCUUAUAAGAUCUCCA
CGAAACUUACUACACAACCUCAUCUCAC
UCUUUAUUCUUCCAUCAUCUCUUAU

pJK_ToeRepG2_N80_switch ColA/kanamycin pJK_ToeRepG2_N80_trigger CDF/spectinomycin

75 13 11.7 ± 2.2
GGGAUGAGAAAUAAGAAGAUAAUAGAAAGAAAUGGCGGUGAAAGAGUAUC
AGCCGUAUACUCUAUCACCGCUAUUUCUUUCUAUUAUAAACAGAGGAGA
AUAAUAAUGAGAAAUAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAGACAAGCCAACUCAAUGGCUUGUC
UCAUUACUCUUUCACCGCCAUUUCUUU
CUAUUAUCUUCUUAUUUCUCAUCAC

pJK_ToeRepG2_N13_switch ColA/kanamycin pJK_ToeRepG2_N13_trigger CDF/spectinomycin

76 23 11.7 ± 0.8
GGGAAUGAAAUAGAAAGAAUAAGAAGUGAAAGUGCGAUAGAUAAAGUUCA
CUUAAUUAACUUUAUCUAUCGUACUUUCACUUCUUAUAAACAGAGGAGA
AUAAGAAUGGAAAGUACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCGCGUUUCCAGAUUUGGAAACGC
GAUUUAACUUUAUCUAUCGCACUUUCA
CUUCUUAUUCUUUCUAUUUCAUUAUU

pJK_ToeRepG2_N23_switch ColA/kanamycin pJK_ToeRepG2_N23_trigger CDF/spectinomycin

77 12 11.6 ± 3.3
GGGAAAGUGAAAGUAAGUAUAAAGUGUGAUGAGUGGUGUGAAUGUUGUA
ACAAACAUACAACAAUCACACCUCUCAUCAUACUUUAUAAACAGAGGAGA
AUAAAGAUGGAUGAGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGAUCAUAACCAAUAGGUUAUGAUC
GAUAACAACAUUCACACCACUCAUCACA
CUUUAUACUUACUUUCACUUUCUU

pJK_ToeRepG2_N12_switch ColA/kanamycin pJK_ToeRepG2_N12_trigger CDF/spectinomycin

78 10 11.1 ± 1.9
GGGAGAAGUAAGAAGAUAAUAAAGGUUGAUGAAGGGUGUAAGUGUAGUA
UCUACACAACUACACUUACACCUUUCAUCAACCUUUAUAAACAGAGGAG
AAUAAAGAUGGAUGAAAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGAAUUCAGUUAUGACACUGAAUUC
GCGAACUACACUUACACCCUUCAUCAAC
CUUUAUUAUCUUCUUACUUCUCUU

pJK_ToeRepG2_N10_switch ColA/kanamycin pJK_ToeRepG2_N10_trigger CDF/spectinomycin

79 5 10.9 ± 1.0
GGGAAAGAUAAAGAGAGUAUAAAGAGUGAUGGAGGGUAUGAUAGUUGUA
CAAUAAGAACAACUAUCAUACCUUCCAUCAAUCUUUAUAAACAGAGGAGA
AUAAAGAUGGAUGGAAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGUGUGGUCGGACCUACGACCACA
CGACAACAACUAUCAUACCCUCCAUCAC
UCUUUAUACUCUCUUUAUCUUUAUU

pJK_ToeRepG2_N05_switch ColA/kanamycin pJK_ToeRepG2_N05_trigger CDF/spectinomycin

80 60 10.7 ± 1.2
GGGAGAAAUAUGGAUGAAAUAAAGUGGGAAAUAGGGUGUGUGAUGAAUA
AACAUUUGAUUCAUAACACACCUUAUUUCCCACUUUAUAAACAGAGGAG
AAUAAAGAUGGAAAUAAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCUGCACUGCACUCAAUUGCAGUGC
AGCAAAUUCAUCACACACCCUAUUUCCC
ACUUUAUUUCAUCCAUAUUUCUUAU

pJK_ToeRepG2_N60_switch ColA/kanamycin pJK_ToeRepG2_N60_trigger CDF/spectinomycin

81 74 10.6 ± 0.9
GGGAUGAAGAAUGAAGUGAUAAGAAGUAGAAGAACGUGUAAAUGUAAUUC
UACAAACAUUACAUUUACACGUUCUUCUACUUCUUAUAAACAGAGGAGA
AUAAGAAUGAGAAGAACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCCGUCAUUAUUUCUAUAAUGACG
GAAUUAUUACAUUUACACGUUCUUCUAC
UUCUUAUCACUUCAUUCUUCAUUUA

pJK_ToeRepG2_N74_switch ColA/kanamycin pJK_ToeRepG2_N74_trigger CDF/spectinomycin

82 69 9.9 ± 1.8
GGGAGAAUGGAGAGAGUAAUAAGAUGGAAGAUAAGGACAGAAUGCAAAGU
GUUUAAAUUUGCAUUCUGUCCUUAUCUUCCAUCUUAUAAACAGAGGAGA
AUAAGAAUGAAGAUAAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUUGAAGCUUUCCACGGAAAGCUUC
AACUGUUUGCAUUCUGUCCUUAUCUUC
CAUCUUAUUACUCUCUCCAUUCUACU

pJK_ToeRepG2_N69_switch ColA/kanamycin pJK_ToeRepG2_N69_trigger CDF/spectinomycin



83 20 9.4 ± 1.8
GGGAAGAUGAAGAGAGAUAUAAGAGAUGAAGAGAGCGUGUGUUGUAGAG
UUAAUUUAUCUACAACACACGCUCUCUUCAGCUCUUAUAAACAGAGGAG
AAUAAGAAUGGAAGAGAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCAGUCGAGUUGUUGGACUCGACU
GAAUAUCUACAACACACGCUCUCUUCAU
CUCUUAUAUCUCUCUUCAUCUUAAU

pJK_ToeRepG2_N20_switch ColA/kanamycin pJK_ToeRepG2_N20_trigger CDF/spectinomycin

84 26 9.2 ± 2.7
GGGAAGGUAAGAGAAGUGAUAAAUGUGAAGAUAAGGUGUAGAUGUGUAG
GAUAUAAAUACACAACUACACCUUAUCUUCUCAUUUAUAAACAGAGGAG
AAUAAAUAUGAAGAUAAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCCAGGAUAAGAAUAUUUAUCCUGG
AAAUUACACAUCUACACCUUAUCUUCAC
AUUUAUCACUUCUCUUACCUUAUU

pJK_ToeRepG2_N26_switch ColA/kanamycin pJK_ToeRepG2_N26_trigger CDF/spectinomycin

85 45 8.6 ± 1.1

GGGAUUAAUGGGAUGUGGAUUGUAGUUAAGAAGAGGUGCGUAGCUAGU
UCUCAACAUACUAGCCACGCACCACUUCUUAUCUACAAUAAACAGAGGA
GAAUUGUAAUGAAGAAGUGGAACCUGGCGGCAGCGCAAAAGAUGCGUAA
A

GGGUGGCACUAGGCGUUACCCUAGUGC
CAUAUACUAGCUACGCACCUCUUCUUAA
CUACAAUCCACAUCCCAUUAAUAAG

pJK_ToeRepG2_N45_switch ColA/kanamycin pJK_ToeRepG2_N45_trigger CDF/spectinomycin

86 71 7.2 ± 10.9
GGGGUAACUAAGAAUACUAUAAAGGGCACGGAAAGGAUUAGGAAAUUGAA
UUUAAUACAAUUUACUAAUCCUUUCCGUGGCCUUUAUAAACAGAGGAGA
AUAAAGAUGACGGAAAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGAGUCGCCAAUCCGCACAUUGGCGA
CUUGGCAAUUUCCUAAUCCUUUCCGUG
CCCUUUAUAGUAUUCUUAGUUACACA

pJK_ToeRepG2_N71_switch ColA/kanamycin pJK_ToeRepG2_N71_trigger CDF/spectinomycin

87 6 6.3 ± 0.7
GGGAAAGUGAAAGUGAAGAUAAAUGAAGUGAAGAGGUGUGUUGCUGUAA
CAACACAGUACAGCGACACACCUCUUCACUUCAUUUAUAAACAGAGGAG
AAUAAAUAUGGUGAAGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCCCUCAAGAAACAGAUCUUGAGGG
AAUAUACAGCAACACACCUCUUCACUUC
AUUUAUCUUCACUUUCACUUUACU

pJK_ToeRepG2_N06_switch ColA/kanamycin pJK_ToeRepG2_N06_trigger CDF/spectinomycin

88 62 5.5 ± 0.7
GGGAGGAAGAGUAAGUGGAUAGUGGAAGAAGUGUGGUAUGUAAGUUGUA
ACAAAGCGACAACUCACAUACCUCACUUCUUCCACUAUAAACAGAGGAG
AAUAGUGAUGGAAGUGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGGUACCCGUACGUGAACGGGUAC
CGCAAACAACUUACAUACCACACUUCUU
CCACUAUCCACUUACUCUUCCUAAU

pJK_ToeRepG2_N62_switch ColA/kanamycin pJK_ToeRepG2_N62_trigger CDF/spectinomycin

89 81 5.3 ± 0.7
GGGAGAGAUGAAGAGAAUAUUGGAGAGGAAUGGAGGUUGAUGAGUUGUA
CUUCAGACACAACUAAUCAACCUCCAUUCCUCUCCAAUAAACAGAGGAG
AAUUGGAAUGGAAUGGAGGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCGCAACUCAUCAUGCUGAGUUGC
GACAAACAACUCAUCAACCUCCAUUCCU
CUCCAAUAUUCUCUUCAUCUCUACU

pJK_ToeRepG2_N81_switch ColA/kanamycin pJK_ToeRepG2_N81_trigger CDF/spectinomycin

90 84 4.9 ± 0.6
GGGAUGGAAAGUGAUAAGAUAAAGUGUAAAGAGUCGUGUGUUGUAAGUC
AAUACAAUACUUACAACACACGUCUCUUUAUACUUUAUAAACAGAGGAG
AAUAAAGAUGAAAGAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCCAGCGCCUAGACACAUAGGCGCU
GGACAACUUACAACACACGACUCUUUAC
ACUUUAUCUUAUCACUUUCCAUUAU

pJK_ToeRepG2_N84_switch ColA/kanamycin pJK_ToeRepG2_N84_trigger CDF/spectinomycin

91 14 4.0 ± 0.7
GGGAAGAAAGUAAGUGAAAUAAAGUGUGAAGAGGCGUGUGAUUGUAGUC
AAGAAACAACUACAAUCACACGUCUCUUCAGACUUUAUAAACAGAGGAGA
AUAAAGAUGGAAGAGACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCAUCUUAUCGCUCAGGAUAAGAU
GAAUAACUACAAUCACACGCCUCUUCAC
ACUUUAUUUCACUUACUUUCUUUAU

pJK_ToeRepG2_N14_switch ColA/kanamycin pJK_ToeRepG2_N14_trigger CDF/spectinomycin

92 70 3.8 ± 4.2
GGGAGAGAAUUGAGAUAUAUUAGAUGGAGGAGAUCGUUUGUUAUUAGUU
CUCUACUUACUAAUAACAAACGUUCUCCUCCAUCUAAUAAACAGAGGAG
AAUUAGAAUGAGGAGAACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUGCCCGCGCAUAAGCGUGCGCGGG
CAAUAACUAAUAACAAACGAUCUCCUCC
AUCUAAUAUAUCUCAAUUCUCUAAC

pJK_ToeRepG2_N70_switch ColA/kanamycin pJK_ToeRepG2_N70_trigger CDF/spectinomycin

93 39 3.7 ± 0.2
GGGAAAGAUAAGAAAGUGAUAAAGUGUGAAGAAGGCGUGUGUAGUAUAA
GAACACAAUAUACUACACACGCUUUCUUCAAACUUUAUAAACAGAGGAG
AAUAAAGAUGGAAGAAAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCUAGAUCGGUCGCUCCCGAUCUA
GAAAUUAUACUACACACGCCUUCUUCAC
ACUUUAUCACUUUCUUAUCUUUACU

pJK_ToeRepG2_N39_switch ColA/kanamycin pJK_ToeRepG2_N39_trigger CDF/spectinomycin

94 27 2.9 ± 0.3
GGGAACUUGAUUGGUGAAAUUGGUUGUCUUUAUUCGUAUAUUCGUUUC
GAAACAAAUGAAACGAAUAUACGUAUAAAGAUAACCAAUAAACAGAGGAG
AAUUGGUAUGCUUUAUACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGUUAAACAGCGCAUCCUGUUUAA
CGAAAGAAACGAAUAUACGAAUAAAGACA
ACCAAUUUCACCAAUCAAGUUAUA

pJK_ToeRepG2_N27_switch ColA/kanamycin pJK_ToeRepG2_N27_trigger CDF/spectinomycin

95 85 2.0 ± 0.3
GGGAGAAUAAAUGUGGAGAUAAUGUGUGAAAGAUCGUGUGUUUAUGUUA
CAAACACUAACAUAAACACACGUUCUUUCAGACAUUAUAAACAGAGGAGA
AUAAUGAUGGAAAGAACGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGCGCGGUCCGAAUCCUUUCGGACCG
CGGACAACAUAAACACACGAUCUUUCAC
ACAUUAUCUCCACAUUUAUUCUAAU

pJK_ToeRepG2_N85_switch ColA/kanamycin pJK_ToeRepG2_N85_trigger CDF/spectinomycin

96 93 1.7 ± 0.1
GGGAGAAGUAAGAAAGUGAUAAGAUGUAGAAAUGCCGUGAUGUGUUAUC
AGCAAGAAAUAACAAAUCACGGUAUUUCUAUAUCUUAUAAACAGAGGAGA
AUAAGAAUGAGAAAUACCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GGGUCUGCUAUUUACACUCAAAUAGCAG
AAUUAUAACACAUCACGGCAUUUCUACA
UCUUAUCACUUUCUUACUUCUUAU

pJK_ToeRepG2_N93_switch ColA/kanamycin pJK_ToeRepG2_N93_trigger CDF/spectinomycin



Supplementary Table 7. Shortened Triggers for SHAPE-Seq Study of 3WJ Repressors 21 and 13

NOTE:
Trigger RNA sequences include the T7 terminator sequence
Trigger name Shortened 3WJ Repressor Trigger Sequence Plasmid Name

Trig7_len18 GGGUGCUCGCGUUAGAGCACCCAGUGUCGGAUAAGUGAAUUAGCAUAACCCCUUGGGGCCUCUAAACGGGUCUUGAGGGGUUUUUUG pYZ_3WJrep_N21_triggerA18
Trig7_len20 GGGUGCUCGCGUUAGAGCACCCUAGUGUCGGAUAAGUGAAUAUAGCAUAACCCCUUGGGGCCUCUAAACGGGUCUUGAGGGGUUUUUUG pYZ_3WJrep_N21_triggerA20
Trig7_len25 GGGUGCUCGCGUUAGAGCACCCGUAGUGUCGGAUAAGUGAAUAGUAGCAUAACCCCUUGGGGCCUCUAAACGGGUCUUGAGGGGUUUUUUG pYZ_3WJrep_N21_triggerA25
Trig8_len18 GGGCCUGCGGCAGAGCAGGCCCUGUAUGUGAUUUGUAUUUUAGCAUAACCCCUUGGGGCCUCUAAACGGGUCUUGAGGGGUUUUUUG pYZ_3WJrep_N13_triggerA18
Trig8_len20 GGGUGCUCGCGUUAGAGCACCCUUGUAUGUGAUUUGUAUUUGUAGCAUAACCCCUUGGGGCCUCUAAACGGGUCUUGAGGGGUUUUUUG pYZ_3WJrep_N13_triggerA20



Supplementary Table 8. Indices for Othogonal Sets of Toehold and 3WJ Repressors

A. Sets of orthogonal toehold repressors with different crosstalk levels

Toehold Repressor Libraries Selected After 3-hr Induction
Library Size Toehold Repressor Indices Library Dynamic Range (3 hr)

14 3,4,16,30,36,41,42,49,65,76,78,86,91,95 1.5
13 3,4,16,30,36,41,42,49,65,78,86,91,95 1.6
12 3,4,16,30,36,42,49,59,65,78,91,95 1.7
11 3,16,30,36,41,42,49,65,76,78,86 2.5
10 3,16,30,36,41,42,65,76,78,86 2.8
9 3,4,16,30,36,49,86,91,95 4.9
8 16,30,36,42,76,78,86,91 7.0
7 16,30,42,78,86,91,95 7.3
6 3,16,36,49,78,86 7.5
5 16,30,49,78,86 8.7
4 16,30,78,86 12.0
3 30,36,78 15.8
2 59,77 24.4

B. Sets of orthogonal 3WJ repressors with different crosstalk levels

3WJ Repressor Libraries Selected After 3-hr Induction
Library Size 3WJ Repressor Indices Library Dynamic Range (3 hr) Library Dynamic Range (4 hr) Library Dynamic Range (5 hr)

16 2,3,7,10,11,12,13,15,19,20,21,23,24,32,34,40 3.1 6.5 11.6
15 2,3,7,10,11,12,13,15,20,21,23,24,32,34,40 18.2 24.9 23.9
14 2,3,7,10,11,13,15,20,21,23,24,32,34,40 18.5 24.9 23.9
13 2,3,7,10,11,13,15,20,21,23,24,32,34 20.1 24.9 23.9
12 2,3,10,11,13,15,20,21,23,24,32,34 23.9 28.6 23.9
11 2,3,10,11,13,15,20,21,24,32,34 24.2 28.6 23.9
10 2,3,10,13,20,21,23,24,32,34 25.6 28.6 23.9
9 2,3,10,13,20,21,23,24,32 28.4 28.6 23.9
8 2,3,10,13,20,21,23,32 29.2 57.4 42.1
7 3,10,13,20,23,24,32 30.8 48.0 41.3
6 10,20,21,23,24,32 40.0 47.4 42.1
5 10,20,23,24,32 43.5 51.1 42.1
4 19,20,21,32 47.7 62.6 50.6
3 19,20,32 63.8 118.7 100.6
2 20,32 87.1 145.0 122.5



3WJ Repressor Libraries Selected After 4-hr Induction
Library Size 3WJ Repressor Indices Library Dynamic Range (3 hr) Library Dynamic Range (4 hr) Library Dynamic Range (5 hr)

16 2,3,7,10,11,12,13,15,19,20,21,23,24,32,34,40 3.1 6.5 11.6
15 2,3,7,10,11,12,13,15,20,21,23,24,32,34,40 18.2 24.9 23.9
14 2,3,10,11,12,13,15,20,21,23,24,32,34,40 18.2 28.6 23.9
13 3,10,11,12,13,15,20,21,23,24,32,34,40 18.2 32.7 32.9
12 3,10,11,13,15,20,21,23,24,32,34,40 18.5 39.3 32.9
11 2,3,10,13,15,20,21,23,32,34,40 18.5 40.0 42.1
10 2,3,10,13,15,20,21,23,32,40 18.5 41.7 42.1
9 2,3,10,13,15,20,21,23,32 23.9 50.9 42.1
8 2,3,10,13,20,21,23,32 29.2 57.4 42.1
7 2,3,10,13,20,21,32 29.2 61.3 50.6
6 2,3,10,13,20,32 33.6 70.3 66.7
5 3,10,13,20,32 36.2 75.8 66.7
4 10,13,20,32 40.0 90.2 66.7
3 2,20,21 42.4 126.5 131.0
2 2,20 67.8 197.5 237.2

3WJ Repressor Libraries Selected After 5-hr Induction
Library Size 3WJ Repressor Indices Library Dynamic Range (3 hr) Library Dynamic Range (4 hr) Library Dynamic Range (5 hr)

16 2,3,7,10,11,12,13,15,19,20,21,23,24,32,34,40 3.1 6.5 11.6
15 2,3,7,10,11,12,13,15,19,20,21,23,24,32,34 14.0 23.9 23.9
14 2,3,7,10,11,12,13,15,19,20,21,23,32,34 14.0 23.9 38.0
13 2,3,10,11,12,13,15,20,21,23,32,34,40 18.2 32.7 42.1
12 2,3,10,11,12,13,15,19,20,21,23,34 14.0 32.7 55.1
11 2,3,10,11,12,13,15,20,21,34,40 18.4 34.4 61.1
10 2,3,10,12,13,15,19,20,21,34 14.0 33.3 64.3
9 2,3,10,12,13,15,20,21,40 18.4 34.4 69.0
8 2,3,10,13,15,20,21,40 18.5 41.7 72.7
7 2,3,10,13,15,20,21 24.3 52.3 86.2
6 2,10,13,15,20,21 24.3 52.3 118.4
5 2,10,13,15,20 27.0 63.6 145.9
4 2,10,13,20 33.6 75.1 164.6
3 10,13,20 40.0 90.2 196.6
2 2,20 67.8 197.5 237.2



Supplementary Table 9. mRNA Sensors and Trigger Sequences

A. Toehold Repressor mRNA Sensors

mRNA Sensor Sensor Sequence mRNA Target Subsequence Full mRNA Target Sequence

kanR sensor

GGGUUAUUCAUAUCAGGAUUAUCAAUACCAUAUUUUUGAAAAA
GCCGUUUCUGUAAUGAAGGACUCCACAUAUCCUUCGUUACAGA
UACGGCUUGUUCAAAAAAACAGAGGAGAUUUUGAAUGAGCCGU
AUCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

UCCUUCAUUACAGAAACGGCUUUUUCAAAAAU
AUGGUAUUGAUAAUCCUGAUAUGAAUAA

AUGAGCCAUAUUCAACGGGAAACGUCUUGCUCUAGGCCGCGAUUAAAUUCCAACAUGGAUGCUGAUUUAUAUGGGUAUAAAUGGGCUCGCGAUAAUGUCGGGCAAUCAGGUGCGACAA
UCUAUCGAUUGUAUGGGAAGCCCGAUGCGCCAGAGUUGUUUCUGAAACAUGGCAAAGGUAGCGUUGCCAAUGAUGUUACAGAUGAGAUGGUCAGACUAAACUGGCUGACGGAAUUUA
UGCCUCUUCCGACCAUCAAGCAUUUUAUCCGUACUCCUGAUGAUGCAUGGUUACUCACCACUGCGAUCCCCGGGAAAACAGCAUUCCAGGUAUUAGAAGAAUAUCCUGAUUCAGGUG
AAAAUAUUGUUGAUGCGCUGGCAGUGUUCCUGCGCCGGUUGCAUUCGAUUCCUGUUUGUAAUUGUCCUUUUAACAGCGAUCGCGUAUUUCGUCUCGCUCAGGCGCAAUCACGAAUG
AAUAACGGUUUGGUUGAUGCGAGUGAUUUUGAUGACGAGCGUAAUGGCUGGCCUGUUGAACAAGUCUGGAAAGAAAUGCAUAAACUUUUGCCAUUCUCACCGGAUUCAGUCGUCACU
CAUGGUGAUUUCUCACUUGAUAACCUUAUUUUUGACGAGGGGAAAUUAAUAGGUUGUAUUGAUGUUGGACGAGUCGGAAUCGCAGACCGAUACCAGGAUCUUGCCAUCCUAUGGAAC
UGCCUCGGUGAGUUUUCUCCUUCAUUACAGAAACGGCUUUUUCAAAAAUAUGGUAUUGAUAAUCCUGAUAUGAAUAAAUUGCAGUUUCAUUUGAUGCUCGAUGAGUUUUUCUAA

bla sensor

GGGAAACAGGAAGGCAAAAUGCCGCAAAAAAGGGAAUAAGGGCG
ACACGGAAAUGUUGAAUACAAAUCAACAGUAUUCUACAUUUCC
GUGUCGCACUUAUUCAAACAGAGGAGAGAAUAAAUGCGACACG
GAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

GUAUUCAACAUUUCCGUGUCGCCCUUAUUCC
CUUUUUUGCGGCAUUUUGCCUUCCUGUUU

AUGAGUAUUCAACAUUUCCGUGUCGCCCUUAUUCCCUUUUUUGCGGCAUUUUGCCUUCCUGUUUUUGCUCACCCAGAAACGCUGGUGAAAGUAAAAGAUGCUGAAGAUCAGUUGGG
UGCACGAGUGGGUUACAUCGAACUGGAUCUCAACAGCGGUAAGAUCCUUGAGAGUUUUCGCCCCGAAGAACGUUUUCCAAUGAUGAGCACUUUUAAAGUUCUGCUAUGUGGCGCGGU
AUUAUCCCGUGUUGACGCCGGGCAAGAGCAACUCGGUCGCCGCAUACACUAUUCUCAGAAUGACUUGGUUGAGUACUCACCAGUCACAGAAAAGCAUCUUACGGAUGGCAUGACAGU
AAGAGAAUUAUGCAGUGCUGCCAUAACCAUGAGUGAUAACACUGCGGCCAACUUACUUCUGACAACGAUCGGAGGACCGAAGGAGCUAACCGCUUUUUUGCACAACAUGGGGGAUCAU
GUAACUCGCCUUGAUCGUUGGGAACCGGAGCUGAAUGAAGCCAUACCAAACGACGAGCGUGACACCACGAUGCCUGCAGCAAUGGCAACAACGUUGCGCAAACUAUUAACUGGCGAAC
UACUUACUCUAGCUUCCCGGCAACAAUUAAUAGACUGGAUGGAGGCGGAUAAAGUUGCAGGACCACUUCUGCGCUCGGCCCUUCCGGCUGGCUGGUUUAUUGCUGAUAAAUCUGGAG
CCGGUGAGCGUGGGUCUCGCGGUAUCAUUGCAGCACUGGGGCCAGAUGGUAAGCCCUCCCGUAUCGUAGUUAUCUACACGACGGGGAGUCAGGCAACUAUGGAUGAACGAAAUAGAC
AGAUCGCUGAGAUAGGUGCCUCACUGAUUAAGCAUUGGUAA

B. 3WJ Repressor mRNA Sensors

mRNA Sensor Sensor Sequence mRNA Target Subsequence Full mRNA Target Sequence

KanR sensor
GGGAGGACAAUUACAAACUUGUUAUAGUUAUGAACAGAGGAGA
CAUAACAUGAACAAAGGAAUCGAAUGGAAUAAGAACCUGGCGGC
AGCGCAAAAGAUGCGUAAA

CAUUCGAUUCCUGUUUGUAAUUGUCCU

AUGAGCCAUAUUCAACGGGAAACGUCUUGCUCUAGGCCGCGAUUAAAUUCCAACAUGGAUGCUGAUUUAUAUGGGUAUAAAUGGGCUCGCGAUAAUGUCGGGCAAUCAGGUGCGACAA
UCUAUCGAUUGUAUGGGAAGCCCGAUGCGCCAGAGUUGUUUCUGAAACAUGGCAAAGGUAGCGUUGCCAAUGAUGUUACAGAUGAGAUGGUCAGACUAAACUGGCUGACGGAAUUUA
UGCCUCUUCCGACCAUCAAGCAUUUUAUCCGUACUCCUGAUGAUGCAUGGUUACUCACCACUGCGAUCCCCGGGAAAACAGCAUUCCAGGUAUUAGAAGAAUAUCCUGAUUCAGGUG
AAAAUAUUGUUGAUGCGCUGGCAGUGUUCCUGCGCCGGUUGCAUUCGAUUCCUGUUUGUAAUUGUCCUUUUAACAGCGAUCGCGUAUUUCGUCUCGCUCAGGCGCAAUCACGAAUG
AAUAACGGUUUGGUUGAUGCGAGUGAUUUUGAUGACGAGCGUAAUGGCUGGCCUGUUGAACAAGUCUGGAAAGAAAUGCAUAAACUUUUGCCAUUCUCACCGGAUUCAGUCGUCACU
CAUGGUGAUUUCUCACUUGAUAACCUUAUUUUUGACGAGGGGAAAUUAAUAGGUUGUAUUGAUGUUGGACGAGUCGGAAUCGCAGACCGAUACCAGGAUCUUGCCAUCCUAUGGAAC
UGCCUCGGUGAGUUUUCUCCUUCAUUACAGAAACGGCUUUUUCAAAAAUAUGGUAUUGAUAAUCCUGAUAUGAAUAAAUUGCAGUUUCAUUUGAUGCUCGAUGAGUUUUUCUAA

aadA sensor
GGGUUAGCGCCUCAAAUAUUGUUAUAGUUAUGAACAGAGGAGA
CAUAACAUGAACAAGAUCCUGUUCAGCACAUUCAACCUGGCGG
CAGCGCAAAAGAUGCGUAAA

CUGAACAGGAUCUAUUUGAGGCGCUAA

AUGAGGGAAGCGGUGAUCGCCGAAGUAUCGACUCAACUAUCAGAGGUAGUUGGCGUCAUCGAGCGCCAUCUCGAACCGACGUUGCUGGCCGUACAUUUGUACGGCUCCGCAGUGGAU
GGCGGCCUGAAGCCACACAGUGAUAUUGAUUUGCUGGUUACGGUGACCGUAAGGCUUGAUGAAACAACGCGGCGAGCUUUGAUCAACGACCUUUUGGAAACUUCGGCUUCCCCUGGA
GAGAGCGAGAUUCUCCGCGCUGUAGAAGUCACCAUUGUUGUGCACGACGACAUCAUUCCGUGGCGUUAUCCAGCUAAGCGCGAACUGCAAUUUGGAGAAUGGCAGCGCAAUGACAUU
CUUGCAGGUAUCUUCGAGCCAGCCACGAUCGACAUUGAUCUGGCUAUCUUGCUGACAAAAGCAAGAGAACAUAGCGUUGCCUUGGUAGGUCCAGCGGCGGAGGAACUCUUUGAUCCG
GUUCCUGAACAGGAUCUAUUUGAGGCGCUAAAUGAAACCUUAACGCUAUGGAACUCGCCGCCCGACUGGGCUGGCGAUGAGCGAAAUGUAGUGCUUACGUUGUCCCGCAUUUGGUAC
AGCGCAGUAACCGGCAAAAUCGCGCCGAAGGAUGUCGCUGCCGACUGGGCAAUGGAGCGCCUGCCGGCCCAGUAUCAGCCCGUCAUACUUGAAGCUAGACAGGCUUAUCUUGGACAA
GAAGAAGAUCGCUUGGCCUCGCGCGCAGAUCAGUUGGAAGAAUUUGUCCACUACGUGAAAGGCGAGAUCACCAAGGUAGUCGGCAAAUAA



Supplementary Table 10. NAND Gate and NOR Gate Circuit RNA Sequences

NOTES:
1. Input or trigger RNA sequences are listed up to the base immediately before the T7 terminator used to terminate transcription.
2. Gate RNA sequences are listed up to the 30th base (inclusive) following the end of their trigger binding domain. This 30-nt sequence contains the 21-nt linker sequence and the first 9-nts of GFPmut3b.

A. 2-input Toehold Repressor NAND Gate Circuit

Gate Plasmid Gate Plasmid 
Origin/Resistance Input A1 Sequence Input A2 Sequence Non-Cognate RNA C 

Sequence
Non-Cognate RNA D 

Sequence
Triggers for Input 

11
Triggers for Input 

10
Triggers for Input 

01
Triggers for Input 

00
Trigger Plasmid 

Origin/Resistance

pJK_NNAND1_RR07 ColA/kanamycin

GGGCCUAUGGUGAU
UGUGCUCACCAUAGG
GACUAUCUUUACACC
UCUUCACCAUACACG
AUAAACGACGAUACA
AAUGACUA

GGGUCAUGCCAGC
UUCAUUGCUGGCA
UGAAUUUCAUUUG
UAUCUUCGUUUAU
CGUCAUCUUCUUU
CAUCUUCAC

GGGCCAAGAACCGGUU
UCACGGUUCUUGGACU
UAUCUUCACACCAUUC
UACAACUAAACUAAGC
UUGCGCGUCUCAUA

GGGUCUCACGCCCUC
AGCUGGGCGUGAGAU
GAGCCUCGUCUCCAG
AUGACGAGGCAACGUA
GGAUCUGACUGAUCC
UACUAU

A1, A2 A1, D C, A2 C, D ColE1/ampicillin, 
CDF/spectinomycin 

B. 2-input 3WJ Repressor NAND Gate Circuits

Gate RNA
3WJ Repressor 

Switch Indices in 
Gate

Gate Plasmid Gate Plasmid 
Origin/Resistance

3WJ Repressor 
Trigger Indices for 

Input 11

3WJ Repressor 
Trigger Indices for 

Input 10

3WJ Repressor Trigger 
Indices for Input 01

3WJ Repressor Trigger 
Indices for Input 00

Input Plasmid 
Origin/Resistance Device ID

GGGACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGAGGAGA
CAUAACAUGAACAAUCACAUACAAAGCAAACGACAAAUACAAA
UACUAAUCAGAUCUACUUGUUAUAGUUAUGAACAGAGGAGAC
AUAACAUGAACAAGCACCUAACAAGACUAAUCAACCUGGCGGC
AGCGCAAAAGAUGCGUAAA

13, 19 pYZ_NAND2_L11_S13_S19 ColA/kanamycin 13, 19 13, 12 12, 19 12, 12 ColE1/ampicillin, 
CDF/Spectinomycin N1

GGGACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGAGGAGA
CAUAACAUGAACAAUCACAUACAAAGCAAACGAACAAUACCCG
ACUCCUAUCACUUUACUUGUUAUAGUUAUGAACAGAGGAGAC
AUAACAUGAACAAGCACACUAACUACAAAUUCAACCUGGCGGC
AGCGCAAAAGAUGCGUAAA

13, 24 pYZ_NAND2_L11_S13_S24 ColA/kanamycin 13, 24 13, 12 12, 24 12, 12 ColE1/ampicillin, 
CDF/Spectinomycin 

N2

GGGAUCAAUCAAUUCUACUUGUUAUAGUUAUGAACAGAGGAG
ACAUAACAUGAACAAUCACAUAAACCUAAGAACUCAAUAUCGC
AUACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGAGGAGAC
AUAACAUGAACAAUCACAUACAAAGCAAACGAAACCUGGCGGC
AGCGCAAAAGAUGCGUAAA

11, 13 pYZ_NAND2_L11_S11_S13 ColA/kanamycin 11, 13 11, 12 12, 13 12, 12 ColE1/ampicillin, 
CDF/Spectinomycin 

N3

GGGACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGAGGAGA
CAUAACAUGAACAAUCACAUACAAAGCAAACGACGCAUCAGAG
AUAGUAAGAUUAGAUAUUGUUAUAGUUAUGAACAGAGGAGACA
UAACAUGAACAAGUACAAGAACCGAAACGAGAACCUGGCGGCA
GCGCAAAAGAUGCGUAAA

13, 10 pYZ_NAND2_L11_S13_S10 ColA/kanamycin 13, 10 13, 12 12, 10 12, 12 ColE1/ampicillin, 
CDF/Spectinomycin 

N4

GGGCUCCUAUCACUUUACUUGUUAUAGUUAUGAACAGAGGAG
ACAUAACAUGAACAAGCACACUAACUACAAAUUCGCAAAUACA
UCACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGAGGAGAC
AUAACAUGAACAAUCACAUACAAAGCAAACGAAACCUGGCGGC
AGCGCAAAAGAUGCGUAAA

24, 13 pYZ_NAND2_L11_S24_S13 ColA/kanamycin 24, 13 24, 12 12, 13 12, 12 ColE1/ampicillin, 
CDF/Spectinomycin 

N5

GGGACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGAGGAGA
CAUAACAUGAACAAUCACAUACAAAGCAAACGAAGCAUCACAA
UACUACUAUUCACUUAUUGUUAUAGUUAUGAACAGAGGAGAC
AUAACAUGAACAAUCCGACACUACAAUUUCGAAACCUGGCGG
CAGCGCAAAAGAUGCGUAAA

13, 21 pYZ_NAND2_L11_S13_S21 ColA/kanamycin 13, 21 13, 12 12, 21 12, 12 ColE1/ampicillin, 
CDF/Spectinomycin N6

GGGACUAAUCAGAUCUACUUGUUAUAGUUAUGAACAGAGGAG
ACAUAACAUGAACAAGCACCUAACAAGACUAAUCCAAAUCAAA
UCACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGAGGAGAC
AUAACAUGAACAAUCACAUACAAAGCAAACGAAACCUGGCGGC
AGCGCAAAAGAUGCGUAAA

19, 13 pYZ_NAND2_L11_S19_S13 ColA/kanamycin 19, 13 19, 12 12, 13 12, 12 ColE1/ampicillin, 
CDF/Spectinomycin 

N7

GGGCUCCUAUCACUUUACUUGUUAUAGUUAUGAACAGAGGAG
ACAUAACAUGAACAAGCACACUAACUACAAAUUCCAAAGCCAC
AUACUAAUCAGAUCUACUUGUUAUAGUUAUGAACAGAGGAGA
CAUAACAUGAACAAGCACCUAACAAGACUAAUCAACCUGGCGG
CAGCGCAAAAGAUGCGUAAA

24, 19 pYZ_NAND2_L11_S24_S19 ColA/kanamycin 24, 19 24, 12 12, 19 12, 12 ColE1/ampicillin, 
CDF/Spectinomycin 

N8

GGGACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGAGGAGA
CAUAACAUGAACAAUCACAUACAAAGCAAACGAAACAUAAAGC
CAACUAAACUAAUCAGAUCUACUUGUUAUAGUUAUGAACAGA
GGAGACAUAACAUGAACAAGCACCUAACAAGACUAAUCAACCU
GGCGGCAGCGCAAAAGAUGCGUAAA

13, 19 pYZ_NAND2_L17_S13_S19 ColA/kanamycin 13, 19 13, 12 12, 19 12, 12 ColE1/ampicillin, 
CDF/Spectinomycin 

N9

GGGACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGAGGAGA
CAUAACAUGAACAAUCACAUACAAAGCAAACGACACGAGACCA
GAGACAUUAGUAAGAUUAGAUAUUGUUAUAGUUAUGAACAGA
GGAGACAUAACAUGAACAAGUACAAGAACCGAAACGAGAACCU
GGCGGCAGCGCAAAAGAUGCGUAAA

13, 10 pYZ_NAND2_L17_S13_S10 ColA/kanamycin 13, 10 13, 12 12, 10 12, 12 ColE1/ampicillin, 
CDF/Spectinomycin 

N10

GGGACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGAGGAGA
CAUAACAUGAACAAUCACAUACAAAGCAAACGAAAUACCGCAA
AUACCAUAUCAAUCAAUUCUACUUGUUAUAGUUAUGAACAGA
GGAGACAUAACAUGAACAAUCACAUAAACCUAAGAACUAACCU
GGCGGCAGCGCAAAAGAUGCGUAAA

13, 11 pYZ_NAND2_L17_S13_S11 ColA/kanamycin 13, 11 13, 12 12, 11 12, 12 ColE1/ampicillin, 
CDF/Spectinomycin N11

GGGACUAAUCAGAUCUACUUGUUAUAGUUAUGAACAGAGGAG
ACAUAACAUGAACAAGCACCUAACAAGACUAAUCAACUCAAUA
UCGCAGAUACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGA
GGAGACAUAACAUGAACAAUCACAUACAAAGCAAACGAAACCU
GGCGGCAGCGCAAAAGAUGCGUAAA

19, 13 pYZ_NAND2_L17_S19_S13 ColA/kanamycin 19, 13 19, 12 12, 13 12, 12 ColE1/ampicillin, 
CDF/Spectinomycin 

N12

GGGCUCCUAUCACUUUACUUGUUAUAGUUAUGAACAGAGGAG
ACAUAACAUGAACAAGCACACUAACUACAAAUUCACAAUUACC
GACGCAAUACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGA
GGAGACAUAACAUGAACAAUCACAUACAAAGCAAACGAAACCU
GGCGGCAGCGCAAAAGAUGCGUAAA

24, 13 pYZ_NAND2_L17_S23_S13 ColA/kanamycin 24, 13 24, 12 12, 13 12, 12 ColE1/ampicillin, 
CDF/Spectinomycin 

N13

GGGCUCCUAUCACUUUACUUGUUAUAGUUAUGAACAGAGGAG
ACAUAACAUGAACAAGCACACUAACUACAAAUUCACCGCAAAU
ACAAUAACACUAAUCAGAUCUACUUGUUAUAGUUAUGAACAGA
GGAGACAUAACAUGAACAAGCACCUAACAAGACUAAUCAACCU
GGCGGCAGCGCAAAAGAUGCGUAAA

24, 19 pYZ_NAND2_L17_S24_S19 ColA/kanamycin 24, 19 24, 12 12, 19 12, 12 ColE1/ampicillin, 
CDF/Spectinomycin 

N14

Gate RNA

GGGAAGAUGAAAGAAGAUGGUAUGGUGAAGAGGUGUAAAGAUACACAAUACAACAA
CUAUCUUUCCACCUCUCCACCAUACAAACAGAGGAGAUGGAGAAUGGGAAAGAUAA
ACCUGGCGGCAGCGCAAAAGAUGCGUAAA



GGGAUCAAUCAAUUCUACUUGUUAUAGUUAUGAACAGAGGAG
ACAUAACAUGAACAAUCACAUAAACCUAAGAACUAAGCCGACA
AUACUAACACUAAUCAGAUCUACUUGUUAUAGUUAUGAACAG
AGGAGACAUAACAUGAACAAGCACCUAACAAGACUAAUCAACC
UGGCGGCAGCGCAAAAGAUGCGUAAA

11, 19 pYZ_NAND2_L17_S11_S19 ColA/kanamycin 11, 19 11, 12 12, 19 12, 12 ColE1/ampicillin, 
CDF/Spectinomycin N15

GGGACUAAUCAGAUCUACUUGUUAUAGUUAUGAACAGAGGAG
ACAUAACAUGAACAAGCACCUAACAAGACUAAUCAUAUACAAU
ACCUCCAAAUCAAUCAAUUCUACUUGUUAUAGUUAUGAACAG
AGGAGACAUAACAUGAACAAUCACAUAAACCUAAGAACUAACC
UGGCGGCAGCGCAAAAGAUGCGUAAA

19, 11 pYZ_NAND2_L17_S19_S11 ColA/kanamycin 19, 11 19, 12 12, 11 12, 12 ColE1/ampicillin, 
CDF/Spectinomycin 

N16
(used in Figure 5 of 

main text)

C. 2-Input 3WJ Repressor NOR Gate Circuit

Gate RNA
3WJ Repressor 
Switch Index in 

Gate
Gate Plasmid Gate Plasmid 

Origin/Resistance Trigger A Sequence Trigger B Sequence Non-Cognate RNA C 
Sequence

Non-Cognate RNA D 
Sequence

Triggers for Input 
11

Triggers for Input 
10

Triggers for Input 
01

Triggers for Input 
00

Trigger Plasmid 
Origin/Resistance

GGGAGUAAAGUAUAGAACGCUUGAUGUUGAUGUUAGCGACAC
UAAUAGUGUAGUGUCGGAUAAGUGAAUAUAGUCUAACAUCAA
CAUCAAGCGCCUCAAUUCGAGGCAAGACUAAGACUAAAUGAU
GUAUAGAUUGAAGAUUGCGACACUAAUAGUGUAGUGUCGGAU
AAGUGAAUAGUAGUCAAUCUUCAAUCUAUACAGCCUCAAUUC
GAGGCAAGACUACUAUUCACUUAUUGUUAUAGUUAUGAACAG
AGGAGACAUAACAUGAACAAUCCGACACUACAAUUUCGAAACC
UGGCGGCAGCGCAAAAACCUGGCGGCAGCGCAAAAGAUGCGU
AAA

21 pYZ_NOR2_HpEF ColA/kanamycin

GGGUGACAUAUCCAA
GAGCGGAUAUGUCAC
UAACAUCAACAUCAA
GCGUUCUAUACUUUA
CU

GGGACGUGCGCAG
CUCCUACUGCGCA
CGUCAAUCUUCAA
UCUAUACAUCAUU
UAGUCUUAGU

GGGACGAUAUACGGGU
CUACGUAUAUCGUACA
AGAACCAUACAAGACAA
CGACGACACUAGA

GGGACAUCAGAGACUA
GUAUCUCUGAUGUAU
AAGACAAGACAUAAGA
ACAGAAAUACACAGA

A, B A, C B, C C, D ColE1/ampicillin, 
CDF/spectinomycin 

D. 3-Input 3WJ Repressor NAND Gate Circuits

Gate RNA
3WJ Repressor 

Switch Indices in 
Gate

Gate Plasmid Gate Plasmid 
Origin/Resistance

3WJ Repressor 
Trigger Indices for 

Input 111

3WJ Repressor 
Trigger Indices for 

Input 011

3WJ Repressor Trigger 
Indices for Input 101

3WJ Repressor Trigger 
Indices for Input 110

3WJ Repressor 
Trigger Indices for 

Input 100

3WJ Repressor 
Trigger Indices for 

Input 010

3WJ Repressor 
Trigger Indices for 

Input 001

3WJ Repressor 
Trigger Indices 
for Input 000

Input Plasmid 
Origin/Resistance Device ID

GGGCUCCUAUCACUUUACUUGUUAUAGUUAUGAACAGAGGAG
ACAUAACAUGAACAAGCACACUAACUACAAAUUCCAAAGCCAC
AUACUAAUCAGAUCUACUUGUUAUAGUUAUGAACAGAGGAGA
CAUAACAUGAACAAGCACCUAACAAGACUAAUCCAAAUCAAAU
CACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGAGGAGACA
UAACAUGAACAAUCACAUACAAAGCAAACGAAACCUGGCGGCA
GCGCAAAAGAUGCGUAAA

24, 19, 13 pYZ_NAND3_L11_S24_S19_S13 ColA/kanamycin (19, 24), 13 12, (19, 24) 13, (12, 24) 13, (24, 12) 12, (13, 12) (12, 12), 19 (12, 12), 24 (12, 12), 12 ColE1/ampicillin, 
CDF/Spectinomycin N1

GGGACUAAUCAGAUCUACUUGUUAUAGUUAUGAACAGAGGAG
ACAUAACAUGAACAAGCACCUAACAAGACUAAUCAACUACAUA
AACUCCUAUCACUUUACUUGUUAUAGUUAUGAACAGAGGAGA
CAUAACAUGAACAAGCACACUAACUACAAAUUCGCAAAUACAU
CACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGAGGAGACA
UAACAUGAACAAUCACAUACAAAGCAAACGAAACCUGGCGGCA
GCGCAAAAGAUGCGUAAA

19, 24, 13 pYZ_NAND3_L11_S19_S24_S13 ColA/kanamycin (19, 24), 13 12, (19, 24) 13, (24, 12) 13, (19, 12) 12, (13, 12) (12, 12), 19 (12, 12), 24 (12, 12), 12 ColE1/ampicillin, 
CDF/Spectinomycin 

N2

GGGAUCAAUCAAUUCUACUUGUUAUAGUUAUGAACAGAGGAG
ACAUAACAUGAACAAUCACAUAAACCUAAGAACUCAAUAUCGC
AUACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGAGGAGAC
AUAACAUGAACAAUCACAUACAAAGCAAACGACAAAUACAAAUA
CUAAUCAGAUCUACUUGUUAUAGUUAUGAACAGAGGAGACAU
AACAUGAACAAGCACCUAACAAGACUAAUCAACCUGGCGGCAG
CGCAAAAGAUGCGUAAA

11, 13, 19 pYZ_NAND3_L11_S11_S13_S19 ColA/kanamycin (11, 19), 13 13, (12, 19) 11, (19, 12) 11, (13, 12) (11, 12), 12 (12, 12), 19 (12, 12), 13 (12, 12), 12 ColE1/ampicillin, 
CDF/Spectinomycin 

N3
(used in Figure 6 of 

main text)

GGGCUCCUAUCACUUUACUUGUUAUAGUUAUGAACAGAGGAG
ACAUAACAUGAACAAGCACACUAACUACAAAUUCGCAAAUACA
UCACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGAGGAGAC
AUAACAUGAACAAUCACAUACAAAGCAAACGACAAAUACAAAUA
CUAAUCAGAUCUACUUGUUAUAGUUAUGAACAGAGGAGACAU
AACAUGAACAAGCACCUAACAAGACUAAUCAACCUGGCGGCAG
CGCAAAAGAUGCGUAAA

24, 13, 19 pYZ_NAND3_L11_S24_S13_S19 ColA/kanamycin (19, 24), 13 12, (19, 24) 13, (24, 12) 13, (19, 12) 12, (13, 12) (12, 12), 19 (12, 12), 24 (12, 12), 12 ColE1/ampicillin, 
CDF/Spectinomycin 

N4

GGGACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGAGGAGA
CAUAACAUGAACAAUCACAUACAAAGCAAACGAAAUACCGCAA
AUACCAUAUCAAUCAAUUCUACUUGUUAUAGUUAUGAACAGA
GGAGACAUAACAUGAACAAUCACAUAAACCUAAGAACUAAGCC
GACAAUACUAACACUAAUCAGAUCUACUUGUUAUAGUUAUGA
ACAGAGGAGACAUAACAUGAACAAGCACCUAACAAGACUAAUC
AACCUGGCGGCAGCGCAAAAGAUGCGUAAA

13, 11, 19 pYZ_NAND3_L17_S13_S11_S19 ColA/kanamycin (11, 19), 13 13, (12, 19) 11, (19, 12) 11, (13, 12) (11, 12), 12 (13, 12), 12 (12, 12), 19 (12, 12), 12 ColE1/ampicillin, 
CDF/Spectinomycin 

N5

GGGACUAAUCAGAUCUACUUGUUAUAGUUAUGAACAGAGGAG
ACAUAACAUGAACAAGCACCUAACAAGACUAAUCAACUCAAUA
UCGCAGAUACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGA
GGAGACAUAACAUGAACAAUCACAUACAAAGCAAACGAAAUAC
CGCAAAUACCAUAUCAAUCAAUUCUACUUGUUAUAGUUAUGA
ACAGAGGAGACAUAACAUGAACAAUCACAUAAACCUAAGAACU
AACCUGGCGGCAGCGCAAAAGAUGCGUAAA

19, 13, 11 pYZ_NAND3_L17_S19_S13_S11 ColA/kanamycin (11, 19), 13 13, (12, 19) 11, (19, 12) 11, (13, 12) (11, 12), 12 (13, 12), 12 (12, 12), 19 (12, 12), 12 ColE1/ampicillin, 
CDF/Spectinomycin N6



E. 4-Input 3WJ Repressor NAND Gate Circuits

Gate RNA
3WJ Repressor 

Switch Indices in 
Gate

Gate Plasmid Gate Plasmid 
Origin/Resistance

3WJ Repressor 
Trigger Indices for 

Input 1111

3WJ Repressor 
Trigger Indices for 

Input 0111

3WJ Repressor Trigger 
Indices for Input  1011

3WJ Repressor Trigger 
Indices for Input 1101

3WJ Repressor 
Trigger Indices for 

Input 1110

3WJ Repressor 
Trigger Indices for 

Input 1100

3WJ Repressor 
Trigger Indices for 

Input 1010

3WJ Repressor 
Trigger Indices 
for Input 1001

3WJ Repressor 
Trigger Indices for 

Input 0110

3WJ Repressor 
Trigger Indices for 

Input 0101

3WJ Repressor 
Trigger Indices for 

Input 0011

3WJ Repressor 
Trigger Indices for 

Input 1000

3WJ Repressor 
Trigger Indices for 

Input 0100

3WJ Repressor 
Trigger Indices for 

Input 0010

3WJ Repressor 
Trigger Indices for 

Input 0001

3WJ Repressor 
Trigger Indices for 

Input 0000

Input Plasmid 
Origin/Resistance Device ID

GGGCUCCUAUCACUUUACUUGUUAUAGUUAUGAACAGAGGAG
ACAUAACAUGAACAAGCACACUAACUACAAAUUCCAAAGCCAC
AUACUAAUCAGAUCUACUUGUUAUAGUUAUGAACAGAGGAGA
CAUAACAUGAACAAGCACCUAACAAGACUAAUCCAAAUCAAAU
CACAAUCAAAUACAAAUUGUUAUAGUUAUGAACAGAGGAGACA
UAACAUGAACAAUCACAUACAAAGCAAACGACACAUACCUUCA
UCAAUCAAUUCUACUUGUUAUAGUUAUGAACAGAGGAGACAU
AACAUGAACAAUCACAUAAACCUAAGAACUAACCUGGCGGCAG
CGCAAAAGAUGCGUAAA

24, 19, 13, 11 pYZ_NAND4_L11_S24_S19_S13_S11 ColA/kanamycin (11, 13), (19, 24) 12, (13, 19, 24) 12, (11, 19, 24) 12, (11, 13, 24) 12, (11, 13, 19) (12, 12), (11, 13) (12, 12), (11, 19) (12, 12), (11, 24) (12, 12), (13, 19) (12, 12), (13, 24) (12, 12), (19, 24) (12, 12), (11, 12) (12, 12), (13, 12) (12, 12), (19, 12) (12, 12), (24, 12) (12, 12), (12, 12) ColE1/ampicillin, 
CDF/Spectinomycin N1

GGGACUAAUCAGAUCUACUUGUUAUAGUUAUGAACAGAGGAG
ACAUAACAUGAACAAGCACCUAACAAGACUAAUCAACUACAAA
UACAAUAACUCCUAUCACUUUACUUGUUAUAGUUAUGAACAG
AGGAGACAUAACAUGAACAAGCACACUAACUACAAAUUCACAA
UUACCGACGCAAUACAAUCAAAUACAAAUUGUUAUAGUUAUGA
ACAGAGGAGACAUAACAUGAACAAUCACAUACAAAGCAAACGA
AAUACCGCAAAUACCAUAUCAAUCAAUUCUACUUGUUAUAGU
UAUGAACAGAGGAGACAUAACAUGAACAAUCACAUAAACCUAA
GAACUAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

19, 24, 13, 11 pYZ_NAND4_L17_S19_S24_S13_S11 ColA/kanamycin (11, 13), (19, 24) 12, (13, 19, 24) 12, (11, 19, 24) 12, (11, 13, 24) 12, (11, 13, 19) (12, 12), (11, 13) (12, 12), (11, 19) (12, 12), (11, 24) (12, 12), (13, 19) (12, 12), (13, 24) (12, 12), (19, 24) (12, 12), (11, 12) (12, 12), (13, 12) (12, 12), (19, 12) (12, 12), (24, 12) (12, 12), (12, 12) ColE1/ampicillin, 
CDF/Spectinomycin 

N2

GGGCUCCUAUCACUUUACUUGUUAUAGUUAUGAACAGAGGAG
ACAUAACAUGAACAAGCACACUAACUACAAAUUCCUAACUUUC
AAUCCAGCAUCAAUCAAUUCUACUUGUUAUAGUUAUGAACAG
AGGAGACAUAACAUGAACAAUCACAUAAACCUAAGAACUAAGC
CGACAAUACUAACACUAAUCAGAUCUACUUGUUAUAGUUAUG
AACAGAGGAGACAUAACAUGAACAAGCACCUAACAAGACUAAU
CAACUCAAUAUCGCAGAUACAAUCAAAUACAAAUUGUUAUAGU
UAUGAACAGAGGAGACAUAACAUGAACAAUCACAUACAAAGCA
AACGAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

24, 11, 19, 13 pYZ_NAND4_L17_S24_S11_S19_S13 ColA/kanamycin (11, 13), (19, 24) 12, (13, 19, 24) 12, (11, 19, 24) 12, (11, 13, 24) 12, (11, 13, 19) (12, 12), (11, 13) (12, 12), (11, 19) (12, 12), (11, 24) (12, 12), (13, 19) (12, 12), (13, 24) (12, 12), (19, 24) (12, 12), (11, 12) (12, 12), (13, 12) (12, 12), (19, 12) (12, 12), (24, 12) (12, 12), (12, 12) ColE1/ampicillin, 
CDF/Spectinomycin 

N3
(used in Figure 6 of 

main text)

F. NOT ((A1 AND A2) OR (B1 AND B2)) Circuit

Gate Plasmid Gate Plasmid 
Origin/Resistance Input A1 Sequence Input A2 Sequence Input B1 Sequence Input B2 Sequence Non-Cognate RNA 

C Sequence
Non-Cognate RNA 

D Sequence
Triggers for Input 

11
Triggers for Input 

10
Triggers for Input 

01 Triggers for Input 00 Triggers for Input 
0011

Triggers for Input 
0001

Triggers for Input 
0010

Triggers for Input 
1100

Triggers for Input 
0100

Triggers for Input 
1000

Triggers for Input 
1010

Triggers for Input 
0110

Triggers 
for Input 

1001

Triggers 
for Input 

0101

Triggers 
for Input 

0000

Trigger Plasmid 
Origin/Resistance

pJK_NNAND1_RR07 ColA/kanamycin

GGGCCUAUGGUGAU
UGUGCUCACCAUAGG
GACUAUCUUUACACC
UCUUCACCAUACACG
AUAAACGACGAUACA
AAUGACUA

GGGUCAUGCCAGC
UUCAUUGCUGGCA
UGAAUUUCAUUUG
UAUCUUCGUUUAU
CGUCAUCUUCUUU
CAUCUUCAC

GGGAGCAGAGGUUCGU
ACUAACCUCUGCUACU
UAUCUUUACACCUCUU
CACCUGAUUAACGCGC
ACUAUGAUUGACAC

GGGACAUGAUAAGACA
UGCCUUAUCAUGUCA
UUCAAUCAUAGUACGC
GUUAAUCAAUACCAUC
UUCUUUCAUCUUAUC

GGGCCAAGAACCG
GUUUCACGGUUCU
UGGACUUAUCUUC
ACACCAUUCUACAA
CUAAACUAAGCUU
GCGCGUCUCAUA

GGGUCUCACGCC
CUCAGCUGGGCG
UGAGAUGAGCCU
CGUCUCCAGAUG
ACGAGGCAACGUA
GGAUCUGACUGA
UCCUACUAU

A1, A2 A1, D C, A2 C, D B1, B2 C, B2 B1, D A1, A2 C, A2 A1, C A1, B1 A2, B1 A1, B2 A2, B2 C, D ColE1/ampicillin, 
CDF/spectinomycin 

Gate RNA

GGGAAGAUGAAAGAAGAUGGUAUGGUGAAGAGGUGUAAAGAUACACAAUACAACAA
CUAUCUUUCCACCUCUCCACCAUACAAACAGAGGAGAUGGAGAAUGGGAAAGAUAA
ACCUGGCGGCAGCGCAAAAGAUGCGUAAA



Supplementary Table 11. Descriptions of Thermodynamic Parameters Used for Automated Forward Engineering

Group Parameter Name Parameter Description
deltaG_hpin The minimum free energy (MFE) of the switch (or hairpin) RNA running from the 5' end to 29th 

base of the GFP coding sequence.
deltaG_targ The MFE of the trigger (or target) RNA from the 5' end to the end of the terminator sequence.
deltaG_comp The MFE of the complex formed between the switch RNA sequence defined above and the full 

trigger RNA.
deltaG_min_hpin The MFE of the minimal switch RNA sequence from the 5' end to the base immediately before the 

start of the 21-nt linker sequence.
deltaG_min_targ The MFE of the 45-nt minimal trigger RNA sequence that is programmed to bind to the switch RNA.

deltaG_min_comp The MFE of the complex formed between the minimal switch RNA sequence and the minimal 
trigger RNA sequence.

deltaG_min_stem_recon The MFE of the hairpin secondary structure that forms to repress translation once the trigger RNA 
binds; this sequence comprises the 18-nt repressing stem along with the RBS and start codon.

deltaG_toeh_binding The free energy of the 15-nt toehold sequence of the repressor when base pairing perfectly to its 
reverse complement.

deltaG_targ_binding The free energy of the 45-nt minimal trigger RNA sequence when base pairing perfectly to its 
reverse complement sequence

deltaG_toeh_binding_actual The MFE of the 15-nt toehold sequence of the repressor bound to its reverse complement 
sequence; this MFE structure may have unpaired bases at the ends of the duplex.

deltaG_targ_binding_actual The MFE of the 45-nt minimal trigger RNA sequence bound to its reverse complement sequence; 
this MFE structure may have unpaired bases at the ends of the duplex.

net_deltaG_comp The net free energy change upon formation of the trigger/switch RNA complex; it is equal to 
deltaG_comp - deltaG_hpin - deltaG_targ.

net_deltaG_min_comp The net free energy change upon formation of the trigger/switch RNA complex based on the 
minimal trigger and switch sequences; it is equal to deltaG_min_comp - deltaG_min_hpin - 
deltaG_min_targ.

dup2mRNA_deltaG The MFE of the RNA sequence starting from the first base after the switch RNA stem (nucleotide 
88) through to the 29th base of the GFP coding sequence

dup2link_deltaG The MFE of the RNA sequence starting from the first base after the switch RNA stem (nucleotide 
88) through to the end of the 21-nt linker sequence (nucleotide 138, just before the begininning of 
the GFP sequence).

dup2pos03_deltaG
dup2pos06_deltaG
dup2pos09_deltaG
dup2pos12_deltaG
dup2pos15_deltaG
dup2pos18_deltaG
dup2pos21_deltaG
dup2pos24_deltaG
dup2pos27_deltaG
AUG2mRNA_deltaG The MFE of the RNA sequence starting from the start codon of the switch RNA (nucleotide 106) 

through to the 29th base of the GFP coding sequence.
dup2AUG_deltaG The MFE of the RNA sequence starting from the first base after the switch RNA stem (nucleotide 

88) through to the end of the switch RNA start codon (nucleotide 108).
recon_dup2mRNA_deltaG The MFE of the RNA sequence starting from the first base after the trigger RNA binding site on the 

switch RNA (nucleotide 49) through to the 29th base of the GFP coding sequence.
recon_dup2link_deltaG The MFE of the RNA sequence starting from the first base after the trigger RNA binding site on the 

switch RNA (nucleotide 49) through to the end of the 21-nt linker sequence (nucleotide 138, just 
before the begininning of the GFP sequence).

recon_dup2pos03_deltaG
recon_dup2pos06_deltaG
recon_dup2pos09_deltaG
recon_dup2pos12_deltaG
recon_dup2pos15_deltaG
recon_dup2pos18_deltaG
recon_dup2pos21_deltaG
recon_dup2pos24_deltaG
recon_dup2pos27_deltaG
dev_deltaG_hpin The difference in energy obtained by subtracting deltaG_hpin from the free energy of the switch 

RNA sequence when it is folded in the ideal, design-specified secondary structure.
dev_deltaG_targ The difference in energy obtained by subtracting deltaG_targ from the free energy of the trigger 

RNA sequence when it is folded in the ideal, design-specified secondary structure.
dev_deltaG_comp The difference in energy obtained by subtracting deltaG_comp from the free energy of the 

trigger/switch RNA complex when it is folded in the ideal, design-specified secondary structure.
dev_deltaG_min_hpin The difference in energy obtained by subtracting deltaG_min_hpin from the free energy of the 

minimal switch RNA sequence when it is folded in the ideal, design-specified secondary structure.

Influence of coding 
sequence secondary 
structure on translation 
in inactive state

The MFE of the RNA sequence starting from the first base after the trigger RNA binding site on the 
switch RNA (nucleotide 49) through to the Nth base of the GFP coding sequence, where N = 3, 6, 
9, etc.

MFE of RNA strands and 
critical RNA 
subsequences

Measures of binding for 
critical RNA domains

Net reaction free 
energies

Influence of coding 
sequence secondary 
structure on translation 
in active state

The MFE of the RNA sequence starting from the first base after the switch RNA stem (nucleotide 
88) through to the Nth base of the GFP coding sequence, where N = 3, 6, 9, etc.

Deviations of actual 
sequence from the ideal, 
design-specified 
secondary structure



dev_deltaG_min_targ The difference in energy obtained by subtracting deltaG_min_targ from the free energy of the 
minimal trigger RNA sequence when it is folded in the ideal, design-specified secondary structure.

dev_deltaG_min_comp The difference in energy obtained by subtracting deltaG_min_comp from the free energy of the 
trigger/switch RNA complex generated from the minimal sequences when it is folded in the ideal, 
design-specified secondary structure.

dev_recon_dup2mRNA_deltaG The difference in energy obtained by subtracting recon_dup2mRNA_deltaG from the free energy of 
that sequence (i.e. the one used for calculating recon_dup2mRNA_deltaG) in the ideal, design-
specified secondary structure, which contains a translation-repressing hairpin structure.

dev_recon_dup2link_deltaG The difference in energy obtained by subtracting recon_dup2link_deltaG from the free energy of 
that sequence in the ideal, design-specified secondary structure.

dev_recon_dup2pos03_deltaG
dev_recon_dup2pos06_deltaG
dev_recon_dup2pos09_deltaG
dev_recon_dup2pos12_deltaG
dev_recon_dup2pos15_deltaG
dev_recon_dup2pos18_deltaG
dev_recon_dup2pos21_deltaG
dev_recon_dup2pos24_deltaG
dev_recon_dup2pos27_deltaG
deltaG_stem_01
deltaG_stem_02
deltaG_stem_03
deltaG_stem_04
deltaG_stem_05
deltaG_stem_06
deltaG_stem_07
deltaG_stem_08
deltaG_stem_09
deltaG_stem_10
deltaG_stem_11
deltaG_stem_12
deltaG_stem_13
deltaG_stem_14
deltaG_stem_15
deltaG_stem_16
deltaG_stem_17
deltaG_stem_18
deltaG_stem_19
deltaG_stem_20
deltaG_stem_21
deltaG_stem_22
deltaG_stem_23
deltaG_stem_24
deltaG_stem_25
deltaG_stem_26
deltaG_stem_27
deltaG_stem_28
deltaG_stem_29
deltaG_stem_30
min_bot_deltaG_01
min_bot_deltaG_02
min_bot_deltaG_03
min_bot_deltaG_04
min_bot_deltaG_05
min_bot_deltaG_06
min_bot_deltaG_07
min_bot_deltaG_08
min_bot_deltaG_09
min_bot_deltaG_10
min_bot_deltaG_11
min_bot_deltaG_12
min_bot_deltaG_13
min_bot_deltaG_14
min_bot_deltaG_15
min_bot_deltaG_16
min_bot_deltaG_17
min_bot_deltaG_18
min_bot_deltaG_19
min_bot_deltaG_20
min_bot_deltaG_21
min_bot_deltaG_22
min_bot_deltaG_23

Deviations of actual 
sequence from the ideal, 
design-specified 
secondary structure

The difference in energy obtained by subtracting recon_dup2posN_deltaG from the free energy of 
that sequence in the ideal, design-specified secondary structure, where N = 3, 6, 9, etc.

Measures of switch RNA 
stem sequence and 
secondary structure

This set of parameters was calculated starting from the 69-nt sequence of the main switch RNA 
hairpin, which consisted of a 30-nt stem and a 9-nt loop. The main switch RNA hairpin was then 
analyzed for different subsequences corresponding to different stem lengths. deltaG_stem_01 is 
the MFE of nucleotides 1 to 69, deltaG_stem_02 is the MFE of nucleotides 2 to 68, etc.

This set of parameters was calculated using the 5' and 3' arms of the main switch RNA hairpin. The 
5' and 3' arms comprised nucleotides 19 to 48 and 58 to 87 of the switch RNA sequence, 
respectively. For the purposes of the calculation, subsequences from the 5' and 3' arms were 
joined using the sequence AAAAAAAAAA and their MFE computed. min_bot_deltaG_02, for 
instance, has the 1st through 29th bases of the 5' arm, the poly-A loop, and the 2nd through 30th 
bases of the 3' arm.



min_bot_deltaG_24
min_bot_deltaG_25
min_bot_deltaG_26
min_bot_deltaG_27
min_bot_deltaG_28
min_bot_deltaG_29
min_bot_deltaG_30

Measures of switch RNA 
stem sequence and 
secondary structure

This set of parameters was calculated using the 5' and 3' arms of the main switch RNA hairpin. The 
5' and 3' arms comprised nucleotides 19 to 48 and 58 to 87 of the switch RNA sequence, 
respectively. For the purposes of the calculation, subsequences from the 5' and 3' arms were 
joined using the sequence AAAAAAAAAA and their MFE computed. min_bot_deltaG_02, for 
instance, has the 1st through 29th bases of the 5' arm, the poly-A loop, and the 2nd through 30th 
bases of the 3' arm.



Supplementary Note. Toehold Repressor Forward Engineering 
 
A second-generation toehold repressor library was generated through an automated forward 
engineering procedure based on sequence-dependent thermodynamic parameters and GFP 
output obtained from the initial library of toehold repressors. A set of 114 easy-to-calculate 
thermodynamic parameters was defined as shown in Supplementary Table 11. The parameters 
were calculated using the subsequences, or sequence windows, also specified in 
Supplementary Table 11. These parameters can be broadly classified into seven different 
categories.  

1. MFE of RNA strands and critical RNA subsequences: The minimum free energy (MFE) of 
the RNA strands and subsequences was calculated to assess the strength of the 
repressor secondary structures and the binding between trigger and switch RNAs. 

2. Measures of binding for critical RNA domains: The free energies of duplex structures 
formed between toehold domains and 45-nt minimal trigger sequences were calculated 
to assess the binding strengths of these interactions. The duplexes were simulated as 
two separate molecules that hybridize with one another. 

3. Net reaction free energies: The net change in free energy starting from separate trigger 
and switch RNA strands and ending with the trigger-switch complex. 

4. Influence of coding sequence secondary structure on translation in active state: The MFEs 
for the coding sequence over different subsequences of the switch RNA were used to 
assess the efficiency with which these regions would be translated. 

5. Influence of coding sequence secondary structure on translation in inactive state: The 
MFE for the switch RNA subsequence immediately after the binding site for the trigger 
RNA was used to assess the degree of translation inhibition caused by sequestering the 
RBS and start codon in a stem loop. These parameters were also calculated over several 
switch RNA subsequences. 

6. Deviations of actual sequence from the ideal, design-specified secondary structure: 
These parameters were used to assess the degree to which the predicted MFE structures 
differed from those specified in the toehold switch design. We expected that these 
parameters would capture, for instance, designs where base pairing within the toehold 
domain reduced the performance of the repressor. 

7. Measures of switch RNA stem sequence: These parameters evaluated the strength of the 
switch RNA stem over different sequence ranges starting from the top or the bottom of 
the stem. Previous studies with toehold switches had revealed some performance 
improvements when a stem had A-U base pairs at particular locations. We expected that 
these parameters could capture such effects in the toehold repressors. 

The thermodynamic parameters were calculated for 38 toehold repressors from the first-
generation library using a local implementation of the NUPACK 3.0 functions mfe, energy, and 
complexes with Mathews et al., 1999 energy parameters1. Six devices were excluded from the 
analysis due to their unusually low ON state expression level or high expression variability in 
either the ON or OFF state. A series of different linear regressions were then performed using 
the thermodynamic parameters and log10(GFP fold reduction) obtained from the repressor library. 
These regressions were calculated using the Matlab regress function, which implemented a 
multiple linear regression algorithm using least squares. Supplementary Figure 9 provides a map 
of R2 values obtained for all two-parameter linear regressions performed using the 114 
thermodynamic parameters. This analysis identified several parameters showing stronger 
correlations with the experimental data and suggested extension of the approach to three-
parameter regressions. 



 To develop a scoring function to rank potential toehold repressors, all possible 
combinations of up to three different thermodynamic parameters were first computed 
(Supplementary Figure 10a). This search was limited to three parameters to evaluate a number 
of parameter combinations that could be computed reasonably quickly, since the number of 
combinations increases exponentially with the number of fitting parameters. The resulting 
253,460 linear regressions were then ranked from highest to lowest R2 value. Supplementary 
Figure 10b displays the best three-parameter linear regression obtained from experimental 
measurements of GFP fold reduction, which provided a coefficient of determination R2 of 0.422. 
Regression coefficients from the top 10 linear regressions were extracted to generate an overall 
scoring function. The combined regression coefficients were generated using equation (1): 
 !" = $

% ∑ '"(%
()$   (1) 

where !"  is the combined regression coefficient for parameter * , '"(  is the regression 
coefficient for parameter * in regression +, and , = 10 is the number of regressions combined. 
In cases where parameter * was not used in the linear regression, the regression coefficient was 
equal to zero. The scoring function for ranking designs was then of the following form: 
 -. = ∑ !"∆0"."   (2) 
where -. is the score computed for toehold repressor design 1 and ∆0". is the free energy 
calculated for parameter * for toehold repressor design 1. Repressors predicted to offer higher 
performance were thus given higher scores. The final equation for the scoring function, using the 
parameter names from Supplementary Table 11, is: 
 
 -. = 0.025 × deltaG_toeh_bindingk + 0.025 × deltaG_toeh_binding_actualk (3) 
 + 0.003 × deltaG_targ_bindingk + 0.003 × deltaG_targ_binding_actualk 
 + 0.377 × deltaG_stem_27k + 0.029 × dup2link_deltaGk 
 + 0.029 × dup2pos03_deltaGk – 0.072 × deltaG_stem_26k 
 – 0.021 × deltaG_stem_25k 
 

This automatically generated scoring function was then applied to a set of 265 new 
toehold repressor sequences produced using the same sequence and structural parameters as 
the first-generation library. For these designs, the values of several thermodynamic parameters 
were identical or nearly identical to one another across the set of sequences, enabling the 
scoring function to be simplified to the following expression: 
 
 -. = 0.050 × deltaG_toeh_bindingk + 0.006 × deltaG_targ_bindingk  (4) 
 + 0.058 × dup2link_deltaGk + 0.377 × deltaG_stem_27k  
 – 0.072 × deltaG_stem_26k – 0.021 × deltaG_stem_25k 
 

The 96 new repressor sequences providing the highest scores were then assembled and 
tested. These devices yielded substantially improved performance compared to the first-
generation library, with over 84% of the riboregulators providing at least 10-fold reductions in 
GFP expression compared to 48% for the initial library (Figure 2). The improvements were more 
striking on the high end of device performance with only one device (2%) in the first-generation 
library with 100-fold reduction in GFP compared to 8 devices (8%) in the second-generation set. 
Since this forward-engineering approach can lead to better device performance, it is likely that 
more computationally intensive studies with more than three parameters can be used to obtain 
improved riboregulator libraries. 

Analysis of the thermodynamic parameters and regression coefficients used in the 
scoring function provides some insight into the riboregulator characteristics favored for the 



second-generation library. The terms deltaG_toeh_binding and deltaG_targ_binding provided 
the largest overall contributions to the device score and encouraged selection of sequences with 
weaker binding through the toehold and minimal trigger regions. In effect, these parameters 
favored devices with low GC content in the toehold and trigger region. The next most important 
term was dup2link_deltaG, which also had a positive regression coefficient. This term measures 
the secondary structure of the switch RNA region being translated when the riboregulator is in 
its ON state. Accordingly, this term favored devices with low secondary structure in this region 
to encourage efficient translation of the output protein. The last three terms in the scoring 
function are related to the free energy of subsequences near the top of the switch RNA stem. 
The deltaG_stem_27 has a positive regression coefficient and thus selected for designs having 
low GC content in the top four base pairs at the top of the switch stem. In contrast, 
deltaG_stem_26 and deltaG_stem_25, which assessed five and six base-pair upper stems, 
respectively, had negative coefficients and thus favored stronger base pairing in the upper stem. 
Taken together, the last three parameters assigned higher scores to devices having low GC 
content in the top four base pairs of the stem and relatively higher GC content in the base pairs 
5 and 6 nts from the stem top.  
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