
Strand displacement gate

The reaction pathway is depicted in Figure 1. Target test tubes are depicted in Figure 2 based on the
specification of (Wolfe et al., J Am Chem Soc, 2017; Supplementary Section S2.2) with the following
definitions. The total number of target test tubes is |Ω| =

∑
n=1,...,N {Step 0, Step 1}n + Crosstalk =

2N + 1; the target test tubes in the multistate test tube ensemble, Ω, are indexed by h = 1, . . . , 2N + 1.
Lmax = 2 for all tubes.

Reactants for system n

• Target: Xn

• Gate: {A·B}n

Elementary step tubes for system n

• Step 0n: Ψproducts
0n ≡ {X, A·B}n; Ψreactants

0n ≡ {A, B}n; Ψexclude
0n ≡ {X·A}

• Step 1n: Ψproducts
1n ≡ {X·A, B}n; Ψreactants

1n ≡ {X, A·B}n; Ψexclude
1n ≡ ∅

Crosstalk tube

• Crosstalk tube: Ψreactive
global ≡ ∪n=1,...,N{λreactiven }; Ψcrosstalk

global ≡ ΨL≤Lmax

global − ∪n=1,...,N{λcognaten }

The reactive species and cognate products for system n are:

• λsimple
n = {A·B}n

• λss-outn = {X, B}n
• λss−inn = {Atoe}n
• λreactiven = {A·B, X, B, Atoe}n
• λcognaten = {X·A, X·Atoe}n

based on the definitions (listed 5′ to 3′ using the sequence domain notation of Figure 1):

• A ≡ b*-a*

• Atoe ≡ b*

• B ≡ a

• X ≡ a-b
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Step Reaction Function Mechanism

1 X + A·B → X·A + B detect target X (sequence ‘a-b’) toehold/toehold nucleation, 3-way branch
migration

Figure 1: Reaction pathway for strand displacement gate. A·B detects target X (comprising sequence
‘a-b-c’), generating unstructured output B. Top: Reaction pathway schematic. Bottom: Elementary step
details.

Step 0 Step 1 Crosstalk

 all 10 nM

 10 nM

Atoe

A ·B

X

n = 1,...,N

B

X

n

n n

n

n

 10 nMX ·An n

 10 nM

Bn

A ·Bn n

n

n n

 10 nM

Tube On-targets (Ψon
h ) Off-targets (Ψoff

h )

Step 0n {X, A·B}n {A, B}n ∪ ΨL≤Lmax
0n

− {X·A}
Step 1n {X·A, B}n {X, A·B}n ∪ ΨL≤Lmax

1n

Crosstalk ∪n=1,...,N{λreactive
n } ΨL≤Lmax

global − ∪n=1,...,N{λcognate
n }

Figure 2: Target test tubes for strand displacement gate. Top: Target test tube schematics. Bottom: Target
test tube details. Each target test tube contains the depicted on-target complexes (each with the depicted
target structure and a target concentration of 10 nM) and the off-target complexes listed in the table (each
with vanishing target concentration). To simultaneously design N orthogonal systems, the total number
of target test tubes is |Ω| = 2N + 1. Lmax = 2 for all tubes. Design conditions: RNA in 1 M Na+ at 23
◦C.
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