A bistable and reconfigurable molecular system with encodable bonds
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S1 Materials and Methods
1.1 Materials
Single-stranded M13 bacteriophage DNA (p7560) were produced following previously published protocol1. The DNA staple strands (listed at the bottom in Supplementary Information) were purchased from Integrated DNA Technologies or from Sangon Biotech. 
1.2 Computational simulation of DOJ
(1) Distribution of Angles between Stacking Components
The DOJ device was built in caDNAno2 as shown in Fig. S1. This structure was converted to oxDNA3 using the tacoxDNA python package,4 minimized on the oxDNA.org serve5, and simulated by running coarse-grained molecular dynamics simulations with the oxDNA force field on GPUs. A john thermostat was employed, which emulates Brownian dynamics. The number of steps between velocity refresh attempts (Newtonian steps) was set to 103 and the overall monomer diffusion coefficient resulting from the thermostat was 2.5. Simulations were performed at 37 °C and at a high salt concentration typical of origami studies, .6 Interactions were modeled with the DNA2 force field7 using the average sequence model, and a timestep of 0.001 oxDNA time units (3.03 fs) was used. The structures were equilibrated for 1,000,000,000 steps, and a production stage consisting of 2,000,000,000 steps (approx. 30.30 ) followed this equilibration. Coordinates of all atoms were outputted every 97,680 steps
(2) Effects of Inactive Patches in Binding Dynamics
To assess whether inactive patches (inert stacking bonds) influence the thermodynamics of binding of our stacking components, coarse-grained simulations of these patches were performed using oxDNA on tile structures specifically designed for the study of blunt-end stacking interaction8. As this structure is quite curved in nature, we analyzed four different locations of these active patches to evaluate the dependence of patch dynamics on local shape. While oxDNA allows the user to access longer timescale9, capturing binding events is still inaccessible to this model, and thus we restrict ourselves to analyzing the effect of inactive patches in equilibrium properties of the active ones, by comparing simulations of two tiles, one with inactive patches in between the active patches, and one without. 
After conversion of the origami designs to the oxDNA model by means of tacoxDNA, the structures were first relaxed with a 10,000-step Monte Carlo simulation at 20 °C, with the maximum force allowed on the DNA backbone set to 243.15 pN. This was followed by a 1,000,000-step molecular dynamics relaxation, with the same backbone force constraint. A Langevin thermostat was used to maintain the system at 20 °C, and a timestep of 0.002 oxDNA time units (roughly 6.06 fs) was used. Both for equilibration and measurement MD runs, the backbone force constraint was removed, and the timestep was increased to 0.005 oxDNA units (~15.15 fs); the equilibration was performed over 280,000,000 steps, and measurement was over 424,000,000 steps. As in the study of the Distribution of Angles between Stacking Components, a high monovalent salt concentration of 0.5 M was used, and the overall monomer diffusion coefficient was 2.5. The number of steps between velocity refresh attempts (Newtonian steps) was set to 103, and interactions were modeled with the DNA2 force field7 using the average sequence model. For equilibrium analysis of active and inactive patches, coordinates of the tile structures were output every 10,000,000 steps. 
Using a home-made code, vectors u1, u2, u3, v1, v2, and v3 were computed for each of the four sets of patches in our systems (see Figure S15 (b) inset) for each frame outputted (note that vector v2 is not defined for the tile without inactive patches). The angle between v1 and v3 approximate the angle in between the active patches. The out-of-plane angles between these vectors and the tiles may be estimated from their dot product with the vector normal to the plane established by u1 and u3, as these vectors locally define the body of the tile. The angles between u1 and v1, and u3 and v3 were also tracked, as these angles provide information of the in-plane deviation of the blunt ends. Figure S15 compares these three metrics across the structure with inactive patches (dashed) and the one without them (solid), showing that the scaffold loop does not affect the equilibrium behavior of the active patches, as expected.
Further examining the system with inactive patches, the minimum bounding sphere of the bases in the inactive patch was tracked, as well as the shortest distance between any base in the inactive patch and any base in either of the neighboring active patches (Figure S16). Finally, the angle that each of the three patches takes with respect to the body of the tile are plotted as a function of time. From these results, it becomes clear that the inactive patch remains physically distant from the active patches (most often ~3 nm) and remains at an ~20° angle offset from the active patches.
1.3 Preparation of DNA origami junction (DOJ)
DOJ was designed using caDNAno. In a typical sample preparation, staples were mixed with single-stranded DNA scaffold (p7560, 10 nM) in 5-fold molar excess in folding buffer (5 mM Tris, 1 mM EDTA and 12 mM Magnesium chloride, pH 8.0) with total volume of 50 µL. The mixture solution was annealed in a thermocycler programmed for a cooling ramp from 85 °C to 25 °C in the following protocol: 85 °C for 5 mins, 65 to 24 °C, at 1 min/0.1 °C.  
After the formation of open DOJ, stacker DNAs (A, B, C and D) were added in 3-fold molar excess of folding staples and incubate at room temperature for 5 hours. At the meantime, streptavidin was added to the mixture in a 10-fold molar excess of folding staples.
1.4 Agarose gel 
DOJ was subject to 1% native agarose electrophoresis for about 2 hours at 70 V bias voltage (The prepared gel in 0.5× TBE buffer was supplemented with 12 mM MgCl2 and 0.005%(v/v) EtBr) in ice bath. Samples were loaded on the gel at a monomer concentration of approximately 10 nM of the scaffold strand. Next, the target gel bands were excised and placed into a Freeze ’N Squeeze column (Bio-Rad Laboratories, Inc.). The gel pieces were crushed into fine pieces by a microtube pestle in the column, and then centrifuged at 7000 g for 5 minutes. Samples that were extracted through the column were collected for AFM imaging. 
1.5 AFM imaging
AFM images were obtained using an SPM Multimode with Digital Instruments Nanoscope V controller (Veeco). 3 µL of purified samples (about 3 nM of the scaffold strand) for AFM imaging were deposited onto freshly cleaved mica (SPI Supplies, 9.5 mm diameter). After sample adsorption for approximately 2 minutes, 80 µL of 0.5 × TE (10 mM MgCl2) and 2 µL of NiCl2 (100 mM) were then added onto the mica. The sample was imaged in ScanAsyst in Fluid Mode. The AFM tips used were on the short and thin cantilevers in the SNL-10 silicon nitride cantilever chip (Veeco Probes).
1.6 Yield calculations
The formulas to calculate the yield and ratio of each stack conformation were listed as follows:
              (1)
             (2)
In formula (1), the N(S) stands for the total number of stacked DOJ used in this case. N(O) stands for the number of open-state DOJ. In formula (2), yield of Iso-1 (or the yield of Iso-2) was used to represent the proportion of each correct conformation formed in all stacked DOJ. The N(Iso-1) showed the total number of stack conformation Iso-1 used in this case. 
1.7 Fix DOJ at a particular conformation by using locking strands
DNA locking strands (LAB, LBC, LAC and LBD) were introduced onto designated arms to avoid or to induce flipping of stacked arms to fix DOJ at one particular conformation. For instance, to realize Iso-1 conformation, the first step addition order of stacking sequences was stack A, stack B and LBC with the same concentration. After ~3 hours incubation at room temperature, in the second step, the stack C and D were added, incubating for another 3-5 hours and ready for AFM imaging. Secondly, to realize the resulting conformation of Iso-2, the first step addition order of DNAs was stack B, stack C and LAB with the same concentration. The second step was the addition of stack A and D. Thirdly, to realize the resulting conformation of Iso-1-trans, in addition to adding the two stacking staples of stack A and B in the first step, two lockers, LAC and LBD are needed to be added with the same concentration, and then add other two stacking staples of stack C and D in the second step. Finally, to realize the resulting conformation of Iso-2-trans, the first step addition order of DNAs was stack B, stack C, LAC and LBD with the same concentration, and then add other two stacking staples of stack A and D in the second step.
1.8 Stepwise activation of stacking bonds 
In the case of the formation of Iso-1 conformations, Stack-AB were first added in 3-fold molar excess of folding staples to open DOJ. At the same time, the streptavidin was added to the mixture in a 10-fold molar excess of folding staples and incubate at room temperature for 5 hours. In the second step, Stack-CD were added with the same concentrations as Stack-AB, and then incubate at room temperature for another 3 hours. The same protocol was followed by all other stepwise activation combinations.
1.9 One-pot programming of the stacking blunt-ends
By constructing an encoding system, the “one-pot” method is guided to further regulate the stacking effect of DOJ. Different from two-step activation of stacking blunt ends, all the encoded stacking sequences were added in one-pot into the open DOJ before purification. After 3-5 hours incubation at room temperature, the samples were purified and ready for AFM imaging.
1.10 Dynamic transformation of DOJ
[bookmark: _Hlk56085682]1.10.1 Reversible transformation from the open to stacked state by controlling the reaction temperature and Mg2+ concentration
First of all, temperature adjustment. During the reversible transformation, the purified stacked DOJ with certain stack yield was incubated at 53 ℃ for 5 hours, and then directly dropped onto the clean mica for the first time open-state AFM testing. The rest sample was continuously incubated in room temperature for 3-5 hours. After the sample was fully stacked, it was dropped onto the mica and ready for second time AFM testing. By repeating the above steps, a multi-step reversible reaction can be achieved.
Secondly, Mg2+ concentration adjustment. During the reversible transformation, reduce the concentration of magnesium ions from 12 mM to ~5 mM in stacked DOJ and react at room temperature for 1 hours. Then, the sample was directly dropped onto the clean mica for the first time open-state AFM testing. Next, increase the concentration of magnesium ions to 12 mM and react at room temperature for 1-3 hours. After the sample was fully stacked, it was dropped onto the mica and ready for second time AFM testing. By repeating the above steps, a multi-step reversible reaction can be achieved.
1.10.2 Transform DOJ from mixed conformation to Iso-1 dominant conformation
The equally dominant conformations with certain encoding stacking sites were prepared first of all. Next, other encoded sequences for transformation were added into it, and incubated in the following protocol: 27 °C for 3 hours, increase the temperature from 27 to 53 °C for 3 hours, and then decrease the temperature from 53 to 27 °C for 3 hours. After the sample was fully stacked, it was dropped onto the mica and ready for second time AFM testing.
[bookmark: _Hlk56085715]1.10.3 Transform DOJ from Iso-1 dominant conformation to mixed conformation or to Iso-2 dominant conformation
The Iso-1 dominant conformations with certain encoding stacking sites were prepared first of all. Next, other encoded sequences for transformation were added into it, and incubated in the following protocol: 27 °C for 3 hours, increase the temperature from 27 to 53 °C for 3 hours, and then decrease the temperature from 53 to 27 °C for 3 hours. After the sample was fully stacked, it was dropped onto the mica and ready for second time AFM testing. 
1.11 Thermodynamic calculation
 A stacking bond based on certain sequences should have maximum strength when the sequences are aligned to maximize the number of blunt ends interactions (assuming the change in Gibbs free energy, ΔG, is zero for potential loop-blunt end and loop-loop interactions.)10. According to the previous work on the free energy change for stacking between different blunt-ends (Table S1)11, we calculated and summarized the total free energy change for each stacking code in the list (Figure 4b). 


















S2 Supplementary figures and tables
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Figure S1. Strand diagram of the DNA origami 4-way junction (DOJ). Scaffold strand: blue; core staples: black; biotin-modified staples: red; stacking staples: light blue, orange, green and gray. 
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Figure S2. Calculation of theoretical yield of cis and trans conformations based on computational simulation-derived out-of-plane equilibrium angles between stacked components.














Figure S3. Representative AFM images of DOJ. Iso-1-cis: orange; Iso-1-trans: purple; Iso-2-cis: green; Iso-2-trans: yellow in the stacked DOJ. Scale bar: 200 nm.
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Figure S4. Strand diagram of DOJ with locker AB. Locker staples: pink.
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Figure S5. Strand diagram of DOJ with locker BC. Locker staples: pink.
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Figure S6. Strand diagram of DOJ with locker AC. Locker staples: pink.
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Figure S7. Strand diagram of DOJ with locker BD. Locker staples: pink.
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Figure S8. Stepwise control of conformations from open-state DOJ to a certain stacked conformation by adding both stacking sequences and DNA locks. By utilizing DNA lock as an external force for the DOJ and stepwise addition of the stacking sequences, the conformations can be further controlled precisely. The introduction of DNA locks, coupled with stepwise stacking interactions, enables the fixation of rotation angles of each DOJ branch in solution as required. There are four DNA locks: Lock-AB (LAB), Lock-BC (LBC), Lock-AC (LAC) and Lock-BD (LBD), and used to connect the branch AB, BC, AC and BD respectively. In a-c, by stepwise addition of stack AB and LBC, and then stack CD, only conformation Iso-1-cis formed with high ratio shown in b and c. In d-f, by stepwise adding stack BC and LAB, and then stack AD into DOJ, the only conformation Iso-2-cis formed with high ratio. In g-l, in order to better connect the branch A with branch C, and branch B with branch D, two locks were choosing to added (LAC and LBD). In g-i, by stepwise adding stack AB, LAC and LBD, and then stack BC into DOJ, the only conformation Iso-1-trans formed with high ratio. In j-l, by stepwise adding stack BC, LAC and LBD, and then stack AD into DOJ, the only conformation Iso-2- trans formed with high ratio. 
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Figure S9. Representative AFM images obtained by two-step addition of stackers and lockers. (a) Addition of stack AB and LBC, and then stack CD; (b) addition of stack BC and LAB, and then stack AD; (c) addition of stack AB, LAC and LBD, and then stack BC; (d) addition of stack BC, LAC and LBD, and then stack AD. 























Figure S10. Representative AFM image of DOJ formed by two step addition of stack-AB and stack-CD. Iso-1 (orange) and Iso-2 (green) in the stacked DOJ were counted and marked (N=72). Scale bars: 200 nm.






















Figure S11. Representative AFM image of DOJ formed by two step addition of stack-BC and stack-AD. Iso-1 (orange) and Iso-2 (green) in the stacked DOJ were counted and marked (N=55). Scale bars: 200 nm.
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Figure S12. Control over DOJ conformation via stepwise activation of stacking bonds. (a) AFM imaging of DOJ with Iso-1 conformation. (i): Stack-CD are first added to activate stacking bonds on C and D forming partially stacked intermediate structure. (ii): Stack-AB are then added to the intermediates to enable the stacking between A and B forming fully stacked DOJ of Iso-1 conformation. (iii): Quantitative analysis of conformational isomers after stepwise stacking. Error bars correspond to s.d. (b) AFM imaging of DOJ with Iso-2 conformation. (i): Stack-AD are first added to activate stacking bonds on A and D forming partially stacked intermediate structure. (ii): Stack-BC are then added to the intermediates to enable the stacking between B and C forming fully stacked DOJ of Iso-2 conformation. (iii): Quantitative analysis of conformational isomers after stepwise stacking. Error bars correspond to s.d. Scale bars: 200 nm.
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Figure S13. AFM imaging of DOJ with no favorable conformation. (i): Stack-BD are first added to activate stacking bonds on B and D, which cannot induce stacking since BD stacking is prohibited due to physical constrain. (ii): Stack-AC are added to activate stacking bonds on A and C. With all stacking bonds activated, DOJ may stack to form Iso-1 and Iso-2 equally, similar to previous one-pot reaction. (iii): Quantitative analysis of conformational isomers after stepwise activation of stacking bonds. Error bars correspond to s.d. Scale bars: 200 nm.





























Table S1. Free energy change for blunt-end stacking
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Figure S14. Free energy calculations in Iso-1 (a) and Iso-2 (b). Scaffold: blue; staples: grey.  (c) The value of ΔG1, ΔG2, and ΔΔG of the encoding conformations with all the stacking bonds being activated.
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Figure S15. (a) Strand diagram of an origami rectangular tile [7] with four sets (bottom right, bottom left, top right, top left) of two active patches separated by an inactive patch. These inactive patches are excluded from the design when modeling blunt ends in absence of inactive patches. (b) oxDNA coarse-grained model of the structure from (a). Inset: Detail of a set of active and inactive patches and nomenclature of vectors computed. (c) Angles between vectors v1 and v3 in systems including (dashed) and excluding (solid) the inactive patches. (d) Angles between vectors u1 and v1 (dark, left) and vectors u3 and v3 (light, right) in systems including (dashed) and excluding (solid) the inactive patches. (e) Angle between the plane established by u1 and u3 and vectors v1 (dark, left) and v3 (light, right) in systems including (dashed) and excluding (solid) the inactive patches.
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Figure S16. (a) Equilibrated oxDNA coarse-grained model of an origami rectangular tile8 with four sets of two active patches separated by an inactive patch. Inset: Detail of a set of active and inactive patches and minimum bounding sphere of the inactive patch. (b) Histogram of the diameter of minimum bounding sphere for all inactive patches. (c) Histogram of the minimum distance between two bases (one from the inactive patch and one from either of the active patches) for all inactive patches. (d) Time series of the out-of-plane angle of a set of active and inactive patches (Top Right). For the inactive patch, the angle is calculated with respect to the vector from the position of the nearest crossover to the center of the minimum bounding sphere.



















Table S2. The value of ΔG1, ΔG2, and ΔΔG of the corresponding stacking codes.
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Figure S17. Representative AFM image of DOJ with code-1 (N=73).

Figure S18. Representative AFM image of DOJ with code-2 (N=67).



Figure S19. Representative AFM image of DOJ with code-3 (N=60).



Figure S20. Representative AFM image of DOJ with code-4 (N=57).





Figure S21. Representative AFM image of DOJ with code-5 (N=63).

Figure S22. Representative AFM image of DOJ with code-6 (N=71).




Figure S23. Representative AFM image of DOJ with code-7 (N=56).


Figure S24. Representative AFM image of DOJ with code-8 (N=60).





Figure S25. Representative AFM image of DOJ with code-9 (N=67).

Figure S26. Representative AFM image of DOJ with code-10 (N=52).





Figure S27. Representative AFM image of DOJ with code-11 (N=75).

Figure S28. Representative AFM image of DOJ with code-12 (N=68).
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Figure S29. Representative AFM image of DOJ with code-13 (N=135).
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Figure S30. Representative AFM image of DOJ with code-14 (N=138).
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Figure S31. Representative AFM image of DOJ with code-15 (N=110).
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Figure S32. Free energy and difference of free energy distribution before and after the three types of transformation.



[image: ][image: ](b)  
(a)  


Recode    





Before   
After     














Figure S33. Representative AFM image of the first type of transformation. Before (N=73) (a) and after (N=70) (b) the transformation of stacked DOJ from mixed conformation to Iso-1 dominant conformation via an open-recode-stack strategy. 
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Figure S34. Representative AFM image of the second type of transformation. Before (N=68) (a) and after (N=51) (b) the transformation of DOJ from Iso-1 dominant conformation to mixed conformation.
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Figure S35. Representative AFM image of the third type of transformation. Before (N=52) (a) and after (N=61) (b) the transformation of DOJ from Iso-1 dominant conformation to Iso-2 dominant conformation.








Sequence of p7560 scaffold DNA:
AGCTTGGCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCTTTGCCTGGTTTCCGGCACCAGAAGCGGTGCCGGAAAGCTGGCTGGAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCTCAAACTGGCAGATGCACGGTTACGATGCGCCCATCTACACCAACGTGACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAATCCGACGGGTTGTTACTCGCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAAGGCCAGACGCGAATTATTTTTGATGGCGTTCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAATGCGAATTTTAACAAAATATTAACGTTTACAATTTAAATATTTGCTTATACAATCTTCCTGTTTTTGGGGCTTTTCTGATTATCAACCGGGGTACATATGATTGACATGCTAGTTTTACGATTACCGTTCATCGATTCTCTTGTTTGCTCCAGACTCTCAGGCAATGACCTGATAGCCTTTGTAGATCTCTCAAAAATAGCTACCCTCTCCGGCATTAATTTATCAGCTAGAACGGTTGAATATCATATTGATGGTGATTTGACTGTCTCCGGCCTTTCTCACCCTTTTGAATCTTTACCTACACATTACTCAGGCATTGCATTTAAAATATATGAGGGTTCTAAAAATTTTTATCCTTGCGTTGAAATAAAGGCTTCTCCCGCAAAAGTATTACAGGGTCATAATGTTTTTGGTACAACCGATTTAGCTTTATGCTCTGAGGCTTTATTGCTTAATTTTGCTAATTCTTTGCCTTGCCTGTATGATTTATTGGATGTTAATGCTACTACTATTAGTAGAATTGATGCCACCTTTTCAGCTCGCGCCCCAAATGAAAATATAGCTAAACAGGTTATTGACCATTTGCGAAATGTATCTAATGGTCAAACTAAATCTACTCGTTCGCAGAATTGGGAATCAACTGTTATATGGAATGAAACTTCCAGACACCGTACTTTAGTTGCATATTTAAAACATGTTGAGCTACAGCATTATATTCAGCAATTAAGCTCTAAGCCATCCGCAAAAATGACCTCTTATCAAAAGGAGCAATTAAAGGTACTCTCTAATCCTGACCTGTTGGAGTTTGCTTCCGGTCTGGTTCGCTTTGAAGCTCGAATTAAAACGCGATATTTGAAGTCTTTCGGGCTTCCTCTTAATCTTTTTGATGCAATCCGCTTTGCTTCTGACTATAATAGTCAGGGTAAAGACCTGATTTTTGATTTATGGTCATTCTCGTTTTCTGAACTGTTTAAAGCATTTGAGGGGGATTCAATGAATATTTATGACGATTCCGCAGTATTGGACGCTATCCAGTCTAAACATTTTACTATTACCCCCTCTGGCAAAACTTCTTTTGCAAAAGCCTCTCGCTATTTTGGTTTTTATCGTCGTCTGGTAAACGAGGGTTATGATAGTGTTGCTCTTACTATGCCTCGTAATTCCTTTTGGCGTTATGTATCTGCATTAGTTGAATGTGGTATTCCTAAATCTCAACTGATGAATCTTTCTACCTGTAATAATGTTGTTCCGTTAGTTCGTTTTATTAACGTAGATTTTTCTTCCCAACGTCCTGACTGGTATAATGAGCCAGTTCTTAAAATCGCATAAGGTAATTCACAATGATTAAAGTTGAAATTAAACCATCTCAAGCCCAATTTACTACTCGTTCTGGTGTTTCTCGTCAGGGCAAGCCTTATTCACTGAATGAGCAGCTTTGTTACGTTGATTTGGGTAATGAATATCCGGTTCTTGTCAAGATTACTCTTGATGAAGGTCAGCCAGCCTATGCGCCTGGTCTGTACACCGTTCATCTGTCCTCTTTCAAAGTTGGTCAGTTCGGTTCCCTTATGATTGACCGTCTGCGCCTCGTTCCGGCTAAGTAACATGGAGCAGGTCGCGGATTTCGACACAATTTATCAGGCGATGATACAAATCTCCGTTGTACTTTGTTTCGCGCTTGGTATAATCGCTGGGGGTCAAAGATGAGTGTTTTAGTGTATTCTTTTGCCTCTTTCGTTTTAGGTTGGTGCCTTCGTAGTGGCATTACGTATTTTACCCGTTTAATGGAAACTTCCTCATGAAAAAGTCTTTAGTCCTCAAAGCCTCTGTAGCCGTTGCTACCCTCGTTCCGATGCTGTCTTTCGCTGCTGAGGGTGACGATCCCGCAAAAGCGGCCTTTAACTCCCTGCAAGCCTCAGCGACCGAATATATCGGTTATGCGTGGGCGATGGTTGTTGTCATTGTCGGCGCAACTATCGGTATCAAGCTGTTTAAGAAATTCACCTCGAAAGCAAGCTGATAAACCGATACAATTAAAGGCTCCTTTTGGAGCCTTTTTTTTGGAGATTTTCAACGTGAAAAAATTATTATTCGCAATTCCTTTAGTTGTTCCTTTCTATTCTCACTCCGCTGAAACTGTTGAAAGTTGTTTAGCAAAATCCCATACAGAAAATTCATTTACTAACGTCTGGAAAGACGACAAAACTTTAGATCGTTACGCTAACTATGAGGGCTGTCTGTGGAATGCTACAGGCGTTGTAGTTTGTACTGGTGACGAAACTCAGTGTTACGGTACATGGGTTCCTATTGGGCTTGCTATCCCTGAAAATGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGCGGTTCTGAGGGTGGCGGTACTAAACCTCCTGAGTACGGTGATACACCTATTCCGGGCTATACTTATATCAACCCTCTCGACGGCACTTATCCGCCTGGTACTGAGCAAAACCCCGCTAATCCTAATCCTTCTCTTGAGGAGTCTCAGCCTCTTAATACTTTCATGTTTCAGAATAATAGGTTCCGAAATAGGCAGGGGGCATTAACTGTTTATACGGGCACTGTTACTCAAGGCACTGACCCCGTTAAAACTTATTACCAGTACACTCCTGTATCATCAAAAGCCATGTATGACGCTTACTGGAACGGTAAATTCAGAGACTGCGCTTTCCATTCTGGCTTTAATGAGGATTTATTTGTTTGTGAATATCAAGGCCAATCGTCTGACCTGCCTCAACCTCCTGTCAATGCTGGCGGCGGCTCTGGTGGTGGTTCTGGTGGCGGCTCTGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGCGGCTCTGAGGGAGGCGGTTCCGGTGGTGGCTCTGGTTCCGGTGATTTTGATTATGAAAAGATGGCAAACGCTAATAAGGGGGCTATGACCGAAAATGCCGATGAAAACGCGCTACAGTCTGACGCTAAAGGCAAACTTGATTCTGTCGCTACTGATTACGGTGCTGCTATCGATGGTTTCATTGGTGACGTTTCCGGCCTTGCTAATGGTAATGGTGCTACTGGTGATTTTGCTGGCTCTAATTCCCAAATGGCTCAAGTCGGTGACGGTGATAATTCACCTTTAATGAATAATTTCCGTCAATATTTACCTTCCCTCCCTCAATCGGTTGAATGTCGCCCTTTTGTCTTTGGCGCTGGTAAACCATATGAATTTTCTATTGATTGTGACAAAATAAACTTATTCCGTGGTGTCTTTGCGTTTCTTTTATATGTTGCCACCTTTATGTATGTATTTTCTACGTTTGCTAACATACTGCGTAATAAGGAGTCTTAATCATGCCAGTTCTTTTGGGTATTCCGTTATTATTGCGTTTCCTCGGTTTCCTTCTGGTAACTTTGTTCGGCTATCTGCTTACTTTTCTTAAAAAGGGCTTCGGTAAGATAGCTATTGCTATTTCATTGTTTCTTGCTCTTATTATTGGGCTTAACTCAATTCTTGTGGGTTATCTCTCTGATATTAGCGCTCAATTACCCTCTGACTTTGTTCAGGGTGTTCAGTTAATTCTCCCGTCTAATGCGCTTCCCTGTTTTTATGTTATTCTCTCTGTAAAGGCTGCTATTTTCATTTTTGACGTTAAACAAAAAATCGTTTCTTATTTGGATTGGGATAAATAATATGGCTGTTTATTTTGTAACTGGCAAATTAGGCTCTGGAAAGACGCTCGTTAGCGTTGGTAAGATTCAGGATAAAATTGTAGCTGGGTGCAAAATAGCAACTAATCTTGATTTAAGGCTTCAAAACCTCCCGCAAGTCGGGAGGTTCGCTAAAACGCCTCGCGTTCTTAGAATACCGGATAAGCCTTCTATATCTGATTTGCTTGCTATTGGGCGCGGTAATGATTCCTACGATGAAAATAAAAACGGCTTGCTTGTTCTCGATGAGTGCGGTACTTGGTTTAATACCCGTTCTTGGAATGATAAGGAAAGACAGCCGATTATTGATTGGTTTCTACATGCTCGTAAATTAGGATGGGATATTATTTTTCTTGTTCAGGACTTATCTATTGTTGATAAACAGGCGCGTTCTGCATTAGCTGAACATGTTGTTTATTGTCGTCGTCTGGACAGAATTACTTTACCTTTTGTCGGTACTTTATATTCTCTTATTACTGGCTCGAAAATGCCTCTGCCTAAATTACATGTTGGCGTTGTTAAATATGGCGATTCTCAATTAAGCCCTACTGTTGAGCGTTGGCTTTATACTGGTAAGAATTTGTATAACGCATATGATACTAAACAGGCTTTTTCTAGTAATTATGATTCCGGTGTTTATTCTTATTTAACGCCTTATTTATCACACGGTCGGTATTTCAAACCATTAAATTTAGGTCAGAAGATGAAATTAACTAAAATATATTTGAAAAAGTTTTCTCGCGTTCTTTGTCTTGCGATTGGATTTGCATCAGCATTTACATATAGTTATATAACCCAACCTAAGCCGGAGGTTAAAAAGGTAGTCTCTCAGACCTATGATTTTGATAAATTCACTATTGACTCTTCTCAGCGTCTTAATCTAAGCTATCGCTATGTTTTCAAGGATTCTAAGGGAAAATTAATTAATAGCGACGATTTACAGAAGCAAGGTTATTCACTCACATATATTGATTTATGTACTGTTTCCATTAAAAAAGGTAATTCAAATGAAATTGTTAAATGTAATTAATTTTGTTTTCTTGATGTTTGTTTCATCATCTTCTTTTGCTCAGGTAATTGAAATGAATAATTCGCCTCTGCGCGATTTTGTAACTTGGTATTCAAAGCAATCAGGCGAATCCGTTATTGTTTCTCCCGATGTAAAAGGTACTGTTACTGTATATTCATCTGACGTTAAACCTGAAAATCTACGCAATTTCTTTATTTCTGTTTTACGTGCAAATAATTTTGATATGGTAGGTTCTAACCCTTCCATTATTCAGAAGTATAATCCAAACAATCAGGATTATATTGATGAATTGCCATCATCTGATAATCAGGAATATGATGATAATTCCGCTCCTTCTGGTGGTTTCTTTGTTCCGCAAAATGATAATGTTACTCAAACTTTTAAAATTAATAACGTTCGGGCAAAGGATTTAATACGAGTTGTCGAATTGTTTGTAAAGTCTAATACTTCTAAATCCTCAAATGTATTATCTATTGACGGCTCTAATCTATTAGTTGTTAGTGCTCCTAAAGATATTTTAGATAACCTTCCTCAATTCCTTTCAACTGTTGATTTGCCAACTGACCAGATATTGATTGAGGGTTTGATATTTGAGGTTCAGCAAGGTGATGCTTTAGATTTTTCATTTGCTGCTGGCTCTCAGCGTGGCACTGTTGCAGGCGGTGTTAATACTGACCGCCTCACCTCTGTTTTATCTTCTGCTGGTGGTTCGTTCGGTATTTTTAATGGCGATGTTTTAGGGCTATCAGTTCGCGCATTAAAGACTAATAGCCATTCAAAAATATTGTCTGTGCCACGTATTCTTACGCTTTCAGGTCAGAAGGGTTCTATCTCTGTTGGCCAGAATGTCCCTTTTATTACTGGTCGTGTGACTGGTGAATCTGCCAATGTAAATAATCCATTTCAGACGATTGAGCGTCAAAATGTAGGTATTTCCATGAGCGTTTTTCCTGTTGCAATGGCTGGCGGTAATATTGTTCTGGATATTACCAGCAAGGCCGATAGTTTGAGTTCTTCTACTCAGGCAAGTGATGTTATTACTAATCAAAGAAGTATTGCTACAACGGTTAATTTGCGTGATGGACAGACTCTTTTACTCGGTGGCCTCACTGATTATAAAAACACTTCTCAGGATTCTGGCGTACCGTTCCTGTCTAAAATCCCTTTAATCGGCCTCCTGTTTAGCTCCCGCTCTGATTCTAACGAGGAAAGCACGTTATACGTGCTCGTCAAAGCAACCATAGTACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTTGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGGCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGGTGAAGGGCAATCAGCTGTTGCCCGTCTCACTGGTGAAAAGAAAAACCACCCTGGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGAATTCGAGCTCGGTACCCGGGGATCCTCCGTCTTTATCGAGGTAACAAGCACCACGTAGCTTAAGCCCTGTTTACTCATTACACCAACCAGGAGGTCAGAGTTCGGAGAAATGATTTATGTGAAATGCGTCAGCCGATTCAAGGCCCCTATATTCGTGCCCACCGACGAGTTGCTTACAGATGGCAGGGCCGCACTGTCGGTATCATAGAGTCACTCCAGGGCGAGCGTAAATAGATTAGAAGCGGGGTTATTTTGGCGGGACATTGTCATAAGGTTGACAATTCAGCACTAAGGACACTTAAGTCGTGCGCATGAATTCACAACCACTTAGAAGAACATCCACCCTGGCTTCTCCTGAGAA

Sequence of core staples:

	Name
	Sequence
	Note

	0[5]
	CTTTCAACAGACGTTAGTAAATGAATTTTCTGTATTTTT
	core

	34[5]
	TTTTTCACGACGTTGTGTTAATGCCCCTTTTT
	core

	2[5]
	TTTTTTGGGATTTTGGTTGCGCCGATTTTT
	core

	10[5]
	AATCATTGGAACGAGTAGTAAATTGGGCTTGAGATTTTT
	core

	26[5]
	TTTTTTTGCCTGAGAGTTTTTTAACCATTTTT
	core

	6[5]
	TTTTTTGCCACTACGAATCATAAGGTTTTT
	core

	30[5]
	CTCCAGCCCAGTTTGAGGGGACGACGACAGTATCTTTTT
	core

	14[5]
	TTTTTGGAATTACGATTAAACAGTTTTTTT
	core

	12[5]
	TTTTTTGGTTTAATTAACGCCAAAATTTTT
	core

	36[5]
	TTTTTCTGCCTATTTCAGAACCGCCACTTTTT
	core

	7[23]
	TTTTTGAACCGAACTGACCAACT
	core

	16[5]
	TTTTTCAGAAAACGATAATTGCTCCTTTTT
	core

	27[23]
	TTTTTATAGGAACGCCATCAAAA
	core

	32[5]
	TTTTTGGCCTCAGGAAGTTTTCCCAGTTTTTT
	core

	22[5]
	TTTTTAGCTATATTTTAGCCTTTATTTTTTTT
	core

	4[5]
	TTTTTCAATGACAACAAATACGTAATTTTT
	core

	20[5]
	GGCGCGAGTTTCGCAAATGGTCAATAACCTGTTTTTTTT
	core

	37[23]
	TTTTTCCTCAGAACCGCCACCCT
	core

	24[5]
	TTTTTCAACGCAAGGACTATCAGGTCATTTTT
	core

	17[23]
	TTTTTTTTTGATAAGAGGTCATT
	core

	15[55]
	ATAATGCTAACCAGACCGGAAGCACCTGACTA
	core

	35[87]
	AGTTTCGTTGCCGTCGAGAGGGTTGATTAGCG
	core

	2[40]
	GATCTAAAGTTTTGTCGTCTTTCCAGTTTCAGCGGAGTGAAGGTGAAT
	core

	12[72]
	CTCATTCACATTATACCAGTCAGGTTACAGGT
	core

	16[40]
	TTCATTGAAAAATCAGGTCTTTACAACTCCAA
	core

	13[87]
	AAGATTAATAATAGTAAAATGTTTGAGAGGCT
	core

	7[55]
	AGCCGGAAGGACAGATGAACGGTGTACAGACC
	core

	22[40]
	TAGATACACTGAAAAGGTGGCATCCATTATGA
	core

	27[87]
	TGTAAACGCATTAAATGTGAGCGAGTAACAAC
	core

	33[23]
	ATTATTCTGTGCCCGTATAAACAAAAACGA
	core

	13[55]
	TTATAGTCAATACTGCGGAATCGTGTTTACCA
	core

	36[40]
	GAGTAACAGAAACATGAAAGTATTCGTACTCA
	core

	0[72]
	TTTTCACGCCTGTAGCATTCCACAGACAGCCC
	core

	21[23]
	TTTTAGAATACTTTTGCGGGAGACATTTGG
	core

	25[87]
	CCGTCGGAGATTGTATAAGCAAATCCCGGTTG
	core

	13[23]
	ATAAATCAATCCCCCTCAAATGCTGGCATAGT
	core

	14[40]
	CACATTCACACTATCATAACCCTCCATAAATA
	core

	35[23]
	CAGAGCCAAGTACCGCCACCCTCGGAACCT
	core

	25[55]
	TTCATCAATTAATATTTTGTTAAAAATCGTAA
	core

	33[55]
	GAGACTCCAAGTTTTAACGGGGTCAAATCCTC
	core

	30[72]
	AGGCTGCGCGGATTGACCGTAATGGGATAGGT
	core

	7[87]
	TGTCGAAAAGGCTGGCTGACCTTCATCAAGAG
	core

	17[87]
	TCAAAGCGGTAGCTCAACATGTTTTAAATATG
	core

	32[72]
	CACGTTGGCAGGCAAAGCGCCATTGCTATTAC
	core

	24[72]
	AAGCTAAAATGTGTAGGTAAAGATCAACCGTT
	core

	21[55]
	CCTGAGTATCGGTTGTACCAAAAAAATTCTAC
	core

	5[23]
	TTGAAAGACGAGGCGCAGACGGTCAAGGCACC
	core

	23[87]
	ATAATCAGCCATCAATATGATATTTCAAAAGG
	core

	2[72]
	TCATAGTTCTAAAGGAATTGCGAATTTAATTG
	core

	5[87]
	TAATCTTGTTTGTATCATCGCCTGCGATTATA
	core

	30[40]
	CCGGAAACTGTAGATGGGCGCATCGTAACCGT
	core

	33[87]
	GGGTTTTGGGCTTTTGATGATACAGTCTCTGA
	core

	37[55]
	GGAGGTTTCCACCCTCATTTTCAGGGATAGCA
	core

	1[87]
	ATCGTCACGGCTCCAAAAGGAGCCTAATAATT
	core

	24[40]
	CCCTGTAACCCTCATATATTTTAAAGGGTAGC
	core

	12[40]
	GGCTTGCCCTGACGAGAAACACCATGAATTACCTTATGCGAGGAATAC
	core

	6[40]
	GAGGAAGTACGAAAGAGGCAAAAGTGTTACTT
	core

	6[72]
	ACAGAGGCCATCTTTGACCCCCAGATAAATTG
	core

	22[72]
	ATTCTGCGGTAGCATTAACATCCAAGAGCATA
	core

	27[55]
	TAAATTTTCGTCTGGCCTTCCTGTAGCCAGCT
	core

	21[87]
	GTGAGAAATAAGCAATAAAGCCTCATAAATCA
	core

	37[87]
	TATAGCCCAGGAACCCATGTACCGTAACACTG
	core

	11[23]
	AAGAGCAAACTAATGCAGATACATTCAACTTT
	core

	31[55]
	ATTAAAGCGCGAAAGGGGGATGTGTTCTGGTG
	core

	25[23]
	ATAATTCGTGTTAAATCAGCTCATCTGGAG
	core

	16[72]
	TAGCGTCCAGAAGCAAAGCGGATTTTCGAGCT
	core

	31[87]
	ATTTACCGCGGTGCGGGCCTCTTCCGCCATTC
	core

	10[72]
	AAGAAAAAACCCAAATCAACGTAACAAAGCTG
	core

	3[87]
	CCAAGCGCATCGGAACGAGGGTAGTTTGCGGG
	core

	4[40]
	TTCTTAAATAACCGATATATTCGGTTTTTCAT
	core

	4[72]
	TATCGGTTGGAGTTAAAGGCCGCTCAACGGCT
	core

	3[23]
	AACCTAAATTCCATTAAACGGGTAAACCATCG
	core

	36[72]
	CTGGTAATTCAAGAGAAGGATTAGGATATAAG
	core

	26[40]
	TATTTTTGAGAATCGATGAACGGTATTCGCAT
	core

	32[40]
	GCATCTGCAGCTTTCCGGCACCGCCTGCAAGG
	core

	14[72]
	AGAAAGATTAAAAACCAAAATAGCAGACTGGA
	core

	26[72]
	CTAGCTGATGTCAATCATATGTACATTTAAAT
	core

	31[23]
	CGGCCAGTTTGGGTAACGCCAGGGATCGCA
	core

	1[23]
	CCCACGCACAGCTTGATACCGATACTAAACAA
	core

	17[55]
	CAGGTCAGTGGCTTAGAGCTTAATTGCTGAAT
	core

	11[55]
	GACGACGATCATCAGTTGAGATTTATTTTAAG
	core

	15[23]
	TTTGCGGAGATTAGAGAGTACCTTGAATGACC
	core

	23[23]
	CAAACAAGAGAGATCTACAAAGGTAAAAAT
	core

	3[55]
	AAAACACTTTTGAGGACTAAAGACTCGCTGAG
	core

	23[55]
	AACTAGCATAAATTAATGCCGGAGATGCAATG
	core

	20[72]
	TACAGGCAATTCCATATAACAGTTGATTCCCA
	core

	20[40]
	TAATAGTAAACGAGTAGATTTAGTTTGACCAT
	core

	34[72]
	GCCAGCTGCAGAATGGAAAGCGCAGGAGTGTA
	core

	34[40]
	CGATTAAGGCCAAGCTAAACAAATAGTGCCTT
	core

	15[87]
	CAACTAAAAAATATCGCGTTTTAAGCATCAAA
	core



Sequence of biotin-modified staples:
Branch A-biotin   GCTTGCAGTATCAGCTTGCTTTCGGAATAGAA
Branch B-biotin   TTTGCAAATAACGGAACAACATTAACGTTGGG
Branch C-biotin   TTTTAGAATACTTTTGCGGGAGACATTTGG

Sequence of locker sequences:
Locker AB   AACTGGCTGTGAATAAAGGCGCATTCCGCGACCTGCTCCAAATACACT
Locker BC   TAATAGTAAACGAGTA ATAATGCTAACCAGACCGGAAGCACCTGACTA
Locker AC   AGGAACAAAGCGTAACGATTTAGTTTGACCAT TAGATACACTGAAAAGGTGGCA TCCATTATGA
Locker BD   CAGGTCAGTGGCTTAGAGCTTAATTGCTGAATAGCCCAATGGAATAGGTGTATCA CAAGAGGCT

Sequence of stacking DNA staples:
A-1   AACTACAACGTTGAAAATCT
A-2   CCAAAAAAAACCTCAGCAGC
A-3   GAAAGACAGCGAAACAAAGT
A-4   ACAACGGAGAACAAGAACCG 

B-1   GATATTCATTTCTACGTTAA
B-2   TAAAACGAACAGAAGTTTTG
B-3   CCAGAGGGGGGAGGAAGCCC
B-4   GAAAGACTTCGTACGGTGTC

C-1   TGGAAGTTTCAGGCAAAGAA
C-2   TTAGCAAAATGGCCGGAGAC
C-3   AGTCAAATCAAAAAGCCCCA
C-4   AAAACAGGAATTCTCCGTGG

D-1   GAACAAACGGCAACTGTTGG
D-2   GAAGGGCGATTTCCAGTAAG
D-3   CGTCATACATCTCAGTACCA
D-4   GGCGGATAAGCACCAGTACA 
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