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Materials. The single-stranded DNA scaffold (p7560) was extracted from 

M13 bacteriophage. Chemically synthesized DNA short strands were 

purchased from IDT (www.idtdna.com) and were used without further 

purification. All other reagents were purchased from Sigma-Aldrich. 

DNA origami design and folding. The DNA origami was designed with the 

software CaDNAno (http://cadnano.org/)1. For DNA Origami folding, 10 nM 

scaffold together with a tenfold excess of each staple strand was mixed in 1×TE 

(10 mM Tris, 1 mM EDTA; pH 8.0) buffer with 10 mM MgCl2. In the annealing 

process the folding mixture was heated at 80°C and slowly cooled down to 25°C 

at the rate of -1°C/3 min. Afterwards, the folded DNA origami was purified from 

excess staple strands by PEG precipitation. DNA origami samples were mixed 

with 15% PEG solution (15% PEG 8000, 1xTE, 505 mM NaCl, 10 mM MgCl2) 

at 1:1 ratio, then the mixtures were centrifuged at 17,900 rcf for 25 min. The 

supernatant was removed and add 1×TE buffer with 10 mM MgCl2 to resuspend 

the sample. The precipitation process can be repeated more rounds to remove 

excess staple strands. 

Agarose gel electrophoresis. DNA origami samples were subjected to 

agarose gel electrophoresis at 70 V for 2-3 hours in an ice water bath. Gels 

were prepared with 0.5 ×TBE buffer containing 10 mM MgCl2 and 0.005% (v/v) 

Ethidium Bromide.  

AFM imaging. Take 2 µL samples and deposit onto freshly cleaved mica. Fill 

the sample area with 80 µL 1×TE buffer with 10 mM MgCl2. The samples were 

imaged on a Multimode VIII system (Bruker) in liquid using commercial tips 

(SNL-10, Bruker). 
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Coarse-grained oxDNA simulations. The oxDNA topology and 

configuration files of all MEO structures were generated based on the MEO-36 

caDNAno design file using an in-house MATLAB script. The protocol for 

relaxing each of these structures was adapted from our previous study;2 briefly, 

this involved substituting the back-bone potential with linear springs, gradually 

increasing the spring constants, and then applying mutual traps between paired 

scaffold and staple bases to ensure proper hydrogen bonding during a ~105 

timesteps-long molecular dynamics (MD) relaxation period. Then, a short MD 

simulation of 106 timesteps using the original oxDNA2 force field,3 but still 

enforcing mutual traps, followed by a longer equilibrium simulation with no 

mutual traps for 107 timesteps was conducted. The production step of the MD 

simulations where structural data was collected for analysis was then 

conducted for much longer 108 time steps. In these simulation stages, we used 

a timestep of 3.03 fs and the temperature was held constant at 30°C using an 

Anderson-like thermostat. To better match the experimental conditions of AFM 

imaging, we also carried out additional simulations for 107 timesteps 

implementing repulsion planes to apply external forces and constrain the 

structure in a confined quasi-2D configuration mimicking that of deposited and 

AFM-imaged structures. The stiffness constants of the repulsion planes were 

set to 0.0565 pN/nm. The output MD trajectories from these simulations with 

repulsion planes were used for calculating the mean configuration (by the 

singular value decomposition (SVD) algorithm4) and exported to UCSF 

Chimera5 to render images.   
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Figure S1. Design of 2D modular expandable DNA origami. a) Routing of DNA scaffold. 
All the crossovers are on the DNA scaffold. b) Adding DNA staples to the existing DNA 
scaffold. Each staple DNA is 26-nt long. c) Adding loops to the structure. Each loop is 
designed in the center of DNA unit. When the DNA unit contains crossover, a half 
crossover is converted into 20-nt loop to be shared by two neighboring DNA units. The 
DNA origami structure contains 19 columns and 9 rows of DNA units in total. d) DNA 
origami structure after fully expanded of each DNA unit. The half crossover becomes 
double crossover.  
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Figure S2. Characterization of one-pot assembled MEO-26 and MEO-36. a) 2% 
agarose gel electrophoresis analysis of MEO-26 and MEO-36. Lane 1: one-pot 
assembled MEO-26 using 26-base staple DNA. Lane 2: one-pot assembled MEO-36 
using 36-base staple DNA. Lane 3: one-pot assembled MEO-36 using both 26-base 
and 36-base staple DNA. b), d) and f) were AFM imaging of three samples. Scale bar: 
400 nm. c), e) and g) were length histogram of three samples and the corresponding 
Gaussian fitting. The mean length for three samples were 159.1±6.4 nm (N=124), 
229.8±6.7 nm (N=139), and 234.4±6.9 nm (N=152), respectively. The error is the 
standard deviation of Gaussian fits, and N presents the number of structures has been 
counted. 
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Figure S3. Optimization of expansion of MEO at different conditions. a) 2% native 
agarose gel electrophoresis of MEO after incubation with expansion strands at 
different temperatures. Unpurified MEO-26 was incubated with all the expansion 
strands with 30˚C, 40˚C, 50˚C and 60˚C overnight. b) The transformation yields of MEO 
at different temperatures. The structures with length over 220nm were counted as 
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successful transformation. The transformation ratio was 41.2% (N=34) for 30˚C, 69.5% 
(N=82) for 40˚C, 81.8% (N=137) for 50˚C, and 80.7% (N=88) for 60˚C. c), d), e) and f) 
Top: The AFM imaging results of products after expansion at the corresponding 
conditions. Scale bar: 400 nm. Below: the normalized length distribution of products at 
the corresponding conditions and the corresponding Gaussian fitting. The length for 
four samples were 219.0±9.2 nm (N=34), 222.5±4.0 nm (N=82), 226.4±4.7 nm 
(N=137), and 226.7±5.7 nm (N=88), respectively. g) 2% agarose gel electrophoresis 
of MEO after expansion at 50˚C and different concentration of formamide. Unpurified 
MEO-26 was incubated with all the expansion strands with 0%, 10%, 20% and 30% of 
formamide at 50˚C overnight. h), i), j) and k) Top: The AFM imaging of products after 
expansion at the corresponding conditions. Scale bar: 400 nm. Below: the normalized 
length distribution of products at the corresponding conditions and the corresponding 
Gaussian fitting. The length for four samples were 227.2±4.7 nm (N=67), 225.8±7.0 
nm (N=86), 229.2±4.8 nm (N=69), and 229.3±7.0 nm (N=40), respectively. The error 
is the standard deviation of Gaussian fits, and N presents the number of structures that 
have been counted. 

 

Figure S4. Stability test of MEO under 10% formamide and 50˚C. a) 2% agarose gel 
electrophoresis of MEO-26 with 10% formamide and 50˚C incubation overnight. A 
control was made with p7560 scaffold with 26-base staple DNA and 10% formamide 
incubated at 50˚C overnight. b), d) and f) shows the AFM imaging of three samples. 
Scale bar: 400 nm. c), e), g) show the normalized frequency of length distribution of 
samples and the corresponding Gaussian fitting. The length for three samples were 
157.9±6.1 nm (N=100), 158.4±2.8 nm (N=68), and 159.6±4.8 nm (N=84), respectively. 
The error is the standard deviation of Gaussian fits, and N presents the number of 
structures that have been counted. 
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Figure S5. Strand displacement completeness test of MEO under 10% formamide and 
50˚C. The expansion strands were divided into 10 groups, from G1 to G10 (a), 
respectively. (b) Unpurified MEO-26 was incubated with each group under 50˚C and 
10% formamide overnight. MEO-26 and the products were analyzed by native agarose 
gel electrophoresis. 
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Figure S6.  Illustration of distribution of expansion staples used for conformation MEO-
L1 (a), MEO-L2 (b), and MEO-36 (c). 
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Figure S7. AFM imaging of one-step expansion of MEO-26 (a) into MEO-L1 (b), MEO-
L2 (c) and MEO-36 (d) using expansion DNA set E1, E2 and E3, respectively. Scale 
bar: 400 nm. 
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Figure S8. Schematic of the MD simulation protocol. a) Initial configuration from the 
caDNAno design file. b) Representative structures obtained from MD simulations in a 
3D simulation box. c) Mean structure obtained from application of the SVD algorithm 
on all superimposed configurations obtained from an MD trajectory. d) In order to mimic 
the structure deposited on mica surface for AFM imaging, external forces using a set 
of repulsion planes separated by 8.5 nm were applied. The strength of the repulsion 
was chosen to flatten the structures but still allow some fluctuations along the Z 
direction. e) SVD-deduced mean configuration show good agreement with the AFM 
images, including this MEO-36 and other structures. 
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Figure S9.  Illustration of distribution of expansion staples used for conformation MEO-
L1 (a), MEO-L3 (b), and MEO-36 (c). 
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Figure S10. AFM imaging of multi-step expansion of MEO-26 (a) into MEO-L1 (b), 
MEO-L3 (c) and MEO-36 (d) using expansion set E1, E4 and E5, respectively. Scale 
bar: 400 nm. e) Agarose gel electrophoresis of MEO-26 and the expansion products 
MEO-L1, MEO-L3, MEO-36 and MEO-36 from one-pot assembly. 
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Curvature calculation of DNA origami structure. For a curved structure (in 

green) with a radian θ and inner radius r, there are mathematical relations as 

follow:  

sin(
𝜃
2) =

𝑑
2 ÷ 𝑟	, 

L = r ∙ θ	, 

then the θ is in relationship with L and d in the function: 

𝑠𝑖𝑛 5
𝜃
26 ÷ (

𝜃
2) =

𝑑
𝐿	, 

where the arc length L and chord length d can be measured from AFM images. 

Monte Carlo simulation was employed to calculate θ. We set the value for θ 

from 0 to π with 1×10-7 increment. The error e = |𝑠𝑖𝑛 ;!
"
< ÷ (!

"
) − #

$
|	will reflect 

the closeness to the real value. The θ to get e ≪ 1 × 10%& would be accepted 

and convert into degree for the curvature of the structure.  

 

Figure S11. Schematic of curved structure with measured arch length and chord 
length to calculate the central angle.  
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Figure S12. Illustration of distribution of expansion staples used for one-step 
expansion to conformation MEO-C1, MEO-C2 and MEO-C3. 
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Figure S13. AFM imaging of one-step expansion of MEO-26 (a) into curved 
conformation MEO-C1 (b), MEO-C2 (c), MEO-C3 (d) using expansion set E6, E7 and 
E8, respectively. Scale bar: 400 nm. 
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Figure S14.  Illustration of distribution of expansion staples used for conformation 
MEO-C2 (a), MEO-C3 (b) and MEO-36 (c). 
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Figure S15. AFM imaging of multi-step expansion of MEO-26 (a) into MEO-C1 (b), 
MEO-C2 (c), MEO-C3 (d) and MEO-36 (e) by adding expansion set E6, E9, E10 and 
E11 continuously. Scale bar: 400 nm. 
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Figure S16.  Illustration of distribution of expansion staples used for conformation 
MEO-C5 (a), MEO-C6 (b), MEO-C7 (c) and MEO-36 (d). 
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Figure S17. Modular expansion of MEO for curved conformation. MEO-26 (a) was 
modularly and step-wisely expanded into MEO-C5 (b), MEO-C6 (c), MEO-C7 (d) and 
MEO-36 (e) using expansion set E12, E13, E14 and E15, respectively. Scale bar: 400 
nm.  
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Figure S18.  Illustration of distribution of expansion staples used for conformation 
MEO-C4 (a), and MEO-C2 (b). 
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Figure S19. Alternative pathways for achieving curvature control of MEO-C2. Pathway 
1: MEO-26 (a) was expanded into MEO-C4 (b) and MEO-C2 (c) by expansion set E16 
and E17 continuously. Pathway 2: MEO-26 was expanded into MEO-C1 and MEO-C2 
by expansion set E6 and E7 continuously. Scale bar: 400 nm. f) Agarose gel 
electrophoresis of MEO-26 and the expansion products MEO-C1, MEO-C2 and MEO-
C4. 
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Figure S20.  Illustration of distribution of expansion staples used for conformation 
MEO-C8.  
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Figure S21. Reversible control for curved DNA structure by expansion. MEO-26 (a) 
was incubated expansion strand set E18 to generate curved conformation MEO-C8 
(b). The expansion strand DNA was modified with 6-nt toehold. Then the expansion 
strand DNA was removed by the complementary DNA, resulting in MEO-C9 (c). After 
purification, the samples were incubated with 26-base staple DNA to recover the 
conformation MEO-26 (d). Scale bar: 400 nm. 

 

 

 

  



S25 
 

 

Figure S22.  a) Illustration of DNA loop as flexible points in the DNA origami structure. 
Each 10-base or 20-base DNA loop represents a flexible point. Adding expansion 
strands will reduce the flexible points. Distribution of expansion staples used for 
conformation MEO-C10 (b) and MEO-C11 (c). 
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Figure S23. Effect of DNA loop number on the curvature of DNA origami structure. a) 
Agarose gel electrophoresis of MEO-26 and other conformations with same number of 
expansion strands but different distributions on the DNA origami array. AFM imaging 
of MEO-C10 (b) and MEO-C11 (d) and the histogram of curvature of MEO-C10 (c). 
Scale bar: 400nm. 
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Figure S24.  Illustration of distribution of expansion staples used for conformation 
MEO-T1 (a), MEO-T2 (b), MEO-T3(c) and MEO-T4(d). 
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Figure S25. Twist control of MEO-26 by one-step expansion into conformation MEO-
T1 (b), MEO-T2 (c), MEO-T3 (d) and MEO-T4 (e) using expansion set E21, E22, E23 
and E24. Scale bar: 400 nm. 
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Figure S26. AFM amplitude imaging of sample MEO-T3 with the tip in trace and 
retrace direction to judge the chirality of the conformation. Scale bar: 50 nm. 
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Figure S27. Additional AFM amplitude imaging of sample MEO-T3 with the tip in trace 
and retrace direction to judge the chirality of the conformation. Scale bar: 50 nm. 
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Figure S28. Additional AFM amplitude imaging of sample MEO-T3 with the tip in trace 
and retrace direction to judge the chirality of the conformation. Scale bar: 50 nm. 
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Figure S29. Additional AFM amplitude imaging of sample MEO-T3 with the tip in trace 
and retrace direction to judge the chirality of the conformation. Scale bar: 50 nm. 
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Figure S30. Additional AFM amplitude imaging of sample MEO-T3 with the tip in trace 
and retrace direction to judge the chirality of the conformation. Scale bar: 50 nm. 
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Figure S31. Schematic of procedure for calculating twist angles. a) To investigate the 
twist angle of MEO-T3, we created the initial configuration with different twist angles 
along the x direction. To calculate the twist angles, we divided the longitudinal length 
in each structure into 19 segments (each representing the array of 9 modules), as 
shown in different colors. b) After relaxation and equilibration, the twisted 3D 
conformation is coupled with other deformation modes, such as elongation and 
bending along the central axis. Therefore, to calculate the twist angle between adjacent 
segments, we used the SVD algorithm to transform (via a translation and rotation 
matrix [T]) each segment to the corresponding segment on the initial, idealized 
configuration, and then measure the relative twist angle between adjacent projected 
segments using select reference points on the structure (green circles). 
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Figure S32. Quantitative estimation of the twist angle of MEO-T3. a) Initial 
configurations were created with the same topology, but with different levels of twist, 
such as flat, left-handed, or right-handed configurations. b) Simulation results of the 
twist angles. Initial configurations are specified in each plot and shown as red lines. 
After relaxation and equilibration, the MD trajectory yields a series of configurations in 
time, shown in yellow to blue. The green curve is the average curve across the entire 
trajectory, not the mean configuration. The simulations show that the possible twist 
angles in 3D solution are distributed across a wide range of left- and right-handed 
configurations. c) Visualization of the last configuration obtained from the MD 
trajectories initiated from right-handed-90, left-handed-180, and right-handed-180 
configurations. The first and last row were rendered in red and green colors to better 
visualize the twist in each structure. Note that the twist angles are not uniformly 
distributed along the length of the structure but concentrate locally at certain regions. 
For example, the primary twist region are localized within the first one-quarter of the 
right-handed-90 structure, the last half of the left-handed-180 structure, and the middle 
portion of the right-handed-360 structure. 
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Figure S33. Exploring the upper and lower limits of twist angle. We created initial 
configurations with left- and right-handed twist of more than 1.5 turns, and the results 
shown here were obtained from simulation trajectories after relaxation and equilibrium 
steps. The data show that the simulations always relax the structures to roughly similar 
and smaller twist angles in both left- and right-handed systems, providing an estimate 
of the maximum possible left and right-handed twist MEO-T3 can accommodate. The 
results also illustrate the ability of the oxDNA model to correct intentionally over-twisted 
configurations. 
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Figure S34. Mean configurations after applying clamping forces on MEO-T3. The 
staples on the first row of modules were rendered as red to distinguish differences in 
chirality. Here we only display the 19×9 modular units. The rest of the scaffold and 
staples were simulated in the system but not displayed for better visualization. a)-f) 
(Top) Images rendered from the view parallel to the normal vector of the repulsion 
planes. (Bottom) Tilted view from the top for distinguishing chirality.   
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Figure S35. Additional mean configurations after applying clamping forces on MEO-
T3. g)-l) (Top) Images rendered from the view parallel to the normal vector of the 
repulsion planes. (Bottom) Tilted view from the top for distinguishing chirality.  
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Figure S36. Additional mean configurations after applying clamping forces on MEO-
T3. m)-p) (Top) Images rendered from the view parallel to the normal vector of the 
repulsion planes. (Bottom) Tilted view from the top for distinguishing chirality. 
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Figure S37.  Illustration of distribution of expansion staples used for conformation 
MEO-T5 (a), MEO-T6 (b) and MEO-T2 (c). 
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Figure S38.  Illustration of distribution of expansion staples used for conformation 
MEO-T7 (a), MEO-T2 (b). 
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Figure S39. Multi-pathway and multi-step expansion of MEO for twist control. Two 
pathways were demonstrated to reach MEO-T2 from MEO-26: a) MEO-26 was 
incubated with expansion set E25, E26 and E27 to generate the conformation MEO-
T5, MEO-T6 and MEO-T2, respectively. b) MEO-26 was incubated with expansion set 
E28 and E29 to generate the conformation MEO-T7 and MEO-T2, respectively. Scale 
bar: 400 nm. 
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Figure S40.  3D tube MEO (T-MEO) for length and curvature transformation. (a) Top: 
one-step expansion of tube MEO-26 into TUBE MEO-L1, TUBE MEO-L2 and TUBE 
MEO-36. Bottom: one-step expansion of TUBE MEO-26 into TUBE MEO-C1, TUBE 
MEO-C2 and TUBE MEO-C3. Scale bar: 50 nm. (b) Agarose gel electrophoresis of the 
sample TUBE MEO-26, TUBE MEO-L1, TUBE MEO-L2 and TUBE MEO-36. (c) 
Normalized length histogram of TUBE MEO-26, TUBE MEO-L1, TUBE MEO-L2 and 
TUBE MEO-36 and the corresponding Gaussian fitting. The mean length is 162.7±7.5 
nm (N=50) for TUBE MEO-26, 175.4±6.6 nm (N=52) for TUBE MEO-L1, 198.3±8.1 nm 
(N=42) for TUBE MEO-L2, and 222.7±9.6 nm (N=46) for TUBE MEO-36. (d) Agarose 
gel electrophoresis of the sample TUBE MEO-26, TUBE MEO-C1, TUBE MEO-C2 and 
TUBE MEO-C3. (e) Normalized curvature histogram of TUBE MEO-C1, TUBE MEO-
C2 and TUBE MEO-C3 and the corresponding Gaussian fitting. The mean curvature 
is 134.5±23.7˚ (N=93) for TUBE MEO-C1, 164.2±39.7˚(N=75) for TUBE MEO-C2, 
143.2±29.3˚ (N=64) for TUBE MEO-C3. The error is the standard deviation. 
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Figure S41. Design of tube modular expandable DNA origami. a) Routing of DNA 
scaffold. All the crossovers are on the DNA scaffold. b) Adding DNA staples to the 
existing DNA scaffold. Each staple DNA is 26-nt long. c) Adding loops to the structure. 
Each loop is designed in the center of DNA unit. When the DNA unit contains crossover, 
a half crossover is converted into 20-nt loop to be shared by two neighboring DNA 
units. The DNA origami structure contains 19 columns and 10 rows of DNA units in 
total. d) Tubular DNA origami structure after fully expanded of each DNA unit. The half 
crossover becomes double crossover.  
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Figure S42. Illustration of distribution of expansion staples used for conformation 
TUBE MEO-L1, TUBE MEO-L2 and TUBE MEO-36. 
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Figure S43. AFM imaging of one-step expansion of TUBE MEO-26 (a) into 
conformation TUBE MEO-L1 (b), TUBE MEO-L2 (c), TUBE MEO-36 (d) using 
expansion set TE1, TE2 and TE3, respectively. Scale bar: 200 nm. 
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Figure S44. Illustration of distribution of expansion staples used for conformation 
TUBE MEO-C1, TUBE MEO-C2 and TUBE MEO-C3. 
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Figure S45. AFM imaging of one-step expansion of TUBE MEO-26 (a) into 
conformation TUBE MEO-C1 (b), TUBE MEO-C2 (c), TUBE MEO-C3 (d) using 
expansion set TE4, TE5 and TE6, respectively. Scale bar: 200 nm. 

 

 

Figure S46. TEM imaging of one-step expansion of TUBE MEO-26 into conformation 
TUBE MEO-C1 (a), TUBE MEO-C2 (b) and TUBE MEO-C3. Scale bar: 500 nm. 
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Figure S47. Diagram of 19×9 2D DNA origami array before expansion. 

 

 

 

 

Figure S48. Diagram of 19×9 2D DNA origami array after fully expansion. 
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Figure S49. Diagram of 19×10 tube DNA origami array before expansion. 

 

 

 

Figure S50. Diagram of 19×10 tube DNA origami array after fully expansion. 
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Table S1. Staple DNA sequence for 19×9 DNA origami array before expansion. 
Start End Sequence Length note 

0[55] 0[40] CCGGTTGATAATCCAAAAACAGGAAG 26 core strand 

0[71] 0[56] TCAACATGTTTTAAATCATATGTACC 26 core strand 

0[87] 0[72] GGCTTAGAGCTTAATAATGCTGTAGC 26 core strand 

0[103] 0[88] TTTAATCATTGTGCATTTTTGCGGAT 26 core strand 

0[119] 0[104] AGTAGTAAATTGGGTTTAATTTCAAC 26 core strand 

0[135] 0[120] TCTTAAACAGCTTAAACACCAGAACG 26 core strand 

0[151] 0[136] TTGTATCGGTTTATTCGAGGTGAATT 26 core strand 

0[167] 0[152] TGATACAGGAGTGAAGGAGCCTTTAA 26 core strand 

0[183] 0[168] TTTACCGTTCCAGACATGGCTTTTGA 26 core strand 

0[199] 0[184] GGCAACATATAAACGCAGTCTCTGAA 26 core strand 

0[215] 0[200] TATGTTAGCAAACCATACATAAAGGT 26 core strand 

0[231] 0[216] GCCGTTTTTATTTCCTTATTACGCAG 26 core strand 

0[247] 0[232] ATTAAACCAAGTACGAGAACAAGCAA 26 core strand 

0[263] 0[248] ATTAAGACGCTGATCCAAGAACGGGT 26 core strand 

0[279] 0[264] TCCCTTAGAATCCAGCGATAGCTTAG 26 core strand 

0[295] 0[280] ACAACTAATAGATTATTAATTAATTT 26 core strand 

0[311] 0[296] TGAGGAAGGTTATTTTAGGAGCACTA 26 core strand 

0[327] 0[312] GGTACGCCAGAATAGTTGAAAGGAAT 26 core strand 

0[343] 0[328] AACAGGAGGCCGATTTAGACAGGAAC 26 core strand 

1[40] 1[55] AAACGTTAATATTAGCAAACAAGAGA 26 core strand 

1[56] 1[71] ATCGATGAACGGTAATATGCAACTAA 26 core strand 

1[72] 1[87] AGTACGGTGTCTGGGTCAGGATTAGA 26 core strand 

1[88] 1[103] GAGTACCTTTAATAATTACCTTATGC 26 core strand 

1[104] 1[119] GATTTTAAGAACTACGTAACAAAGCT 26 core strand 

1[120] 1[135] GCTCATTCAGTGAGATACCGATAGTT 26 core strand 

1[136] 1[151] GCGCCGACAATGAAATAATAATTTTT 26 core strand 

1[152] 1[167] TCACGTTGAAAATTACTGGTAATAAG 26 core strand 

1[168] 1[183] TTTTAACGGGGTCTGATATTCACAAA 26 core strand 

1[184] 1[199] CAAATAAATCCTCAGAAACGCAAAGA 26 core strand 

1[200] 1[215] CACCACGGAATAAACGCAATAATAAC 26 core strand 

1[216] 1[231] GGAATACCCAAAATCATCGTAGGAAT 26 core strand 

1[232] 1[247] CATTACCGCGCCCCGAGCATGTAGAA 26 core strand 

1[248] 1[263] ACCAATCAATAATGAAGAGTCAATAG 26 core strand 

1[264] 1[279] TGAATTTATCAAAAAATCAATATATG 26 core strand 

1[280] 1[295] TGAGTGAATAACCTAGAGCCGTCAAT 26 core strand 

1[296] 1[311] AGATAATACATTTCAAATATCAAACC 26 core strand 

1[312] 1[327] CTCAATCAATATCCCTGAGAAGTGTT 26 core strand 

1[328] 1[343] TTTATAATCAGTGTGGTTGCTTTGAC 26 core strand 

4[55] 4[40] CCTGAGAGTCTGGTTTTTGTTAAATC 26 core strand 

4[71] 4[56] TTCTGCGAACGAGTATCAGGTCATTG 26 core strand 

4[87] 4[72] GCAAACTCCAACAAGTTGATTCCCAA 26 core strand 

4[103] 4[88] AAATCTACGTTAAAACCAGACCGGAA 26 core strand 
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4[119] 4[104] ATTACCCAAATCAACGTTGGGAAGAA 26 core strand 

4[135] 4[120] CGGTCGCTGAGGCGAACCGGATATTC 26 core strand 

4[151] 4[136] TAAAGGAATTGCGTAACCGATATATT 26 core strand 

4[167] 4[152] TAATGCCCCCTGCAGAAAGGAACAAC 26 core strand 

4[183] 4[168] AGACGATTGGCCTCCGTATAAACAGT 26 core strand 

4[199] 4[184] TGGTTTACCAGCGGTTGAGGCAGGTC 26 core strand 

4[215] 4[200] GGAAACCGAGGAATAGAAAATTCATA 26 core strand 

4[231] 4[216] CGGTATTCTAAGAAAAGTTACCAGAA 26 core strand 

4[247] 4[232] CCATCCTAATTTATAGAAGGCTTATC 26 core strand 

4[263] 4[248] CGGCTTAGGTTGGGAAAAATAATATC 26 core strand 

4[279] 4[264] GGAAACAGTACATCCTTTTTAACCTC 26 core strand 

4[295] 4[280] TCGACAACTCGTATACCTTTTTTAAT 26 core strand 

4[311] 4[296] CCTTGCTGAACCTCTTTACAAACAAT 26 core strand 

4[327] 4[312] AAATTAACCGTTGATCTAAAGCATCA 26 core strand 

4[343] 4[328] AGGGCGCGTACTACTGTCCATCACGC 26 core strand 

5[40] 5[55] CCATCAAAAATAAAATTAATGCCGGA 26 core strand 

5[56] 5[71] GAGGGTAGCTATTTAGATTTAGTTTG 26 core strand 

5[72] 5[87] ACCATTAGATACAGCCCGAAAGACTT 26 core strand 

5[88] 5[103] CAAATATCGCGTTTAAAACGAACTAA 26 core strand 

5[104] 5[119] CGGAACAACATTACCAGGCGCATAGG 26 core strand 

5[120] 5[135] CTGGCTGACCTTCTTGCAGGGAGTTA 26 core strand 

5[136] 5[151] AAGGCCGCTTTTGTGGGATTTTGCTA 26 core strand 

5[152] 5[167] AACAACTTTCAACCTATTTCGGAACC 26 core strand 

5[168] 5[183] TATTATTCTGAAACCGCCACCAGAAC 26 core strand 

5[184] 5[199] CACCACCAGAGCCCCAAAGACAAAAG 26 core strand 

5[200] 5[215] GGCGACATTCAACTATCTTACCGAAG 26 core strand 

5[216] 5[231] CCCTTTTTAAGAAACGCGAGGCGTTT 26 core strand 

5[232] 5[247] TAGCGAACCTCCCAATGCAGAACGCG 26 core strand 

5[248] 5[263] CCTGTTTATCAACGTTATATAACTAT 26 core strand 

5[264] 5[279] ATGTAAATGCTGAACATCAAGAAAAC 26 core strand 

5[280] 5[295] AAAATTAATTACATTAAATCCTTTGC 26 core strand 

5[296] 5[311] CCGAACGTTATTACACCGCCTGCAAC 26 core strand 

5[312] 5[327] AGTGCCACGCTGATAGCAATACTTCT 26 core strand 

5[328] 5[343] TTGATTAGTAATAAAGTGTAGCGGTC 26 core strand 

8[55] 8[40] GTTCTAGCTGATAAGCCAGCTTTCAT 26 core strand 

8[71] 8[56] TTTTCATTTGGGGATGATATTCAACC 26 core strand 

8[87] 8[72] AGATTAAGAGGAACTGTTTAGCTATA 26 core strand 

8[103] 8[88] GGAATACCACATTGATTGCATCAAAA 26 core strand 

8[119] 8[104] AACGGTGTACAGACAGTTGAGATTTA 26 core strand 

8[135] 8[120] TCGGAACGAGGGTAAGAGGACAGATG 26 core strand 

8[151] 8[136] TGAATTTTCTGTAGCGAAAGACAGCA 26 core strand 

8[167] 8[152] AGAAGGATTAGGAAGACGTTAGTAAA 26 core strand 

8[183] 8[168] ACCACCCTCAGAGGAGACTCCTCAAG 26 core strand 

8[199] 8[184] ATTATTCATTAAACACCCTCAGAGCC 26 core strand 
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8[215] 8[200] AAATAGCAATAGCAATATTGACGGAA 26 core strand 

8[231] 8[216] ATTAGTTGCTATTGCAAGAAACAATG 26 core strand 

8[247] 8[232] AACATGTTCAGCTGCCTTAAATCAAG 26 core strand 

8[263] 8[248] AAACTTTTTCAAAGACGACAATAAAC 26 core strand 

8[279] 8[264] GATGATGAAACAAAAAGAACGCGAGA 26 core strand 

8[295] 8[280] GGAACAAAGAAACCTGAGCAAAAGAA 26 core strand 

8[311] 8[296] CGGTCAGTATTAAATTATCATTTTGC 26 core strand 

8[327] 8[312] TCGGCCTTGCTGGAACAGAGGTGAGG 26 core strand 

8[343] 8[328] CTAGGGCGCTGGCAGAACTCAAACTA 26 core strand 

9[40] 9[55] CCCGTCGGATTCTATTCAAAAGGGTG 26 core strand 

9[56] 9[71] AGAAAGGCCGGAGCGCGAGCTGAAAA 26 core strand 

9[72] 9[87] GGTGGCATCAATTCAAAAATCAGGTC 26 core strand 

9[88] 9[103] TTTACCCTGACTACAACTAATGCAGA 26 core strand 

9[104] 9[119] TACATAACGCCAAAGGCGCAGACGGT 26 core strand 

9[120] 9[135] CAATCATAAGGGAAGCAACGGCTACA 26 core strand 

9[136] 9[151] GAGGCTTTGAGGACAGCCCTCATAGT 26 core strand 

9[152] 9[167] TAGCGTAACGATCTTAGCGGGGTTTT 26 core strand 

9[168] 9[183] GCTCAGTACCAGGCCACCACCGGAAC 26 core strand 

9[184] 9[199] CGCCTCCCTCAGAGGTGAATTATCAC 26 core strand 

9[200] 9[215] CGTCACCGACTTGATCAGAGAGATAA 26 core strand 

9[216] 9[231] CCCACAAGAATTGTTGCACCCAGCTA 26 core strand 

9[232] 9[247] CAATTTTATCCTGAGAGAATATAAAG 26 core strand 

9[248] 9[263] TACCGACAAAAGGTATATTTTAGTTA 26 core strand 

9[264] 9[279] ATTTCATCTTCTGACCAAGTTACAAA 26 core strand 

9[280] 9[295] ATCGCGCAGAGGCCACCAGAAGGAGC 26 core strand 

9[296] 9[311] GGAATTATCATCAAAACATCGCCATT 26 core strand 

9[312] 9[327] AAAAATACCGAACTAATATCCAGAAC 26 core strand 

9[328] 9[343] AATATTACCGCCAACGGGGAAAGCCG 26 core strand 

12[55] 12[40] TGTGTAGGTAAAGTTGACCGTAATGG 26 core strand 

12[71] 12[56] TCATACAGGCAAGAATGCCTGAGTAA 26 core strand 

12[87] 12[72] AATGACCATAAATAACATCCAATAAA 26 core strand 

12[103] 12[88] TCATAACCCTCGTTTCAGAAAACGAG 26 core strand 

12[119] 12[104] CTTAGCCGGAACGAAGAGCAACACTA 26 core strand 

12[135] 12[120] ACGGGTAAAATACCTGCTCCATGTTA 26 core strand 

12[151] 12[136] AGCATTCCACAGAAAGTTTCCATTAA 26 core strand 

12[167] 12[152] ATAGCCCGGAATACTACAACGCCTGT 26 core strand 

12[183] 12[168] ACCGGAACCAGAGGGTTGATATAAGT 26 core strand 

12[199] 12[184] AGTAGCACCATTACATAATCAAAATC 26 core strand 

12[215] 12[200] ATTGAGCGCTAATCAGCAAAATCACC 26 core strand 

12[231] 12[216] GCCTAATTTGCCAAAGTCAGAGGGTA 26 core strand 

12[247] 12[232] CGAGCCAGTAATAGCGTCTTTCCAGA 26 core strand 

12[263] 12[248] TGATAAATAAGGCGCAGAGGCATTTT 26 core strand 

12[279] 12[264] GATTGCTTTGAATAATACCGACCGTG 26 core strand 

12[295] 12[280] ATATAATCCTGATAACGGATTCGCCT 26 core strand 
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12[311] 12[296] ACTGATAGCCCTATGGCAATTCATCA 26 core strand 

12[327] 12[312] CCTACATTTTGACCTTTAATGCGCGA 26 core strand 

12[343] 12[328] GATTTAGAGCTTGGCTCATGGAAATA 26 core strand 

13[40] 13[55] GCATCGTAACCGTCAACGCAAGGATA 26 core strand 

13[56] 13[71] AAAATTTTTAGAAGCAAAGAATTAGC 26 core strand 

13[72] 13[87] AAAATTAAGCAATAATCGTCATAAAT 26 core strand 

13[88] 13[103] ATTCATTGAATCCTTACCAGACGACG 26 core strand 

13[104] 13[119] ATAAAAACCAAAACGGAGATTTGTAT 26 core strand 

13[120] 13[135] CATCGCCTGATAAGTAATGCCACTAC 26 core strand 

13[136] 13[151] GAAGGCACCAACCATAGGAACCCATG 26 core strand 

13[152] 13[167] TACCGTAACACTGGGTGTATCACCGT 26 core strand 

13[168] 13[183] ACTCAGGAGGTTTTCGGCATTTTCGG 26 core strand 

13[184] 13[199] TCATAGCCCCCTTCCATTAGCAAGGC 26 core strand 

13[200] 13[215] CGGAAACGTCACCACAGGGAAGCGCA 26 core strand 

13[216] 13[231] TTAGACGGGAGAAGTTACAAAATAAA 26 core strand 

13[232] 13[247] CAGCCATATTATTCTTAATTGAGAAT 26 core strand 

13[248] 13[263] CGCCATATTTAACGTTAAATAAGAAT 26 core strand 

13[264] 13[279] AAACACCGGAATCCAGATGAATATAC 26 core strand 

13[280] 13[295] AGTAACAGTACCTTGTTTGGATTATA 26 core strand 

13[296] 13[311] CTTCTGAATAATGGCGTAAGAATACG 26 core strand 

13[312] 13[327] TGGCACAGACAATGCTCAATCGTCTG 26 core strand 

13[328] 13[343] AAATGGATTATTTAAGTTTTTTGGGG 26 core strand 

16[55] 16[40] GAAGCCTTTATTTACGACGACAGTAT 26 core strand 

16[71] 16[56] CCAAAAACATTATTACTTTTGCGGGA 26 core strand 

16[87] 16[72] TCCAATACTGCGGTAAATCGGTTGTA 26 core strand 

16[103] 16[88] GAGGGGGTAATAGAGACTGGATAGCG 26 core strand 

16[119] 16[104] AAACAAAGTACAAAGAAGTTTTGCCA 26 core strand 

16[135] 16[120] ACTCATCTTTGACTATACCAAGCGCG 26 core strand 

16[151] 16[136] GATAGCAAGCCCAAATACACTAAAAC 26 core strand 

16[167] 16[152] ACCGCCACCCTCACCTCATTTTCAGG 26 core strand 

16[183] 16[168] TAGCGCGTTTTCACGCCACCCTCAGA 26 core strand 

16[199] 16[184] AGCGACAGAATCATAGCGTCAGACTG 26 core strand 

16[215] 16[200] GAATAACATAAAACACCGTAATCAGT 26 core strand 

16[231] 16[216] TAACGTCAAAAATGCCTTTACAGAGA 26 core strand 

16[247] 16[232] CTCAACAGTAGGGACGATTTTTTGTT 26 core strand 

16[263] 16[248] TGCGTTATACAAATATAAAGCCAACG 26 core strand 

16[279] 16[264] TCAGGTTTAACGTGTTTAGTATCATA 26 core strand 

16[295] 16[280] GCACGTAAAACAGATTGCGTAGATTT 26 core strand 

16[311] 16[296] TTCTGACCTGAAAATCAAAATTATTT 26 core strand 

16[327] 16[312] ATAAAAGGGACATAGAGATAGAACCC 26 core strand 

16[343] 16[328] CATCACCCAAATCCACACGACCAGTA 26 core strand 

19[32] 19[47] ATCGCACTCCAGCCAGCTTTCCGGCACCGCTTCTGGTGCCGGAAACCAGGCAAAGC 56 loop strand 

19[48] 19[63] GCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCT 56 loop strand 

19[64] 19[79] TCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGT 56 loop strand 
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19[80] 19[95] AACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGCCAAGCTTT 56 loop strand 

19[96] 19[111] CTCAGGAGAAGCCAGGGTGGATGTTCTTCTAAGTGGTTGTGAATTCATGCGCACGA 56 loop strand 

19[112] 19[127] CTTAAGTGTCCTTAGTGCTGAATTGTCAACCTTATGACAATGTCCCGCCAAAATAA 56 loop strand 

19[128] 19[143] CCCCGCTTCTAATCTATTTACGCTCGCCCTGGAGTGACTCTATGATACCGACAGTG 56 loop strand 

19[144] 19[159] CGGCCCTGCCATCTGTAAGCAACTCGTCGGTGGGCACGAATATAGGGGCCTTGAAT 56 loop strand 

19[160] 19[175] CGGCTGACGCATTTCACATAAATCATTTCTCCGAACTCTGACCTCCTGGTTGGTGT 56 loop strand 

19[176] 19[191] AATGAGTAAACAGGGCTTAAGCTACGTGGTGCTTGTTACCTCGATAAAGACGGAGG 56 loop strand 

19[192] 19[207] ATCCCCGGGTACCGAGCTCGAATTCGTAATCATGGTCATAGCTGTTTCCTGTGTGA 56 loop strand 

19[208] 19[223] AATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAA 56 loop strand 

19[224] 19[239] AGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGC 56 loop strand 

19[240] 19[255] CCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGC 56 loop strand 

19[256] 19[271] GCGGGGAGAGGCGGTTTGCGTATTGGGCGCCAGGGTGGTTTTTCTTTTCACCAGTG 56 loop strand 

19[272] 19[287] AGACGGGCAACAGCTGATTGCCCTTCACCGCCTGGCCCTGAGAGAGTTGCAGCAAG 56 loop strand 

19[288] 19[303] CGGTCCACGCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTTGATGGTGGTTCCGAA 56 loop strand 

19[304] 19[319] ATCGGCAAAATCCCTTATAAATCAAAAGAATAGCCCGAGATAGGGTTGAGTGTTGT 56 loop strand 

19[320] 19[335] TCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGC 56 loop strand 

19[336] 19[351] GAAAAACCGTCTATCA 16 loop strand 
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Table S2. Expansion DNA sequence for 19×9 DNA origami array. 
Start End Sequence Length note 

0[55] 0[40] CCGGTTGATAATCAGAAAAGCCCCAAAAACAGGAAG 36 expansion strand 

0[71] 0[56] TCAACATGTTTTACTAGCATGTCAATCATATGTACC 36 expansion strand 

0[87] 0[72] GGCTTAGAGCTTAATTGCTGAATATAATGCTGTAGC 36 expansion strand 

0[103] 0[88] TTTAATCATTGTGGATAAGAGGTCATTTTTGCGGAT 36 expansion strand 

0[119] 0[104] AGTAGTAAATTGGGCTTGAGATGGTTTAATTTCAAC 36 expansion strand 

0[135] 0[120] TCTTAAACAGCTTCCCTGACGAGAAACACCAGAACG 36 expansion strand 

0[151] 0[136] TTGTATCGGTTTATCAGCTTGCTTTCGAGGTGAATT 36 expansion strand 

0[167] 0[152] TGATACAGGAGTGAAGGCTCCAAAAGGAGCCTTTAA 36 expansion strand 

0[183] 0[168] TTTACCGTTCCAGTAAGCGTCATACATGGCTTTTGA 36 expansion strand 

0[199] 0[184] GGCAACATATAAAGAATGGAAAGCGCAGTCTCTGAA 36 expansion strand 

0[215] 0[200] TATGTTAGCAAACGTAGAAAATACATACATAAAGGT 36 expansion strand 

0[231] 0[216] GCCGTTTTTATTTGATTAAGACTCCTTATTACGCAG 36 expansion strand 

0[247] 0[232] ATTAAACCAAGTACCGCACTCATCGAGAACAAGCAA 36 expansion strand 

0[263] 0[248] ATTAAGACGCTGATCCTTATCATTCCAAGAACGGGT 36 expansion strand 

0[279] 0[264] TCCCTTAGAATCCTTGAAAACATAGCGATAGCTTAG 36 expansion strand 

0[295] 0[280] ACAACTAATAGATAAATCGTCGCTATTAATTAATTT 36 expansion strand 

0[311] 0[296] TGAGGAAGGTTATCTAAAATATCTTTAGGAGCACTA 36 expansion strand 

0[327] 0[312] GGTACGCCAGAATGCAAATCAACAGTTGAAAGGAAT 36 expansion strand 

0[343] 0[328] AACAGGAGGCCGATTAAAGGGATTTTAGACAGGAAC 36 expansion strand 

1[40] 1[55] AAACGTTAATATTTTGTTAAAATAGCAAACAAGAGA 36 expansion strand 

1[56] 1[71] ATCGATGAACGGTAATCGTAAAAAATATGCAACTAA 36 expansion strand 

1[72] 1[87] AGTACGGTGTCTGGAAGTTTCATGGTCAGGATTAGA 36 expansion strand 

1[88] 1[103] GAGTACCTTTAATTGCTCCTTTTAATTACCTTATGC 36 expansion strand 

1[104] 1[119] GATTTTAAGAACTGGCTCATTATACGTAACAAAGCT 36 expansion strand 

1[120] 1[135] GCTCATTCAGTGAATAAGGCTTGGATACCGATAGTT 36 expansion strand 

1[136] 1[151] GCGCCGACAATGACAACAACCATAATAATAATTTTT 36 expansion strand 

1[152] 1[167] TCACGTTGAAAATCTCCAAAAAATACTGGTAATAAG 36 expansion strand 

1[168] 1[183] TTTTAACGGGGTCAGTGCCTTGATGATATTCACAAA 36 expansion strand 

1[184] 1[199] CAAATAAATCCTCATTAAAGCCAAGAAACGCAAAGA 36 expansion strand 

1[200] 1[215] CACCACGGAATAAGTTTATTTTGACGCAATAATAAC 36 expansion strand 

1[216] 1[231] GGAATACCCAAAAGAACTGGCATTCATCGTAGGAAT 36 expansion strand 

1[232] 1[247] CATTACCGCGCCCAATAGCAAGCCGAGCATGTAGAA 36 expansion strand 

1[248] 1[263] ACCAATCAATAATCGGCTGTCTTGAAGAGTCAATAG 36 expansion strand 

1[264] 1[279] TGAATTTATCAAAATCATAGGTCAAATCAATATATG 36 expansion strand 

1[280] 1[295] TGAGTGAATAACCTTGCTTCTGTTAGAGCCGTCAAT 36 expansion strand 

1[296] 1[311] AGATAATACATTTGAGGATTTAGCAAATATCAAACC 36 expansion strand 

1[312] 1[327] CTCAATCAATATCTGGTCAGTTGCCTGAGAAGTGTT 36 expansion strand 

1[328] 1[343] TTTATAATCAGTGAGGCCACCGATGGTTGCTTTGAC 36 expansion strand 

4[55] 4[40] CCTGAGAGTCTGGTCGCATTAAATTTTTGTTAAATC 36 expansion strand 

4[71] 4[56] TTCTGCGAACGAGCTACAAAGGCTATCAGGTCATTG 36 expansion strand 

4[87] 4[72] GCAAACTCCAACATCCATATAACAGTTGATTCCCAA 36 expansion strand 

4[103] 4[88] AAATCTACGTTAACTTCAAAGCGAACCAGACCGGAA 36 expansion strand 
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4[119] 4[104] ATTACCCAAATCAACCAGTCAGGACGTTGGGAAGAA 36 expansion strand 

4[135] 4[120] CGGTCGCTGAGGCATCTTGACAAGAACCGGATATTC 36 expansion strand 

4[151] 4[136] TAAAGGAATTGCGCGCCCACGCATAACCGATATATT 36 expansion strand 

4[167] 4[152] TAATGCCCCCTGCGAGTGAGAATAGAAAGGAACAAC 36 expansion strand 

4[183] 4[168] AGACGATTGGCCTGTAACAGTGCCCGTATAAACAGT 36 expansion strand 

4[199] 4[184] TGGTTTACCAGCGTTGACAGGAGGTTGAGGCAGGTC 36 expansion strand 

4[215] 4[200] GGAAACCGAGGAATCACAATCAATAGAAAATTCATA 36 expansion strand 

4[231] 4[216] CGGTATTCTAAGAATAGCCGAACAAAGTTACCAGAA 36 expansion strand 

4[247] 4[232] CCATCCTAATTTAAAATCAGATATAGAAGGCTTATC 36 expansion strand 

4[263] 4[248] CGGCTTAGGTTGGTCCTGAACAAGAAAAATAATATC 36 expansion strand 

4[279] 4[264] GGAAACAGTACATTGAGAGACTACCTTTTTAACCTC 36 expansion strand 

4[295] 4[280] TCGACAACTCGTATCATTTGAATTACCTTTTTTAAT 36 expansion strand 

4[311] 4[296] CCTTGCTGAACCTAAGTATTAGACTTTACAAACAAT 36 expansion strand 

4[327] 4[312] AAATTAACCGTTGCAAATGAAAAATCTAAAGCATCA 36 expansion strand 

4[343] 4[328] AGGGCGCGTACTAGTAAAAGAGTCTGTCCATCACGC 36 expansion strand 

5[40] 5[55] CCATCAAAAATAATTCGCGTCTGAATTAATGCCGGA 36 expansion strand 

5[56] 5[71] GAGGGTAGCTATTTTTGAGAGATTAGATTTAGTTTG 36 expansion strand 

5[72] 5[87] ACCATTAGATACATTTCGCAAATGCCCGAAAGACTT 36 expansion strand 

5[88] 5[103] CAAATATCGCGTTTTAATTCGAGTAAAACGAACTAA 36 expansion strand 

5[104] 5[119] CGGAACAACATTATTACAGGTAGCCAGGCGCATAGG 36 expansion strand 

5[120] 5[135] CTGGCTGACCTTCATCAAGAGTATTGCAGGGAGTTA 36 expansion strand 

5[136] 5[151] AAGGCCGCTTTTGCGGGATCGTCTGGGATTTTGCTA 36 expansion strand 

5[152] 5[167] AACAACTTTCAACAGTTTCAGCGCTATTTCGGAACC 36 expansion strand 

5[168] 5[183] TATTATTCTGAAACATGAAAGTACCGCCACCAGAAC 36 expansion strand 

5[184] 5[199] CACCACCAGAGCCGCCGCCAGCACCAAAGACAAAAG 36 expansion strand 

5[200] 5[215] GGCGACATTCAACCGATTGAGGGTATCTTACCGAAG 36 expansion strand 

5[216] 5[231] CCCTTTTTAAGAAAAGTAAGCAGACGCGAGGCGTTT 36 expansion strand 

5[232] 5[247] TAGCGAACCTCCCGACTTGCGGGAATGCAGAACGCG 36 expansion strand 

5[248] 5[263] CCTGTTTATCAACAATAGATAAGGTTATATAACTAT 36 expansion strand 

5[264] 5[279] ATGTAAATGCTGATGCAAATCCAACATCAAGAAAAC 36 expansion strand 

5[280] 5[295] AAAATTAATTACATTTAACAATTTTAAATCCTTTGC 36 expansion strand 

5[296] 5[311] CCGAACGTTATTAATTTTAAAAGCACCGCCTGCAAC 36 expansion strand 

5[312] 5[327] AGTGCCACGCTGAGAGCCAGCAGTAGCAATACTTCT 36 expansion strand 

5[328] 5[343] TTGATTAGTAATAACATCACTTGAAGTGTAGCGGTC 36 expansion strand 

8[55] 8[40] GTTCTAGCTGATAGCCTTCCTGTAGCCAGCTTTCAT 36 expansion strand 

8[71] 8[56] TTTTCATTTGGGGCACCATCAATATGATATTCAACC 36 expansion strand 

8[87] 8[72] AGATTAAGAGGAAGGTCAATAACCTGTTTAGCTATA 36 expansion strand 

8[103] 8[88] GGAATACCACATTAAGCAAAGCGGATTGCATCAAAA 36 expansion strand 

8[119] 8[104] AACGGTGTACAGAAAAGATTCATCAGTTGAGATTTA 36 expansion strand 

8[135] 8[120] TCGGAACGAGGGTCCAACTTTGAAAGAGGACAGATG 36 expansion strand 

8[151] 8[136] TGAATTTTCTGTAACCCTCAGCAGCGAAAGACAGCA 36 expansion strand 

8[167] 8[152] AGAAGGATTAGGATCGTCTTTCCAGACGTTAGTAAA 36 expansion strand 

8[183] 8[168] ACCACCCTCAGAGTTAAGAGGCTGAGACTCCTCAAG 36 expansion strand 

8[199] 8[184] ATTATTCATTAAATCAGAACCGCCACCCTCAGAGCC 36 expansion strand 
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8[215] 8[200] AAATAGCAATAGCAGGGAAGGTAAATATTGACGGAA 36 expansion strand 

8[231] 8[216] ATTAGTTGCTATTAATAATAAGAGCAAGAAACAATG 36 expansion strand 

8[247] 8[232] AACATGTTCAGCTAGGTTTTGAAGCCTTAAATCAAG 36 expansion strand 

8[263] 8[248] AAACTTTTTCAAACTGTCCAGACGACGACAATAAAC 36 expansion strand 

8[279] 8[264] GATGATGAAACAAATCGCAAGACAAAGAACGCGAGA 36 expansion strand 

8[295] 8[280] GGAACAAAGAAACTTTCAATTACCTGAGCAAAAGAA 36 expansion strand 

8[311] 8[296] CGGTCAGTATTAATTTGAGTAACATTATCATTTTGC 36 expansion strand 

8[327] 8[312] TCGGCCTTGCTGGCAGAAGATAAAACAGAGGTGAGG 36 expansion strand 

8[343] 8[328] CTAGGGCGCTGGCCCTGAGTAGAAGAACTCAAACTA 36 expansion strand 

9[40] 9[55] CCCGTCGGATTCTCCGTGGGAACATTCAAAAGGGTG 36 expansion strand 

9[56] 9[71] AGAAAGGCCGGAGACAGTCAAATCGCGAGCTGAAAA 36 expansion strand 

9[72] 9[87] GGTGGCATCAATTCTACTAATAGCAAAAATCAGGTC 36 expansion strand 

9[88] 9[103] TTTACCCTGACTATTATAGTCAGCAACTAATGCAGA 36 expansion strand 

9[104] 9[119] TACATAACGCCAAAAGGAATTACAGGCGCAGACGGT 36 expansion strand 

9[120] 9[135] CAATCATAAGGGAACCGAACTGAAGCAACGGCTACA 36 expansion strand 

9[136] 9[151] GAGGCTTTGAGGACTAAAGACTTCAGCCCTCATAGT 36 expansion strand 

9[152] 9[167] TAGCGTAACGATCTAAAGTTTTGTTAGCGGGGTTTT 36 expansion strand 

9[168] 9[183] GCTCAGTACCAGGCGGATAAGTGCCACCACCGGAAC 36 expansion strand 

9[184] 9[199] CGCCTCCCTCAGAGCCGCCACCCGGTGAATTATCAC 36 expansion strand 

9[200] 9[215] CGTCACCGACTTGAGCCATTTGGATCAGAGAGATAA 36 expansion strand 

9[216] 9[231] CCCACAAGAATTGAGTTAAGCCCTTGCACCCAGCTA 36 expansion strand 

9[232] 9[247] CAATTTTATCCTGAATCTTACCAAGAGAATATAAAG 36 expansion strand 

9[248] 9[263] TACCGACAAAAGGTAAAGTAATTTATATTTTAGTTA 36 expansion strand 

9[264] 9[279] ATTTCATCTTCTGACCTAAATTTACCAAGTTACAAA 36 expansion strand 

9[280] 9[295] ATCGCGCAGAGGCGAATTATTCACACCAGAAGGAGC 36 expansion strand 

9[296] 9[311] GGAATTATCATCATATTCCTGATAAACATCGCCATT 36 expansion strand 

9[312] 9[327] AAAAATACCGAACGAACCACCAGTAATATCCAGAAC 36 expansion strand 

9[328] 9[343] AATATTACCGCCAGCCATTGCAAACGGGGAAAGCCG 36 expansion strand 

12[55] 12[40] TGTGTAGGTAAAGAAACGGCGGATTGACCGTAATGG 36 expansion strand 

12[71] 12[56] TCATACAGGCAAGTTTTAAATGCAATGCCTGAGTAA 36 expansion strand 

12[87] 12[72] AATGACCATAAATTAGTAGCATTAACATCCAATAAA 36 expansion strand 

12[103] 12[88] TCATAACCCTCGTCTTTAAACAGTTCAGAAAACGAG 36 expansion strand 

12[119] 12[104] CTTAGCCGGAACGGAGGCATAGTAAGAGCAACACTA 36 expansion strand 

12[135] 12[120] ACGGGTAAAATACAATCCGCGACCTGCTCCATGTTA 36 expansion strand 

12[151] 12[136] AGCATTCCACAGATTTCATGAGGAAGTTTCCATTAA 36 expansion strand 

12[167] 12[152] ATAGCCCGGAATACCAGTACAAACTACAACGCCTGT 36 expansion strand 

12[183] 12[168] ACCGGAACCAGAGCCGTCGAGAGGGTTGATATAAGT 36 expansion strand 

12[199] 12[184] AGTAGCACCATTAGCCATCTTTTCATAATCAAAATC 36 expansion strand 

12[215] 12[200] ATTGAGCGCTAATGAATTAGAGCCAGCAAAATCACC 36 expansion strand 

12[231] 12[216] GCCTAATTTGCCAACCCTGAACAAAGTCAGAGGGTA 36 expansion strand 

12[247] 12[232] CGAGCCAGTAATAACGCTAACGAGCGTCTTTCCAGA 36 expansion strand 

12[263] 12[248] TGATAAATAAGGCTGTAATTTAGGCAGAGGCATTTT 36 expansion strand 

12[279] 12[264] GATTGCTTTGAATAATGGTTTGAAATACCGACCGTG 36 expansion strand 

12[295] 12[280] ATATAATCCTGATGAGAAACAATAACGGATTCGCCT 36 expansion strand 
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12[311] 12[296] ACTGATAGCCCTATATCAGATGATGGCAATTCATCA 36 expansion strand 

12[327] 12[312] CCTACATTTTGACGGCTATTAGTCTTTAATGCGCGA 36 expansion strand 

12[343] 12[328] GATTTAGAGCTTGCAGGAAAAACGCTCATGGAAATA 36 expansion strand 

13[40] 13[55] GCATCGTAACCGTGCATCTGCCACAACGCAAGGATA 36 expansion strand 

13[56] 13[71] AAAATTTTTAGAACCCTCATATAGCAAAGAATTAGC 36 expansion strand 

13[72] 13[87] AAAATTAAGCAATAAAGCCTCAGAATCGTCATAAAT 36 expansion strand 

13[88] 13[103] ATTCATTGAATCCCCCTCAAATGTTACCAGACGACG 36 expansion strand 

13[104] 13[119] ATAAAAACCAAAATAGCGAGAGGCGGAGATTTGTAT 36 expansion strand 

13[120] 13[135] CATCGCCTGATAAATTGTGTCGAGTAATGCCACTAC 36 expansion strand 

13[136] 13[151] GAAGGCACCAACCTAAAACGAAAATAGGAACCCATG 36 expansion strand 

13[152] 13[167] TACCGTAACACTGAGTTTCGTCAGGTGTATCACCGT 36 expansion strand 

13[168] 13[183] ACTCAGGAGGTTTAGTACCGCCATCGGCATTTTCGG 36 expansion strand 

13[184] 13[199] TCATAGCCCCCTTATTAGCGTTTCCATTAGCAAGGC 36 expansion strand 

13[200] 13[215] CGGAAACGTCACCAATGAAACCAACAGGGAAGCGCA 36 expansion strand 

13[216] 13[231] TTAGACGGGAGAATTAACTGAACGTTACAAAATAAA 36 expansion strand 

13[232] 13[247] CAGCCATATTATTTATCCCAATCCTTAATTGAGAAT 36 expansion strand 

13[248] 13[263] CGCCATATTTAACAACGCCAACAGTTAAATAAGAAT 36 expansion strand 

13[264] 13[279] AAACACCGGAATCATAATTACTACAGATGAATATAC 36 expansion strand 

13[280] 13[295] AGTAACAGTACCTTTTACATCGGTGTTTGGATTATA 36 expansion strand 

13[296] 13[311] CTTCTGAATAATGGAAGGGTTAGGCGTAAGAATACG 36 expansion strand 

13[312] 13[327] TGGCACAGACAATATTTTTGAATGCTCAATCGTCTG 36 expansion strand 

13[328] 13[343] AAATGGATTATTTACATTGGCAGAAGTTTTTTGGGG 36 expansion strand 

16[55] 16[40] GAAGCCTTTATTTGTTTGAGGGGACGACGACAGTAT 36 expansion strand 

16[71] 16[56] CCAAAAACATTATGACCCTGTAATACTTTTGCGGGA 36 expansion strand 

16[87] 16[72] TCCAATACTGCGGAGCATAAAGCTAAATCGGTTGTA 36 expansion strand 

16[103] 16[88] GAGGGGGTAATAGTAAAATGTTTAGACTGGATAGCG 36 expansion strand 

16[119] 16[104] AAACAAAGTACAACTTTTGCAAAAGAAGTTTTGCCA 36 expansion strand 

16[135] 16[120] ACTCATCTTTGACCCCCAGCGATTATACCAAGCGCG 36 expansion strand 

16[151] 16[136] GATAGCAAGCCCAGAGGCAAAAGAATACACTAAAAC 36 expansion strand 

16[167] 16[152] ACCGCCACCCTCAGAGCCACCACCCTCATTTTCAGG 36 expansion strand 

16[183] 16[168] TAGCGCGTTTTCACCCTCAGAACCGCCACCCTCAGA 36 expansion strand 

16[199] 16[184] AGCGACAGAATCAAGTTTGCCTTTAGCGTCAGACTG 36 expansion strand 

16[215] 16[200] GAATAACATAAAATCGATAGCAGCACCGTAATCAGT 36 expansion strand 

16[231] 16[216] TAACGTCAAAAATGAAAATAGCAGCCTTTACAGAGA 36 expansion strand 

16[247] 16[232] CTCAACAGTAGGGCAAATAAGAAACGATTTTTTGTT 36 expansion strand 

16[263] 16[248] TGCGTTATACAAATTCTTACCAGTATAAAGCCAACG 36 expansion strand 

16[279] 16[264] TCAGGTTTAACGTGAAAAAGCCTGTTTAGTATCATA 36 expansion strand 

16[295] 16[280] GCACGTAAAACAGAAATAAAGAAATTGCGTAGATTT 36 expansion strand 

16[311] 16[296] TTCTGACCTGAAAAACCTACCATATCAAAATTATTT 36 expansion strand 

16[327] 16[312] ATAAAAGGGACATTCTGGCCAACAGAGATAGAACCC 36 expansion strand 

16[343] 16[328] CATCACCCAAATCATTCACCAGTCACACGACCAGTA 36 expansion strand 
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Table S3. Staple DNA sequence for 19×10 tube DNA origami array before expansion 
Start End Sequence Length Note 

0[55] 0[40] GGGCCTTGAATCGAAGGAAGGGAAGA 26 core strand 

0[71] 0[56] CATCTGTAAGCAAGGCACGAATATAG 26 core strand 

0[87] 0[72] AGATGGGCGCATCAGTGCGGCCCTGC 26 core strand 

0[103] 0[88] TTAAATTTTTGTTGTCACGTTGGTGT 26 core strand 

0[119] 0[104] AATGCAATGCCTGGTTAAAATTCGCA 26 core strand 

0[135] 0[120] ATAACAGTTGATTCTCATATATTTTA 26 core strand 

0[151] 0[136] AAGCGAACCAGACAGTTTCATTCCAT 26 core strand 

0[167] 0[152] TCAGGACGTTGGGAATTCGAGCTTCA 26 core strand 

0[183] 0[168] CCTTATGCGATTTCTCATTATACCAG 26 core strand 

0[199] 0[184] GAAAAATCTAAAGTCATTGTGAATTA 26 core strand 

0[215] 0[200] GCCACTACGAAGGGCCAGCAGCAAAT 26 core strand 

0[231] 0[216] AAGAAATTGCGTATAAAATACGTAAT 26 core strand 

0[247] 0[232] TTTCCAGACGTTATAAAACAGAAATA 26 core strand 

0[263] 0[248] ATAACTATATGTAAAGTTTTGTCGTC 26 core strand 

0[279] 0[264] GTAATAAGTTTTATAGGTTGGGTTAT 26 core strand 

0[295] 0[280] AACAAGAAAAATACAGGAGTGTACTG 26 core strand 

0[311] 0[296] AGCAAGGCCGGAATAGATAAGTCCTG 26 core strand 

0[327] 0[312] AGAGCCAGCAAAACACCATTACCATT 26 core strand 

0[343] 0[328] AGATATAGAAGGCCCATTTGGGAATT 26 core strand 

1[40] 1[55] CTGGCAAGTGTAGGCGCGTAACCACC 26 core strand 

1[56] 1[71] ACACCCGCCGCGCGCTACAGGGCGCG 26 core strand 

1[72] 1[87] TACTATGGTTGCTCGGATTCTCCGTG 26 core strand 

1[88] 1[103] GGAACAAACGGCGAAATCAGCTCATT 26 core strand 

1[104] 1[119] TTTTAACCAATAGCGGGAGAAGCCTT 26 core strand 

1[120] 1[135] TATTTCAACGCAACCCAATTCTGCGA 26 core strand 

1[136] 1[151] ACGAGTAGATTTACAAAAAGATTAAG 26 core strand 

1[152] 1[167] AGGAAGCCCGAAAAAGAAAAATCTAC 26 core strand 

1[168] 1[183] GTTAATAAAACGAGAACGAGTAGTAA 26 core strand 

1[184] 1[199] ATTGGGCTTGAGACATCACCTTGCTG 26 core strand 

1[200] 1[215] AACCTCAAATATCTTTGAGGACTAAA 26 core strand 

1[216] 1[231] GACTTTTTCATGAGATTTTCAGGTTT 26 core strand 

1[232] 1[247] AACGTCAGATGAACCTGTAGCATTCC 26 core strand 

1[248] 1[263] ACAGACAGCCCTCAATGCTGATGCAA 26 core strand 

1[264] 1[279] ATCCAATCGCAAGCTGAATTTACCGT 26 core strand 

1[280] 1[295] TCCAGTAAGCGTCATATCCCATCCTA 26 core strand 

1[296] 1[311] ATTTACGAGCATGTCAATAATCGGCT 26 core strand 

1[312] 1[327] GTCTTTCCTTATCCGGGTATTAAACC 26 core strand 

1[328] 1[343] AAGTACCGCACTCAGCAAGCCGTTTT 26 core strand 

4[55] 4[40] TGCCCGCTTTCCACTGTCGTGCCAGC 26 core strand 

4[71] 4[56] GAATCAGAGCGGGGCGTTGCGCTCAC 26 core strand 

4[87] 4[72] AGTAACAACCCGTGCTTTCCTCGTTA 26 core strand 

4[103] 4[88] CCTGTAGCCAGCTTTAAATGTGAGCG 26 core strand 
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4[119] 4[104] TGTAATACTTTTGCGCGTCTGGCCTT 26 core strand 

4[135] 4[120] ATAACCTGTTTAGAACATTATGACCC 26 core strand 

4[151] 4[136] AAGCGGATTGCATTCGCAAATGGTCA 26 core strand 

4[167] 4[152] TTCATCAGTTGAGATAGTCAGAAGCA 26 core strand 

4[183] 4[168] ACGAGAAACACCAACAGGTAGAAAGA 26 core strand 

4[199] 4[184] TCAACAGTTGAAAAAGGCTTGCCCTG 26 core strand 

4[215] 4[200] CGGCTACAGAGGCGTCAGTTGGCAAA 26 core strand 

4[231] 4[216] ACAATAACGGATTACGAGGGTAGCAA 26 core strand 

4[247] 4[232] ACAAACTACAACGTACATCGGGAGAA 26 core strand 

4[263] 4[248] TTTAGTTAATTTCTTTCGTCACCAGT 26 core strand 

4[279] 4[264] GAAAGCGCAGTCTTTTTCAAATATAT 26 core strand 

4[295] 4[280] TTCACAAACAAATTAAAGCCAGAATG 26 core strand 

4[311] 4[296] AGGAGGTTGAGGCATTGGCCTTGATA 26 core strand 

4[327] 4[312] ATAATAACGGAATCGCCAGCATTGAC 26 core strand 

4[343] 4[328] CGAACAAAGTTACCCGAGGAAACGCA 26 core strand 

5[40] 5[55] GGGAGAGGCGGTTGTGTAAAGCCTGG 26 core strand 

5[56] 5[71] GGTGCCTAATGAGAGCTAAACAGGAG 26 core strand 

5[72] 5[87] GCCGATTAAAGGGGGAACGGTACGCC 26 core strand 

5[88] 5[103] AGAATCCTGAGAAAATCAGTGAGGCC 26 core strand 

5[104] 5[119] ACCGAGTAAAAGATAAGCAATAAAGC 26 core strand 

5[120] 5[135] CTCAGAGCATAAACTATATTTTCATT 26 core strand 

5[136] 5[151] TGGGGCGCGAGCTACGAGAATGACCA 26 core strand 

5[152] 5[167] TAAATCAAAAATCATTTAGGAATACC 26 core strand 

5[168] 5[183] ACATTCAACTAATTATTCATTACCCA 26 core strand 

5[184] 5[199] AATCAACGTAACAGGAATTGAGGAAG 26 core strand 

5[200] 5[215] GTTATCTAAAATACGCTTTTGCGGGA 26 core strand 

5[216] 5[231] TCGTCACCCTCAGCGCCTGATTGCTT 26 core strand 

5[232] 5[247] TGAATACCAAGTTTCAGGGATAGCAA 26 core strand 

5[248] 5[263] GCCCAATAGGAACATCTTCTGACCTA 26 core strand 

5[264] 5[279] AATTTAATGGTTTCCGTGTGATAAAT 26 core strand 

5[280] 5[295] AAGGCGTTAAATACCGGAATCATAAT 26 core strand 

5[296] 5[311] TACTAGAAAAAGCGAGCCACCACCCT 26 core strand 

5[312] 5[327] CAGAGCCGCCACCACCCAAAAGAACT 26 core strand 

5[328] 5[343] GGCATGATTAAGACAATGAAATAGCA 26 core strand 

8[55] 8[40] CCGGAAGCATAAAGGTTTTTCTTTTC 26 core strand 

8[71] 8[56] AGTCACGACGTTGCACAACATACGAG 26 core strand 

8[87] 8[72] CAAGGCGATTAAGCCAGGGTTTTCCC 26 core strand 

8[103] 8[88] ATACTTCTTTGATGGGGGATGTGCTG 26 core strand 

8[119] 8[104] GAATTAGCAAAATAACCGTTGTAGCA 26 core strand 

8[135] 8[120] GCATTAACATCCACAGGCAAGGCAAA 26 core strand 

8[151] 8[136] AACAGTTCAGAAAACTAATAGTAGTA 26 core strand 

8[167] 8[152] ATAGTAAGAGCAACTCAAATGCTTTA 26 core strand 

8[183] 8[168] GACAAGAACCGGAGGAATTACGAGGC 26 core strand 

8[199] 8[184] CCGTCAATAGATACAAGAGTAATCTT 26 core strand 
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8[215] 8[200] GGGAGTTAAAGGCTAATAGATTAGAG 26 core strand 

8[231] 8[216] ATTACCTGAGCAAGCTGAGGCTTGCA 26 core strand 

8[247] 8[232] ACCACCCTCATTTATTATTCATTTCA 26 core strand 

8[263] 8[248] AGAACCGCCACCCCACCCTCAGAGCC 26 core strand 

8[279] 8[264] ATCACCGTACTCATACCGCCACCCTC 26 core strand 

8[295] 8[280] ACCAGTATAAAGCCCGGAATAGGTGT 26 core strand 

8[311] 8[296] ACCGCCACCCTCATATACAAATTCTT 26 core strand 

8[327] 8[312] AAATACATACATACGCCACCCTCAGA 26 core strand 

8[343] 8[328] TAAGAGCAAGAAATAGCAAACGTAGA 26 core strand 

9[40] 9[55] GCCCTTCACCGCCGTCATAGCTGTTT 26 core strand 

9[56] 9[71] CCTGTGTGAAATTTAAAACGACGGCC 26 core strand 

9[72] 9[87] AGTGCCAAGCTTTAGGGCGATCGGTG 26 core strand 

9[88] 9[103] CGGGCCTCTTCGCTAGTAATAACATC 26 core strand 

9[104] 9[119] ACTTGCCTGAGTAAACTATCGGCCTT 26 core strand 

9[120] 9[135] GCTGGTAATATCCTACCGCCAGCCAT 26 core strand 

9[136] 9[151] TGCAACAGGAAAATAGCGTCCAATAC 26 core strand 

9[152] 9[167] TGCGGAATCGTCACACTATCATAACC 26 core strand 

9[168] 9[183] CTCGTTTACCAGAAGATGAACGGTGT 26 core strand 

9[184] 9[199] ACAGACCAGGCGCATACATTTGAGGA 26 core strand 

9[200] 9[215] TTTAGAAGTATTAGACAATGACAACA 26 core strand 

9[216] 9[231] ACCATCGCCCACGAAGAAGATGATGA 26 core strand 

9[232] 9[247] AACAAACATCAAGTAATTACATTTAA 26 core strand 

9[248] 9[263] CAATTTCATTTGATTAATGGAAACAG 26 core strand 

9[264] 9[279] TACATAAATCAATGTACCAGGCGGAT 26 core strand 

9[280] 9[295] AAGTGCCGTCGAGCAACGCTCAACAG 26 core strand 

9[296] 9[311] TAGGGCTTAATTGAAATCACCGGAAC 26 core strand 

9[312] 9[327] CAGAGCCACCACCAAGGTGGCAACAT 26 core strand 

9[328] 9[343] ATAAAAGAAACGCGGGTAATTGAGCG 26 core strand 

12[55] 12[40] ATTCGTAATCATGCAAGCGGTCCACG 26 core strand 

12[71] 12[56] TGGTTGTGAATTCGTACCGAGCTCGA 26 core strand 

12[87] 12[72] GCAACTGTTGGGAATGTTCTTCTAAG 26 core strand 

12[103] 12[88] ACAAGAGAATCGACCATTCAGGCTGC 26 core strand 

12[119] 12[104] AAGGCTATCAGGTGAGTCTGGAGCAA 26 core strand 

12[135] 12[120] ATCGTCTGAAATGTGAGAGATCTACA 26 core strand 

12[151] 12[136] TGTTTAGACTGGAATTTTGACGCTCA 26 core strand 

12[167] 12[152] GCAAAAGAAGTTTGGTAATAGTAAAA 26 core strand 

12[183] 12[168] TTTGAAAGAGGACGCGAGAGGCTTTT 26 core strand 

12[199] 12[184] TCCTTTGCCCGAACGAACTGACCAAC 26 core strand 

12[215] 12[200] CGATAGTTGCGCCAACTCGTATTAAA 26 core strand 

12[231] 12[216] TTGCTTTCGAGGTAACAGCTTGATAC 26 core strand 

12[247] 12[232] TCCAAAAGGAGCCTCGGTTTATCAGC 26 core strand 

12[263] 12[248] GTCGCTATTAATTCCAAAAAAAAGGC 26 core strand 

12[279] 12[264] GGGGTTTTGCTCAGCTTCTGTAAATC 26 core strand 

12[295] 12[280] TTTAGGCAGAGGCGATTAGGATTAGC 26 core strand 



S63 
 

12[311] 12[296] CTTTTCATAATCACGCCAACATGTAA 26 core strand 

12[327] 12[312] ATCAATAGAAAATTAGCGTTTGCCAT 26 core strand 

12[343] 12[328] GAACAAAGTCAGATTATTTTGTCACA 26 core strand 

13[40] 13[55] CTGTTTGATGGTGAAGCTACGTGGTG 26 core strand 

13[56] 13[71] CTTGTTACCTCGAATGCGCACGACTT 26 core strand 

13[72] 13[87] AAGTGTCCTTAGTTTCCGGCACCGCT 26 core strand 

13[88] 13[103] TCTGGTGCCGGAATGAACGGTAATCG 26 core strand 

13[104] 13[119] TAAAACTAGCATGCAACCGTTCTAGC 26 core strand 

13[120] 13[135] TGATAAATTAATGGATTATTTACATT 26 core strand 

13[136] 13[151] GGCAGATTCACCACAGTAATAAAAGG 26 core strand 

13[152] 13[167] GACATTCTGGCCAAACCCTTCTGACC 26 core strand 

13[168] 13[183] TGAAAGCGTAAGATGTTACTTAGCCG 26 core strand 

13[184] 13[199] GAACGAGGCGCAGCGTTATTAATTTT 26 core strand 

13[200] 13[215] AAAAGTTTGAGTATTTGCGGAACAAA 26 core strand 

13[216] 13[231] GAAACCACCAGAATATCATCATATTC 26 core strand 

13[232] 13[247] CTGATTATCAGATACAACTAAAGGAA 26 core strand 

13[248] 13[263] TTGCGAATAATAAAATTTTCCCTTAG 26 core strand 

13[264] 13[279] AATCCTTGAAAACTTCTGAAACATGA 26 core strand 

13[280] 13[295] AAGTATTAAGAGGATTTTCGAGCCAG 26 core strand 

13[296] 13[311] TAATAAGAGAATAGACTGTAGCGCGT 26 core strand 

13[312] 13[327] TTTCATCGGCATTTCATATGGTTTAC 26 core strand 

13[328] 13[343] CAGCGCCAAAGACAGAGAGAATAACA 26 core strand 

16[55] 16[40] GTAAACAGGGCTTCCTTATAAATCAA 26 core strand 

16[71] 16[56] AAAATAACCCCGCGTTGGTGTAATGA 26 core strand 

16[87] 16[72] ACTCCAGCCAGCTACAATGTCCCGCC 26 core strand 

16[103] 16[88] AGCCCCAAAAACATCAGGAAGATCGC 26 core strand 

16[119] 16[104] TCAATATGATATTTGATAATCAGAAA 26 core strand 

16[135] 16[120] TGAATATAATGCTAGTCAAATCACCA 26 core strand 

16[151] 16[136] GAGGTCATTTTTGAGAGCTTAATTGC 26 core strand 

16[167] 16[152] TTAGTCTTTAATGCTCCTTTTGATAA 26 core strand 

16[183] 16[168] GCGACCTGCTCCATTTTGAATGGCTA 26 core strand 

16[199] 16[184] ATTTGTATCATCGTGTGTCGAAATCC 26 core strand 

16[215] 16[200] GCGATTATACCAAAAGTACAACGGAG 26 core strand 

16[231] 16[216] GGATTATACTTCTTCTTTGACCCCCA 26 core strand 

16[247] 16[232] AGAATAGAAAGGAATCCTGATTGTTT 26 core strand 

16[263] 16[248] GTCAATAGTGAATTTTCAGCGGAGTG 26 core strand 

16[279] 16[264] TCGGAACCTATTAGACGCTGAGAAGA 26 core strand 

16[295] 16[280] CAGACGACGACAACCCCCTGCCTATT 26 core strand 

16[311] 16[296] GCCTTTAGCGTCAAAGTAATTCTGTC 26 core strand 

16[327] 16[312] AGGTAAATATTGACAGAATCAAGTTT 26 core strand 

16[343] 16[328] TAGCAGCCTTTACATTGAGGGAGGGA 26 core strand 

17[40] 17[55] GCTTGACGGGGAAGCTGACGCATTTC 26 core strand 

17[56] 17[71] ACATAAATCATTTTTCTAATCTATTT 26 core strand 

17[72] 17[87] ACGCTCGCCCTGGGTAACCGTGCATC 26 core strand 
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17[88] 17[103] TGCCAGTTTGAGGGGAAGATTGTATA 26 core strand 

17[104] 17[119] AGCAAATATTTAAAGTAATGTGTAGG 26 core strand 

17[120] 17[135] TAAAGATTCAAAAGTAGCTCAACATG 26 core strand 

17[136] 17[151] TTTTAAATATGCACGGAAGCAAACTC 26 core strand 

17[152] 17[167] CAACAGGTCAGGACGCGAACTGATAG 26 core strand 

17[168] 17[183] CCCTAAAACATCGTACCGAACGAACC 26 core strand 

17[184] 17[199] ACCAGCAGAAGATTGAGGCGGTCAGT 26 core strand 

17[200] 17[215] ATTAACACCGCCTCACCAACCTAAAA 26 core strand 

17[216] 17[231] CGAAAGAGGCAAAGAATAATGGAAGG 26 core strand 

17[232] 17[247] GTTAGAACCTACCGTAAATGAATTTT 26 core strand 

17[248] 17[263] CTGTATGGGATTTTTATCAAAATCAT 26 core strand 

17[264] 17[279] AGGTCTGAGAGACACGGGGTCAGTGC 26 core strand 

17[280] 17[295] CTTGAGTAACAGTTAAACAACATGTT 26 core strand 

17[296] 17[311] CAGCTAATGCAGAACGTCACCAATGA 26 core strand 

17[312] 17[327] AACCATCGATAGCCGGAAATTATTCA 26 core strand 

17[328] 17[343] TTAAAGGTGAATTTTATCCGGTATTC 26 core strand 

18[348] 19[348] TTGTTTAACGCGTTTTAGCG 20 loop strand 

18[359] 19[359] CAAATAAGAAACGATTTTAACCTCCCGACTTGCGGG 36 loop strand 

18[367] 19[367] ACAGCCATATTATTTATCCCAATCAGGTTTTGAAGCCTTAAATCAAGA 48 loop strand 

18[375] 19[375] CCTAATTTGCCAGTTACAAAATAATTAGTTGCTATTTTGCACCCAGCT 48 loop strand 

18[383] 19[383] ACGCTAACGAGCGTCTTTCCAGAGACAATTTTATCCTGAATCTTACCA 48 loop strand 

17[0] 16[0] GGGCGATGGCCCACTACGTGAACCCAAAGGGCGAAAAACCGTCTATCA 48 loop strand 

17[8] 16[8] ATCACCCAAATCAAGTTTTTTGGGATTAAAGAACGTGGACTCCAACGT 48 loop strand 

17[16] 16[16] GTCGAGGTGCCGTAAAGCACTAAATCCAGTTTGGAACAAGAGTCCACT 48 loop strand 

17[24] 16[24] TCGGAACCCTAAAGGGAGGATAGGGTTGAGTGTTGT 36 loop strand 

 

Table S4. Expansion strand sequence for 19X10 tube DNA origami array 
Start End Sequence Length Note 

0[55] 0[40] GGGCCTTGAATCGCGTGGCGAGAAAGGAAGGGAAGA 36 expansion 
strand 

0[71] 0[56] CATCTGTAAGCAACTCGTCGGTGGGCACGAATATAG 36 expansion 
strand 

0[87] 0[72] AGATGGGCGCATCTGATACCGACAGTGCGGCCCTGC 36 expansion 
strand 

0[103] 0[88] TTAAATTTTTGTTAATGGGATAGGTCACGTTGGTGT 36 expansion 
strand 

0[119] 0[104] AATGCAATGCCTGTTAATATTTTGTTAAAATTCGCA 36 expansion 
strand 

0[135] 0[120] ATAACAGTTGATTTTTTAGAACCCTCATATATTTTA 36 expansion 
strand 

0[151] 0[136] AAGCGAACCAGACGGTGTCTGGAAGTTTCATTCCAT 36 expansion 
strand 

0[167] 0[152] TCAGGACGTTGGGATCGCGTTTTAATTCGAGCTTCA 36 expansion 
strand 

0[183] 0[168] CCTTATGCGATTTTAAGAACTGGCTCATTATACCAG 36 expansion 
strand 

0[199] 0[184] GAAAAATCTAAAGTCAACTTTAATCATTGTGAATTA 36 expansion 
strand 

0[215] 0[200] GCCACTACGAAGGCACGCTGAGAGCCAGCAGCAAAT 36 expansion 
strand 

0[231] 0[216] AAGAAATTGCGTAATTAAACGGGTAAAATACGTAAT 36 expansion 
strand 

0[247] 0[232] TTTCCAGACGTTATATTTGCACGTAAAACAGAAATA 36 expansion 
strand 

0[263] 0[248] ATAACTATATGTATAACGATCTAAAGTTTTGTCGTC 36 expansion 
strand 
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0[279] 0[264] GTAATAAGTTTTAACCTCCGGCTTAGGTTGGGTTAT 36 expansion 
strand 

0[295] 0[280] AACAAGAAAAATATTTGATGATACAGGAGTGTACTG 36 expansion 
strand 

0[311] 0[296] AGCAAGGCCGGAATTATCAACAATAGATAAGTCCTG 36 expansion 
strand 

0[327] 0[312] AGAGCCAGCAAAATCACCAGTAGCACCATTACCATT 36 expansion 
strand 

0[343] 0[328] AGATATAGAAGGCCCGACTTGAGCCATTTGGGAATT 36 expansion 
strand 

1[40] 1[55] CTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACC 36 expansion 
strand 

1[56] 1[71] ACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCG 36 expansion 
strand 

1[72] 1[87] TACTATGGTTGCTTTGACGAGCACGGATTCTCCGTG 36 expansion 
strand 

1[88] 1[103] GGAACAAACGGCGGATTGACCGTAAATCAGCTCATT 36 expansion 
strand 

1[104] 1[119] TTTTAACCAATAGGAACGCCATCCGGGAGAAGCCTT 36 expansion 
strand 

1[120] 1[135] TATTTCAACGCAAGGATAAAAATCCCAATTCTGCGA 36 expansion 
strand 

1[136] 1[151] ACGAGTAGATTTAGTTTGACCATCAAAAAGATTAAG 36 expansion 
strand 

1[152] 1[167] AGGAAGCCCGAAAGACTTCAAATAAGAAAAATCTAC 36 expansion 
strand 

1[168] 1[183] GTTAATAAAACGAACTAACGGAAGAACGAGTAGTAA 36 expansion 
strand 

1[184] 1[199] ATTGGGCTTGAGATGGTTTAATTCATCACCTTGCTG 36 expansion 
strand 

1[200] 1[215] AACCTCAAATATCAAACCCTCAATTTGAGGACTAAA 36 expansion 
strand 

1[216] 1[231] GACTTTTTCATGAGGAAGTTTCCGATTTTCAGGTTT 36 expansion 
strand 

1[232] 1[247] AACGTCAGATGAATATACAGTAACCTGTAGCATTCC 36 expansion 
strand 

1[248] 1[263] ACAGACAGCCCTCATAGTTAGCGAATGCTGATGCAA 36 expansion 
strand 

1[264] 1[279] ATCCAATCGCAAGACAAAGAACGCTGAATTTACCGT 36 expansion 
strand 

1[280] 1[295] TCCAGTAAGCGTCATACATGGCTATATCCCATCCTA 36 expansion 
strand 

1[296] 1[311] ATTTACGAGCATGTAGAAACCAATCAATAATCGGCT 36 expansion 
strand 

1[312] 1[327] GTCTTTCCTTATCATTCCAAGAACGGGTATTAAACC 36 expansion 
strand 

1[328] 1[343] AAGTACCGCACTCATCGAGAACAAGCAAGCCGTTTT 36 expansion 
strand 

4[55] 4[40] TGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGC 36 expansion 
strand 

4[71] 4[56] GAATCAGAGCGGGCACATTAATTGCGTTGCGCTCAC 36 expansion 
strand 

4[87] 4[72] AGTAACAACCCGTCGTATAACGTGCTTTCCTCGTTA 36 expansion 
strand 

4[103] 4[88] CCTGTAGCCAGCTTTCATCAACATTAAATGTGAGCG 36 expansion 
strand 

4[119] 4[104] TGTAATACTTTTGAAAAATAATTCGCGTCTGGCCTT 36 expansion 
strand 

4[135] 4[120] ATAACCTGTTTAGTTGTACCAAAAACATTATGACCC 36 expansion 
strand 

4[151] 4[136] AAGCGGATTGCATTAGATACATTTCGCAAATGGTCA 36 expansion 
strand 

4[167] 4[152] TTCATCAGTTGAGCCTGACTATTATAGTCAGAAGCA 36 expansion 
strand 

4[183] 4[168] ACGAGAAACACCACAACATTATTACAGGTAGAAAGA 36 expansion 
strand 

4[199] 4[184] TCAACAGTTGAAATTCAGTGAATAAGGCTTGCCCTG 36 expansion 
strand 

4[215] 4[200] CGGCTACAGAGGCTCAATATCTGGTCAGTTGGCAAA 36 expansion 
strand 

4[231] 4[216] ACAATAACGGATTCAGCATCGGAACGAGGGTAGCAA 36 expansion 
strand 

4[247] 4[232] ACAAACTACAACGCAGTACCTTTTACATCGGGAGAA 36 expansion 
strand 

4[263] 4[248] TTTAGTTAATTTCTAACACTGAGTTTCGTCACCAGT 36 expansion 
strand 

4[279] 4[264] GAAAGCGCAGTCTCGAGAAAACTTTTTCAAATATAT 36 expansion 
strand 

4[295] 4[280] TTCACAAACAAATAAATCCTCATTAAAGCCAGAATG 36 expansion 
strand 

4[311] 4[296] AGGAGGTTGAGGCAGGTCAGACGATTGGCCTTGATA 36 expansion 
strand 
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4[327] 4[312] ATAATAACGGAATCCAGAGCCGCCGCCAGCATTGAC 36 expansion 
strand 

4[343] 4[328] CGAACAAAGTTACCAGAAGGAAACCGAGGAAACGCA 36 expansion 
strand 

5[40] 5[55] GGGAGAGGCGGTTTGCGTATTGGGTGTAAAGCCTGG 36 expansion 
strand 

5[56] 5[71] GGTGCCTAATGAGTGAGCTAACTAGCTAAACAGGAG 36 expansion 
strand 

5[72] 5[87] GCCGATTAAAGGGATTTTAGACAGGAACGGTACGCC 36 expansion 
strand 

5[88] 5[103] AGAATCCTGAGAAGTGTTTTTATAATCAGTGAGGCC 36 expansion 
strand 

5[104] 5[119] ACCGAGTAAAAGAGTCTGTCCATTAAGCAATAAAGC 36 expansion 
strand 

5[120] 5[135] CTCAGAGCATAAAGCTAAATCGGCTATATTTTCATT 36 expansion 
strand 

5[136] 5[151] TGGGGCGCGAGCTGAAAAGGTGGACGAGAATGACCA 36 expansion 
strand 

5[152] 5[167] TAAATCAAAAATCAGGTCTTTACATTTAGGAATACC 36 expansion 
strand 

5[168] 5[183] ACATTCAACTAATGCAGATACATTATTCATTACCCA 36 expansion 
strand 

5[184] 5[199] AATCAACGTAACAAAGCTGCTCAGGAATTGAGGAAG 36 expansion 
strand 

5[200] 5[215] GTTATCTAAAATATCTTTAGGAGCGCTTTTGCGGGA 36 expansion 
strand 

5[216] 5[231] TCGTCACCCTCAGCAGCGAAAGACGCCTGATTGCTT 36 expansion 
strand 

5[232] 5[247] TGAATACCAAGTTACAAAATCGCTCAGGGATAGCAA 36 expansion 
strand 

5[248] 5[263] GCCCAATAGGAACCCATGTACCGATCTTCTGACCTA 36 expansion 
strand 

5[264] 5[279] AATTTAATGGTTTGAAATACCGACCGTGTGATAAAT 36 expansion 
strand 

5[280] 5[295] AAGGCGTTAAATAAGAATAAACACCGGAATCATAAT 36 expansion 
strand 

5[296] 5[311] TACTAGAAAAAGCCTGTTTAGTAGAGCCACCACCCT 36 expansion 
strand 

5[312] 5[327] CAGAGCCGCCACCAGAACCACCAACCCAAAAGAACT 36 expansion 
strand 

5[328] 5[343] GGCATGATTAAGACTCCTTATTACAATGAAATAGCA 36 expansion 
strand 

8[55] 8[40] CCGGAAGCATAAAGCGCCAGGGTGGTTTTTCTTTTC 36 expansion 
strand 

8[71] 8[56] AGTCACGACGTTGCACAATTCCACACAACATACGAG 36 expansion 
strand 

8[87] 8[72] CAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCC 36 expansion 
strand 

8[103] 8[88] ATACTTCTTTGATGCTGGCGAAAGGGGGATGTGCTG 36 expansion 
strand 

8[119] 8[104] GAATTAGCAAAATCACGCAAATTAACCGTTGTAGCA 36 expansion 
strand 

8[135] 8[120] GCATTAACATCCAATAAATCATACAGGCAAGGCAAA 36 expansion 
strand 

8[151] 8[136] AACAGTTCAGAAACATCAATTCTACTAATAGTAGTA 36 expansion 
strand 

8[167] 8[152] ATAGTAAGAGCAATTGAATCCCCCTCAAATGCTTTA 36 expansion 
strand 

8[183] 8[168] GACAAGAACCGGAAACGCCAAAAGGAATTACGAGGC 36 expansion 
strand 

8[199] 8[184] CCGTCAATAGATATGACCTTCATCAAGAGTAATCTT 36 expansion 
strand 

8[215] 8[200] GGGAGTTAAAGGCCACTAACAACTAATAGATTAGAG 36 expansion 
strand 

8[231] 8[216] ATTACCTGAGCAAATATTCGGTCGCTGAGGCTTGCA 36 expansion 
strand 

8[247] 8[232] ACCACCCTCATTTGCAGAGGCGAATTATTCATTTCA 36 expansion 
strand 

8[263] 8[248] AGAACCGCCACCCTCAGAACCGCCACCCTCAGAGCC 36 expansion 
strand 

8[279] 8[264] ATCACCGTACTCAGGAGGTTTAGTACCGCCACCCTC 36 expansion 
strand 

8[295] 8[280] ACCAGTATAAAGCTAAGTATAGCCCGGAATAGGTGT 36 expansion 
strand 

8[311] 8[296] ACCGCCACCCTCATCATATGCGTTATACAAATTCTT 36 expansion 
strand 

8[327] 8[312] AAATACATACATACCCTCAGAGCCGCCACCCTCAGA 36 expansion 
strand 

8[343] 8[328] TAAGAGCAAGAAACGCAGTATGTTAGCAAACGTAGA 36 expansion 
strand 

9[40] 9[55] GCCCTTCACCGCCTGGCCCTGAGGTCATAGCTGTTT 36 expansion 
strand 



S67 
 

9[56] 9[71] CCTGTGTGAAATTGTTATCCGCTTAAAACGACGGCC 36 expansion 
strand 

9[72] 9[87] AGTGCCAAGCTTTCTCAGGAGAAAGGGCGATCGGTG 36 expansion 
strand 

9[88] 9[103] CGGGCCTCTTCGCTATTACGCCATAGTAATAACATC 36 expansion 
strand 

9[104] 9[119] ACTTGCCTGAGTAGAAGAACTCAAACTATCGGCCTT 36 expansion 
strand 

9[120] 9[135] GCTGGTAATATCCAGAACAATATTACCGCCAGCCAT 36 expansion 
strand 

9[136] 9[151] TGCAACAGGAAAAACGCTCATGGTAGCGTCCAATAC 36 expansion 
strand 

9[152] 9[167] TGCGGAATCGTCATAAATATTCACACTATCATAACC 36 expansion 
strand 

9[168] 9[183] CTCGTTTACCAGACGACGATAAAAGATGAACGGTGT 36 expansion 
strand 

9[184] 9[199] ACAGACCAGGCGCATAGGCTGGCATACATTTGAGGA 36 expansion 
strand 

9[200] 9[215] TTTAGAAGTATTAGACTTTACAAGACAATGACAACA 36 expansion 
strand 

9[216] 9[231] ACCATCGCCCACGCATAACCGATAAGAAGATGATGA 36 expansion 
strand 

9[232] 9[247] AACAAACATCAAGAAAACAAAATTAATTACATTTAA 36 expansion 
strand 

9[248] 9[263] CAATTTCATTTGAATTACCTTTTTTAATGGAAACAG 36 expansion 
strand 

9[264] 9[279] TACATAAATCAATATATGTGAGTGTACCAGGCGGAT 36 expansion 
strand 

9[280] 9[295] AAGTGCCGTCGAGAGGGTTGATACAACGCTCAACAG 36 expansion 
strand 

9[296] 9[311] TAGGGCTTAATTGAGAATCGCCAAAATCACCGGAAC 36 expansion 
strand 

9[312] 9[327] CAGAGCCACCACCGGAACCGCCTAAGGTGGCAACAT 36 expansion 
strand 

9[328] 9[343] ATAAAAGAAACGCAAAGACACCAGGGTAATTGAGCG 36 expansion 
strand 

12[55] 12[40] ATTCGTAATCATGAGAGTTGCAGCAAGCGGTCCACG 36 expansion 
strand 

12[71] 12[56] TGGTTGTGAATTCGGATCCCCGGGTACCGAGCTCGA 36 expansion 
strand 

12[87] 12[72] GCAACTGTTGGGAGCCAGGGTGGATGTTCTTCTAAG 36 expansion 
strand 

12[103] 12[88] ACAAGAGAATCGAGCGCCATTCGCCATTCAGGCTGC 36 expansion 
strand 

12[119] 12[104] AAGGCTATCAGGTCATTGCCTGAGAGTCTGGAGCAA 36 expansion 
strand 

12[135] 12[120] ATCGTCTGAAATGTAGCTATTTTTGAGAGATCTACA 36 expansion 
strand 

12[151] 12[136] TGTTTAGACTGGAAAATACCTACATTTTGACGCTCA 36 expansion 
strand 

12[167] 12[152] GCAAAAGAAGTTTTGCCAGAGGGGGTAATAGTAAAA 36 expansion 
strand 

12[183] 12[168] TTTGAAAGAGGACAACCAAAATAGCGAGAGGCTTTT 36 expansion 
strand 

12[199] 12[184] TCCTTTGCCCGAAATAAGGGAACCGAACTGACCAAC 36 expansion 
strand 

12[215] 12[200] CGATAGTTGCGCCACAATTCGACAACTCGTATTAAA 36 expansion 
strand 

12[231] 12[216] TTGCTTTCGAGGTGAATTTCTTAAACAGCTTGATAC 36 expansion 
strand 

12[247] 12[232] TCCAAAAGGAGCCTTTAATTGTATCGGTTTATCAGC 36 expansion 
strand 

12[263] 12[248] GTCGCTATTAATTTTGAAAATCTCCAAAAAAAAGGC 36 expansion 
strand 

12[279] 12[264] GGGGTTTTGCTCAGAATAACCTTGCTTCTGTAAATC 36 expansion 
strand 

12[295] 12[280] TTTAGGCAGAGGCTCAAGAGAAGGATTAGGATTAGC 36 expansion 
strand 

12[311] 12[296] CTTTTCATAATCATATTTAACAACGCCAACATGTAA 36 expansion 
strand 

12[327] 12[312] ATCAATAGAAAATGCCCCCTTATTAGCGTTTGCCAT 36 expansion 
strand 

12[343] 12[328] GAACAAAGTCAGACGGAATAAGTTTATTTTGTCACA 36 expansion 
strand 

13[40] 13[55] CTGTTTGATGGTGGTTCCGAAATAAGCTACGTGGTG 36 expansion 
strand 

13[56] 13[71] CTTGTTACCTCGATAAAGACGGAATGCGCACGACTT 36 expansion 
strand 

13[72] 13[87] AAGTGTCCTTAGTGCTGAATTGTTTCCGGCACCGCT 36 expansion 
strand 

13[88] 13[103] TCTGGTGCCGGAAACCAGGCAAATGAACGGTAATCG 36 expansion 
strand 
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13[104] 13[119] TAAAACTAGCATGTCAATCATATCAACCGTTCTAGC 36 expansion 
strand 

13[120] 13[135] TGATAAATTAATGCCGGAGAGGGGATTATTTACATT 36 expansion 
strand 

13[136] 13[151] GGCAGATTCACCAGTCACACGACCAGTAATAAAAGG 36 expansion 
strand 

13[152] 13[167] GACATTCTGGCCAACAGAGATAGAACCCTTCTGACC 36 expansion 
strand 

13[168] 13[183] TGAAAGCGTAAGAATACGTGGCATGTTACTTAGCCG 36 expansion 
strand 

13[184] 13[199] GAACGAGGCGCAGACGGTCAATCCGTTATTAATTTT 36 expansion 
strand 

13[200] 13[215] AAAAGTTTGAGTAACATTATCATTTTGCGGAACAAA 36 expansion 
strand 

13[216] 13[231] GAAACCACCAGAAGGAGCGGAATTATCATCATATTC 36 expansion 
strand 

13[232] 13[247] CTGATTATCAGATGATGGCAATTACAACTAAAGGAA 36 expansion 
strand 

13[248] 13[263] TTGCGAATAATAATTTTTTCACGAATTTTCCCTTAG 36 expansion 
strand 

13[264] 13[279] AATCCTTGAAAACATAGCGATAGTTCTGAAACATGA 36 expansion 
strand 

13[280] 13[295] AAGTATTAAGAGGCTGAGACTCCATTTTCGAGCCAG 36 expansion 
strand 

13[296] 13[311] TAATAAGAGAATATAAAGTACCGGACTGTAGCGCGT 36 expansion 
strand 

13[312] 13[327] TTTCATCGGCATTTTCGGTCATATCATATGGTTTAC 36 expansion 
strand 

13[328] 13[343] CAGCGCCAAAGACAAAAGGGCGAAGAGAGAATAACA 36 expansion 
strand 

16[55] 16[40] GTAAACAGGGCTTCGGCAAAATCCCTTATAAATCAA 36 expansion 
strand 

16[71] 16[56] AAAATAACCCCGCTGACCTCCTGGTTGGTGTAATGA 36 expansion 
strand 

16[87] 16[72] ACTCCAGCCAGCTCAACCTTATGACAATGTCCCGCC 36 expansion 
strand 

16[103] 16[88] AGCCCCAAAAACAAGTATCGGCCTCAGGAAGATCGC 36 expansion 
strand 

16[119] 16[104] TCAATATGATATTGTACCCCGGTTGATAATCAGAAA 36 expansion 
strand 

16[135] 16[120] TGAATATAATGCTGGCCGGAGACAGTCAAATCACCA 36 expansion 
strand 

16[151] 16[136] GAGGTCATTTTTGCGGATGGCTTAGAGCTTAATTGC 36 expansion 
strand 

16[167] 16[152] TTAGTCTTTAATGCCTTTAATTGCTCCTTTTGATAA 36 expansion 
strand 

16[183] 16[168] GCGACCTGCTCCACAGACAATATTTTTGAATGGCTA 36 expansion 
strand 

16[199] 16[184] ATTTGTATCATCGCCTGATAAATTGTGTCGAAATCC 36 expansion 
strand 

16[215] 16[200] GCGATTATACCAAGCGCGAAACAAAGTACAACGGAG 36 expansion 
strand 

16[231] 16[216] GGATTATACTTCTAAAACACTCATCTTTGACCCCCA 36 expansion 
strand 

16[247] 16[232] AGAATAGAAAGGACATCAATATAATCCTGATTGTTT 36 expansion 
strand 

16[263] 16[248] GTCAATAGTGAATCTTTCAACAGTTTCAGCGGAGTG 36 expansion 
strand 

16[279] 16[264] TCGGAACCTATTACTTAGATTAAGACGCTGAGAAGA 36 expansion 
strand 

16[295] 16[280] CAGACGACGACAAACAGTTAATGCCCCCTGCCTATT 36 expansion 
strand 

16[311] 16[296] GCCTTTAGCGTCAACAAAAGGTAAAGTAATTCTGTC 36 expansion 
strand 

16[327] 16[312] AGGTAAATATTGATCAGTAGCGACAGAATCAAGTTT 36 expansion 
strand 

16[343] 16[328] TAGCAGCCTTTACCATTCAACCGATTGAGGGAGGGA 36 expansion 
strand 

17[40] 17[55] GCTTGACGGGGAAAGCCGGCGAAGCTGACGCATTTC 36 expansion 
strand 

17[56] 17[71] ACATAAATCATTTCTCCGAACTCTTCTAATCTATTT 36 expansion 
strand 

17[72] 17[87] ACGCTCGCCCTGGAGTGACTCTAGTAACCGTGCATC 36 expansion 
strand 

17[88] 17[103] TGCCAGTTTGAGGGGACGACGACGGAAGATTGTATA 36 expansion 
strand 

17[104] 17[119] AGCAAATATTTAAATTGTAAACGAGTAATGTGTAGG 36 expansion 
strand 

17[120] 17[135] TAAAGATTCAAAAGGGTGAGAAAGTAGCTCAACATG 36 expansion 
strand 

17[136] 17[151] TTTTAAATATGCAACTAAAGTACCGGAAGCAAACTC 36 expansion 
strand 
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17[152] 17[167] CAACAGGTCAGGATTAGAGAGTACGCGAACTGATAG 36 expansion 
strand 

17[168] 17[183] CCCTAAAACATCGCCATTAAAAATACCGAACGAACC 36 expansion 
strand 

17[184] 17[199] ACCAGCAGAAGATAAAACAGAGGTGAGGCGGTCAGT 36 expansion 
strand 

17[200] 17[215] ATTAACACCGCCTGCAACAGTGCCACCAACCTAAAA 36 expansion 
strand 

17[216] 17[231] CGAAAGAGGCAAAAGAATACACTGAATAATGGAAGG 36 expansion 
strand 

17[232] 17[247] GTTAGAACCTACCATATCAAAATGTAAATGAATTTT 36 expansion 
strand 

17[248] 17[263] CTGTATGGGATTTTGCTAAACAATTATCAAAATCAT 36 expansion 
strand 

17[264] 17[279] AGGTCTGAGAGACTACCTTTTTAACGGGGTCAGTGC 36 expansion 
strand 

17[280] 17[295] CTTGAGTAACAGTGCCCGTATAATAAACAACATGTT 36 expansion 
strand 

17[296] 17[311] CAGCTAATGCAGAACGCGCCTGTACGTCACCAATGA 36 expansion 
strand 

17[312] 17[327] AACCATCGATAGCAGCACCGTAACGGAAATTATTCA 36 expansion 
strand 

17[328] 17[343] TTAAAGGTGAATTATCACCGTCATTATCCGGTATTC 36 expansion 
strand 
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