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SUPPLEMENTARY NOTE 1 – Single-stranded DNA 

 

Single-stranded DNA connecting double-helical DNA domains is treated as an entropic spring with force-
extension behavior described by the modified freely jointed chain model, 

1  

where  is end-to-end distance,  is contour length (0.56 nm times the number of bases),  is force,  is 
the Kuhn length (1.5 nm), which is equal to twice the persistence length,  is the stretch modulus (800 
pN),  is the Boltzmann constant, and  is temperature, assumed to be 298 K (14). This model is 
implemented using a nonlinear truss finite element whose axial stress-strain relationship is directly 
derived from the above force-extension relationship as follows, 

1 1  

where  is initial length,  is axial strain, and  is axial stress in the truss element that is assumed to 
have unit cross-sectional area. 
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(11), (b) spherical wireframe object (7), (c) ‘A’-like object, (d) bent bar (7), (e) 90° gear-like object (1,7), 
(f) 180° gear-like object (1,7), (g) twisted ribbon (1,7), (h) robot-like object (1), (i) ‘S’-like object, (j) 
single-layer rectangular object (5), and (k) 32 helix bundle objects. RMSD represents root-mean-square 
distance between the predicted shapes of the old and current models. Values in parenthesis denote RMSD 
normalized by the maximum principal length of each structure, which is (d) 10.8, (e) 8.2, (f) 7.7, (g) 16.4, 
(h) 9.5, (i) 7.9, (j) 10.3, and (k) 7.9 nm. The tensegrity structure (a) and wireframe structures (b-c) could 
not be analyzed with the previous model (1). Predicted solution shapes do not change significantly with 
the new model, however RMSFs increase in some cases (h-k) due to the modeling of nicks that were 
previously ignored. Nicks did not affect the mean solution shape of the 32-helix bundles because no axial 
and torsional mismatch between neighboring DNA helices is present in these bundles. However, the 
effect of nicks on flexibility is more significant for bundles with lower crossover densities. 
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Figure SS19 Scaffoldd and staple llayout of thee ‘S’-like objject. Produceed using caDDNAno v1.0. 
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