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Applications of 
Euler Circuits in  

DNA Self-Assembly  



Our Project 
• Design self-assembling DNA nano-structures 

using DNA origami and graph theory 
• Specifically look at skeletons of Platonic 

Archimedean solids (e.g. octahedron, 
tetrahedron, cuboctahedron with central vertices 

• We thank Ned Seeman from Seeman’s Lab at 
NYU, who is the source of our design problems. 



Recalling DNA structure 

• DNA’s 3, 5 sugar backbone 
• Nucleotides 
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Graph Theory 

• Euler Circuit – A path beginning and ending at 
the same vertex, which traces every edge of 
the graph once. 
– Vertices can be reused 
– All vertices must be of even degree 

 
 
 

Eulerian Graph Eulerian Circuit 
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Presentation Notes
Euler cycle – a path which begins and ends at the same vertex, and which traces every edge of the graph once. Vertices may be included multiple times. Euler cycles can only be found in graphs where all vertices are even degree, so some augmenting edges may need to be added in order to create the cycle.



What is Self-Assembly? 

• A chemical process where DNA strands with 
desired base configurations are put into a 
solution, and those with complementary 
configurations will attach to each other (think 
Velcro) and (hopefully) assemble into a 
structure. 



DNA Origami 

[1] 

scaffolding strand (black) 

staple strands 

DNA Origami   [4] 

A scaffolding strand traces the edges of a construct, and staple strands 
fold and hold the scaffolding strand in place. 

http://www.youtube.com/watch?v=5yH5LTXxFzk


Goals 

• Find symmetric Euler circuits of certain structures given 
chemical and geometric constraints 
– Euler circuit will be used as the route for the scaffolding 

strand 
• Attach staples to the scaffolding strand in a way that 

coincides with the geometric and chemical constraints 
• Attach receiving staples to the scaffolding strand in a 

way that will enable larger structures to be built 
• Achieve a minimal amount of different vertex 

configurations 



Small Example 

Graph with 2 vertices 
and 4 edges 

Euler Circuit or 
Threading Possible Staples 



a) Threading and staples must run the opposite direction of 
each other. 

b) A staple cannot occupy consecutive edges in the threading. 
c) Staples and threading cannot cross over each other or the 

outside of any vertex. 

Threading and Staples 

(a) Good (b) Bad (c) Bad 



The Tetrahedron with Central 
Vertex 
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2 3 

4 
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The threading of the tetrahedron. 



Tetrahedron Threading and Staples 



Vertex Configurations 

 



The Octahedron with Central 
Vertex and Augmenting Edges 



Octahedron With Threading and 
Staples 



Vertex Configurations 



Vertex Configurations Cont. 



Proof 
Claim: This threading of the ModOc uses four symmetrically oriented vertex types. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We conclude ModOc has 2 types of outer configurations, the inner vertex configuration, and th  
degree 4 vertex configurations requiring a minimum of 4 different vertex configurations. 

Type 1 
 

Type 2 
 

Type 3 and 4 

Presenter
Presentation Notes
Type 1- We observe that the center vertex (6) of ModOc has 6 blue length edges attached to it with three oriented in and three oriented out.  Since this is the only vertex with 6 blue arms, it follows that vertex 6 has a unique configuration. 

Type 2- We observe that there are 3 vertices (3,8,10) with degree 4 and that each of these is connected to 4 of the outer 6 vertices (of degree 6).  Since these have 2 short green arms, and two yellow arms which all can go either in or out.  It follows that the 3 vertices can be made to have the same tiling. 

Type 3 and 4- We observe that the outer 6 vertices (1,2,4,5,7,9) each have 1 blue arm, 3 long green arms, 1 short green arm and 1 yellow arm.  With this in mind, and using the first statement, it follows that 3 of the 6 have to have blue arms running into them and three have to have blue arms coming from them.  Therefore there must be two types of the outer tiles.




Receiving Staples 
• Receiving staples have one end 
attached to their construct, and one 
end which floats freely. 
 

•Ideally, constructs will be able to 
connect to other constructs to 
create complete complexes of 
polyhedra. 



Potential Applications 
• Biomolecular 

computing 
• Targeted drug delivery 
• Nanoelectronics 
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OUR WEBSITE 
https://sites.google.com/site/nanoselfassembly/home  

https://sites.google.com/site/nanoselfassembly/home 

https://sites.google.com/site/nanoselfassembly/home
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