Alqgorithms for predicting DNA assembling into a give shape

Obijective: To give a presentation of about 60 minutes at the end of the week covering the key aspects of the principles
of design of DNA nanostructures and present achievements.

Manipulating objects at the atomic scale has lead to the recent rise of the field of nanoscience and when biomolecules
are involved, bionanoscience. There are different approaches to designing nano-object. One approach is to manipulate
small object using larger precision instruments. A different approach is to design molecules that self-assemble into a
pre-defined structure. In this context nucleic acids play a special role as the base pairing can be used as a cornerstone
in self-assembly. A series of impressive structures have been designed (Rothemund, 2006) and application of this on a
wider scale posed algorithmic problems: le given a structure, define a set of DNA strings that fold into this structure
and not into others. What are the key restrictions to this problem: The proposed structure must be planar and it is
natural to view it as graph where base pairing segments are nodes and pairing between these nodes constitutes and
edge. There will be physical constraints on the DNA for it to fold into the proposed structure and at the same time be
able to physically be place on a plane. This constraint will especially be on the length of the spacers between the
pairing segments. Too short and two neighbor segments cannot participate in different pairings and too long it will
create string that will not stay in the plane. Since it is not allowed to fold into other configurations the proposed
structure should be an energetic minimum and alternative minimae should be negligible.  One simplification of this
could be that close to optimal structures are energetically unfavourably. But radically distinct structures should also be
unlikely. An extension of the above problem is that different DNA strands are added one-by-one and an earlier
structure is not allowed to rearrange due to the addition of new DNA strands.

Big Questions:

What is the timeline of bionanoconstruction?

What are the basic principles of bionanoconstruction?

What are the key achievements to date?

Are there fundamental physical limits to bionanoconstruction?

Are there interesting algorithimic problems to be pursued?

Which other molecules than DNA could be used as fundamental building blocks?

What are the similarities and differences between bionanoconstruction and biological self-assembly?
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