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Crystallization
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Natural self-assembly
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GAAGTTTGGCGTTAGAACGT TGAAATCCGCCTTGTTAAGACCCCGTCTAAGCA

Single strand









YOOI









(XDOOHHINE



- Sticky ends ~__

LOOODOODODO



.~ Sticky ends ~__

OO0












9999999.9.0.0,0.9.9.0.09,



0000, 11 0000
00,00 L1 00,09,



0009, X 0009,

0009, El 0009,



'
0000, X 0000 000, E D000,

-
. COOORAKOOOOT oy o MBROOO0

OOOOEBROOCO

OOOORAKDOOO 0000 1 01000

OOOORAKOOO0



-

“OO0ORAROCO0r -

0009, E 0000 0000 I} 0000

0000, E 0000,

Al



OOOAEKOOOOm, o B0




000,90, El G000 OOOORAFOOOO OOCORE KOO0 OOCORAKOOO 0000 E 0000 0000 1 000



OOOOTAOO00TT A g
COOOLRO000L 3 OO0 A
00000000 s olo000
. 9000 I 0000,

YUY B GOV 1 0000






W

| 2| ~{oa] =0 | @ |~
e[ [e
= [x[oc] *[oe]—[0 ] =
oo [w]=[8]c
NEASEEE
ROPEDNLG
RRENOa0NE
o= [Tl
BRG] o
mnmmnwg

%

[Wel Dal Yin 2012]






DNA tiles

[Seeman 1982]
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abstract Tile Assembly Model (aTAM)
[Winfree 1998]
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Sierpinski triangle



DNA Sierpinski triangles

[Papadakis, Rothemund, Winfree 2004]:
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[Evans,

DNA binary counters
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aTAM is “capable”

What is a “capable” model
of self-assembly?



The benchmarks of a capable
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Blocked cellular automata

Computationally universal by
[Lindgren, Nordahl 1990]



Universal computation
(via blocked CA simulation)
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Universal computation
(via blocked CA simulation)

[Winfree 1998]
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Efficient assembly of NxN square

2N - 1 tile types
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Efficient assembly of NxN square
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Efficient assembly of NxN square

Tile types:

O(log(N))
(Q(log(N)/loglog(N)) for most N

[Rothemund, Winfree 2000}



Efficient assembly of NxN square

Tile types:
O(log(N)/loglog(N))

Oflog{N))
(Q(log(N)/loglog(N)) for most N

[Rothemund, Winfree 2000}
[Adleman et al. 2001]
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Temperature 2 can do
cooperative bonding.
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Efficient square assembly
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The temperature-1 problem:

Is the aTAM at temperature 1
computationally universal?



The temperature-1 problem:

Open since 2000, conjecture: no.



The temperature-1 problem:

Open since 2000, conjecture: no.

“weak cooperation”

Can an augmented temperature-1 aTAM
be computationally universal?



The temperature-1 problem:

Open since 2000, conjecture: no.

Yes, several ways.
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A planarity problem




Planarity is the barrier to
reading without cooperative bonding.
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Approach 1: 3D

[Cook, Fu, Schweller 2012]
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[Cook, Fu, Schweller 2012]
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Approach 2: Negative Glue

[Patitz, Schweller, Summers 2011]
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Approach 2: Negative Glue

[Patitz, Schweller, Summers 2011]
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Every alAM system can be
simulated by a 2HAM system.
[Cannon et al. 2013]
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There is a temp-2 system
not simulated by any temp-1 system.

Specifically:
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