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Supplementary Note S1: Design of DNA origami

The program usedfor designingDNA origami, multishapes.m , may be downloaded from:

http://www.dna.c alt ch.e du/ Suppl ement ar yMate ri al/

Below is a description of how design proceedsusing this program. It is not meant to be a manual but rather
to show the level of abstraction at which the origami are designed,and to show the various typesof diagrams that
the program can draw to aid in design. If sca�olded DNA origami becomeswidely used, a better CAD design tool
will have to be written. Given a desiredshape (for example the red outline in Fig. 1a) designof a DNA origami to
approximate it proceedsin �v e phases(two manual designstepsand three passesof the program):

1. Generation of a blo ck diagram . By hand, a rough geometric model is generated. It is comprised of
rectangular blocks in which each block is taken to be one turn of DNA wide and oneDNA helix plus the inter-
helix gap in height. (Such a block diagram sloppily overestimatesthe height of a structure by one inter-helix
gap.) An exampleblock diagram is in Supplementary Fig. S1 step 1.

This step is performed with an eye towards the next step (generation of a folding path), in somecasesthe
block diagram is conceived almost simultaneously with the folding path. The phaseof the underlying periodic
crossover lattice is chosenas well; generally this phasing is chosenso that seamsand long edgesof the shape
align with columnsof periodic crossovers. For blocks on the edgeof the diagram, it is useful to keeptrack of the
relationship of such blocks to the underlying crossover lattice. For an origami with 1.5-turn spacing between
crossovers there are 3 possibleo�sets that an edgemay have with respect to the underlying lattice|call them
0, +1 and -1 (Origami with 2.5 turn spacinghave 5 possibleo�sets). For designswith a central seam,blocks
on edgesof o�set 0 are colored red and blocks on edgesof o�set +1 and -1 are colored yellow and orange,
depending on whether they occur to the left or right of the central seam. At this point the placement of seams
may already be apparent; if so, half-blocks are used along seams. Adjacent half-blocks involved in the same
sca�old crossover are colored the same(one of either greenor purple) but adjacent half-blocks that participate
in di�eren t crossovers are given di�eren t colors.

2. Generation of a folding path , by raster �ll, through the block diagram. For a given shape there are many
compatible raster �ll patterns; currently the raster �ll pattern must be hand-designed.For any helical domain
in which the sca�old is to start and end on the sameside of the helix (top or bottom), an integral number of
turns (blocks) is traversed. For any helical domain in which the sca�old starts and endson opposite sidessides
of the helix, the sca�old traversesan odd number of half-turns (half-blocks). An example folding path is in
Supplementary Fig. S1 step 2.

3. Generation of a �rst pass design basedon the block diagram and folding path. The lengths of various
helical domains, in units of DNA turns, are implied by the block diagram and folding paths; these are what
is input to the computer program. For every designwith seamspresented here except the 3-hole disk, a single
vertical seamwas used in the design and so a simple matrix respresentation of the domain lengths could be
used. Supplementary Fig. S1 step 3 shows a matrix (design turns ) of these domain lengths that is input to
the program. (The equilateral and sharp triangle have a single seamin each domain that could be similarly
speci�ed by a single matrix. For the 3-hole disk, the position of seamswas entered as a separatematrix and
the routing of the sca�old betweentheseseamsas a matrix slightly more complicated than the design turns
matrix.) Column C0 givesthe total number of turns in a particular row of the design. Column C1 and C4 give
the total number of turns to the left and right of the seam,respectively. (Column C0, the sum of C1 and C4,
was thus redundant and was used for checking the design.) Columns C2 and C3, unused for this design, give
the o�set (in number of turns) from the seamof the left and right helical domains, respectively; this feature is
not usedfor the housedesignhere, but is usedfor the bottom \legs" of the star design. The program converts
lengths given (by the user) in turns to numbers of bases(matrix design lengths ) and outputs a �rst-pass
design.
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The �rst pass design can be output either as a line diagram (as in Supplementary Fig. S1 step 3) or as a
detailed diagram showing the sequenceof the sca�old layed out along the folding path, and the sequenceof the
stapleswherethey appear in the �nal folded structure (Supplementary Fig. S2). In the detailed designdiagram
staple strands are indexed by xy position of the adjacent crossover and the designation `a' or `b' depending on
whether the staple falls to the left or right of the crossover, respectively. Here namesare of the form sXtYP
where X is the x position, Y is the y position, and P the position with respect to the adjacent crossover.

4. Re�nemen t of the helical domain lengths to minimize strain in the design. In a third sort of diagram
(Supplementary Fig. S3), the computer program displays the predicted twist at each baseposition as a color
(assumingthe spacingof crossoversrepresents an exact number of half turns). Red indicates that the baseat a
particular position is pointing up, blue that it is pointing down. At crossover points, strand backbonepositions
should fall at the tangent point between helices; thus basesfrom the helix above a crossover should be blue
and those from the helix below a crossover should be red. (More speci�cally , the color of basesat the crossover
should be spacedequally clockwise and counterclockwise of the colors blue and red, that themselves should
occur exactly at the tangent point.) All of the crossovers internal to the designare spaced16 basesapart and
related by a glide symmetry that should balancestrain. This can be observed for the two typesof crossovers
('+', major-groove up and '-' major-groove down) that occur internally in a shape, shown in both the boxed
regions and at the lower left of Supplementary Fig. S3. (A naive view is that the basesof the crossover will
actually be centered around the tangent point between helices. In reality, twist strain might be relieved by
distortion of the crossover but the idea is that if so, such a distortion will be balancedby that of neighboring
symmetrically-placed crossovers.)

Ideally, at all other crossovers in the design, the orientation of baseswould be similar to that desired for the
balanced internal crossovers. However, becauseof the non-integral number of basesin a single turn, and the
major-minor groove angle, it is not possibleto put all crossovers in this optimal orientation. Crossovers along
the edgesof the shape, in particular, must be adjusted to minimize strain. The program computes a \strain
energy" along the edgesof the design,and so positions of predicted high strain can be identi�ed. (For a given
strand passingthrough a crossover, the computed strain energyis just the sum of the squaredangular deviation
from the tangent point for the basebefore and the baseafter the crossover.)

By hand, helical domain lengths are changedby single basesuntil the strain energy is minimized. The map of
twists aids in this process.For example,high twist strain occurs in a couplesca�old crossoversin the �rst pass
design (marked by 's' labels inside ovals in Supplementary Fig. S3). These crossovers were initially designed
to be 5 basesaway from the nearest internal crossover (a '-' crossover). At bottom right, the situation for one
such crossover may be compared to that which would occur if the distance to the nearest internal crossover
were changedto 6 bases,as well as the `ideal' situation for this type of crossover, that of a '+' type crossover.
The 6-basedistance createsthe least strain.

Once the appropriate adjustments are decided, a matrix of adjustments is input to the design program, with
the original design (Supplementary Fig. S4, design f ADJUSTMENTSg, top). The matrix gives adjustments for
the left and right edgesof each helical domain in the design,columns C1 and C2 for domains to the left of the
seamand columns C3 and C4 for columns to the right of the seam. The program updates design lengths
(Supplementary Fig. S4,bottom) accordingly and a secondpassdiagram is generated(Supplementary Fig. S5).

5. Breaking and merging of strands. The merging of strands is speci�ed by giving a pairwise list of the names
to be merged (i.e. s-2t9b and s-1t8a ) along with the name of the new strand (i.e. s-1t8e ). The program
checks to seethat all strands to be mergedhave adjacent 3' and 5' bases.The position of strands to be broken
is speci�ed by the name of a strand and the position along its length at which it is to be broken. The pattern
of mergesis not unique. Supplementary Fig. S6, Supplementary Fig. S8, and Supplementary Fig. S10 show
three di�eren t diagrams (full sequence,line drawing, and crossover map) of a design that features bridging
staple strands acrossthe seam. Supplementary Fig. S7, Supplementary Fig. S9, and Supplementary Fig. S11
show three di�eren t diagrams (full sequence,line drawing, and crossover map) of a designthat hasno bridging
staples. Diagrams are interleaved to allow comparison of the di�erences between these two designs. Using a
PDF viewer, 
ip back and forth between two diagrams of the sametype to seethe e�ect of di�eren t merge
patterns. Particularly interesting are the crossover maps,Supplementary Fig. S10and Supplementary Fig. S11.
The addition of bridging staplescreatesa characteristic pattern of \bars" down the center of the designwhich
is observed in experiments that using bridging staples(and not observed in experiments that don't usebridging
staples.) Supplementary Fig. S12highlights the the basic type of grid underlying each mergepattern and the
implications for applying pixels to the pattern.
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The designmethod givenhereis a generalizationof that developedby Nadrian Seemanfor creating rigid molecules
out of parallel helical domains (here helicesare technically `antiparallel' in the standard terminology), which was
�rst elaborated for the creation of double-crossover molecules(moleculeswith two parallel helices,ref. 16) and later
extended to triple crossover molecules(moleculeswith three parallel helices,24). The main principle used in these
works is that crossovers may be used to hold helices rigidly in a parallel orien tation . More speci�cally ,
wherev er the twist of two parallel helices bring the backb ones of the two helices su�cien tly close,
recipro cal strand exchange can be used to incorp orate a crossover. Further, an amazing aspect of the
principle is that such a crossover doesnot disturb basepairing in either helix; the crossover appearsto contain only
single phosphate from each strand. The basic principle can be extended to many general schemeswith a variety
of crossover spacingsand crossover types (parallel or antiparallel), as was mentioned in ref. 16. Here I explore a
schemethat usesa regular grid of antiparallel crossovers(spacedan odd number of half-turns apart) in the bulk of a
shape but on the edgesand seamsof a shape admits the placement of a crossoverswith arbitrary o�sets (in integral
numbers of turns) from the underlying crossover grid.

The composition of double crossovers into periodic two dimensional crystals25 showed that, through the use of
sticky-end interactions, arbitrary numbers of helicescould be held in a parallel arrangement by crossovers. Because
the natural equilibrium length for a singleturn of DNA appearsto be closeto 10.5basepairs26, 27, and becauseDNA
backbonesare not symmetrically spacedaround the helix (there is a major and minor groove), designsof such two
dimensional DNA nanostructures (which must use integral numbers of DNA bases)invariably incorporate features
that should causestrain. That is, the designassumesa DNA geometryslightly di�eren t than that of a single isolated
helix with 10.5 basesper turn with `normal' major/minor groove angles. This di�cult y appears to have manifested
itself experimentally . A number of 2D DNA nanostructures form tubesrather than sheets15;22.

The solution to this problem was �rst articulated to me by Erik Winfree, and was implicit in the designof DAO-
E double crossover lattices25: crossovers (and nic ks) in extended structures of parallel helices should be
placed so that they have symmetries whic h balance strain. This principle is described at length in ref. 15
and its supplemental materials; it is alsooften described as`corrugation'22. The principle hasdemonstrably inhibited
tube formation in at least one system22.

For DNA origami this criterion was used in the placement of crossovers; after merging it does not hold true
for nicks in some designs. The use of 16 basesto represent 1.5 turns of DNA (in the 1.5-turn crossover spacing
structures) or 26 basesto represent 2.5 turns of DNA (in the 2.5-turn crossover spacingstructures) meansthat the
helical domains between crossovers are slightly overtwisted or undertwisted, respectively. To balance this strain,
alternating columnsof staple crossoversare related by a glide symmetry|the local con�guration of crossoversin one
column is identical to that of crossoversin the next column over after a translation and a `
ip' (a rotation about one
of the crossoversin-plane axes). Cross-section1 of Fig. 1d shows the presumedorientation of backbonesthrough one
column of crossoversin the lattice, and the top two helicesof cross-section2, the presumedorientation of crossoversin
an adjacent column 1.5 turns away (alternativ ely the diagrams for '+' and '-' crossovers in Supplementary Fig. S3).
This symmetry should tend to balance strain in the origami and causethem to be, on average, 
at. (So far, no
experimental evidencehas demonstrated that the origami are 
at, however).

The useof a glide symmetry meansthat large regionsof a DNA origami should have balancedstrain. However, at
seamsand edgesthis is not necessarilytrue, even wherea seamor edgelines up with the underlying crossover lattice.
At seamsor edges,becauseDNA has a major and minor groove, a crossover involving staple strands is in tension
with an adjacent crossover involving the sca�old strand. Such a con�guration of crossovers in tension has never
beforebeenusedin DNA nanostructures. For example, in Fig. 1d the cross-sectionthrough a seam(cross-section2)
has beendrawn so that the staple crossover is relaxed (top two helicesof three) and the sca�old crossover (bottom
two helicesof three) is highly strained. Perhapsboth crossovers assumesomeintermediate conformation.

How the strain is actually relieved is unknown, the �nal base pairs of each helix may be distorted. Strain at
seamsor edgesdoesnot appear to causeany grossdefectsin the origami; basesat the end of the helicesare highly
available for stacking against other DNA origami which suggeststhat the last basepair does form and assumesa
planar con�guration. If, in the future, strain associated defectsshould be detectedat edges,then oneor two sca�old
basescould be left unpaired and allowed to form a hairpin that should relax the crossover.

Another place that the designof sca�olded DNA origami currently breaks with normal DNA nanotechnology is
in its use of a wide range of sequencesfor its antiparallel crossovers. Customarily, crossover sequencesare drawn
from one of a few sequencesthat both form an immobile branched junction 28 and have well-characterized geometry.
Such junctions have been designedwith minimal symmetry so that the junction cannot branch migrate back and
forth. Becausethe crossover sequencesin the DNA origami demonstratedhereare determined by the M13mp18DNA
sequence,and hundredsof them are used,a few probably havesymmetriesthat would allow them to branch migrate a
few bases;the crossover sequenceshave not beeninspectedfor such properties. Further, di�eren t crossover sequences
show a varying tendency to assumeoneof two di�eren t stacked-X conformers29, 30, oneof which is incompatible with
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the DNA origami's intended structure at every crossover.
It is hoped that the juxtap osition of multiple crossovers in DNA origami inhibits both branch migrations and

conformer isomerizations; isomerization or migration to an undesired form at one junction would tend to increase
strain betweenadjacent junctions. A study of a pair of symmetric antiparallel junctions juxtap osedwith an asym-
metric antiparallel junction has shown that the asymmetric junction can prevent the adjacent symmetric junctions
from branch migrating 31. But the samestudy showed that two symmetric antiparallel junctions juxtap osed next
to eachother can branch migrate. Thus it seemspossible that several symmetric junctions near eachother might
conspire and migrate. Indeed it seemslikely that somelocal rearrangements of junctions in origami happen; since
they are likely to be smaller than a few nanometers,they cannot be observed by AFM. Eventually higher resolution
structural information on DNA origami will determine if such isomerizationsoccur. Importantly , I note that there is
no reasonwhy better characterized, well-behaved junction sequencesshould not be incorporated into DNA origami
designsif it helps to create more precisestructure. The incorporation of speci�c crossover sequenceswill require the
useof a synthetic sca�old rather than a natural one, a practical incoveniencefor very long sca�olds.

A note on seams:while most seamspresented herearevertically aligned (for simplicit y and conveniencein design),
and this necessitatesthe useof bridges to strengthen seams,it is in possibleto createstaggeredseams(as E. Winfree
has suggested)so that staple strands naturally crossand bridge the seamvertically (between two adjacent helices)
and no creation of horizontal bridges would be required. In these casesthe addition of horizontal bridges across
someparts of the seammight still add addtional strength. A small instance of staggeredseamsoccurs in the smiley
facedesign. Above the right hand eye a small 2-helix seamappearsthat, becauseit is not aligned with other seams
would not necessarilyneedbridges. An experiment in which the staples at this position were rearranged to remove
horizontal bridging gave smileys of (not surprisingly) similar quality.

A note on folding paths and arbitrary shapes: there may be additional constraints on DNA origami that limit
the family of shapes that can be approximated a little. In particular, shapes with lots of long thin projections or
thin \w aists" connecting two di�eren t parts of the shape may not form very well. As presented here, the minimum
allowable width of a vertically oriented structure (such asa tall thin rectangle), if the sca�old rastersprogessesin one
direction vertically, is 1.5 turns, or about 5.4 nm wide. I have not tested the formation of such a narrow structure.
The narrowest equivalent structure occurs at the jaw hinge of the smiley, 4.5 turns wide, about 16 nm wide. While
most smileysare well formed, a signi�can t number have dislocations along these4.5 turn waists and it appearsto be
a weak spot.

In someshapesit is desiredthat a strand passboth back and forth through a narrow waist so that it may access
di�eren t portions of the shape. For example, consider a vertically oriented hourglass shape. If it is desired that
a circular sca�old be used, then the sca�old must passboth up and down the narrow waist of the hourglass. As
presented here, the minimal allowable width of the waist, which would accomodate the sca�old going up and down,
would be 3 turns or about 11 nm. This width is the width of the top 4 helicesof the star and becausethey do not
image well, it seemsthat such a narrow waist may be 
opp y (in isolation). Clearly the analogouswaist down the
center of the smiley, which is 6 turns or 22 nm wide forms well and is mechanically stable in the context of the larger
structure. Note that it is asymmetric an is composedof 1.5 turn and 4.5 turn wide vertical rasters.

Similarly, considera horizontally oriented hourglass. For a circular sca�old to passboth left and right through the
waist of the hourglasswould require two helices,and so in principle the waist could be about 5 nm wide. However,
I am unsure how well such a skinny waist would form. Again the smiley givesthe best exampleof the smallest such
waist so far. Below each eye is a four helix waist, about 11 nm wide which forms well and is stable.
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Program outputs first pass design:

%  C0  C1   C2  C3 C4
design_turns = [
   [3  1.5  0   0  1.5]; %H1
   [3  1.5  0   0  1.5]; %H2
   [5  2.5  0   0  2.5]; %H3
   [5  2.5  0   0  2.5]; %H4
   [7  3.5  0   0  3.5]; %H5
   [7  3.5  0   0  3.5]; %H6
   [9  4.5  0   0  4.5]; %H7
   [9  4.5  0   0  4.5]; %H8
   [9  4.5  0   0  4.5]; %H9
   [9  4.5  0   0  4.5]; %H10
   [9  4.5  0   0  4.5]; %H11 
   [9  4.5  0   0  4.5]; %H12
];

design_lengths =
   C0    C1    C2    C3    C4
   32    16     0     0    16  %H1
   32    16     0     0    16   %H2
   54    27     0     0    27  %H3
   54    27     0     0    27  %H4
   74    37     0     0    37  %H5
   74    37     0     0    37  %H6
   96    48     0     0    48  %H7
   96    48     0     0    48  %H8
   96    48     0     0    48  %H9
   96    48     0     0    48  %H10
   96    48     0     0    48  %H11
   96    48     0     0    48  %H12

=

10.6 bases, 3.63 nm
32 bases 3 turns~~

Block includes
inter-helix gap.

Supplementary Figure S1: First three steps of origami design.
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3                    2                    1                      0                       1                    2                    3

    s-3t0b                         s-1t0a       s-1t0b                             s1t0a         s1t0b                         s3t0a      

 <        <                       <        --- GGAGAGGG<                           <GTAATTAC---         <                       <        <  

 >        ---        ---        ---        ---C CTCTCCC---CGCGCGTT-------GGCCGATT-- -CATTAATG---        ---        - --        ---         >  

/           <                   <                       <GCGCGCAA------- CCGGCTAA<                       <                   <           \ 

|             s- 2t1a  ) (  s- 2t1b                         s0t1a              s0t 1b                         s2t1a    ) (   s2t1b             |

\           >                   >                       >GTATTGGG------- CCTGTCGT>                       >                   >           / 

 <        ---        ---        ---        ---G CCAAACG---CATAACCC<     <G GACAGCA---CGGTCGAC---        ---        ---        ---         <  

          >                       >           CGGTTTGC>           \   /           >GCCAGCTG           >                       >           

 (  s-3t2b                         s-1t2a  ) (  s-1t2b             | |             s1t2a   ) (   s1t2b                         s3t2a   )  

          <                       <CACTTTTC   TTTTTGGT<           /   \           <GACCTTTC   GCCCGTCA<                       <           

 >        ---        ---     CTG ---G TGAAAAG---AAAAACCA---CCCTGGCG>     >TTTCCCGA---CT GGAAAG---CGGGCAGT---GAG     ---        ---         >  

/           <                GAC <                       <GGGACCGC------- AAAGGGCT<                       <CTC                <           \ 

|             s- 2t3a  ) (  s- 2t3B                         s0t3a              s0t 3b                         s2t3A    ) (   s2t3b             |

\           >                TGA >                       >TTGCCCTT------- GAGCTAAC>                       >GCG                >           / 

 <        ---        ---     ACT ---CT GCCCGT---TGTCGACT---AA CGGGAA<     <CTC GATTG---AGTGTAAT---TAACGCAA---CG C     ---        ---         <  

          >                       >GACGGGCA   ACAGCTGA>           \   /           >TCACATTA   ATTGCGTT>                       >           

 (  s-3t4b                         s-1t4a  ) (  s-1t4b             | |             s1t4a   ) (   s1t4b                         s3t4a   )  

          <                       <GTTGAGAG   AGTCCCGG<           /   \           <CCGTGGGG   TCCGAAAT<                       <           

 >        ---   GGACC---GCTTGCTG---CAACTCTC---T CAGGGCC---AGGCGGTG>     >ACTCATT A---GGCACCCC---A GGCTTTA---CACTTTAT---GCTTC   ---         >  

/           <   CCTGG    CGAACGAC<                       <TCCGCCAC------- TGAGTAAT<                       <GTGAAATA   CGAAG   <           \ 

|             s- 2t5a  ) (  s- 2t5b                         s0t5a              s0t 5b                         s2t5a    ) (   s2t5b             |

\           >   ACGCT    GGTTTGCC>                       >CTGTTTGA------- TGTTATCC>                       >AACATACG   AGCCG   >           / 

 <        ---   TGCGA---CCAAACGG---GGTCGTCC---G CTTTTAG---GACAAACT<     <ACAATAG G---CG AGTGTT---AAGGTGTG---TTGTATGC---T CGGC   ---         <  

          >                       >CCAGCAGG   CGAAAATC>           \   /           >GCTCACAA   TTCCACAC>                       >           

 (  s-3t6b                         s-1t6a  ) (  s-1t6b             | |             s1t6a   ) (   s1t6b                         s3t6a   )  

  CCGATAAG<                       <TAAAACGG   CTAAAGCC<           /   \           <GTCCTTTG   TCGATACT<                       <CTCGAGCC   

 >GGCTATTC---TTT TGATT---TATAAGGG---ATTTTGCC---G ATTTCGG---AACCACCA>     >ATTTCAC A---CAGGAAAC---A GCTATGA---CCATGATT---ACGAATTC--- GAGCTCGG>  

/           <AAAACTAA   ATATTCCC<                       <TTGGTGGT------- TAAAGTGT<                       <GGTACTAA   TGCTTAAG<           \ 

|             s- 2t7a  ) (  s- 2t7b                         s0t7a              s0t 7b                         s2t7a    ) (   s2t7b             |

\           >GGTTGAGT   GTTGTTCC>                       >CCACTATT------- GTGCCAAG>                       >TCGACTCT   AGAGGATC>           / 

 <GCTCTATC---CCA ACTCA---CAACAAGG---TCAAACCT---T GTTCTCA---GGTGATAA<     <CACGGTT C---GAACGTAC---G GACGTCC---AGCTGAGA---TCTCCTAG--- GGGCCCAT<  

  CGAGATAG>                       >AGTTTGGA   ACAAGAGT>           \   /           >CTTGCATG   CCTGCAGG>                       >CCCGGGTA   

 (  s-3t8b                         s-1t8a  ) (  s-1t8b             | |             s1t8a   ) (   s1t8b                         s3t8a   )  

  GGGACTAT<                       <AACTGCAA   CCTCAGGT<           /   \           <CAAAATGT   TGCAGCAC<                       <GCAATGGG   

 >CCCTGATA---GACGGTTT---TTCGCCCT---TTGACGTT---G GAGTCCA---CGTTCTTT>     >TGGCCGT C---GTTTTACA---A CGTCGTG---ACTGGGAA---AACCCTGG--- CGTTACCC>  

/           <CTGCCAAA   AAGCGGGA<                       <GCAAGAAA------- ACCGGCAG<                       <TGACCCTT   TTGGGACC<           \ 

|             s- 2t9a  ) (  s- 2t9b                         s0t9a              s0t 9b                         s2t9a    ) (   s2t9b             |

\           >CACTACGT   GAACCATC>                       >TTGGGGTC------- TATTACGC>                       >GATGTGCT   GCAAGGCG>           / 

 <GCTACCGG---GTGATGCA---CTTGGTAG---TGGGTTTA---G TTCAAAA---AACCCCAG<     <ATAATGC G---GTC GACCG---CTTTCCCC--- CTACACGA---CGTTCCGC--- TAATTCAA<  

  CGATGGCC>                       >ACCCAAAT   CAAGTTTT>           \   /           >CAGCTGGC   GAAAGGGG>                       >ATTAAGTT   

 ( s-3t10b                         s-1t10a ) ( s-1t10b             | |             s1t10a  ) (  s1t10b                         s3t10a  )  

  TTAGCCCC<                       <GCTAAATC   ACGAAATG<           /   \           <CGGGCGTG   GCTAGCGG<                       <GTCGGACT   

 >AATCGGGG---GCTCCCTT---TAGGGTTC---CGATTTAG---T GCTTTAC---GGCACCTC>     >GCGAAGA G---GCCCGCAC---C GATCGCC---CTTCCCAA---CAGTTGCG--- CAGCCTGA>  

/           <CGAGGGAA   ATCCCAAG<                       <CCGTGGAG------- CGCTTCTC<                       <GAAGGGTT   GTCAACGC<           \ 

|             s- 2t11a ) ( s- 2t11b                         s0t11 a           s0t1 1b                         s2t1 1a  ) (  s2t11b             |

\           >GACGGGGA   AAGCCGGC>                       >GAAGGGAA------- CCGGCACC>                       >ACCAGGCA   AAGCGCCA>           / 

 <ATCTCGAA---CTG CCCCT---TTCGGCCG---CTTGCACC---G CTCTTTC---CTTCCCTT<     <GGCCGTG G---CGAAGACC---A CGGCCTT---TGGTCCGT---TTCGCGGT--- AAGCGGTA<  

 >TAGAGCTT>                       >GAACGTGG--- CGAGAAAG>                           >GCTTCTGG--- TGCCGGAA>                       >TTCGCCAT<  

   s-3t12b                         s-1t12a     s-1t12b                             s1t12a       s1t12b                         s3t12a     

                                                                                                                                          

                                                                                                                                          

                                                                                                                                          

Supplementary Figure S2: First passdiagram, staple strands with xy labels and explicit bases.

6



3                    2                    1                      0                       1                    2                    3

    s-3t0b                         s-1t0a       s-1t0b                             s1t0a          s1t0b                         s3t0a      

 <        <                       <        --- <                           < ---         <                       <        <  

 >        ---         ---         ---         --- --- ------- --- ---         ---         ---         ---         >  

/           <                   <                       < ------- <                       <                   <           \ 

|             s-2t1a  ) (  s- 2t1b                         s0t1a             s0t1b                         s2t1a   ) (   s2t1b             |

\           >                   >                       > ------- >                       >                   >           / 

 <        ---         ---         ---         --- --- <     < --- ---         ---         ---         ---         <  

          >                       >           >           \   /           >            >                       >           

 (  s-3t2b                         s-1t2a  ) (  s-1t2b             | |             s1t2a    ) (   s1t2b                         s3t2a   )  

          <                       <
   

< 
         

 /   \ 
          

<
   

< 
                   

   <           

 >        ---         ---      --- --- --- >     > --- --- ---      ---         ---         >  

/           <                <                       < ------- <                       <                 <           \ 

|             s-2t3a  ) (  s- 2t3B                         s0t3a             s0t3b                         s2t3A   ) (   s2t3b             |

\           >                >                       > ------- >                       >                 >           / 

 <        ---         ---      --- --- --- <     < --- --- ---      ---         ---         <  

          >                       >    >           \   /           >    >                       >           

 (  s-3t4b                         s-1t4a  ) (  s-1t4b             | |             s1t4a    ) (   s1t4b                         s3t4a   )  

          <                       <    <           /   \           <    <                       <           

 >        ---    --- --- --- --- >     > --- --- --- ---    ---         >  

/           <      <                       < ------- <                       <       <           \ 

|             s-2t5a  ) (  s- 2t5b                         s0t5a             s0t5b                         s2t5a   ) (   s2t5b             |

\           >      >                       > ------- >                       >       >           / 

 <        ---    --- --- --- --- <     < --- --- --- ---    ---         <  

          >                       >    >           \   /           >    >                       >           

 (  s-3t6b                         s-1t6a  ) (  s-1t6b             | |             s1t6a    ) (   s1t6b                         s3t6a   )  

  <                       <    <           /   \           <    <                       <    

 > --- --- --- --- --- >     > --- --- --- --- --- >  

/           <    <                       < ------- <                       <    <           \ 

|             s-2t7a  ) (  s- 2t7b                         s0t7a             s0t7b                         s2t7a   ) (   s2t7b             |

\           >    >                       > ------- >                       >    >           / 

 < --- --- --- --- --- <     < --- --- --- --- --- <  

  >                       >    >           \   /           >    >                       >    

 (  s-3t8b                         s-1t8a  ) (  s-1t8b             | |             s1t8a    ) (   s1t8b                         s3t8a   )  

  <                       <    <           /   \           <    <                       <    

 > --- --- --- --- --- >     > --- --- --- --- --- >  

/           <    <                       < ------- <                       <    <           \ 

|             s-2t9a  ) (  s- 2t9b                         s0t9a             s0t9b                         s2t9a   ) (   s2t9b             |

\           >    >                       > ------- >                       >    >           / 

 < --- --- --- --- --- <     < --- --- --- --- --- <  

  >                       >    >           \   /           >    >                       >    

 ( s-3t10b                         s-1t10a ) ( s-1t10b             | |             s1t10 a  ) (  s1t10 b                         s3t10a  )  

  <                       <    <           /   \           <    <                       <    

 > --- --- --- --- --- >     > --- --- --- --- --- >  

/           <    <                       < ------- <                       <    <           \ 

|             s-2t11a ) ( s-2 t11b                         s0t11a           s0t11b                         s2t11a  ) (  s2t11b             |

\           >    >                       > ------- >                       >    >           / 

 < --- --- --- --- --- <     < --- --- --- --- --- <  

 > >                       > --- >                           > --- >                       > <  

   s-3t12b                         s-1t12a     s-1t12b                             s1t12 a       s1t12 b                         s3t12a     

                                                                                                                                          

                                                                                                                                          
                                                                                                

5 bases

second pass,
switch to 6 bases,
Is strain lowered?

first pass, 
5 bases from crossover ,
program reports high strain
in scaffold crossovers 
(s, ovals). Consider left side.

+ is ideal6 bases

5-6 boundary6-7 boundary

Inspect crossovers for 
situation with N+1 bases, and
compare calculated strain.

major groove up (+) minor groove up (-)

Compare with balanced crossovers,
 placed every 1.5 turns

6 bases minimize strain.
here, only scaffold crosses.

+

-

5 5

S

S

S

-

-

-

S S

Map of twist at every base in origami.
Cross sections viewed from left. 
Color indicates twist of each base.

:

Colors (and hence twists) of exchanging strands are
the same but colors of non-exchanging strands indicate
positions of major and minor grooves.

Supplementary Figure S3: First passdiagram, twists displayed as colors for examination of strain.
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%    C1  C2  C3  C4
design{ADJUSTMENTS} = [
    [0   0   0   0];     % H1
    [0   0   0   0];     % H2
    [0   0   0   0];     % H3
    [0   0   0   0];     % H4
    [1   0   0   1];     % H5
    [1   0   0   1];     % H6
    [0   0   0   0];     % H7
    [0   0   0   0];     % H8
    [0   0   0   0];     % H9
    [0   0   0   0];     % H10
    [0   0   0   0];     % H11
    [0   0   0   0];     % H12
];

design_lengths =

    32    16     0     0    16
    32    16     0     0    16
    54    27     0     0    27
    54    27     0     0    27
    76    38     0     0    38
    76    38     0     0    38
    96    48     0     0    48
    96    48     0     0    48
    96    48     0     0    48
    96    48     0     0    48
    96    48     0     0    48
    96    48     0     0    48

In the second pass a matrix of adjustments (in nucleotides) is defined:

    And the design lengths are updated accordingly .

C0    C1    C2    C3    C4

Supplementary Figure S4: Adjustmen ts to applied during the secondpass.
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 -3                    -2                    -1                       0                       +1                     +2                    +3

     s-3t0b                         s-1t0a       s-1t0b                             s1t0a         s1t0b                         s3t0a      

  <        <                       <        --- AGAGGGGC<                           <AATTACGT---         <                       <        <  

  >        ---        ---        ---        --- TCTCCCCG---CGCGTTGG-------CCGATT CA---TTAATGCA---         ---        ---        -- -        >  

 /           <                   <                       <GCGCAACC------- GGCTAAGT<                       <                   <           \ 

|             s- 2t1a  ) (  s- 2t1b                         s0t1a              s0t 1b                         s2t1a    ) (   s2t1b             |

 \           >                   >                       >GCGTATTG------- AACCTGTC>                       >                   >           / 

  <        ---        ---        ---        --- CCGCCAAA---CGCATAAC<     <T TGGACAG---CACGGTCG---        ---        ---        -- -        <  

           >                       >           GGCGGTTT>           \   /           >GTGCCAGC           >                       >           

  (  s-3t2b                         s-1t2a  ) (   s-1t2b             | |             s1t2a   ) (    s1t2b                         s3t2a   )  

           <                       <CTTTTCTT   TTTGGTGG<           /   \           <CCTTTCGC   CCGTCACT<                       <           

  >        ---        ---     GG T---GAAAAGAA--- AAACCACC---CTGGCGCC>     >TCCCGA CT---GGA AAGCG---GGCAGTGA---GCG     ---        -- -        >  

 /           <                CCA <                       <GACCGCGG------- AGGGCTGA<                       <CGC                <           \ 

|             s- 2t3a  ) (  s- 2t3B                         s0t3a              s0t 3b                         s2t3A    ) (   s2t3b             |

 \           >                AGT >                       >GATTGCCC------- GTGAGCTA>                       >TTG                >           / 

  <        ---        ---     TC A---C TCTGCCC---GTTGTCGA---CTAACGGG<     <CACTCGAT---TG AGTGTA---ATTAACGC---AAC     ---        -- -        <  

           >                       >GAGACGGG   CAACAGCT>           \   /           >ACTCACAT   TAATTGCG>                       >           

  (  s-3t4b                         s-1t4a  ) (   s-1t4b             | |             s1t4a   ) (    s1t4b                         s3t4a   )  

           <                       <TGAGAGAG   TCCCGGTC<           /   \           <GTGGGGTC   CGAAATGT<                       <           

  >        ---  GACCGC---TTGCTGCA---ACTCTCTC--- AGGGCCAG---GCGGTGAA>     >T CATTAGG---CACCCCAG---GCTTTACA---CTT TATGC---TTCCGG  -- -        >  

 /           <  CTGGCG   AACGACGT<                       <CGCCACTT------- AGTAATCC<                       <GAAATACG   AAGGCC  <           \ 

|             s- 2t5a  ) (  s- 2t5b                         s0t5a              s0t 5b                         s2t5a    ) (   s2t5b             |

 \           >  CACGCT   GGTTTGCC>                       >CTGTTTGA------- AAATTGTT>                       >ACACAACA   TACGAG  >           / 

  <        ---  GTGCGA---CCAAACGG---GGTCGTCC--- GCTTTTAG---GACAAACT<     <TTTAAC AA---TAGGCGAG--- TGTTAAGG---TGTGTTGT---ATGCTC  -- -        <  

           >                       >CCAGCAGG   CGAAAATC>           \   /           >ATCCGCTC   ACAATTCC>                       >           

  (  s-3t6b                         s-1t6a  ) (   s-1t6b             | |             s1t6a   ) (    s1t6b                         s3t6a   )  

   CCGATAAG<                       <TAAAACGG   CTAAAGCC<           /   \           <TTTGTCGA   TACTGGTA<                       <AGCCATGG   

  >GGCTATTC---TT TTGATT---TATAAGGG---ATTTTGCC--- GATTTCGG---AACCACCA>     >CACACA GG---AAACAGCT--- ATGACCAT---GATTACGA---ATTCGAGC-- -TCGGTACC>  

 /           <AAAACTAA   ATATTCCC<                       <TTGGTGGT------- GTGTGTCC<                       <CTAATGCT   TAAGCTCG<           \ 

|             s- 2t7a  ) (  s- 2t7b                         s0t7a              s0t 7b                         s2t7a    ) (   s2t7b             |

 \           >GGTTGAGT   GTTGTTCC>                       >CCACTATT------- GCCAGTGC>                       >CAGGTCGA   CTCTAGAG>           / 

  <GCTCTATC---CC AACTCA---CAACAAGG---TCAAACCT---TG TTCTCA---G GTGATAA<     <CG GTCACG---GTTCGAAC---GTACGGAC---G TCCAGCT---GAGATCTC-- -CTAGGGGC<  

   CGAGATAG>                       >AGTTTGGA   ACAAGAGT>           \   /           >CAAGCTTG   CATGCCTG>                       >GATCCCCG   

  (  s-3t8b                         s-1t8a  ) (   s-1t8b             | |             s1t8a   ) (    s1t8b                         s3t8a   )  

   GGGACTAT<                       <AACTGCAA   CCTCAGGT<           /   \           <ATGTTGCA   GCACTGAC<                       <TGGGTTGA   

  >CCCTGATA---GA CGGTTT---TTCGCCCT---TTGACGTT--- GGAGTCCA---CGTTCTTT>     >CGTCGT TT---TACAACGT--- CGTGACTG---GGAAAACC---CTGGCGTT-- -ACCCAACT>  

 /           <CTGCCAAA   AAGCGGGA<                       <GCAAGAAA------- GCAGCAAA<                       <CCTTTTGG   GACCGCAA<           \ 

|             s- 2t9a  ) (  s- 2t9b                         s0t9a              s0t 9b                         s2t9a    ) (   s2t9b             |

 \           >CACTACGT   GAACCATC>                       >TTGGGGTC------- TCGCTATT>                       >GGGGGATG   TGCTGCAA>           / 

  <GCTACCGG---GT GATGCA---CTTGGTAG---TGGGTTTA--- GTTCAAAA---AACCCCAG<     <AGCGAT AA---T GCGGTCG---ACCGCTTT--- CCCCCTAC---ACGACGTT-- -CCGCTAAT<  

   CGATGGCC>                       >ACCCAAAT   CAAGTTTT>           \   /           >ACGCCAGC   TGGCGAAA>                       >GGCGATTA   

  ( s-3t10b                         s-1t10a ) (  s-1t10b             | |             s1t10a  ) (   s1t10b                         s3t10a  )  

   TTAGCCCC<                       <GCTAAATC   ACGAAATG<           /   \           <CGTGGCTA   GCGGGAAG<                       <GACTTACC   

  >AATCGGGG---GC TCCCTT---TAGGGTTC---CGATTTAG--- TGCTTTAC---GGCACCTC>     >AGAGGC CC---GCACCGAT--- CGCCCTTC---CCAACAGT---TGCGCAGC---CTGAATGG>  

 /           <CGAGGGAA   ATCCCAAG<                       <CCGTGGAG------- TCTCCGGG<                       <GGTTGTCA   ACGCGTCG<           \ 

|             s- 2t11a ) ( s- 2t11b                         s0t11 a           s0t1 1b                         s2t1 1a  ) (  s2t11b             |

 \           >GACGGGGA   AAGCCGGC>                       >GAAGGGAA------- CTTTCCGG>                       >GGAAACCA   GGCAAAGC>           / 

  <ATCTCGAA---CT GCCCCT---TTCGGCCG---CTTGCACC--- GCTCTTTC---CTTCCCTT<     <GAAAGG CC---GTGGCGAA--- GACCACGG---CCTTTGGT---CCGTTTCG-- -CGGTAAGC<  

  >TAGAGCTT>                       >GAACGTGG--- CGAGAAAG>                           >CACCGCTT--- CTGGTGCC>                       >GCCATTCG<  

    s-3t12b                         s-1t12a     s-1t12b                             s1t12a       s1t12b                         s3t12a     

                                                                                                                                           

                                                                                                                                           

                                                                                                                                           

Supplementary Figure S5: Secondpassdiagram with staple strands before merge.
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 -3                    -2                    -1                      0                       +1                    + 2                    +3

     s-3t0b                         s-1t0a                                          s1t0g         s1 t0b                         s3t0a      

  <        <                       <        --- AGAGGGGC<                           <AATTACGT---         <                       <        <  

  >        ---        ---        ---        ---TCTCCCCG---CGCGT TGG-------CCGATTCA--- TTAATGCA---        ---        -- -        -- -        >  

 /           <                   <                       <GCGCAACC------- GGCTAAGT<                       <                   <           \ 

|             s-2t1a  ) (  s-2t 1b                                                                         s2t1a   ) (   s2t1b             |

 \           >                   >                       >GCGTATTG------- AACCTGTC>                       >                   >           / 

  <        ---        ---        ---        ---CCGCCAAA---CGCAT AAC<     <T TGGACAG---CACGGTCG---        ---        ---        -- -        <  

           >                       >           GGCGGTTT>           \   /           >GTGCCAGC           >                       >           

  (  s-3t2b                         s-1t2e  ) (  s-1t2i             | |             s1t2i   ) (                                 s3t2a   )  

           <                       <CTTTTCTT   TTTGGTGG<           /   \           <CCTTTCGC   CCGTCACT<                       <           

  >        ---        ---     G GT---GAAAAGAA---AAACCACC---CTGGC GCC>     >TCCCGACT--- GGAAAGCG---GGCAGTGA---GCG     -- -        -- -        >  

 /           <                CCA<                       <GACCGCGG------- AGGGCTGA<                       <CGC                <           \ 

|             s-2t3a  ) (  s-2t 3g                                                                         s2t3c   ) (   s2t3b             |

 \           >                AGT>                       >GATTGCCC------- GTGAGCTA>                       >TTG                >           / 

  <        ---        ---     T CA---CT CTGCCC---GTTGTCGA---CTAACGGG<     <CACTCGAT---TGAGTGTA---ATTAACGC- --AAC     ---        -- -        <  

           >                       >GAGACGGG   CAACAGCT>           \   /           >ACTCACAT   TAATTGCG>                       >           

  (  s-3t4b                                 ) (  s-1t4i             | |             s1t4i   ) (   s1 t4f                         s3t4a   )  

           <                       <TGAGAGAG   TCCCGGTC<           /   \           <GTGGGGTC   CGAAATGT<                       <           

  >        ---  GACCGC---TTGCTG CA---ACTCTCTC---AGGGCCAG---GCGGTGAA>     >TCATTAGG--- CACCCCAG---GCTTTACA---CTTTATGC-- -TTCCGG  -- -        >  

 /           <  CTGGCG   AACGACGT<                       <CGCCACTT------- AGTAATCC<                       <GAAATACG   AAGGCC  <           \ 

|             s-2t5a  ) (                                                                                         ) (   s2t5b             |

 \           >  CACGCT   GGTTTGCC>                       >CTGTTTGA------- AAATTGTT>                       >ACACAACA   TACGAG  >           / 

  <        ---  GTGCGA---CCAAAC GG---GGTCGTCC---GCTTTTAG---GACAAACT<     <TTTAACAA--- TAGGCGAG---TGTTAAGG---TGTGTTGT-- -ATGCTC  -- -        <  

           >                       >CCAGCAGG   CGAAAATC>           \   /           >ATCCGCTC   ACAATTCC>                       >           

  (                                 s-1t6e  ) (  s-1t6i             | |             s1t6i   ) (   s1 t6f                         s3t6e   )  

   CCGATAAG<                       <TAAAACGG   CTAAAGCC<           /   \           <TTTGTCGA   TACTGGTA<                       <AGCCATGG   

  >GGCTATTC---TTTTGATT---TATAAG GG---ATTTTGCC---GATTTCGG---AACCA CCA>     >CACACAGG--- AAACAGCT---ATGACCAT---GATTACGA-- -ATTCGAGC---TCGGTACC>  

 /           <AAAACTAA   ATATTCCC<                       <TTGGTGGT------- GTGTGTCC<                       <CTAATGCT   TAAGCTCG<           \ 

|                     ) (                                                                                         ) (                     |

 \           >GGTTGAGT   GTTGTTCC>                       >CCACTATT------- GCCAGTGC>                       >CAGGTCGA   CTCTAGAG>           / 

  <GCTCTATC---CCAACTCA---CAACAA GG---TCAAACCT---TGTTCTCA---GGTGA TAA<     <CGGTCACG--- GTTCGAAC---GTACGGAC---GTCCAGCT-- -GAGATCTC---CTAGGGGC<  

   CGAGATAG>                       >AGTTTGGA   ACAAGAGT>           \   /           >CAAGCTTG   CATGCCTG>                       >GATCCCCG   

  (  s-3t8g                         s-1t8e  ) (  s-1t8i             | |             s1t8i   ) (   s1 t8f                         s3t8e   )  

   GGGACTAT<                       <AACTGCAA   CCTCAGGT<           /   \           <ATGTTGCA   GCACTGAC<                       <TGGGTTGA   

  >CCCTGATA---GACGGTTT---TTCGCC CT---TTGACGTT---GGAGTCCA---CGTTC TTT>     >CGTCGTTT--- TACAACGT---CGTGACTG---GGAAAACC-- -CTGGCGTT---ACCCAACT>  

 /           <CTGCCAAA   AAGCGGGA<                       <GCAAGAAA------- GCAGCAAA<                       <CCTTTTGG   GACCGCAA<           \ 

|                     ) (                                                                                         ) (                     |

 \           >CACTACGT   GAACCATC>                       >TTGGGGTC------- TCGCTATT>                       >GGGGGATG   TGCTGCAA>           / 

  <GCTACCGG---GTGATGCA---CTTGGTAG---TGGGTTTA---GTTCAAAA---AACCC CAG<     <AGCGATAA--- TGCGGTCG---ACCGCTTT---CCCCCTAC-- -ACGACGTT---CCGCTAAT<  

   CGATGGCC>                       >ACCCAAAT   CAAGTTTT>           \   /           >ACGCCAGC   TGGCGAAA>                       >GGCGATTA   

  ( s-3t10f                         s-1t10e ) ( s-1t10i             | |             s1t10i  ) (  s1t 10f                         s3t10g  )  

   TTAGCCCC<                       <GCTAAATC   ACGAAATG<           /   \           <CGTGGCTA   GCGGGAAG<                       <GACTTACC   

  >AATCGGGG---GCTCCCTT---TAGGGTTC---CGATTTAG---TGCTTTAC---GGCAC CTC>     >AGAGGCCC--- GCACCGAT---CGCCCTTC---CCAACAGT-- -TGCGCAGC---CTGAATGG>  

 /           <CGAGGGAA   ATCCCAAG<                       <CCGTGGAG------- TCTCCGGG<                       <GGTTGTCA   ACGCGTCG<           \ 

|                     ) (                                                                                         ) (                     |

 \           >GACGGGGA   AAGCCGGC>                       >GAAGGGAA------- CTTTCCGG>                       >GGAAACCA   GGCAAAGC>           / 

  <ATCTCGAA---CTGCCCCT---TTCGGC CG---CTTGCACC---GCTCTTTC---CTTCC CTT<     <GAAAGGCC--- GTGGCGAA---GACCACGG---CCTTTGGT-- -CCGTTTCG---CGGTAAGC<  

  >TAGAGCTT>                       >GAACGTGG--- CGAGAAAG>                           >CACCGCTT--- CTGGTGCC>                       >GCCATTCG<  

    s-3t12f                         s-1t12j                                         s1t12g                                                 

                                                                                                                                           

                                                                                                                                           

                                                                                                                                           

Supplementary Figure S6: Third passdiagram with staple strands after merge (bridged seam).
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3                    2                    1                      0                       1                    2                    3

    s-3t0b                         s-1t0a                                          s 1t0e         s 1t0b                         s3t0a      

 <        <                       <        --- AGAGGGGC<                           <AATTACGT---         <                       <        <  

 >        ---        ---        ---        ---TCTCCCCG---CGCGTT GG-------CCGATTCA---T TAATGCA---        ---        ---         ---         >  

/           <                   <                       <GCGCAACC------- GGCTAAGT<                       <                   <           \ 

|             s-2t1a  ) (  s-2t 1b                         s0t1f                                            s2t1a   ) (   s2t1b             |

\           >                   >                       >GCGTATTG------- AACCTGTC>                       >                   >           / 

 <        ---        ---        ---        ---CCGCCAAA---CGCATA AC<     <TTGGACAG---C ACGGTCG---        ---        ---         ---         <  

          >                       >           GGCGGTTT>           \   /           >GTGCCAGC           >                       >           

 (  s-3t2b                         s-1t2e  ) (                     | |             s 1t2e   ) (                                 s3t2a   )  

          <                       <CTTTTCTT   TTTGGTGG<           /   \           <CCTTTCGC   CCGTCACT<                       <           

 >        ---        ---     GG T---GAAAAGAA---AAACCACC---CTGGCGCC>     >TCCCGACT---G GAAAGCG---GGCAGTGA---GCG     ---         ---         >  

/           <                CCA<                       <GACCGCGG------- AGGGCTGA<                       <CGC                <           \ 

|             s-2t3a  ) (  s-2t 3g                         s0t3f                                            s2t3c   ) (   s2t3b             |

\           >                AGT>                       >GATTGCCC------- GTGAGCTA>                       >TTG                >           / 

 <        ---        ---     TC A---C TCTGCCC---GTTGTCGA---CTAACGGG<     <CACTCGAT---TGAG TGTA---ATTAACGC- --AAC     ---        ---         <  

          >                       >GAGACGGG   CAACAGCT>           \   /           >ACTCACAT   TAATTGCG>                       >           

 (  s-3t4b                                 ) (                     | |             s 1t4e   ) (                                 s3t4a   )  

          <                       <TGAGAGAG   TCCCGGTC<           /   \           <GTGGGGTC   CGAAATGT<                       <           

 >        ---  GACCGC---TTGCTGC A---ACTCTCTC---AGGGCCAG---GCGGTGAA>     >TCATTAGG---C ACCCCAG---GCTTTACA---CTTTATGC--- TTCCGG  ---         >  

/           <  CTGGCG   AACGACGT<                       <CGCCACTT------- AGTAATCC<                       <GAAATACG   AAGGCC  <           \ 

|             s-2t5a  ) (                                 s0t5f                                            s2t5g   ) (   s2t5b             |

\           >  CACGCT   GGTTTGCC>                       >CTGTTTGA------- AAATTGTT>                       >ACACAACA   TACGAG  >           / 

 <        ---  GTGCGA---CCAAACG G---GGTCGTCC---GCTTTTAG---GACAAA CT<     <TTTAACAA---T AGGCGAG---TGTTAAGG---TGTGTTGT--- ATGCTC  ---         <  

          >                       >CCAGCAGG   CGAAAATC>           \   /           >ATCCGCTC   ACAATTCC>                       >           

 (                                 s-1t6e  ) (                     | |             s 1t6e   ) (                                 s3t6e   )  

  CCGATAAG<                       <TAAAACGG   CTAAAGCC<           /   \           <TTTGTCGA   TACTGGTA<                       <AGCCATGG   

 >GGCTATTC---TTTTGATT---TATAAGG G---ATTTTGCC---GATTTCGG---AACCAC CA>     >CACACAGG---A AACAGCT---ATGACCAT---GATTACGA--- ATTCGAGC---TCGGTACC>  

/           <AAAACTAA   ATATTCCC<                       <TTGGTGGT------- GTGTGTCC<                       <CTAATGCT   TAAGCTCG<           \ 

|             s-2t7f  ) (                                 s0t7f                                            s2t7f   ) (                     |

\           >GGTTGAGT   GTTGTTCC>                       >CCACTATT------- GCCAGTGC>                       >CAGGTCGA   CTCTAGAG>           / 

 <GCTCTATC---CCAACTCA---CAACAAGG---TCAAACCT---TGTTCTCA---GGTGAT AA<     <CGGTCACG---G TTCGAAC---GTACGGAC---GTCCAGCT--- GAGATCTC---CTAGGGGC<  

  CGAGATAG>                       >AGTTTGGA   ACAAGAGT>           \   /           >CAAGCTTG   CATGCCTG>                       >GATCCCCG   

 (                                 s-1t8e  ) (                     | |             s 1t8e   ) (                                 s3t8e   )  

  GGGACTAT<                       <AACTGCAA   CCTCAGGT<           /   \           <ATGTTGCA   GCACTGAC<                       <TGGGTTGA   

 >CCCTGATA---GACGGTTT---TTCGCCCT---TTGACGTT---GGAGTCCA---CGTTCT TT>     >CGTCGTTT---T ACAACGT---CGTGACTG---GGAAAACC--- CTGGCGTT---ACCCAACT>  

/           <CTGCCAAA   AAGCGGGA<                       <GCAAGAAA------- GCAGCAAA<                       <CCTTTTGG   GACCGCAA<           \ 

|             s-2t9f  ) (                                 s0t9f                                            s2t9f   ) (                     |

\           >CACTACGT   GAACCATC>                       >TTGGGGTC------- TCGCTATT>                       >GGGGGATG   TGCTGCAA>           / 

 <GCTACCGG---GTGATGCA---CTTGGTAG---TGGGTTTA---GTTCAAAA---AACCCC AG<     <AGCGATAA---T GCGGTCG---ACCGCTTT---CCCCCTAC--- ACGACGTT---CCGCTAAT<  

  CGATGGCC>                       >ACCCAAAT   CAAGTTTT>           \   /           >ACGCCAGC   TGGCGAAA>                       >GGCGATTA   

 (                                 s-1t10f ) (                     | |             s 1t10g  ) (                                 s3t10g  )  

  TTAGCCCC<                       <GCTAAATC   ACGAAATG<           /   \           <CGTGGCTA   GCGGGAAG<                       <GACTTACC   

 >AATCGGGG---GCTCCCTT---TAGGGTTC---CGATTTAG---TGCTTTAC---GGCACC TC>     >AGAGGCCC---G CACCGAT---CGCCCTTC---CCAACAGT--- TGCGCAGC---CTGAATGG>  

/           <CGAGGGAA   ATCCCAAG<                       <CCGTGGAG------- TCTCCGGG<                       <GGTTGTCA   ACGCGTCG<           \ 

|                     ) (                                                                                         ) (                     |

\           >GACGGGGA   AAGCCGGC>                       >GAAGGGAA------- CTTTCCGG>                       >GGAAACCA   GGCAAAGC>           / 

 <ATCTCGAA---CTGCCCCT---TTCGGCCG---CTTGCACC---GCTCTTTC---CTTCCC TT<     <GAAAGGCC---G TGGCGAA---GACCACGG---CCTTTGGT--- CCGTTTCG---CGGTAAGC<  

 >TAGAGCTT>                       >GAACGTGG--- CGAGAAAG>                           >CACCGCTT--- CTGGTGCC>                       >GCCATTCG<  

   s-3t12g                                     s-1t12g                                          s1t1 2g                                    

                                                                                                                                          

                                                                                                                                          

                                                                                                                                          

Supplementary Figure S7: Third passdiagram with staple strands after merge (unbridged seam).

11



Supplementary Figure S8: Third passdiagram with staple strands after staggeredmerge.
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Supplementary Figure S9: Third passdiagram with staple strands after rectilinear merge.
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Supplementary Figure S10: Crossover diagram of bridged design.
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Supplementary Figure S11: Crossover diagram of unbridged design.
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a

b

Staggered merge pattern

Rectilinear merge pattern

Supplementary Figure S12: Di�eren t patterns of merges yield di�eren t types of grids for any pixel pattern. Black dots
indicate mergesmade on the top face of the structure, white dots indicate mergesmade on the bottom face. To create a `1'
pixel a hairpin is added at the position of one of the merges. Special caseson the edge of the shape are not normally used
for pixels. a A staggered pattern of merges. In this caseall modi�cations made to the middle of a staple strand fall on the
sameface of the lattice. b A rectilinear pattern of merges. In this casea modi�cations made to the middle of a staple strand
fall on alternating facesof the lattice, depending on the column in which they occur. While the structure in a has a bridged
seam, and the structure in b has an unbridged seam, the basic pattern of mergesis independent of whether or not the seam
is bridged.
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Supplementary Note S2: E�ects of inter-helix gaps and DNA bending on the length and
width of DNA nanostructures

When the �rst planar DNA nanostructuresbasedon parallel double helical domainsweremade(DNA tile lattices
basedon double-crossover molecules25) a few assumptionsweremadeabout their structure. It wasassumed(1) that
the heliceswould be lie close-packedand (2) that the heliceswould bebe without bends. Implicit in theseassumptions
were two more: (3) the length of DNA nanostructures with parallel helices(measuredperpendicular to the helices)
was assumedto be given by 2h nanometers where h is the number of helices and (4) the width was assumedto
be :34n nanometerswhere n was the number of nucleotides in the structure. Here I review what has been learned
about theseassumptions. (1) turns out to be incorrect, at least for structures imagedby AFM on mica under bu�er.
Becauseof this, (2) appearsto be incorrect and (3) is not a good approximation for the length (top to bottom) of a
DNA nanostructure. While (4) is probably inexact it turns out to remain a useful approximation for the width of a
DNA nanostructure.

When a DNA nanostructure with parallel helicesbound by together crossoversis imagedby AFM, the result does
not model a seriesof close-packed cylinders. Instead, AFM seemsto reveal gaps between helices, typically 1-2 nm
wide, whoseposition and length follow the pattern of crossovers in the underlying structure. Wherever two helices
have a crossover, no gap is observed; a few nanometersaway from a crossover, an inter-helix gap is observed.

The sourceof the inter-helix gap is unknown, it may be electrostatic repulsion between helices(as �rst, to my
knowledge,suggestedby Rizal Hariadi), or detailed geometryof the crossovers(free crossovers,when not constrained
by adjacent crossovers in a multi-crossover molecule,assumean angle of approximately 60 degrees32, 33). It remains
for the gap to be measuredon di�eren t substrates,or in solution, or by a di�eren t imaging technique such as TEM,
or for it to be measuredas a function of salt concentration which might be expected to changethe gap by changing
the screeningof electrostatic interactions.

Whatever the source,the width of the gap appearsto depend on the spacingof crossovers: here origami with 16
nt spacing (about 1.5 turns) between crossovers have a � 1 nm gap, origami with 26 nt spacing (about 2.5 turns)
appear to have a � 1.5 nm gap. I note that the relationship between crossover spacing and gap width is not yet
proven. Here, all structures with 2.5-turn spacinghave onepattern of nicks|that of Fig. 1c|that yields staplesthat
connectonly 2 helical domains; on the other hand, all structures with 1.5 turn spacinghave a pattern of nicks|that
of Fig. 1e that connect 3 helical domains. Thus it is possible that 2.5-turn spacing structure with a nick pattern
like that of Fig. 1e might have a di�eren t spacing than the 2.5-turn structures explored here. To test whether the
pattern of nicks has an e�ect one could re-render the 2.5-turn spacing squarewith 3-helix spanning staple strands
as in Fig. 1e.

Becausethe interhelix gapappearsto set the aspect ratio of DNA nanostructuresconstructed from parallel helices,
we can use it to attempt to engineerthe length and width of DNA origami. With an estimate of the gap in hand,
it is simple to design DNA origami with a desired length (if a roughly periodic pattern of crossovers is used): the
length of the structure should be 2h + (h � 1)g nm whereh is the number of 2 nm wide helicesand g is the inter-helix
gap. Lengths measuredby AFM are typically within 5% of the predicted length by this formula; it assumedthat
this error is causedby AFM drift or miscalibration. Note that the formula predicts lengths roughly 50% and 75%
greater than those that would be predicted assumingclose-packed helices.

Given an estimate of the inter-helix gap, it would seema priori more di�cult to estimate or design the width of
a DNA origami. To create the inter-helix gap it appears the DNA helicesmust bend back and forth between the
crossovers in which they participate. If one assumesthat the contour length of a helix of DNA doesnot changeas it
bendsand follows a curve, then the end to end distance of a DNA helix following such a curve must be shorter than
the end to end distance of a straight helix of the samenumber of nucleotides. That is, to get a correct estimate for
the width of an origami, one must take the bend into account.

However, very little is known about the nature of the bending. So far, few AFM imagesof DNA have a resolution
high enoughfor the contour of the helix to be traced explicity and so it seemsthere is not enoughdata to model it
accurately. Exactly what curve is followed by the helix is probably a�ected by electrostatic repulsion between the
DNA backbones,mechanics of DNA bending, the amount of supercoiling betweencrossovers,and detailed geometry
of the junctions. In the schematic drawing of DNA origami (row 2, Fig. 2) I give a cartoon version of the bending
that seeksto reproduce structures seenin AFM imagesbasedon the pattern of crossovers in the design. Zooms of
the curve used, (based on the sums of exponentials that decay away from crossovers) are giving in Supplementary
Fig. S13band e. There is no reasonto believe that thesecurvesare physically accurate.

As a very rough estimate of the changein width due to helix bending, close-packedversionsof the 2.5 turn spacing
and 1.5 turn spacinglattices (Supplementary Fig. S13a and d) weredeformedby bending the helical domainsbetween
crossoversan amount appropriate to create the inter-helix gap (� 10 degrees).The projection of thesebent domains
on the x-axis was then calculated and taken as the new width between crossover. The width between crossovers
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changed less than -2% in both cases(Supplementary Fig. S13 c and f), becauseof the small angles involved. I
note that becauseI use 32 nt to cover 3 helical turns in the 1.5 turn spacing designs, the DNA in most designs
is overtwisted (relativ e to 10.5 bases/turn) by 1.5%. Thus it is possiblethat relaxation of supercoiling might have
a compensatory e�ect (relativ e to the e�ect of bending) on the width of DNA origami. (On the other hand, 52
basesare used to cover 5 turns in the 2.5 turn spacing designsand they are 1% undertwisted with respect to 10.5
bases/turn.)

Finally, the experimental widths of DNA origami are typically within 10% of that predicted using the :34n
nanometers approximation. Thus while helix bending appears to happen to accomodate the inter-helix gap, the
width of structures is predicted by the formula :34n nanometersto within AFM error.
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16 bases, 5.44 nm

2 nm + 1.5 nm = 3.5 nm

2 nm

10.4 degrees

5.35 nm,  98.3 % of
   unbent width

26 bases, 8.84 nm 

2 nm

5.44 nm
1 nm

9.63 degrees. 

8.71 nm,   98.5% of unbent width

8.84 nm
1.5 nm

a b

c

d e

f

Supplementary Figure S13: A �gure that suggeststhat the e�ect of helix bending between crossovers contributes little to
the width of a DNA origami.
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Supplementary Note S3: Designs and sequences

In this note, for all large designsI include: (1) a block diagram and reproduction of the folding path (2) an
enlargement of the schematics usedto diagram the e�ects of crossover position on helix bending as in Fig. 2, row 2
and (3) the list of sequencesused. A few comments:

1. Because they are very large and do not prin t well, the full designs with staple and sca�old
sequences explicitly written out app ear in a separate �le as Supplemen tary Note 12, not here.

2. For the 1/3 square,the crossover diagram is not included but is similar to that for the full square.

3. For the smiley and star I include high-resolution AFM that correponds well to the crossover models for com-
parison. For the smiley I inlude a model of how smileys can maximize stacking interactions.

4. For the tall rectangle, two di�eren t crossover diagrams are given, one for a bridged seam, and one for the
unbridged seam(as usedin Fig. 3e{i).

5. At the end of this note the full sequenceof the New England Biolabs clone of M13mp18 used in this paper is
included (Supplementary Fig. S39). The sequenceis unpublished and appears to be available only from the
NEB web site.
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26.5 turns wide at 10.4 bases/turn -> 276 bases
    8 helices tall

a b

Supplementary Figure S14: Schematics for � 1=3 of the square (8 helices) in Fig. 2a used in the �rst origami experiments
(Supplemental Note S5.3). a Block diagram. Designed for 2.5-turn spacing blocks have 5 di�eren t o�sets with respect to the
underlying lattice of crossovers, hence the 5 di�eren t hues of blocks in di�eren t columns. As in other block diagrams, orange
block/red block boundaries have an o�set of 0 turns with respect to the underlying lattice of crossovers. b Folding path. A
circular sca�old is used.
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1y_1C; GAGCCCCCGATTTAGAGCTTGACGGG
x3y_1C; CAAGTTTTTT GGGGTCGAGGTGCCGT
x5y_1C; CGAAAAACCGTCTATCAGGGCGATGG
x7y_1C; AGTTTGGAACAAGAGTCCACTATTAA
x9y_1C; AATCGGCAAAATCCCTTATAAATCAAAAGAATAG

x0y0A; CTGGGGTGCCTAATGAGTGAGCGTGGCGAGAAAGGAAGGGAA
x0y0B; GAAAGCCGGCGAACTAACTCACATTA
x2y0A; CCAGTCGGGAAACGGAACCCTAAAGG
x2y0B; AAAGCACTAAATCCTGTCGTGCCAGC
x4y0A; GGGAGAGGCGGTTCCATCACCCAAAT
x4y0B; CCCACTACGTGAATGCGTATTGGGCG
x6y0A; GAGACGGGCAACACAACGTCAAAGGG
x6y0B; AGAACGTGGACTCGCTGATTGCCCTT
x8y0A; GCAAGCGGTCCACTGAGTGTTGTTCC
x8y0B; CCCGAGATAGGGTGCTGGTTTGCCCC

x1y1A; ATTGCGTTGCGCTCTCACAATTCCAC
x1y1B; AAATTGTTATC CGCACTGCCCGCTTT
x3y1A; TGCATTAATGAATCTCGAATTCGTAA
x3y1B; CCCGGGTACCGAGCGGCCAACGCGCG
x5y1A; CCAGGGTGGTTTTTGCCAAGCTTGCA
x5y1B; AAACGACGGCCAGTCTTTTCACCAGT
x7y1A; CACCGCCTGGCCCGTTGGGTAACGCC
x7y1B; GCAAGGCGATTAATGAGAGAGTTGCA
x9y1A; AGCAGGCGAAAATTCTTCGCTATTAC
x9y1B; GAAGGGCGATCGGTGCGGGCCCCTGTTTGATGGTGGTTCCGA

x0y2A; CGCGTCTGGCCTTCCTGTAGCCGGAAGCATAAAGTGTAAAGC
x0y2B; ACAACATACGAGCCAGCTTTCATCAA
x2y2A; GTCGGATTCTCCGTGTTTCCTGTGTG
x2y2B; TCATGGTCATAGCTGGGAACAAACGG
x4y2A; CGTTGGTGTAGATACTCTAGAGGATC
x4y2B; TGCCTGCAGGTCGGGGCGCATCGTAA
x6y2A; GACGACAGTATCGTCACGACGTTGTA
x6y2B; AGGGTTTTCCCAGGCCTCAGGAAGAT
x8y2A; GCTTCTGGTGCCGAGGGGGATGTGCT
x8y2B; GCCAGCTGGCGAAGAAACCAGGCAAA

x1y3A; CATTAAATGTGAGTAAATCAGCTCAT
x1y3B; ATTAAATTTTT GTCGAGTAACAACCC
x3y3A; CGGATTGACCGTATATTTAAATTGTA
x3y3B; TTGTATAAGCAAAATGGGATAGGTCA
x5y3A; CCGTGCATCTGCCCCCCGGTTGATAA
x5y3B; TCAATCATATGTAAGTTTGAGGGGAC
x7y3A; CGCACTCCAGCCAACAAGAGAATCGA
x7y3B; GAGTCTGGAGCAAGCTTTCCGGCACC
x9y3A; GCGCCATTCGCCATTTTGAGAGATCT
x9y3B; AATGCCGGAGAGGGTAGCTATTTCAGGCTGCGCAACTGTTGG

x0y4A; CAATAAATCAT ACAGGCAAGGGGAACGCCATCAAAAATAATT
x0y4B; TTTTTAACCAA TACAAAGAATTAGCA
x2y4A; TAAAGCTAAATCGTGTTAAAATTCGC
x2y4B; AACGTTAATAT TTGTTGTACCAAAAA
x4y4A; GGAGAAGCCTTTAAAAAACAGGAAGA
x4y4B; TCAGAAAAGCCCCTTTCAACGCAAGG
x6y4A; TTTTAAATGCA ATTAAAACTAGCATG
x6y4B; TGAACGGTAATCGGCCTGAGTAATGT
x8y4A; AAGGCCGGAGACAGGTCATTGCCTGA
x8y4B; ACAAAGGCTATCAGTCAAATCACCAT

x1y5A; AAATTAAGCAATAGCTGAAAAGGTGG
x1y5B; ATTTGGGGCGCGAAAGCCTCAGAGCA
x3y5A; CATTATGACCCTGATTTCGCAAATGG
x3y5B; GACCATTAGATACTAATACTTTTGCG
x5y5A; ATAAAAATTTT TACAGTTGATTCCCA
x5y5B; TCATTCCATAT AAGAACCCTCATATA
x7y5A; GTAGGTAAAGATTTGTTTTAAATATG
x7y5B; CTGTAGCTCAACACAAAAGGGTGAGA
x9y5A; CAATATGATAT TCTTTTGCGGATGGC
x9y5B; CTCCTTTTGAT AAGAGGTCATAACCGTTCTAGCTGATAAATT

x0y6A; ATGTTTAGACTGGATAGCGTCAATAGTAGTAGCATTAACATC
x0y6B; CATCAATTCTA CTCAATACTGCGGAA
x2y6A; CTCAAATGCTTTATAGCTATATTTTC
x2y6B; TCAATAACCTGTTAACAGTTCAGAAA
x4y6A; AGGTCTTTACCCTGTAGATTTAGTTT
x4y6B; ATTCTGCGAACGAGACTATTATAGTC
x6y6A; GATTAAGAGGAAGGTGTCTGGAAGTT
x6y6B; CAACTAAAGTACGCCCGAAAGACTTC
x8y6A; AAAGCGAACCAGAGCTGAATATAATG
x8y6B; TTAGAGCTTAATTCCGGAAGCAAACT

x1y7C; TCGTCATAAATATTCATTGAATCCCC
x3y7C; ACGAGAATGACCATAAATCAAAAATC
x5y7C; AGAAGCAAAGCGGATTGCATCAAAAA
x7y7C; AAATATCGCGTTTTAATTCGAGCTTC
x9y7C; CCAACAGGTCAGGATTAGAGAGTACCTTTAATTG

Supplementary Figure S15: Strands used to create � 1=3 of a square.
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26.5 turns wide at 10.4 bases/turn -> 276 bases
    26 helices tall

a b

Supplementary Figure S16: Schematics for the square in Fig. 2a. a Block diagram. Designed for 2.5-turn spacing, blocks
have 5 di�eren t o�sets with respect to the underlying lattice of crossovers, hence the �v e di�eren t hues of blocks in di�eren t
columns. As in other block diagrams, orangeblock/red block boundaries have an o�set of 0 turns with respect to the underlying
lattice of crossovers. The red square highlights our prediction for how well the design is expected to approximate a square. b
Folding path.
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Supplementary Figure S17: Crossover induced structure of square.
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1y_1C; GAGCCCCCGATTTAGAGCTTGACGGG
x3y_1C; CAAGTTTT TTGGGGTCGAGGTGCCGT
x5y_1C; CGAAAAACCGTCTATCAGGGCGATGG
x7y_1C; AGTTTGGA ACAAGAGTCCACTATTAA
x9y_1C; AATCGGCAAAATCCCTTATAAATCAAAAGAATAG

x0y0A; CTGGGGTGCCTAATGAGTGAGCGTGGCGAGAAAGGAAGGGAA
x0y0B; GAAAGCCGGCGAACTAACTCACATTA
x2y0A; CCAGTCGGGAAACGGAACCCTAAAGG
x2y0B; AAAGCACTAAATCCTGTCGTGCCAGC
x4y0A; GGGAGAGGCGGTTCCATCACCCAAAT
x4y0B; CCCACTACGTGAATGCGTATTGGGCG
x6y0A; GAGACGGGCAACACAACGTCAAAGGG
x6y0B; AGAACGTGGACTCGCTGATTGCCCTT
x8y0A; GCAAGCGGTCCACTGAGTGTTGTTCC
x8y0B; C CCGAGATAGGGTGCTGGTTTGCCCC

x1y1A; ATTGCGTTGCGCTCTCACAATTCCAC
x1y1B; AAATTGTTA TCCGCACTGCCCGCTTT
x3y1A; TGCATTAAT GAATCTCGAATTCGTAA
x3y1B; CCCGGGTACCGAGCGGCCAACGCGCG
x5y1A; CCAGGGTGGTTTTTGCCAAGCTTGCA
x5y1B; AAACGACGGCCAGTCTTTTCACCAGT
x7y1A; CACCGCCTGGCCCGTTGGGTAACGCC
x7y1B; GCAAGGCGATTAATGAGAGAGTTGCA
x9y1A; AGCAGGCGAAAATTCTTCGCTATTAC
x9y1B; GAAGGGCGATCGGTGCGGGCCCCTGTTTGATGGTGGTTCCGA

x0y2A; CGCGTCTGGCCTTCCTGTAGCCGGAAGCATAAAGTGTAAAGC
x0y2B; ACAACATAC GAGCCAGCTTTCATCAA
x2y2A; GTCGGATTCTCCGTGTTTCCTGTGTG
x2y2B; TCATG GTCATAGCTGGGAACAAACGG
x4y2A; CGTTGGTGTAGATACTCTAGAGGATC
x4y2B; TGCCTGCAGGTCGGGGCGCATCGTAA
x6y2A; GACGACAGTATCGTCACGACGTTGTA
x6y2B; AGGGTTTTCCCAGGCCTCAGGAAGAT
x8y2A; GCTTCTGGTGCCGAGGGGGATGTGCT
x8y2B; GCCAGCTGGCGAAGAAACCAGGCAAA

x1y3A; CATTAAATG TGAGTAAATCAGCTCAT
x1y3B; ATTAAATTT TTGTCGAGTAACAACCC
x3y3A; CGGATTGACCGTATATTTAAATTGTA
x3y3B; TTGTATAAG CAAAATGGGATAGGTCA
x5y3A; CCGTGCATCTGCCCCCCGGTTGATAA
x5y3B; TCAATCATA TGTAAGTTTGAGGGGAC
x7y3A; CGCACTCCAGCCAACAAGAGAATCGA
x7y3B; GAGTCTGGAGCAAGCTTTCCGGCACC
x9y3A; GCGCCATTCGCCATTTTGAGAGATCT
x9y3B; AATGCCGGAGAGGGTAGCTATTTCAGGCTGCGCAACTGTTGG

x0y4A; CAATAAATC ATACAGGCAAGGGGAACGCCATCAAAAATAATT
x0y4B; TTTTTAACC AATACAAAGAATTAGCA
x2y4A; TAAAGCTAA ATCGTGTTAAAATTCGC
x2y4B; AACGTTAAT ATTTGTTGTACCAAAAA
x4y4A; GGAGAAGCCTTTAAAAAACAGGAAGA
x4y4B; TCAGAAAAGCCCCTTTCAACGCAAGG
x6y4A; TTTTAAATG CAATTAAAACTAGCATG
x6y4B; TGAACGGTAATCGGCCTGAGTAATGT
x8y4A; AAGGCCGGAGACAGGTCATTGCCTGA
x8y4B; ACAAAGGCTATCAGTCAAATCACCAT

x1y5A; AAATTAAGC AATAGCTGAAAAGGTGG
x1y5B; ATTTGGGGCGCGAAAGCCTCAGAGCA
x3y5A; CATTATGAC CCTGATTTCGCAAATGG
x3y5B; GACCATTAGATACTAATACTTTTGCG
x5y5A; ATAAAAATT TTTACAGTTGATTCCCA
x5y5B; TCATTCCAT ATAAGAACCCTCATATA
x7y5A; GTAGGTAAAGATTTGTTTTAAATATG
x7y5B; CTGTAGCTCAACACAAAAGGGTGAGA
x9y5A; CAATATGAT ATTCTTTTGCGGATGGC
x9y5B; CTCCTTTTG ATAAGAGGTCATAACCGTTCTAGCTGATAAATT

x0y6A; ATGTTTAGA CTGGATAGCGTCAATAGTAGTAGCATTAACATC
x0y6B; CATCAATTC TACTCAATACTGCGGAA
x2y6A; CTCAAATGCTTTATAGCTATATTTTC
x2y6B; TCAATAACC TGTTAACAGTTCAGAAA
x4y6A; AGGTCTTTA CCCTGTAGATTTAGTTT
x4y6B; ATTCTGCGAACGAGACTATTATAGTC
x6y6A; GATTAAGAGGAAGGTGTCTGGAAGTT
x6y6B; CAACTAAAGTACGCCCGAAAGACTTC
x8y6A; AAAGCGAACCAGAGCTGAATATAATG
x8y6B; TTAGAGCTT AATTCCGGAAGCAAACT

x1y7A; TCGTCATAA ATATCGAGAGGCTTTTG
x1y7B; AAAACCAAA ATAGTCATTGAATCCCC
x3y7A; ACGAGAATGACCAAGCAACACTATCA
x3y7B; GAGGCATAGTAAGTAAATCAAAAATC
x5y7A; AGAAGCAAAGCGGATTCAACTAATGC
x5y7B; TTAGGAATA CCACATTGCATCAAAAA
x7y7A; AAATATCGC GTTTACAACATTATTAC
x7y7B; ACGAACTAACGGATAATTCGAGCTTC
x9y7A; CCAACAGGTCAGGCCAGTCAGGACGT
x9y7B; TTTAAGAAC TGGCTCATTATAATTAGAGAGTACCTTTAATTG

x0y8A; CCGGAACGAGGCGCAGACGGTGCCAGAGGGGGTAATAGTAAA
x0y8B; CAAAAGAAGTTTTCAATCATAAGGGA
x2y8A; ACAGATGAACGGTCCAGACGACGATA
x2y8B; TAACCCTCGTTTAGTACAGACCAGGC
x4y8 A; AGTAATCTTGACACAAAAGGAATTAC
x4y8B; AGATACATA ACGCAGAACCGGATATT
x6y8A; TGCTCATTC AGTGCATCAGTTGAGAT
x6y8B; AGGTAGAAAGATTAATAAGGCTTGCC
x8y8A; TAAATTGGGCTTGCTACGTTAATAAA
x8y8B; TGGGAAGAAAAATAGATGGTTTAATT

x1y9A; ACCGAACTGACCAGCCTGATAAATTG
x1y9B; GATTTGTAT CATCACTTTGAAAGAGG
x3y9A; GCATAGGCTGGCTCCCAGCGATTATA
x3y9B; CTCATCTTT GACCGACCTTCATCAAG
x5y9A; CATTACCCA AATCCAACCTAAAACGA
x5y9B; ACTACGAAGGCACAACGTAACAAAGC
x7y9A; CTGACGAGAAACATGAGGAAGTTTCC
x7y9B; AAAGACTTT TTCACCAGAACGAGTAG
x9y9A; TCAACTTTA ATCAGGAACGAGGGTAG
x9y9B;  TCAGCAGCGAAAGACAGCATCTTGTGAATTACCTTATGCGAT

x0y10A; AACTTTCA ACAGTTTCAGCGGGACCTGCTCCATGTTACTTAG
x0y10B; TGTCGAAA TCCGCAGTGAGAATAGAA
x2y10A; ATAATTTT TTCACAAAGTACAACGGA
x2y10B; CCAAGCGCGAAACGTTGAAAATCTCC
x4y10A; TAATTGTA TCGGTATACACTAAAACA
x4y10B; AAGAGGCAAAAGATTATCAGCTTGCT
x6y10A; GATACCGATAGTTAATACGTAATGCC
x6y10B; ATTAAACG GGTAAGCGCCGACAATGA
x8y10A; ATATATTC GGTCGGGCTTTGAGGACT
x8y10B; CAACGGCTACAGACTGAGGCTTGCAG

x1y11A; AGGAACAACTAAATTTCCAGACGTTA
x1y11B; AAGTTTTG TCGTCGGAATTGCGAATA
x3y11A; AAAAAAAA GGCTCCATTCCACAGACA
x3y11B; ACAACGCCTGTAGCAAAAGGAGCCTT
x5y11A; TTCGAGGT GAATTCATGTACCGTAAC
x5y11B; CCCAATAG GAACCTCTTAAACAGCTT
x7y11A; CAACAACC ATCGCACCCTCAGAGCCA
x7y11B; CCTCAGAA CCGCCCCACGCATAACCG
x9y11A; GGAGTTAA AGGCCACTCAGGAGGTTT
x9y11B; CCGGAATAGGTGTATCACCGTGCTTTTGCGGGATCGTCACCC

x0y12A; GGAAAGCGCAGTCTCTGAATTCTGTATGGGATTTTGCTAAAC
x0y12B; GTAAATGA ATTTTTACCGTTCCAGTA
x2y12A; CAGGAGTGTACTGGCGTAACGATCTA
x2y12B; GCCCTCAT AGTTAGTAATAAGTTTTA
x4y12A; GCCCGTATAAACAACCAGTACAAACT
x4y12B; ACTGAGTT TCGTCGTTAATGCCCCCT
x6y12A; AACATGAA AGTATCAGGGATAGCAAG
x6y12B; CCACCCTCATTTTTAAGAGGCTGAGA
x8y12A; CGGGGTTTTGCTCTCAGAACCGCCAC
x8y12B; AGTACCGCCACCCAGTACCAGGCGGA

x1y13A; AGCGTCAT ACATGTTGGCCTTGATAT
x1y13B; GCAGGTCAGACGAGCTTTTGATGATA
x3y13A; ACGGGGTCAGTGCCACCACCAGAGCC
x3y13B; CCGCCACCAGAACCTTGAGTAACAGT
x5y13A; GCCTATTT CGGAACCCTCAGAACCGC
x5y13B; CTCAGAGCCGCCACCTATTATTCTGA
x7y13A; CTCCTCAA GAGAAAAAATCACCGGAA
x7y13B; TCTTTTCA TAATCGGATTAGGATTAG
x9y13A; TAAGTGCC GTCGACGGCATTTTCGGT
x9y13B; CAGACTGT AGCGCGTTTTCATGAGGGTTGATATAAGTATAGC

x0y14A; TTATTTTG TCACAATCAATAGAATCCTCATTAAAGCCAGAAT
x0y14B; TCACAAA CAAATAAAAATTCATATGG
x2y14A; GACATTCA ACCGAACAGGAGGTTGAG
x2y14B; GCCGCCAGCATTGTTGAGGGAGGGAA
x4y14A; TAAAGGTG AATTAACCACCCTCAGAG
x4y14B; CACCCTCA GAGCCTCACCGTCACCGA
x6y14A; GCAAAATC ACCAGCGGAACCGCCTCC
x6y14B; CCAGAGCCACCACTAGCACCATTACC
x8y14A; TGAAACCA TCGATTTAGCGTTTGCCA
x8y14B; CATAGCCCCCTTAAGCAGCACCGTAA

x1y15A; TTTACCAG CGCCAAAAGGTGGCAACA
x1y15B; AAAATACA TACATAAGACAAAAGGGC
x3y15A; GGTAAATA TTGACATTAAGACTCCTT
x3y15B; AAGAACTG GCATGGGAAATTATTCAT
x5y15A; CTTGAGCCATTTGAAGGAAACCGAGG
x5y15B; ACAAAGTT ACCAGGGAATTAGAGCCA
x7 y15A; ATTAGCAAGGCCGTACCGAAGCCCTT
x7y15B; GCAATAGCTATCTGAAACGTCACCAA
x9y15A; TCAGTAGC GACAGGAGTTAAGCCCAA
x9y15B; GAGAGATAACCCACAAGAATTAATCAAGTTTGCCTTTAGCGT

x0y16A; AATCAAGA TTAGTTGCTATTTCAAAGACACCACGGAATAAGT
x0y16B; TATAAAAG AAACGTGCACCCAGCTAC
x2y16A; TAACGAGCGTCTTTTAGCAAACGTAG
x2y16B; ATTACGCA GTATGTCCAGAGCCTAAT
x4y16A; ATTATTTA TCCCAACGGAATACCCAA
x4y16B; AAACGCAA TAATAATCCAAATAAGAA
x6y16A; GAAAATAG CAGCCAGCAGATAGCCGA
x6y16B; TTTAAGAA AAGTATTTACAGAGAGAA
x8y16A; GACGGGAGAATTAAAACAATGAAATA
x8y16B; TAATAAGA GCAAGACTGAACACCCTG

x1y17A; AATTTTAT CCTGAAGGCGTTTTAGCG
x1y17B; TTCTAAGA ACGCGATCTTACCAACGC
x3y17A; TTGCCAGT TACAACAATAGCAAGCAA
x3y17B; TCATTACC GCGCCAATAAACAGCCAT
x5y17A; ACGATTTT TTGTTTCGAGAACAAGCA
x5y17B; AGTACCGCACTCATAACGTCAAAAAT
x7y17A; TAACATAA AAACACTGTCTTTCCTTA
x7y17B; AATCAATA ATCGGGGGAAGCGCATTA
x9y17A; AACAAAGT CAGAGAAATAATATCCCA
x9y17B; TAGATAAG TCCTGAACAAGAAGGTAATTGAGCGCTAATATCA

x0y18A; AATAAGAA TAAACACCGGAATGCGGGAGGTTTTGAAGCCTTA
x0y18B; AACCTCCC GACTTCATAATTACTAGA
x2y18A; TATACAAA TTCTTGGCTTATCCGGTA
x2y18B; ATCAGATA TAGAAACCAGTATAAAGC
x4y18A; AGAATCGCCATATTTCATCGTAGGAA
x4y18B; AGCCGTT TTTATTTTAACAACGCCAA
x6y18A; GAGCCAGTAATAAGGGTATTAAACCA
x6y18B; TCATTCCA AGAACGAGAATATAAAGT
x8y18A; CCAGACGACGACAGCATGTAGAAACC
x8y18B; TCCTAATT TACGAATAAACAACATGT

x1y19A; AAAAGCCT GTTTATAAATTTAATGGT
x1y19B; TCATCTTC TGACCGTATCATATGCGT
x3y19A; CAACGCTCAACAGGAACGCGAGAAAA
x3y19B; ATCGCAAGACAAATAGGGCTTAATTG
x5y19A; CATGTAAT TTAGGTGGGTTATATAAC
x5y19B; CTCCGGCTTAGGTCAGAGGCATTTTC
x7y19A; ACCGACAAAAGGTTTTATCAAAATCA
x7y19B; AGTCAATA GTGAAAAAGTAATTCTGT
x9y19A; TCAGCTAA TGCAGTGAAAACATAGCG
x9y19B; TTAATTTT CCCTTAGAATCCTAACGCGCCTGTTTATCAACAA

x0y20A; TTTAACGT CAGATGAATATACCGTGTGATAAATAAGGCGTTA
x0y20B; TTGAAATA CCGACAGTAACAGTACCT
x2y20A; TTCGCCTG ATTGCATTTTAGTTAATT
x2y20B; CTTTTTCA AATATTTTGAATACCAAG
x4y20A; TTCATTTC AATTATGATGCAAATCCA
x4y20B; TATATGTA AATGCCCTGAGCAAAAGA
x6y20A; CAAAATTA ATTACCTACCTTTTTAAC
x6y20B; TAGGTCTG AGAGAATTTAACAATTTC
x8y20A; CAGTACAT AAATCAGACGCTGAGAAG
x8y20B; ATAGCTTA GATTAAATATATGTGAGT

x1y21A; TTTACATC GGGAGTTATTTGCACGTA
x1y21B; TACCATAT CAAAAAAACAATAACGGA
x3y21A; TTACAAAA TCGCGGTTTGGATTATAC
x3y21B; TATAATCC TGATTCAGAGGCGAATTA
x5y21A; AGATGATG AAACACATCATATTCCTG
x5y21B; GGAGCGGAATTATAACATCAAGAAAA
x7y21A; ATTTGAAT TACCTGTAACATTATCAT
x7y21B; TTTAAAAG TTTGATTTTTAATGGAAA
x9y21A; GAATAACC TTGCTGACAACTCGTATT
x9y21B; ATTAGACT TTACAAACAATTCTCTGTAAATCGTCGCTATTAA

x0y22A; AATACCGA ACGAACCACCAGCGAAATTGCGTAGATTTTCAGG
x0y22B; AAACAGAA ATAAAAGAAGATAAAACA
x2y22A; GCCTGCAACAGTGAAGGGTTAGAACC
x2y22B; TTCTGAAT AATGGCCACGCTGAGAGC
x4y22A; TCACCTTG CTGAAGGCAATTCATCAA
x4y22B; ATTATCAG ATGATCCTCAAATATCAA
x6y22A; GCAAATCA ACAGTGAAACCACCAGAA
x6y22B; TTTGCGGA ACAAATGAAAGGAATTGA
x8y22A; AGCACTAA CAACTGAACGTTATTAAT
x8y22B; AAATCCTT TGCCCAATAGATTAGAGC

x1y23A; GAGG TGAGGCGGTTTAGTCTTTAATG
x1y23B; TTTTGAAT GGCTACAGTATTAACACC
x3y23A; CAGCAGCAAATGACTGACCTGAAAGC
x3y23B; AGATAGAA CCCTTAAAATCTAAAGCA
x5y23A; ACCCTCAA TCAATTCACACGACCAGT
x5y23B; GCAGATTC ACCAGATCTGGTCAGTTG
x7y23A; GGAAGGTTATCTATTTTGACGCTCAA
x7y23B; GGAAATAC CTACAAAATATCTTTAGG
x9y23A; CGTCAATA GATAAAATATTACCGCCA
x9y23B; CTTGCTGGTAATATCCAGAACTACATTTGAGGATTTAGAAGT

x0y24A; GCGCTTAA TGCGCCGCTACAGCCCTAAAACATCGCCATTAAA
x0y24B; CGCGAACTGATAGGGCGCGTACTATG
x2y24A; GCTTTCCT CGTTAGCACAGACAATAT
x2y24B; GTAAGAAT ACGTGGAATCAGAGCGGG
x4 y24A; ATTTTAGACA GGATTCTGGCCAACAG
x4y24B; AATAAAAG GGACAACGGTACGCCAGA
x6y24A; TGAGGCCACCGAGATTATTTACATTG
x6y24B; TCGTCTGA AATGGTAAAAGAGTCTGT
x8y24A; AATACTTC TTTGAGAAAAACGCTCAT
x8y24B; GCCATTGCAACAGTTAGTAATAACAT

x1y25C; GTTGCTTT GACGAGCACGTATAACGT
x3y25C; AGCTAAAC AGGAGGCCGATTAAAGGG
x5y25C; ATCCTGAGAAGTGTTTTTATAATCAG
x7y25C; CCATCACGCAAATTAACCGTTGTAGC
x9y25C; CACTTGCCTGAGTAGAAGAACTCAAACTATCGGC

Supplementary Figure S18: Sequencesfor the square.
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27 turns wide at 10.666 bases / turn -> 288 nt

24 helices tall

a b

Supplementary Figure S19: Schematics for the rectangle Fig. 2b. a Block diagram. b Folding path.
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Supplementary Figure S20: Crossover diagram for the rectangle.
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Plate number: 1
r1t0g,A1,CAAGCCCAATAGGAACCCATGTACCGTAACAC
r1t10e,B1,TCTTACCAGCCAGTTACAAAATAAATGAAATA
r1t10f,C1,CCTAATTTACGCTAACGAGCGTCTATATCGCG
r1t12e,D1,CTAATTTATCTTTCCTTATCATTCATCCTGAA
r1t12f,E1,ATCGGCTGCGAGCATGTAGAAACCAGCTATAT
r1t14e,F1,AATTACTACAAATTCTTACCAGTAATCCCATC
r1t14f,G1,GCGTTATAGAAAAAGCCTGTTTAGAAGGCCGG
r1t16e,H1,TAGAATCCCTGAGAAGAGTCAATAGGAATCAT
r1t16f,A2,TTAAGACGTTGAAAACATAGCGATTTAAATCA
r1t18e,B2,TTTAACGTTCGGGAGAAACAATAATTTTCCCT
r1t18f,C2,CTTTTACACAGATGAATATACAGTAAGCGCCA
r1t20e,D2,GGATTTAGCGTATT AAATCCTTTGTTTTCAGG
r1t20f,E2,CGACAACTAAGTATTAGACTTTACAGCCGGAA
r1t22e,F2,TAGCCCTACCAGCAGAAGATAAAAACATTTGA
r1t22f,G2,ACGAACCAAAACATCGCCATTAAATGGTGGTT
r1t24h,H2,CGGCCTTGCTGGTAATATCCAGAACGAACTGA
r1t2e,A3,TGCCTTGACTGCCTATTTCGGAACAGGGATAG
r1t2f,B3,AATGCCCCGTAACAGTGCCCGTATGTGAATTT
r1t4e,C3,AACCAGAGACCCTCAGAACCGCCAGGGGTCAG
r1t4f,D3,GAGCCGCCCCACCACCGGAACCGCCTAAAACA
r1t6e,E3,ATTGAGGGTAAAGGTGAATTATCAATCACCGG
r1t6f,F3,TTATTCATAGGGAAGGTAAATATTCATTCAGT
r1t8e,G3,GCAATAGCGCAGATAGCCGAACAATTCAACCG
r1t8f,H3,AAAAGTAATATCTTACCG AAGCCCAACACTAT
r3t0g,A4,CTCAGAGCCACCACCCTCATTTTCCTATTATT
r3t10e,B4,TATTTTGCTCCCAATCCAAATAAGTGAGTTAA
r3t10f,C4,ATTATTTAACCCAGCTACAATTTTCAAGAACG
r3t12e,D4,TAAGTCCTACCAAGTACCGCACTCTTAGTTGC
r3t12f,E4,GGTATTAAGAACAAGAAAAATAATTAAAGCCA
r3t14e,F4,AGGCGTTACAGTAGGGCTTAATTGACAATAGA
r3t14f,G4,ACGCTCAAAATAAGAATAAACACCGTGAATTT
r3t16e,H4,CTGTAAATCATAGGTCTGAGAGACGATAAATA
r3t16f,A5,ATCAAAATCGTCGCTATTAATTAACGGATTCG
r3t18e,B5,ACAGAAATCTTTGAATACCAAGTTCCTTGCTT
r3t18f,C5,CCTGATTGAAAGAAATTGCGTAGACCCGAACG
r3t20e,D5,AGATTAGATTTAAAA GTTTGAGTACACGTAAA
r3t20f,E5,TTATTAATGCCGTCAATAGATAATCAGAGGTG
r3t22e,F5,GAATGGCTAGTATTAACACCGCCTCAACTAAT
r3t22f,G5,AGGCGGTCATTAGTCTTTAATGCGCAATATTA
r3t24h,H5,CCGCCAGCCATTGCAACAGGAAAAATATTTTT
r3t2e,A6,AGTGTACTTGAAAGTATTAAGAGGCCGCCACC
r3t2f,B6,CTGAAACAGGTAATAAGTTTTAACCCCTCAGA
r3t4e,C6,GTTTGCCACCTCAGAGCCGCCACCGATACAGG
r3t4f,D6,GCCACCACTCTTTTCATAATCAAACCGTCACC
r3t6e,E6,AGCGCCAACCATTTGGGAATTAGATTATTAGC
r3t6f,F6,GACTTGAGAGACAAAAGGGCGACAAGTTACCA
r3t8e,G6,GCCCAATACCGAGGAAACGCAATAGGTTTACC
r3t8f,H6,GAAGGAAAATAAGAGCAAGAAACAACAGCCAT
r5t0g,A7,CCCTCAGAACCGCCACCCTCAGAACTGAGACT
r5t10e,B7,AGGTTTTGAACGTCAAAAATGAAAGCGCTAAT
r5t10f,C7,TTTTGTTTAAGCCTTAAATCAAGAATCGAGAA
r5t12e,D7,AATGCAGACCGTTTTTATTTTCATCTTGCGGG
r5t12f,E7,CAAGCAAGACGCGCCTGTTTATCAAGAATCGC
r5t14e,F7,AATGGTTTACAACGCCAACATGTAGTTCAGCT
r5t14f,G7,CATATTTAGAAATACCGACCGTGTTACCTTTT
r5 t16e,H7,AAATCAATGGCTTAGGTTGGGTTACTAAATTT
r5t16f,A8,TAACCTCCATATGTGAGTGAATAAACAAAATC
r5t18e,B8,AACCTACCGCGAATTATTCATTTCCAGTACAT
r5t18f,C8,GCGCAGAGATATCAAAATTATTTGACATTATC
r5t20e,D8,CTAAAATAGAACAAAGAAACCACCAGGGTTAG
r5t20f,E8,ATTTTGCGTCTTTAGGAGCACTAAGCAACAGT
r5t22e,F8,GCGTAAGAGAGAGCCAGCAGCAAAAAGGTTAT
r5t22f,G8,GCCACGCTATACGTGGCACAGACAACGCTCAT
r5t24h,H8,GGAAATACCTACATTTTGACGCTCACCTGAAA
r5t2e,A9,TAAGCGTCGAAGGATTAGGATTAGTACCGCCA
r5t2f,B9,CCTCAAGAATACATGGCTTTTGATAGAACCAC
r5t4e,C9,TCGGCATTCCGCCGCCAGCATTGACGTTCCAG
r 5t4f,D9,CACCAGAGTTCGGTCATAGCCCCCGCCAGCAA
r5t6e,E9,TCACAATCGTAGCACCATTACCATCGTTTTCA
r5t6f,F9,AATCACCAAATAGAAAATTCATATATAACGGA
r5t8e,G9,ATCAGAGAAAGAACTGGCATGATTTTATTTTG
r5t8f,H9,ATACCCAAGATAACCCACAAGAATAAACGATT
r7t0g,A10,TATCACCGTACTCAGGAGGTTTAGCGGGGTTT
r7t10e,B10,GAGGCGTTAGAGAATAACATAAAAGAACACCC
r7t10f,C10,CTTTACAGTTAGCGAACCTCCCGACGTAGGAA
r7t12e,D10,CCAGACGAGCGCCCAATAGCAAGCAAGAACGC
r7t12f,E10,TCATTACCCGACAATAAACAACATATTTAGGC
r7t14e,F10,TTTTAGTTTTTCGAGCCAGTAATAAATTCTGT
r7t14f,G10,AGAGGCATAATTTCATCTTCTGACTATAACTA
r7t16e,H10,TTGAATTATGCTGATGCAAATCCACAAATATA
r7t16f,A11,TATGTAAACCTTTTTTAATGGAAAAATTACCT
r7t18e,B11,TGGATTATGAAGATGATGAAACAAAATTTCAT
r7t18f,C11,GAGCAAAAACTTCTGAATAATGGAAGAAGGAG
r7t20e,D11,ATCAACAGTCATCATATTCCTGATTGATTGTT
r7t20f,E11,CGGAATTATTGAAAGGAATTGAGGTGAAAAAT
r7t22e,F11,GCCAACAGTCACCTTGCTGAACCTGTTGGCAA
r7t22f,G11,CTAAAGCAAGATAGAACCCTTCTGAATCGTCT
r7t24h,H11,GAAATGGATTATTTACATTGGCAGACATTCTG
r7t2e,A12,GGAAAGCGACCAGGCGGATAAGTGAATAGGTG
r7t2f,B12,TGCTCAGTCAGTCTCTGAATTTACCAGGAGGT
r7t4e,C12,TGCCTTTAGTCAGACGATTGGCCTGCCAGAAT
r7t4f,D12,TGAGGCAGGCGTCAGACTGTAGCGTAGCAAGG
r7t6e,E12,ACGCAAAGGTCACCAATGAAACCAATCAAGTT
r7t6f,F12,CCGGAAACACACCACGGAATAAGTAAGACTCC
r7t8e,G12,TGAACAAACAGTATGTTAGCAAACTAAAAGAA
r7t8f,H12,TTATTACGGTCAGAGGGTAATTGAATAGCAGC

Plate number: 2
r9t0f,A1,TATAAGTATAGCCCGGCCGTCGAG
r9t10f,B1,GCGCATTAGCTTATCCGGTATTCTAAATCAGA
r9t12f,C1,TATAGAAGCGACAAAAGGTAAAGTAGAGAATA
r9t14f,D1,TAAAGTACCGCGAGAAAACTTTTTATCGCAAG
r9t16f,E1,ACAAAGAAATTAATTACATTTAACACATCAAG
r9t18f,F1,AAAACAAATTCATCAATATAATCCTATCAGAT
r9t20f,G1,GATGGCAAAATCAATATCTGGTCACAAATATC
r9t22j,H1,AAACCCTCACCAGTAATAAAAGGGATTCACCAGTCACACG
r9t2f,A2,AGGGTTGAATAAATCCTCATTAAATGATATTC
r9t4f,B2,ACAAACAAAATCAGTAGCGACAGATCGATAGC
r9t6f,C2,AGCACCGTTAAAGGTGGCAACATAGTAGAAAA
r9t8f,D2,TACATACAGACGGGAGAATTAACTACAGGGAA
r-1t0g,E2,TGAGTTTCGTCACCAGTACAAACTTAATTGTA
r-1t10e,F2,TTTTAATTGCCCGAAAGACTTCAATTCCAGAG
r-1t10f,G2,AAGAGGAACGAGCTTCAAAGCGAAGATACATT
r-1t12e,H2,TTTCATTTGGTCAATAACCTGTTTAATCAATA
r-1t12f,A3,TCGCAAATGGGGCGCGAGCTGAAATAATGTGT
r-1t14e,B3,AGACAGTCATTCAAAAGGGTGAGATATCATAT
r-1t14f,C3,AGGTAAAGAAATCACCATCAATATAATATTTT
r-1t16e,D3,GCTCATTTTCGCATTAAATTTTTGAGCTTAGA
r-1t16f,E3,GTTAAAATTTTAACCAATAGGAACCCGGCACC
r-1t18e,F3,TTCGCCATTGCCGGAAACCAGGCAAACAGTAC
r-1t18f,G3,GCTTCTGGTCAGGCTGCGCAACTGTGTTATCC
r-1t20e,H3,GCA TAAAGTTCCACACAACATACGAAACAATT
r-1t20f,A4,GCTCACAATGTAAAGCCTGGGGTGGGTTTGCC
r-1t22e,B4,CCGAAATCCGAAAATCCTGTTTGAAATACCGA
r-1t22f,C4,CCAGCAGGGGCAAAATCCCTTATAAAGCCGGC
r-1t24h,D4,GAACGTGGCGAGAAAGGAAGGGAACAAACTAT
r-1t2e,E4,CTTAAACATCAGCTTGCTTTCGAGAAACAGTT
r-1t2f,F4,TCGGTTTAGCTTGATACCGATAGTCCAACCTA
r-1t4e,G4,CTCATCTTGAGGCAAAAGAATACACTCCCTCA
r-1t4f,H4,AAACGAAATGACCCCCAGCGATTATTCATTAC
r-1t6e,A5,GAATAAGGACGTAACAAAGCTGCTGACGGAAA
r-1t6f,B5,CCAAATCACTTGCCCTGACGAGAACGCCAAAA
r-1t8e,C5,CATAACCCGAGGCATAGTAAGAGCTTTTTAAG
r-1t8f,D5,GGAATTACTCGTTTACCAGACGACAAAAGATT
r-3t0g,E5,TGTAGCATTCCACAGACAGCCCTCATCTCCAA
r-3t10e,F5,GAAGCAAAAAAGCGGATTGCATCAGATAAAAA
r-3t10f,G5,TCAGAAGCCTCCAACAGGTCAGGATCTGCGAA
r-3t12e,H5,TCAATTCTTTTAGTTTGACCATTACCAGACCG
r-3t12f,A6,CGAGTAGAACTAATAGTAGTAGCAAACCCTCA
r-3t14e,B6,ACCGTTCTAAATGCAATGCCTGAGAGGTGGCA
r-3t14f,C6,TATATTTTAGCTGATAAATTAATGTTGTATAA
r-3t16e,D6,AAATAATTTTAAATTGTAAACGTTGATATTCA
r-3t16f,E6,GCAAATATCGCGTCTGGCCTTCCTGGCCTCAG
r-3t18e,F6,GGCGATCGCACTCCAGCCAGCTTTGCCATCAA
r-3t18f,G6,GAAGATCGGTGCGGGCCTCTTCGCAATCATGG
r-3t20e,H6,GTGAGCTAGTTTCCTGTGTGAAATTTGGGAAG
r-3t20f,A7,TCATAGCTACTCACATTAATTGCGCCCTGAGA
r-3t22e,B7,GAATAGCCGCAAGCGGTCCACGCTCCTAATGA
r-3t22f,C7,GAGTTGCACGAGATAGGGTTGAGTAAGGGAGC
r-3t24h,D7,CCCCGATTTAGAGCTTGACGGGGAAATCAAAA
r-3t2e,E7,CAATGACACT CCAAAAGGAGCCTTACAACGCC
r-3t2f,F7,AAAAAAGGACAACCATCGCCCACGCGGGTAAA
r-3t4e,G7,GCGAAACATGCCACTACGAAGGCATGCGCCGA
r-3t4f,H7,ATACGTAAAAGTACAACGGAGATTTCATCAAG
r-3t6e,A8,ACGAGTAGTGACAAGAACCGGATATACCAAGC
r-3t6f,B8,AGTAATCTTAAATTGGGCTTGAGAGAATACCA
r-3t8e,C8,CCAAAATATAATGCAGATACATAAACACCAGA
r-3t8f,D8,CATTCAACGCGAGAGGCTTTTGCATATTATAG
r-5t0g,E8,CGTAACGATCTAAAGTTTTGTCGTGAATTGCG
r-5t10e,F8,TACCTTTAAGGTCTTTACCCTGACAAAGAAGT
r-5t10f,G8,CAAAAATCATTGCTCCTTTTGATAAGTTTCAT
r-5t12e,H8,CAATAAATACAGTTGATTCCCAATTTAGAGAG
r-5t12f,A9,TC CATATACATACAGGCAAGGCAACTTTATTT
r-5t14e,B9,GGTAGCTAGGATAAAAATTTTTAGTTAACATC
r-5t14f,C9,CAACGCAATTTTTGAGAGATCTACTGATAATC
r-5t16e,D9,CTTTCATCCCCAAAAACAGGAAGACCGGAGAG
r-5t16f,E9,AGAAAAGCAACATTAAATGTGAGCATCTGCCA
r-5t18e,F9,CAGCTGGCGGACGACGACAGTATCGTAGCCAG
r-5t18f,G9,GTTTGAGGGAAAGGGGGATGTGCTAGAGGATC
r-5t20e,H9,ACTGCCCGCCGAGCTCGAATTCGTTATTACGC
r-5t20f,A10,CCCGGGTACTTTCCAGTCGGGAAACGGGCAAC
r-5t22e,B10,AGTTTGGAGCCCTTCACCGCCTGGTTGCGCTC
r-5t22f,C10,AGCTGATTACAAGAGTCCACTATTGAGGTGCC
r-5t24h,D10,GTAAAGCACTAAATCGGAACCCTAGTTGTTCC
r-5t2e,E10,ATATATTCTTTTTTCACGTTGAAAATAGTTAG
r-5t2f,F10,AATAATAAGGTCGCTGAGGCTTGCAAAGACTT
r-5t4e,G10,CGCCTGATGGAAGTTTCCATTAAACATAACCG
r-5t4f,H10,TTTCATGAAAATTGTGTCGAAATCTGTACAGA
r-5t6e,A11,TTTCAACTATAGGCTGGCTGACCTTGTATCAT
r-5t6f,B11,CCAGGCGCTTAATCATTGTGAATTACAGGTAG
r-5t8e,C11,TTTGCCAGATCAGTTGAGATTTAGTGGTTTAA
r-5t8f,D11,AAAGATTCAGGGGGTAATAGTAAACCATAAAT
r-7t0g,E11,ACGTTAGTAAATGA ATTTTCTGTAAGCGGAGT
r-7t10e,F11,TTTTTGCGCAGAAAACGAGAATGAATGTTTAG
r-7t10f,G11,AAACAGTTGATGGCTTAGAGCTTATTTAAATA
r-7t12e,H11,CAAAATTAAAGTACGGTGTCTGGAAGAGGTCA
r-7t12f,A12,TGCAACTAAGCAATAAAGCCTCAGTTATGACC
r-7t14e,B12,TCAGGTCACTTTTGCGGGAGAAGCAGAATTAG
r-7t14f,C12,CTGTAATATTGCCTGAGAGTCTGGAAAACTAG
r-7t16e,D12,ACCCGTCGTCATATGTACCCCGGTAAAGGCTA
r-7t16f,E12,CATGTCAAGATTCTCCGTGGGAACCGTTGGTG
r-7t18e,F12,ATTAAGTTCGCATCGTAACCGTGCGAGTAACA
r-7t18f,G12,TAGATGGGGGGTAACGCCAGGGTTGTGCCAAG
r-7t20e,H12,GCCAGCTGCCTGCAGGTCGACTCTGCAAGGCG

Plate number: 3
r-7t20f,A1,CTTGCATGCATTAATGAATCGGCCCGCCAGGG
r-7t22e,B1,TGGACTCCCTTTTCACCAGTGAGACCTGTCGT
r-7t22f,C1,TGGTTTTTAACGTCAAAGGGCGAAGAACCATC
r-7t24h,D1,ACCCAAATCAAGTTTTTTGGGGTCAAAGAACG
r-7t2e,E1,AAAGGCCGAAAGGAACAACTAAAGCTTTCCAG
r-7t2f,F1,GAGAATAGCTTTTGCGGGATCGTCGGGTAGCA
r-7t4e,G1,GCTCCATGAGAGGCTTTGAGGACTAGGGAGTT
r-7t4f,H1,ACGGCTACTTACTTAGCCGGAACGCTGACCAA
r-7t6e,A2,CGATTTTAGAGGACAGATGAACGGCGCGACCT
r-7t6f,B2,CTTTGAAAAGAACTGGCTCATTATTTAATAAA
r-7t8e,C2,ACTGGATAACGGAACAACATTATTACCTTATG
r-7t8f,D2,ACGAACTAG CGTCCAATACTGCGGAATGCTTT
r-9t10e,E2,ATATAATGCATTGAATCCCCCTCAAATCGTCA
r-9t12e,F2,GCTAAATCCTGTAGCTCAACATGTATTGCTGA
r-9t14e,G2,AGAGAATCGGTTGTACCAAAAACAAGCATAAA
r-9t16e,H2,GATTGACCGATGAACGGTAATCGTAGCAAACA
r-9t18e,A3,CACGACGTGTAATGGGATAGGTCAAAACGGCG
r-9t20e,B3,GGGAGAGGTGTAAAACGACGGCCATTCCCAGT
r-9t22e,C3,TATCAGGGCGGTTTGCGTATTGGGAACGCGCG
r-9t24e,D3,CGATGGCCCACTACGTAAACCGTC
r-9t2i,E3,CAGCGAAAAACTTTCAACAGTTTCTGGGATTTTGCTAAAC
r-9t4e,F3,ACGGTCAAGACAGCATCGGAACGAACCCTCAG
r-9t6e,G3,GGACGTTGTCATAAGGGAACCGAAAGGCGCAG
r-9t8e,H3,TAAATATTGGAAGAAAAATCTACGACCAGTCA
rt-rem1,A4,AACATCACTTGCCTGAGTAGAAGAACT
rt-rem2,B4,TGTAGCAATACTTCTTTGATTAGTAAT
rt-rem3,C4,AGTCTGTCCATCACGCAAATTAACCGT
rt-rem4,D4,ATAATCAGTGAGGCCACCGAGTAAAAG
rt-rem5,E4,ACGCCAGAATCCTGAGAAGTGTTTTT
rt-rem6,F4,TTAAAGGGATTTTAGACAGGAACGGT
rt-rem7,G4,AGAGCGGGAGCTAAACAGGAGGCCGA
rt-rem8,H4,TATAACGTGCTTTCC TCGTTAGAATC
rt-rem9,A5,GTACTATGGTTGCTTTGACGAGCACG
rt-rem10,B5,GCGCTTAATGCGCCGCTACAGGGCGC

Supplementary Figure S21: Sequencesfor the rectangle.
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Supplementary Figure S22: More design details for the star a, Original block diagram assuming that each block (1 turn of
DNA) would have an aspect ration of roughly 1:1 (3.5 nm per turn:3.5 nm per helix) basedon the inter-helix gap for 2.5 turn
spacing. In realit y 1.5-turn spacing appears to have a ratio of roughly 1.2:1 (3.6 nm per turn:3 nm per helix) and so the stars
were somewhat squat b. c reproduces the folding path for reference. In a, turns that occur between columns of red blocks
and orange blocks have o�set 0 with respect to the underlying crossover lattice. Other turns on the left and right outer edges
have +1 or -1 o�sets depending on which side of the star they occur. Purple and green half-blocks show that turns (in the
sca�old) made on the seam or on the interior of the bottom left and right star arms are made an odd number of 1=2 turns
(DNA half-turns) away from turns (in the sca�old) on the outer edges.
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Supplementary Figure S23: Crossover diagram for the star (top) and high resolution AFM (bottom, taken by E. Winfree)
which shows the crossover structure in great detail. Defects are probably tip damage. White arrow points to a section of helix
that does not image well and appears to be a hole. On edgeswhere helices can move unimp eded by neighbors helices often
disappear at high tapping amplitude.

30



Plate number: 1
s10t15f,A1,AAAGACAAGCAAGGCCGGAAACGT
s10t17f,B1,AGAGAGAACCACAAGAATTGAGTTCCAGCGCC
s11t14e,C1,AGCACCATTACCATTAAAGGGCGA
s11t16e,D1,CATTCAACATATCAGAGAGATAACTAACATAA
s11t18g,E1,AAACAGGGAACAAGCAAGCCGTTTTACCGCACTCATCGAG
s11t18h,F1,AAGCGCATTAGACGGGGGGTAATTGAGCGCTACGATTGAG
s12t15f,G1,GGAGGGAACAGCAAAATCACCAGT
s13t14e,H1,ATTTGGGAATTAGAGCGGTAAATA
s13t16g,A2,TTGACGGACCTGAACAAAGTCAGAAGAATTAACTGAACAC
s13t16h,B2,AATTATTCATTAAAGGGTCACCGACTTGAGCC
s14t15b,C2,ATCACCTGAATT
s1t0h,D2,TATAGCCCGGAATAGGTGTATCACCGTACTCA
s1t10i,E2,CGTTCCAGGGAAAGCGCAGTCTCTTTCAACAG
s1t12i,F2,CAGGAGGTCACCAGAGCCGCCGCCAAAAGGAG
s1t14i,G2,CCAGAGCCTTTTCATAATCAAAATATATTCGG
s1t16i,H2,TTAAGACTGAATACCCAAAAGAACGAACCGGA
s1t18i,A3,TTATCCTGGCTATTTTGCACCCAGTAATAGTA
s1t20i,B3,ATGTTCAGGTCCAGACGACGACAACTCAACAT
s1t22i,C3,ACCTAAATTATTTTAGTTAATTTCACCAAAAA
s1t24i,D3,AATTTTCCTTCTGTAAATCGTCGCAGAGATCT
s1t26i,E3,TTGAATACCAATAACGGATTCGCCAAATCAGC
s1t28i,F3,ATGATGGCTATCATCATATTCCTGGGGGACGA
s1t2i,G3,GATATAAGCGGATAAGTGCCGTCGCACCCTCA
s1t30i,H3,ATCTAAAAAGTTGAAAGGAATTGAGTTGTAAA
s1t32g,A4,GCGCGAACTGACAGTTGGCAAATCAACTATCTTTA
s1t4i,B4,GTACCAGGTTAGGATTAGCGGGGTCCCTCAGA
s1t6i,C4,TTAAGAGGCTATTATTCTGAAACAGTACCGTA
s1t8i,D4,TTGAGTAAATAAGTTTTAACGGGGCGTAACGA
s2t11f,E4,GTCAGACGTCATTAAAGCCAGAATTAAGCGTC
s2t13f,F4,AACCGCCTCCGCCACCAGAACCACTGAGGCAG
s2t15f,G4,CGCAGTATATTAGCGTTTGCCATCACCACCGG
s2t17f,H4,CAACGCTAAAACGCAATAATAACGCCTTATTA
s2t19f,A5,GAACGCGCTAAATCAAGATTAGTTAATCTTAC
s2t21f,B5,TTGAAATAAAGGTAAAGTAATTCTCTAATGCA
s2t23f,C5,CCTTGAAAAAAACTTTTTCAAATATTAATGGT
s2t25f,D5,AAAATCGCGAGTGAATAACCTTGCCTTAGAAT
s2t27f,E5,AATATAATTTTACATCGGGAGAAACAAGTTAC
s2t29f,F5,GGAGCACTCCAGAAGGAGCGGAATAATTCATC
s2t5g,G5,CAAGAGAAGGA
s2t7b,H5,TGCCCCAGTTAA
s2t7g,A6,GTATAAACCTGCCTATTTCGGAACCTGAGACTCCT
s2t9b,B6,ATGATACTTTTG
s2t9f,C6,ATACATGGCAGGAGTGTACTGGTACAGTGCCC
s3t10e,D6,ACAAACAAATAAATCCATTGGCCT
s3t12e,E6,TGATATTCGCCACCACCCTCAGAGCCCTCAGA
s3t14e,F6,GCCGCCACCGGTCATAGCCCCCTTGTTAGCAA
s3t16e,G6,ACGTAGAACAGAAGGAAACCGAGGACGAGCGT
s3t18e,H6,CTTTCCAGGGAGGTTTTGAAGCCTCTGTTTAT
s3t20e,A7,CAACAATATATAAAGTACCGACAACCGACCGT
s3t22e,B7,GTGATAAAAGACAAAGAACGCGAGACATAGCG
s3t24e,C7,ATAGCTTAATAAATCAATATATGTGCAGAGGC
s3t26e,D7,GAATTATTTACAGTAACAGTACCTCCTGATTG
s3t28e,E7,TTTGGATTCGGAACAAAGAAACCAAACAACTA
s3t30e,F7,ATAGATTATCAATCAATATCTGGTTAGCCCTA
s3t32h,G7,AAACATCGATTTTTGAATGGCTATTAGTCTTTAAT
s3t34a,H7,ATGGAAACGCTC
s4t13g,A8,CCACCCTCAGA
s4t15g,B8,CATAAAGGTTTTCATCGGCATTTTCCTCAGAACCG
s4t17f,C8,TTGCCAGTAGCCGAACAAAGTTACAATACATA
s4t19f,D8,CTGAACAAAACCTCCCGACTTGCGAGCCTAAT
s4t21f,E8,TAAATAAGGCCAGTAATAAGAGAAGATAAGTC
s4t23f,F8,CGCTGAGATGCAAATCCAATCGCATAAGGCGT
s4t25f,G8,TTACCTGATTAATGGAAACAGTACGATTAAGA
s4t27f,H8,GAATAATGTAACGTCAGATGAATACATTTCAA
s4t29f,A9,AATAGATATAACATTATCATTTTGATACTTCT
s4t31f,B9,AATACCGACTCAAATATCAAACCCGAGCCGTC
s4t33f,C9,ATTTTGACACGTGGCACAGACAATCCATTAAA
s4t35f,D9,CATTGCAACAGGAAAAATACCTAC
s5t14e,E9,GTCAGACTGTAGCGCGTGGCAACA
s5t16e,F9,TATAAAAGAGAAAAGTAAGCAGATTACAAAAT
s5t18e,G9,AAACAGCCGCGAGGCGTTTTAGCGGAAAAATA
s5t20e,H9,ATATCCCAGCAGAGGCATTTTCGAAATAAACA
s5t22e,A10,CCGGAATCTATATGTAAATGCTGAAGAGTCAA
s5t24e,B10,TAGTGAATATTTGAATTACCTTTTGCAAAAGA
s5t26e,C10,AGATGATGCGTAGATTTTCAGGTTGAAGGGTT
s5t28e,D10,AGAACCTAATTTTAAAAGTTTGAGATACATTT
s5t30e,E10,GAGGATTTCATCACCTTGCTGAACACGAACCA
s5t32e,F10,CCAGCAGACTGAAAGCGTAAGAATGCTCAATC
s5t34e,G10,GTCTGAAACAATATTACCGCCAGC
s5t36a,H10,GAGTCTGTAAAA
s6t15f,A11,AGACACCACAAGT TTGCCTTTAGC
s6t17f,B11,TATCCCAAACCGAAGCCCTTTTTAAAACGCAA
s6t19f,C11,TACGAGCACCGGTATTCTAAGAACATATTATT
s6t21f,D11,TAGAAAAACCAACATGTAATTTAGTCCTAATT
s6t23f,E11,ATCATAGGGGTTGGGTTATATAACATAATTAC
s6t25b,F11,ATTAATAACAAA
s6t25f,G11,ATCAAGAATACATTTAACAATTTCTTATCAAA
s6t27b,H11,TAAAACTGCACG
s6t27f,A12,AAATTATTAGAAATAAAGAAATTGAAACAAAC
s6t29f,B12,TAGACTTTTGCCCGAACGTTATTACCATATCA
s6t31f,C12,CAGAGGTGAATGAAAAATCTAAAGAGAAGTAT
s6t33f,D12,TTACATTGATAGAACCCTTCTGACAGATAAAA
s6t35f,E12,CGCAAATTCTGGTAATATCCAGAATGGATTAT
s6t37f,F12,TCAGTGAGGCCACCGAGTCCATCA
s7t14e,G12,TCAGTAGCGACAGAATCGGAATAA
s7t16e,H12,GTTTATTTTAGCAATAGCTATCTTTCCAAATA

Plate number: 2
s7t18e,A1,AGAAACGAGATATAGAAGGCTTATTGTAGAAA
s7t20e,B1,CCAATCAAGCCATATTTAACAACGGCCTGTTT
s7t22g,C1,AGTATCATTTTAACCTCCGGCTTATCTGAGAGACTACCTT
s7t22h,D1,ATGCGTTATACAAATTGGCTTAATTGAGAATCTAATCGGC
s7t28e,E1,CTCGTATTAAATCCTTACAAACAA
s7t30e,F1,TTCGACAACTGAGAGCCAGCAGCAAGGCGGTC
s7t32e,G1,AGTATTAAATTCTGGCCAACAGAGGCAGATTC
s7t34e,H1,ACCAGTCACAAACTATCGGCCTTGAACCGTTG
s7t36e,A2,TAGCAATAAGAAGTGTTTTTATAA
s7t38a,B2,AATCAGCGTTAG
s8t15f,C2,TCAATAGAGATAGCAGCACCGTAA
s8t17f,D2,TTAACGTCGCAAGAAACAATGAAATGTCACAA
s8t19f,E 2,TGTCTTTCAATAGCAAGCAAATCATTTTTTGT
s8t31g,F2,ACAGTGCCACG
s8t33h,G2,ATAAAAGGGACCACCGCCTGCA
s8t35b,H2,CACTTGTAACAT
s8t35g,A3,ATTAGTAACCTGAGTAGAAGAACTCACGACCAGTA
s8t37f,B3,CTAAACAGGTACGCCAGAATCCTGCTTCTTTG
s8t39f,C3,TATAACGTGCTTTCCTAGCGGGAG
s9t14e,D3,CACCAATGAAACCATCAAATTCAT
s9t16e,E3,ATGGTTTAAAGCCCAATAATAAGAAAAAATGA
s9t18e,F3,AAATAGCAAATCATTACCGCGCCCCTTATCAT
s9t20g,G3,TCCAAGAACAACGCTCAACAGTAGCTTACCAGTATAAAGC
s9t20h,H3,CGGGTATTAAACCAAGTTATTTTCATCGTAGGGCCTTTAC
s9t36e,A4,ATTTTAGACAGGAACGGAGGCCGA
s9t38g,B4,TTAAAGG GTGCTTTGACGAGCACGGGGCGCGTACTATGGT
s-10t15f,C4,ATAAATTGACGTAATGCCACTACG
s-10t17f,D4,TCATCAGTGGCTCATTATACCAGTATCGCCTG
s-11t14e,E4,AAGGCACCAACCTAAAAACGGAGA
s-11t16g,F4,TTTGTATCCAGGACGTTGGGAAGACAACATTATTACAGGT
s-11t20g,G4,TTAAGAGGAAGCCCGAGATTGCATCAAAAAGAAGAAAGAT
s-12t15f,H4,CAAAGTACACGAAAGAGGCAAAAG
s-13t14g,A5,AATACACTAAAACACTCCAGCGATTATACCAA
s-13t18g,B5,AAACGAACTAACGGAAAAAATCTACGTTAATAGCGCGAAA
s-14t15a,C5,TGACCCCATCTT
s-1t10e,D5,TGTATGGGGAGTGAGAATAGAAAGTTCACGTT
s-1t10i,E5,TTTCAGCGATTTTGCTAAACAACTGAATTTAC
s-1t12e,F5,GAAAATCTTGTATCGGTTTATCAGATGACAAC
s-1t12i,G5,CCTTTAATCCAAAAAAAAGGCTCCAGCATTGA
s-1t14e,H5,AACCATCGGCTTGCAGGGAGTTAATGGCTGAC
s-1t14i,A6,TCGCTGAGCCCACGCATAACCGATCACCGGAA
s-1t16e,B6,CTTCATCAACCCAAATCAACGTAAGGCTTTTG
s-1t16i,C6,TATTCATTAGAGTAATCTTGACAATGGCATGA
s-1t18e,D6,CAAAAGAAAGACTGGATAGCGTCCTTAGAGCT
s-1t18i,E6,AAATGTTTGTTTTGCCAGAGGGGGCTACAATT
s-1t20e,F6,TAATTGCTTATGCAACTAAAGTACAAAGCCTC
s-1t20i,G6,GTTTTAAAGAATATAATGCTGTAGTAAACAAC
s-1t22e,H6,AGAGCATACCCTGTAATACTTTTGTAAATTAA
s-1t22i,A7,CATTATGAAAGCTAAATCGGTTGTATCTTCTG
s-1t24e,B7,TGCCGGAGTATCAGGTCATTGCCTTATTTTGT
s-1t24i,C7,ACAAAGGCAGGGTAGCTATTTTTGTATTAATT
s-1t26e,D7,TAAAATTCTAACCAATAGGAACGCGGCGCATC
s-1t26i,E7 ,TCATTTTTGCATTAAATTTTTGTTTGATTGCT
s-1t28e,F7,GTAACCGTTCGGCCTCAGGAAGATTTGGGTAA
s-1t28i,G7,CGACAGTAGCATCTGCCAGTTTGAATTATCAG
s-1t2i,H7,GAACCGCCGGAGGTTTAGTACCGCAGAGGGTT
s-1t30g,A8,CGCCAGGGCAGTGCCAAGCTTGCAGCTCACTGCCC
s-1t30i,B8,ACGACGGCTTTTCCCAGTCACGACGGAAGGTT
s-1t32h,C8,GCTTTCCAGTCGGGAAACCTGTCGTGCACATTAAT
s-1t4g,D8,CCTCATTTTCA
s-1t4i,E8,GCCACCACACCCTCAGAACCGCCATTTGCTCA
s-1t6i,F8,ACACTGAGCCCAATAGGAACCCATTGAAAGTA
s-1t8e,G8,TCCACAGATTTGTCGTCTTTCCAGGAATTTTC
s-1t8i,H8,TCTAAAGTCAGCCCTCATAGTTAGTCAGTGCC
s-2t11f,A9,ATAA TTTTGAACAACTAAAGGAAT
s-2t13f,B9,CGCCGACACTTGCTTTCGAGGTGATGCGAATA
s-2t15f,C9,GCATAGGCAGGCCGCTTTTGCGGGGATAGTTG
s-2t17f,D9,TAGCGAGACAAAGCTGCTCATTCAGACCAGGC
s-2t19f,E9,CGGATGGCAATACTGCGGAATCGTAACCAAAA
s-2t21f,F9,TAAGCAATGGTGTCTGGAAGTTTCCATTTTTG
s-2t23f,G9,CTAGCTGACGGGAGAAGCCTTTATAGCAAAAT
s-2t25f,H9,AACGTTAAGAGAGTCTGGAGCAAACAACCGTT
s-2t27f,A10,TGTAGATGCATCAAAAATAATTCGAAATTGTA
s-2t29f,B10,CGATTAAGCGCACTCCAGCCAGCTCACGTTGG
s-2t31f,C10,TGCGTTGCTGCCTGCAGGTCGACTCTGCAAGG
s-2t5g,D10,GGGATAGCAAGTTTCGTCACCAGTACATGTAGCAT
s-2t7a,E10,AACGCCAACTAC
s-2t9a,F10,GTAAATACGTTA
s-3t12g,G10,ATTTCTTAAAC
s-3t16e,H10,GGTGTACAGTGAATAAGGCTTGCCACCAGACG
s-3t18e,A11,ACGATAAACATAAATATTCATTGACCTTTTGA
s-3t20e,B11,TAAGAGGTATTCCATATAACAGTTGGCAAGGC
s-3t22e,C11,AAAGAATTTTCAACGCAAGGATAACCATCAAT
s-3t24e,D11,ATGATATTCAAGAGAATCGATGAAGTATAAGC
s-3t26e,E11,AAATATTTCGTCTGGCCTTCCTGTCCGTAATG
s-3t28e,F11,GGATAGGTTTCCGGCACCGCTTCTGCGAAAGG
s-3t30e,G11,GGGATGTGCTAGAGGATCCCCGGGATGAGTGA
s-3t32e,H11,GCTAACTCCAGCTGCATTAATGAAGCAAGCGG
s-3t34b,A12,CCCCAGGGTTTG
s-3t34e,B12,TCCACGCTCAGGCGAAAATCCTGT
s-4t13g,C12,AGCTTGATACCATCGTCACCCTCAGCAAGATGAAC
s-4t15f,D12,AAGAGGACGCGAAAGACAGCATCG
s-4t17f,E12,CCTCGTTTCTGACGAGAAACACCAAACTTTGA
s-4t19f,F12,TAATTGCTATCCCCCTCAAATGCTATCATAAC
s-4t21f,G12,ATCATACAGATTCCCAATTCTGCGAGTACCTT
s-4t23f,H12,TCAAATCAAAATTTTTAGAACCCTTCCAATAA

Plate number: 3
s-4t25f,A1,GGAAGATTCGGTAATCGTAAAACTGGAGACAG
s-4t27f,B1,CGGATTGAAGCCAGCTTTCATCAACAAAAACA
s-4t29f,C1,GCCAGCTGGGTGCCGGAAACCAGGACAAACGG
s-4t31f,D1,GGTGCCTATACCGAGCTCGAATTCGCTATTAC
s-4t33f,E1,GAGTTGCATCGGCCAACGCGCGGGAAGCCTGG
s-4t35f,F1,TTGATGGTGGTTCCGACCCTGAGA
s-5t14e,G1,GAACGAGGGTAGCAACGGGAACCG
s-5t16e,H1,AACTGACCGAACGAGTAGTAAATTTAGTAAGA
s-5t18e,A2,GCAACACTTTAAACAGTTCAGAAACAGGTCAG
s-5t20e,B2,GATTAGAGAACGAGTAGATTTAGTAGTAGTAG
s-5t22e,C2,CATTAACACATATATTTTAAATGCAAGGGTGA
s-5t24e,D2,GAAAGGCCAGCATGTCAATCATATATAATCAG
s-5t26e,E2,AAAAGCCCCATTAAATGTGAGCGACGGATTCT
s-5t28e,F2,CCGTGGGACAAAGCGCCATTCGCCCGGTGCGG
s-5t30e,G2,GCCTCTTCGTAATCATGGTCATAGGGAAGCAT
s-5t32e,H2,AAAGTGTAGAGAGGCGGTTTGCGTGCCCTTCA
s-5t34e,A3,CCGCCTGGAATCGGCAAAATCCCTTGGACTCC
s-5t36b,B3,AAAAACAGGGCG
s-5t36e,C3,AACGTCAACGTCTATCAGGGCGAT
s-6t15f,D3,AATCATAAGGCTACAGAGGCTTTG
s-6t17f,E3,ACGAGGCAGGGCTTGAGATGGTTTAGACGGTC
s-6t19f,F3,AACTCCAAACGAGAATGACCATAAAAGGAATT
s-6t21f,G3,CTACTAATTTGACCATTAGATACACGGAAGCA
s-6t25a,H3,CGGTTGGTACCC
s-6t27a,A4,ACCCGTGTAACA
s-6t29f,B4,AGGGCGATATTCAGGCTGCGCAAC
s-6t31f,C4,TACGAGCCCTGTTTCCTGTGTGAATGTTGGGA
s-6t33f,D4,AGCTGATTATTGGGCGCCAGGGTGACACAACA
s-6t35f,E4,AAAGAACGTATAA ATCAAAAGAATCGGGCAAC
s-6t37f,F4,GGCCCACTACGTGAACCCACTATT
s-7t14e,G4,AGGACTAAAGACTTTTAGCCGGAA
s-7t16e,H4,CGAGGCGCAATTTCAACTTTAATCAGATACAT
s-7t18e,A5,AACGCCAAATCAAAAATCAGGTCTTCAAAGCG
s-7t20g,B5,AACCAGACTTTCGCAAATGGTCAACGAGCTGAAAAGGTGG
s-7t24g,C5,GTAGGTAAAGATTCAAAATGCCTGAGTAATGTCATCAATT
s-7t30g,D5,ATTGTTATCCG
s-7t36e,E5,ACAAGAGTCATCACCCAAATCAAGATCGGAAC
s-7t38b,F5,CCGATTGAGCCC
s-7t38e,G5,CCTAAAGGTAGAGCTTGACGGGGA
s-8t15f,H5,TGTTACTTTCATGAGGAAGTTTCC
s-8t17f,A6,ACTAATGCATTGTGAATTACCTTACTGCTCCA
s-8t19f,B6,TTCGAGCTTT ACCCTGACTATTATCACATTCA
s-8t31h,C6,CTCACAATTCCGTTTTTCTTTT
s-8t33g,D6,CACCAGTGAGAAGCCCGAGATAGGGTTAGTTTGGA
s-8t35a,E6,TGTTCCGAGTGT
s-8t37f,F6,AGCACTAATTTTTTGGGGTCGAGG
s-9t14e,G6,ATTAAACGGGTAAAATTGTCGAAA
s-9t16e,H6,TCCGCGACTGCGATTTTAAGAACTTGAGATTT
s-9t18g,A7,AGGAATACAGTCAGAAGCAAAGCGAAGACTTCAAATATCG
s-9t22g,B7,ATTTTCATTTGGGGCGTAACCTGTTTAGCTATCGTTTTAA
s-9t40g,C7,CGAGAAAGGAAGGGAAAAGCCGGCGAACGTGGTGCCGTAA
st-rem1,D7,GCGCTTAATGCGCCGCTACA

Supplementary Figure S24: Sequencesfor the star.
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Supplementary Figure S25: More design details of the 3-hole disk (smiley). a, Block diagram. b, Reproduction of the
folding path. c, Block diagram with all colors and notations removed. In a, turns that occur between columns of red blocks
and orange blocks have o�set 0 with respect to the underlying crossover lattice. Other turns on the left and right outer edges
have +1 or -1 o�sets depending on which side of the smiley they occur. Purple and green half-blocks show that sca�old turns
made at most seamsor on the interior of voids are an odd number of 1=2 DNA turns away from sca�old turns on the outer
edges. A pair of columns with alternating light and dark orange and red blocks marks a seamof 0 o�set, placed 1.5 turns to
the left of the central seam.
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Supplementary Figure S26: Crossover diagram for the disk with holes (smiley) with a high resolution zoom out of Fig. 2:d3
for comparison of �ne structure. Sometip damage has occurred to the right eye of the righthand smiley.
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Supplementary Figure S27: Diagram showing how the smileys stick together to maximize the number of blunt end stacking
interactions. Compare to previous Supplementary Fig. S26.
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Plate number: 1
s0m25k,A1,AAACACCAGAACGAGTAGTAAATTGGGCTTGA
s10m15g,B1,ATATATTTTAG
s10m17g,C1,TCCTTGAAAACAACTTTTTCAA
s10m19g,D1,ATTCATTTCAATTCCCTTAGAA
s1m0j,E1,ACGCAAAGACACCACGGAATAAGTTTATTTTG
s1m10e,F1,CGTACTCAACCCTCAGAACCGCCAAGCAAGCC
s1m12e,G1,CAATAGGAAGTACAAACTACAACGAGCGTAAC
s1m14e,H1,GATCTAAAATTTTCTGTATGGGATGTGAGAAT
s1m16e,A2,AGAAAGGATGCTTTCGAGGTGAATGACAATGA
s1m18e,B2,CAACAACCATCGGAACGAGGGTAGTTTTTCAT
s1m20e,C2,GAGGAAGTAAAACACTCATCTTTGGTACAACG
s1m22e,D2,GAGATTTGGACCAACTTTGAAAGAAGGCTGGC
s1m24e,E2,TGACCTTCGGCTTGCCCTGACGAG
s1m28i,F2,GCAACAGTAGGCGGTCAGTATTAAGGGAGAGG
s1m2i,G2,ATGTTAGCGATTAAGACTCCTTATACCGATTG
s1m30i,H2,GTAATAAAGCAGATTCACCAGTCAATAGGGTT
s1m32i,A3,AGTAGAAGATTAGTAATAACATCAATCGGAAC
s1m34g,B3,GTCTGTCCATCACGCATAGCAATACTTCTTTGAACTCAAA
s1m4i,C3,GAGCAAGAGAATTGAGTTAAGCCCTAGCAGCA
s1m6i,D3,ATTATTTAGCCAGTTACAAAATAACCTCAGAG
s1m8e,E3,CCCTGCCTCGGATAAGTGCCGTCGTGTATCAC
s2m11f,F3,ACCGTAACCACCCTCAGAACCGCCGGAGGTTT
s2m13f,G3,GTCTTTCCACTGAGTTTCGTCACCACCCATGT
s2m15f,H3,AGGAATTGAGACGTTAGTAAATGAGTTTTGTC
s2m15g,A4,CGAATAATAATTTTTTAAGGAGCCTTTAATTGCGATATAT
s2m17f,B4,CGCATAACTATCGGTTTATCAGCTACAACTAA
s2m19f,C4,AACGGGTAAGCAGCGAAAGACAGCATCGCCCA
s2m1b,D4,AAGGTGTACATA
s2m1f,E4,AAAATACAGCAACATATAAAAGAA
s2m21f,F4,CCTGATAAGGCAAAAGAATACACTTTCCATTA
s2m23f,G4,TAATCTTGATAAGGGAACCGAACTTATCATCG
s2m25f,H4,CTCATTCAGTGAATAAATCAAGAG
s2m27g,A5,GCAGCAAATGAAAAATACGAACCACCAGCAGAACAGAGAT
s2m29g,B5,TCTGGCCAAGATAAAACAGAGGTGGCCACGCTGAGAGCCA
s2m31f,C5,CTATCGGCTGGATTATTTACATTGAGGGACAT
s2m33b,D5,CCGTTGAATTAA
s2m3f,E5,AATAGCAACCAAAAGAACTGGCATAAACGTAG
s2m5f,F 5,CAAATAAGGAGAGATAACCCACAAAACAATGA
s2m7f,G5,ACCTATTATTCCAGAGCCTAATTTTCCCAATC
s2m9f,H5,AGTACCGCTTTGCTCAGTACCAGGATTTCGGA
s3m16i,A6,GGCTCCAACACGTTGAAAATCTCCTAACCTCC
s3m18e,B6,TCGGTCGCCGGGATCGTCACCCTCAAATACGT
s3m18i,C6,CGCTTTTGTGAGGCTTGCAGGGAGTTTTTTAA
s3m20b,D6,GGCACCTACGAA
s3m20e,E6,AATGCCACAACCTAAAACGAAAGAATTGTGTC
s3m22e,F6,GAAATCCGGCGCAGACGGTCAATCACAAGAAC
s3m24b,G6,CCAAATCATTAC
s3m24e,H6,CGGATATTCAACGTAACAAAGCTG
s3m2e,A7,AATAATAACGGAATACTAGCTATC
s3m30g,B7,AGAACCCTGCTCAATCGTCTGAAACTTGCTGGTAATATCC
s3m32g,C7,AGAACAATATTACCGCATACCTACATTTTGACTCTGACCT
s3m4e,D7,TTACCGAATTGAGCGCTAATATCAAAACGATT
s3m6e,E7,TTTTGTTTACGCTAACGAGCGTCTTTCTGAAA
s3m8e,F7,CATGAAAGTTAGGATTAGCGGGGT
s3m8i,G7,GAGAAGGATATTAAGAGGCTGAGATAGAAGGC
s4m23g,H7,ACTTAGCCGGAACGAGCGACCTGCTCCATGTT
s4m25g,A8,GAGCCGTCAATAGATAAACAACTAATAGATTACTGAACCT
s4m29g,B8,GAAAGCGTCCATTAAAAATACCGACTAAAGCATCACCTTG
s4m3f,C8,TAAGAAAAGAAACCGAGGAAACGC
s4m5f,D8,AAATGAAACAAAGTCAGAGGGTAAGCCCTTTT
s4m9g,E8,CCAATCAATAATCGGCTACGAGCATGTAGAAATAAGAGAA
s5m12e,F8,TATAAAGTATTTTCGAGCCAGTAACCGGAATC
s5m14g,G8,ATAATTACTAAATAAGAATAAACA
s5m16i,H8,GGCTTAGGTGAGAGACTACCTTTTAAAAAAAA
s5m18i,A9,TGGAAACATTTCATTTGAATTACCTTAAAGGC
s5m22g,B9,TATCAAAATTA
s5m24a,C9,GAACAATTTGCG
s5m28e,D9,CAAATATCTAGCCCTAAAACATCGAAGAATAC
s5m2e,E9,ACAAAGTTACCAGAAGGTAAGCAG
s5m30g,F9,GTGGCACAAAAAACGCTCATGGAACAGCCATTGCAACAGG
s5m30h,G9,GACAATATTTTTGAATTTAATGCGCGAACTGAAAACCCTC
s5m4e,H9,ATAGCCGAAACTGAACACCCTGAAATAGCAGC
s5m6j,A10,CTTTACAGACCCAGCTACAATTTTATCCTGAATCTTACCAAACGTCAA
s5m8i,B10,TTATCCGGGCAAGCAAATCAGATACTCCTCAA
s6m11f,C10,AAGGTAAAATATCCCATCCTAATTTGTCTTTC
s6m13f,D10,GCCTGTTTTAATTTAGGCAGAGGCACCGACAA
s6m15f,E10,TATAACTAGTGATAAATAAGGCGTTAGAAAAA
s6m17f,F10,ATCAATATATCAAAATCATAGGTCTTGGGTTA
s6m19f,G10,TAATTACATTTAACAAGTACATAA
s6m23f,H10,CCAGAAGGAGAACCTACCA
s6m25f,A11,GAGGATTTTGAGTAACATTATCATAGAAACCA
s6m27f,B11,AATCAATATATCTTTAGGAGCACTATACATTT
s6m29b,C11,TAGTCTGGCTAT
s6m5b,D11,AAGCGCACAGGG
s6m5f,E11,ACATAAAAATTAGACGGGAGAATT
s6m7f,F11,GAACGCGATTAGTTGCTATTTTGCAGAGAATA
s6m9f,G11,CTTATCATATTACCGCGCCCAATATATTCTAA
s7m10e,H11,CGGGTATTCTGAACAAGAAAAATAGTAATTCT
s7m12e,A12,GTCCAGACTAACAACGCCAACATGAGTATCAT
s7m14e,B12,ATGCGTTATTGAAATACCGACCGTTATGTAAA
s7m16e,C12,TGCTGATGAGTCAATAGTGAATTTATGTGAGT
s7m18e,D12,GAATAACCATCAAGAAAACAAAATATAACGGA
s7m20e,E12,TTCGCCTGTACATCGGGAGAAACATTTGCACG
s7m22e,F12,TAAAACAGGAATAATGGAAGGGTTAGCGGAAT
s7m24e,G12,TATCATCAATTAATTTTAAAAGTTAGAAGTAT
s7m26e,H12,TAGACTTTGGAAGGTTATCTAAAATCTGGTCA

Plate number: 2
s7m28g,A1,GTTGGCAAATCAACAGTTG
s7m8e,B1,AGCGAACCTTTCATCGTAGGAATCTCCAAGAA
s8m11f,C1,TAAACAACCAACAATAGATAAGTCAAACCAAG
s8m13f,D1,CTTACCAGTGAGAATCGCCATATTGACGACAA
s8m15f,E1,ATCGCAAGACCTAAATTTAATGGTTACAAATT
s8m17f,F1,GTAAATCGTTAAGACGCTGAGAAGCAAATCCA
s8m19f,G1,GAATACCAAGATGATGAAACAAACTTGCTTCT
s8m21f,H1,AAATTGCGCAGTAACAGTACCTTTATTGCTTT
s8m23f,A2,ATTATCAGTTTGGATTATACTTCTAAATAAAG
s8m25b,B2,TTAAATCTCGTA
s8m25f,C2,TTCGACAACCTTTGCCCGAACGTTTATTCCTG
s8m27g,D2,AAAGGAATTGAACAAACAA
s8m7g,E2,GGGAGGTTTTGAAGCCTTAAATCAAGAGGCGTTTT
s8m9b,F2,AGAACATCATCG
s8m9g,G2,TACCGCACAGCAAGCCGTTTTTATTCCCGACTTGC
s9m10e,H2,GAACGCGCCTGTTTATATGTTCAG
s9m12e,A3,CTAATGCAAACAGTAGGGCTTAATTATAAAGC
s9m14e,B3,CAACGCTCTTAATTTCATCTTCTGACAAAGAA
s9m16e,C3,CGCGAGAAATAGCGATAGCTTAGATCGCTATT
s9m18e,D3,AATTAATTTTACCTGAGCAAAAGAAGTTACAA
s9m20e,E3,AATCGCGCACGTCAGATGAATATATAGATTTT
s9m20f,F3,AGAGGCGAATT
s9m22g,G3,CAGGTTTAAATATAATCCTGATTGATGATGGCAATTCATC
s-10m15g,H3,TATGATATTCAAGAAAAGCCCC
s-10m17g,A4,AAAAACAGGAAGCGAGTAACAA
s-10m19g,B4,CCCGTCGGATT
s-1m0e,C4, TCACAATCAATAGAAATACCAGCG
s-1m10i,D4,AAATATCGTATAGCCCGGAATAGGAGAGGGTT
s-1m10j,E4,GCCACCACTTAAGAGGAAGCCCGAGATTGCAT
s-1m12i,F4,CAAAAAGACCTCATTTTCAGGGATCCCTCAGA
s-1m12j,G4,ATTCCACAAGTCAGAAGCAAAGCGTTACCCTG
s-1m14i,H4,ACTATTATGACAGCCCTCATAGTTCCTGTAGC
s-1m14j,A5,ACAACTTTATCAAAAATCAGGTCTACGAGAAT
s-1m16i,B5,GACCATAACAACAGTTTCAGCGGATTTGCTAA
s-1m16j,C5,CAGCTTGAAGACTGGATAGCGTCCTAATAGTA
s-1m18i,D5,AAATGTTTTACCGATAGTTGCGCCTTCTTAAA
s-1m18j,E5,ACAGAGGCATCATAACCCTCGTTTTAGTAAGA
s-1m20i,F5,GCAACACTTTTGAGGACTAAAGACCAACGGCT
s-1m20j,G5,CGATTATAATTTAGGAATACCACAAGATTCAT
s-1m22i,H5,CAGTTGAGCCAAGCGCGAAACAAAACCCCCAG
s-1m22j,A6,GAACGGTGCATTATACCAGTCAGGATTTTAAG
s-1m24i,B6,AACTGGCTTACAGACCAGGCGCATGGACAGAT
s-1m28i,C6,CGGTTTGCAATCGGCCAACGCGCGCACCGCCT
s-1m2e,D6,CCAAAGACAAGGTAAATATTGACGAAGGCCGG
s-1m2i,E6,AGGGAGGGAAAAGGGCGACATTCATACGCAGT
s-1m30e,F6,TATAAATCTTCCAGTTTGGAACAATTTTTTGG
s-1m30i,G6,GAGTGTTGAAAAGAATAGCCCGAGCACGACCA
s-1m32g,H6,GGTCGAGGGAGCCCCCGATTTAGAAAGCCGGCGAACGTGG
s-1m32i,A7,CCTAAAGGTGCCGTAAAGCACTAACTTGCCTG
s-1m34j,B7,CGAGAAAGGAAGGGAAGCCACCGAGTAAAAGA
s-1m4e,C7,AAACGTCAAGTAGCGACAGAATCAACCCTCAG
s-1m4i,D7,CCGTAATCCCAATGAAACCATCGAAATAATAA
s-1m6e,E7,AACCGCCAAGAACCACCACCAGAGAGTGCCTT
s-1m6i,F7,CCGCCACCCCCTCAGAGCCACCACACAGCCAT
s-1m8e,G7,GAGTAACACGTTTTAATTCGAGCTAAGACTTC
s-1m8i,H7,GATATAAGGTGCCCGTATAAACAGTTAATGCC
s-2m17g,A8,AGAGGGGGAATACTGCGGAATCGTTTAAACAGTTCAGAAA
s-2m19f,B8,ACGAGGCAACCAGACGACGATAAAGTTTTGCC
s-2m1a,C8,ATGGTTATTCAT
s-2m21f,D8,AGGTAGAATTCAACTAATGCAGATAAGGAATT
s-2m23f,E8,CTTATGCGACGTTGGGAAGAAAAAATTATTAC
s-2m25f,F8,GATGGTTTAATTTCAATGAATTAC
s-2m27g,G8,GCCAGCTGCATTAATGGTATTGGGCGCCAGGGAAATCCCT
s-2m29g,H8,AATCGGCATGGTTTTTCTTTTCACTCGGGAAACCTGTCGT
s-2m33a,A9,CGGGGAGCTTGA
s-2m3f,B9,CCATTAGCGAAATTATTCATTAAA
s-2m5f,C9,GAGCCGCCAGTTTGCCTTTAGCGTCACCATTA
s-2m7f,D9,ACGGGGTCCCGCCGCCAGCATTGACTCCCTCA
s-2m9f,E9,TCAAAGCGAACCAGACAAGTTTTA
s-3m16i,F9,CAAATGCTCATAAATATTCATTGAGAGTCTGG
s-3m18i,G9,CAAAAGAAAACCAAAATAGCGAGATTTTTAAC
s-3m20a,H9,CGCCAAACATAA
s-3m24a,A10,TCATTGCTTTAA
s-3m2e,B10,GGTGAATTATCACCGTGCAAAATC
s-3m30g,C10,TTGATGGTAACGTGGACTCCAACGGGCCCACTACGTGAAC
s-3m32g,D10,CATCACCCAAATCAAGGAGTCCACTATTAAAGGGTTCCGA
s-3m4e,E10,ACCAGTAGCAGACTGTAGCGCGTTCCACCACC
s-3m6e,F10,GGAACCGCCAGGAGGTTGAGGCAGGGAGTGTA
s-3m8e,G10,CTGGTAATCGGAAGCAAACTCCAA
s-4m11f,H10,GTAGCATTTTTCATTCCATATAACGTACGGTG
s-4m13f,A11,TTTTAGAAAACATCCAATAAATCATAATAGTA
s-4m15g,B11,CCCTCATATATTTTAAATAAAAAT
s-4m21g,C11,GAACTAACGGAACAACTCTACGTTAATAAAAC
s-4m27g,D11,TTGCGCTCTTCCTGTGTGAAATTGTCATGGTCATAGCTGT
s-4m27h,E11,ACTGCCCGCTTTCCAGCAGTGAGACGGGCAACAATCCTGT
s-4m29f,F11,CAGGCGAAAGCTGATTGCCCTTCATAATTGCG
s-4m3f,G11,TAGAGCCACACCGACTTGAGCCAT
s-4m5f,H11,AACCAGAGTTCATCGGCATTTTCGTTGGGAAT
s-4m7f,A12,ATGATACAGTCAGACGATTGGCCTATCACCGG
s-4m9f,B12,TCTGGAAGCAGGTCAGGATTAGAGGGCTTTTG
s-5m10e,C12,CAACTAAAAGTTGATTCCCAATTCGTGGCATC
s-5m12e,D12,AATTCTACTACAGGCAAGGCAAAGTTATTTCA
s-5m14e,E12,ACGCAAGGATGCAATGCCTGAGTAAGATCTAC
s-5m16e,F12,AAAGGCTAAGAGAATCGATGAACGATTCGCAT
s-5m16i,G12,AGCAAACATCAGGTCATTGCCTGAATCCCCCT
s-5m18e,H12,TAAATTTTACGCCATCAAAAATAA

Plate number: 3
s-5m18i,A1,CAATAGGATGTTAAATCAGCTCATGGCTTTTG
s-5m22g,B1,GTGCCGGAAACTGTGCTGC
s-5m24b,C1,GGGTAATAAGTT
s-5m24e,D1,AAGGCGATCGCCAGGGTTTTCCCAGAGCTCGA
s-5m26e,E1,ATTCGTAATTATCCGCTCACAATTGTGAGCTA
s-5m28g,F1,ACTCACATCCGCCTGGCCCTGAGAGCGGTCCACGCTGGTT
s-5m32g,G1,CGTCTATCAGGGCGATTCAAAGGGCGAAAAACTGCCCCAG
s-5m4e,H1,GTCATAGCCCCCTTATTCTTTTCA
s-5m6e,A2,TAATCAAATGATATTCACAAACAAAGTAAGCG
s-5m8e,B2,TCATACATAGTACCTTTAATTGCTTAAATATG
s-6m11f,C2,CTGAAAAGTGCGAACGAGTAGATTGTAGCTCA
s-6m13f,D2,AGAAGCCTAATTAGCAAAATTAAGGGCGCGAG
s-6m15f,E2,TTTTTGAGATGTGTAGGTAAAGATTTTGCGGG
s-6m17f,F2,TTGTTAAAGTAATCGTAAAACTAGGGTAGCTA
s-6m19f,G2,GTCACGTTTTCGCGTCTGGCCTTCTTAATATT
s-6m21f,H2,CTTTCCGGGGTGTAGATGGGCGCATGGGATAG
s-6m21g,A3,CACCGCTTCTG
s-6m23f,B3,AAGGGGGACAGGCAAAGCGCCATTCCAGCCAG
s-6m25f,C3,CGGGTACCGTCACGACGTTGTAAAGCTGGCGA
s-6m27f,D3,CCTAATGACCACACAACATACGAGAGGATCCC
s-6m29a,E3,CAGCAAGAGTTG
s-6m5a,F3,TTGCCATAGCGT
s-6m7g,G3,ACCGTTCCATAAATCCTCATTAAAGCCAGAATGGA
s-6m9f,H3,ACATGTTTCCTTTTGATAAGAGGTCTGAATTT
s-7m10e,A4,ATAATGCTTAGTTTGACCATTAGACTATATTT
s-7m12e,B4,TCATTTGGCAATAAAGCCTCAGAGATGACCCT
s-7m14e,C4,GTAATACTTCAAAAGGGTGAGAAAAATTAATG
s-7m16e,D4,CCGGAGAGCATGTCAATCATATGTATTTAAAT
s-7m18e,E4,TGTAAACGCTGTAGCCAGCTTTCAGGCGGATT
s-7m20e,F4,GACCGTAATCGTAACCGTGCATCTTCAGGAAG
s-7m22e,G4,ATCGCACTCGCCATTCAGGCTGCGCTTCGCTA
s-7m24e,H4,TTACGCCAACGACGGCCAGTGCCATGCAGGTC
s-7m26e,A5,GACTCTAGCCGGAAGCATA
s-8m11f,B5,CTGTTTAGTACATTTCGCAAATGG
s-8m13f,C5,AAAACATTCATAAAGCTAAATCGGTCAATAAC
s-8m15f,D5,AGCTGATAGGCCGGAGACAGTCAATTGTACCA
s-8m17f,E5,AAGCAAATACCCCGGTTGATAATCACCGTTCT
s-8m19f,F5,GAACAAACTCAACATTAAATGTGAGATTGTAT
s-8m21f,G5,TATCGGCCGCCAGTTTGAGGGGACCTCCGTGG
s-8m25a,H5,CATGCCAGCTTG
s-8m27g,A6,AAGTGTAAAGCCTGGGGTG
s-8m7g,B6,AAGCGCAGTCTCATTTTTGCGGATGGCTGCTGAAT
s-8m9a,C6,CTTAATTTAGAG
s-9m14e,D6,ATCACCATCAA
s-9m24g,E6,CGATCGGTGCGGGCCTCAACTGTTGGGAAGGGGACGACAG
sm-rem1,F6,CCTGAGAAGTGTTTTTATAATCAGTGAG
sm-rem2,G6,ATTTTAGACAGGAACGGTACGCCAGAAT
sm-rem3,H6,GGAGCTAAACAGGAGGCCGATTAAAGGG
sm-rem4,A7,ACGTGCTTTCCTCGTTAGAATCAGAGCG
sm-rem5,B7,ACTATGGTTGCTTTGACGAGCACGTATA
sm-rem6,C7,GCGCTTAATGCGCCGCTACAGGGCGCGT

Supplementary Figure S28: Sequencesfor the disk with holes (smiley).
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25 turns wide at 10.4 bases/turn -> 260 bases
    9 helices / domain, 27 helices in alll

a b

Supplementary Figure S29: Schematics for the triangle Fig. 2e. a Block diagram. Designedfor 2.5-turn spacing blocks have
5 di�eren t o�sets with respect to the underlying lattice of crossovers, hencethe 5 di�eren t hues of blocks in di�eren t columns.
As in other block diagrams, orange block/red block boundaries have an o�set of 0 turns with respect to the underlying lattice
of crossovers. b Folding path.
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Supplementary Figure S30: Crossover diagram for the equilateral composedof rectangular domains.
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Plate number: 1
e0t11d,A1,CATAGTTAGCGTAAATCGATGAACGG
e0t13c,B1,GCCGACAATGACACTGTAATACTTTT
e0t13d,C1,GAGCAAACAAGAGACGATCTAAAGTT
e0t15c,D1,ACTCATCTTTGACTCATTCCATATAA
e0t15d,E1,AAACATTATGACCACAACCATCGCCC
e0t17c,F1,AATCAACGTAACATATTATAGTCAGA
e0t17d,G1,GTGTCTGGAAGTTCCCCAGCGATTAT
e0t19c,H1,CTAATGCAGATACATAACGCCAAAAG
e0t19d,A2,TCTTTACCCTGACAAGCTGCTCATTC
e0t1d,B2,CAATAGTGAATTTTGCTCAGTACCAG
e0t21d,C2,TAACAACCCGTCGAATCGCGCAGAGG
e0t23c,D2,CCAGCTGGCGAAAAGAAGGAGCGGAA
e0t23d,E2,TACCAAGTTACAAGATTCTCCGTGGG
e0t25c,F2,AGCTAA CTCACATACCTCAAATATCA
e0t25d,G2,CAAAGAAACCACCGGGGGATGTGCTG
e0t27c,H2,CGGCAAAATCCCTTAAAAGGGACATT
e0t27d,A3,ATCACCTTGCTGATAATTGCGTTGCG
e0t29c,B3,GAAAGGAAGGGAAATAATCAGTGAGG
e0t29d,C3,ACACGACCAGTAATATAAATCAAAAG
e0t3c,D3,GTATCATATGCGTATTCACAAACAAA
e0t3d,E3,ATTAGCGGGGTTTATCAAAATCATAG
e0t5c,F3,CCATCCTAATTTAATCAAGTTTGCCT
e0t5d,G3,GATTGGCCTTGATTATACAAATTCTT
e0t7c,H3,CTATTTTGCACCCAAGTTTATTTTGT
e0t7d,A4,CAGTAGCGACAGACGAGCATGTAGAA
e0t9c,B4,AGAGAGATAACCCACAAGAATTGAGT
e0t9d,C4,GACACCACGGAATAGCTACAATTTTA
e1t10e,D4,TAAGCCCA ATAATAAGAGCAAGAAAC
e1t12a,E4,TAATCGTAAAACTGCCTGAGAGTCTG
e1t12b,F4,CTATCAGGTCATTAGCATGTCAATCA
e1t14a,G4,GCGGGAGAAGCCTTCGGTTGTACCAA
e1t14b,H4,GCATAAAGCTAAATTATTTCAACGCA
e1t16a,A5,CAGTTGATTCCCACAACTAAAGTACG
e1t16b,B5,TGTTTTAAATATGATTCTGCGAACGA
e1t18a,C5,AGCAAAGCGGATTATCAAAAATCAGG
e1t18b,D5,AGAATGACCATAAGCATCAAAAAGAT
e1t20e,E5,GAATTACGAGGCATAGTAAGAGCAAC
e1t22a,F5,CGAATTATTCATTTGATTGCTTTGAA
e1t22b,G5,TAACGGATTCGCCTCAATTACCTGAG
e1t24a,H5,TTATCATCATATTTCATTTTGCGGAA
e1t24b,A6,TTGAGTAACATTACCTGATTATCAGA
e1t26a,B6,AA CCCTCAATCAAAAAAATCTAAAGC
e1t26b,C6,CCAGCAGCAAATGTATCTGGTCAGTT
e1t28a,D6,CTGGCCAACAGAGAGATTCACCAGTC
e1t28b,E6,TATTTACATTGGCATAGAACCCTTCT
e1t2a,F6,GCGGATAAGTGCCGAGAAGGATTAGG
e1t2b,G6,TGAGACTCCTCAAGTCGAGAGGGTTG
e1t30e,H6,CCACCGAGTAAAAGAGTCTGTCCATC
e1t4a,A7,TAAATCCTCATTAAGGCAGGTCAGAC
e1t4b,B7,TGACAGGAGGTTGAAGCCAGAATGGA
e1t6a,C7,TTAGCGTCAGACTGCAGCACCGTAAT
e1t6b,D7,GAAACCATCGATAGTAGCGCGTTTTC
e1t8a,E7,CACAATCAATAGAAAAGAAACGCAAA
e1t8b,F7,GTGGCAACATATAAAATTCATATGGT
e2t11e,G7,TATGTACCCCGGTTGATAATCAGAAA
e2t13a,H7,AGGATAAAAATTTAGATCTACAAAGG
e2t13b,A8,AGCTATTTTTGAGTTAGAACCCTCAT
e2t15a,B8,GTAGATTTAGTTTATAAAGCCTCAGA
e2t15b,C8,GCAAAATTAAGCAGACCATTAGATAC
e2t17a,D8,TAAGAGGAAGCCCCTGTAGCTCAACA
e2t17b,E8,GCTGAATATAATGGAAAGACTTCAAA
e2t19a,F8,ACTATCATAACCCAGTTCAGAAAACG
e2t19b,G8,AAATGCTTTAAACTCGTTTACCAGAC
e2t1e,H8,ATATAAGTATAGCCCGGAATAGGTGT
e2t21e,A9,CAAAAGAAGATGATGAAACAAACATC
e2t23a,B9,TGATGGCAATTCATCGGGAGAAACAA
e2t23b,C9,AGTACCTTTTACATCAATATAATCCT
e2t25a,D9,GGCAAATCAACAGTAATTTTAAAAGT
e2t25b,E9,GCCCGAACGTTATTTGAAAGGAATTG
e2t27a,F9,GACCTGAAAGCGTGCCACGCTGAGAG
e2t27b,G9,CGCCTGCAACAGTAAGAATACGTGGC
e2t29a,H9,ACGCAAATTAACCGTCTGAAATGGAT
e2t29b,A10,TTGACGCTCAATCGTTGTAGCAATAC
e2t3a,B10,AAGCGCAGTCTCTAGTATTAAGAGGC
e2t3b,C10,TCTGAAACATGAAGAATTTACCGTTC
e2t5a,D10,ATCGGCATTTTCGCCGCCGCCAGCAT
e2t5b,E10,ACCACCACCAGAGGTCATAGCCCCCT
e2t7a,F10,TTACCAGCGCCAAAAACGTCACCAAT
e2t7b,G10,TTAGCAAGGCCGGAGACAAAAGGGCG
e2t9a,H10,AATGAAATAGCAATACATACATAAAG
e2t9b,A11,CAAACGTAGAAAATAGCTATCTTACC
e3t10e,B11,GAAGCCCTTTTTAAGAAAAGTAAGCA
e3t12a,C11,AGCCCCAAAAACATGCCGGAGAGGGT
e3t12b,D11,GCTGATAAATTAAGGAAGATTGTATA
e3t14a,E11,ATATTTTAAATGCAGGCAAAGAATTA
e3t14b,F11,AATCATACAGGCAAATGCCTGAGTAA
e3t16a,G11,ATTTCGCAAATGGTTAGAGCTTAATT
e3t16b,H11,TTTTGCGGATGGCTCAATAACCTGTT
e3t18a,A12,TATCGCGTTTTAATTGAATCCCCCTC
e3t18b,B12,TCATAAATATTCATTCGAGCTTCAAA
e3t20e,C12,GACGATAAAAACCAAAATAGCGAGAG
e3t22a,D12,AAGAAAACAAAATAATATACAGTAAC
e3t22b,E12,TTAACGTCAGATGTAATTACATTTAA
e3t24a,F12,GATTGTTTGGATTTATTAAATCCTTT
e3t24b,G12,ATTCGACAACTCGATACTTCTGAATA
e3t26a,H12,AGGAAGGTTATCTTCAGTATTAACAC

Plate number: 2
e3t26b,A1,AGAGGTGAGGCGGAAAATATCTTTAG
e3t28a,B1,ACAGACAATATTTAAATACCTACATT
e3t28b,C1,AAAACGCTCATGGTTGAATGGCTATT
e3t2a,D1,ATCACCGTACTCACGGAACCTATTAT
e3t2b,E1,CCCCTGCCTATTTGGAGGTTTAGTAC
e3t30e,F1,TTCTTTGATTAGTAATAACATCACTT
e3t4a,G1,CAGTAAGCGTCATAGCCGCCACCAGA
e3t4b,H1,CCACCACCCTCAGACATGGCTTTTGA
e3t6a,A2,TATTAGCGTTTGCAGCACCATTACCA
e3t6b,B2,CAAAATCACCAGTCATCTTTTCATAA
e3t8a,C2,ACATTCAACCGATCGCAGTATGTTAG
e3t8b,D2,AGACTCCTTATTATGAGGGAGGGAAG
e4t11e,E2,AGCAAATATTTAAATTGTAAACGTTA
e4t13a,F2,TGTGTAGGTAAAGTTCAACCGTTCTA
e4t13b,G2,CATCAATATGATAATTCAAAAGGGTG
e4t15a,H2,TAGCTATATTTTCTTAACATCCAATA
e4t15b,A3,AATAGTAGTAGCAATTTGGGGCGCGA
e4t17a,B3,GCGAACCAGACCGGATAAGAGGTCAT
e4t17b,C3,AATTGCTCCTTTTGAAGCAAACTCCA
e4t19a,D3,GCTTTTGCAAAAGTACTGCGGAATCG
e4t19e,E3,GGATAGCGTCCAAAAGTTTTGCCAGAGGGGGTAATAGTA
e4t1e,F3,CGCCACCCTCAGAACCGCCACCCTCA
e4t21e,G3,CAATTTCATTTGAATTACCTTTTTTA
e4t23a,H3,ATGGAAGGGTTAGTAGATTTTCAGGT
e4t23b,A4,TAAAGAAATTGCGAACCTACCATATC
e4t25a,B4,GAGCACTAACAACGACTTTACAAACA
e4t25b,C4,TTTAGAAGTATTATAATAGATTAGAG
e4t27 a,D4,AGTCTTTAATGCGCAGAAGATAAAAC
e4t27b,E4,AACGAACCACCAGCGAACTGATAGCC
e4t29a,F4,GCCTGAGTAGAAGCATTGCAACAGGA
e4t29e,G4,TATTACCGCCAGCAACTCAAACTATCGGCCTTGCTGGTA
e4t3a,H4,TGATACAGGAGTGAAACAGTTAATGC
e4t3b,A5,ACAGTGCCCGTATTACTGGTAATAAG
e4t5a,B5,TCAAAATCACCGGGCCACCCTCAGAG
e4t5b,C5,CACCCTCAGAACCAACCAGAGCCACC
e4t7a,D5,GTAAATATTGACGGAATTAGAGCCAG
e4t7b,E5,TTGAGCCATTTGGGAAATTATTCATT
e4t9a,F5,GATAGCCGAACAAACTGGCATGATTA
e4t9e,G5,AATACCCAAAAGAAGTTACCAGAAGGAAACCGAGGAAAC
e5t12a,H5,ATATTTTGTTAAAACAGTCAAATCAC
e5t14a,A6,AGAAAGGCCGGAGCATCAATTCTACT
e5t16a,B6,GCTGAAAAGGTGGAGAGAGTACCTTT
e5t18a,C6,ACAGGTCAGGATTAAATGTTTAGACT
e5t22a,D6,ATGGAAACAGTACCGTAAAACAGAAA
e5t24a,E6,AAAATTATTTGCAATACATTTGAGGA
e5t26a,F6,CCGTCAATAGATAATTAAAAATACCG
e5t28a,G6,CTAAAACATCGCCATATCCAGAACAA
e5t2a,H6,GAACCGCCACCCTAGTGCCTTGAGTA
e5t4a,A7,TTTTAACGGGGTCCCCTCAGAGCCGC
e5t6a,B7,ACCGGAACCGCCTCACCGTCACCGAC
e5t8a,C7,AAAGGTGAATTATGCAATAATAACGG
e-1t10e,D7,TCAGAGGGTAATTGAGCGCTAATATC
e-1t12a,E7,GCCTGTAGCATTCAGACGTTAGTAAA
e-1t12b,F7,TTGTCGTCTTTCCCACAGACAGCCCT
e-1t14a,G7,TTAAACAGCTTGAATATTCGGTCGCT
e-1t14b,H7,ACGCATAACCGATTACCGATAGTTGC
e-1t16a,A8,AAAGAGGCAAAAGCAAAGTACAACGG
e-1t16b,B8,ACCAAGCGCGAAAAATACACTAAAAC
e-1t18a,C8,GACAAGAACCGGATGCCCTGACGAGA
e-1t18b,D8,AGTGAATAAGGCTTATTCATTACCCA
e-1t20e,E8,TTGAGATTTAGGAATACCACATTCAA
e-1t22a,F8,TTTCATCAACATTTTGACCGTAATGG
e-1t22b,G8,AACAAACGGCGGAAAATGTGAGCGAG
e-1t24a,H8,TCGGTGCGGGCCTTTGGGTAACGCCA
e-1t24b,A9,CAAGGCGATTAAGCTTCGCTATTACG
e-1t26a,B9,GTAAAGCCTGGGGTTCCAGTCGGGAA
e-1t26b,C9,CTCACTGCCCGCTTGCCTAATGAGTG
e-1t28a,D9,ATCCTGTTTGATGAGGGTTGAGTGTT
e-1t28b,E9,AATAGCCCGAGATGTGGTTCCGAAAT
e-1t2a,F9,GCTTAGATTAAGACCTTTTTAACCTC
e-1t2b,G9,GTCTGAGAGACTACGCTGAGAAGAGT
e-1t30e,H9,ACGGGGAAAGCCGGCGAACGTGGCGA
e-1t4a,A10,CATAATTACTAGACAACGCTCAACAG
e-1t4b,B10,ACCAGTATAAAGCAAAAGCCTGTTTA
e-1t6a,C10,AAGTCCTGAACAACGGCTGTCTTTCC
e-1t6b,D10,ACCAATCAATAATGAAAAATAATATC
e-1t8a,E10,TTGAAGCCTTAAACAACGCTAACGAG
e-1t8b,F10,TCCTGAATCTTACTCAAGATTAGTTG
e-2t11e,G10,GTTTCGTCACCAGTACAAACTACAAC
e-2t13a,H10,ATCAGCTTGCTTTTGGGATTTTGCTA
e-2t13b,A11,TGAATTTTCTGTACGAGGTGAATTTC
e-2t15a,B11,CACTACGAAGGCAAGTTAAAGGCCGC
e-2t15b,C11,GAGGCTTGCAGGGCCAACCTAAAACG
e-2t17a,D11,GGCTGACCTTCATCGCCTGATAAATT
e-2t17b,E11,AGATTTGTATCATCAAGAGTAATCTT
e-2t19a,F11,TTATTACAGGTAGGTAGTAAATTGGG
e-2t19b,G11,AACACCAGAACGAAAAGATTCATCAG
e-2t1e,H11,TTAGAATCCTTGAAAACATAGCGATA
e-2t21e,A12,TCGCGTCTGGCCTTCCTGTAGCCAGC
e-2t23a,B12,GGCTGCGCAACTGGGTGTAGATGGGC
e-2t23b,C12,GATAGGTCACGTTTTGGGAAGGGCGA
e-2t25a,D12,CAACATACGAGCCCACGACGTTGTAA
e-2t25b,E12,GGGTTTTCCCAGTGGAAGCATAAAGT
e-2t27a,F12,ACGCTGGTTTGCCGCTGCATTAATGA
e-2t27b,G12,ACCTGTCGTGCCACCAGCAGGCGAAA
e-2t29a,H12,AAAGGGAGCCCCCACAAGAGTCCACT

Plate number: 3
e-2t29b,A1,GTTCCAGTTTGGAGATTTAGAGCTTG
e-2t3a,B1,CGTTAAATAAGAAGTTATATAACTAT
e-2t3b,C1,CGGCTTAGGTTGGTAAACACCGGAAT
e-2t5a,D1,AACGCGCCTGTTTAGAATCGCCATAT
e-2t5b,E1,TAGGGCTTAATTGATCAACAATAGAT
e-2t7a,F1,GCGAACCTCCCGAAACGGGTATTAAA
e-2t7b,G1,TTATCATTCCAAGCTTGCGGGAGGTT
e-2t9a,H1,GAATTAACTGAACCCTAATTTGCCAG
e-2t9b,A2,CGTCTTTCCAGAGACCCTGAACAAAG
e-3t10e,B2,AAAACAGGGAAGCGCATTAGACGGGA
e-3t12a,C2,TAGGAACCCATGTAGTTTCAGCGGAG
e-3t12b,D2,AACAACTTTCAACACCGTAACACTGA
e-3t14a,E2,AAAGGAGCCTTTATCACCCTCAGCAG
e-3t14b,F2 ,TTTTGCGGGATCGATTGTATCGGTTT
e-3t16a,G2,CATTAAACGGGTACGACCTGCTCCAT
e-3t16b,H2,GTGTCGAAATCCGAAATACGTAATGC
e-3t18a,A3,CGGTGTACAGACCAATTTCAACTTTA
e-3t18b,B3,CTTGAGATGGTTTAGGCGCATAGGCT
e-3t20e,C3,TAATAAAACGAACTAACGGAACAACA
e-3t22a,D3,CCAATAGGAACGCGCATCTGCCAGTT
e-3t22b,E3,GCATCGTAACCGTCATCAAAAATAAT
e-3t24a,F3,CCAGGCAAAGCGCGCCAAGCTTGCAT
e-3t24b,G3,AACGACGGCCAGTCATTCGCCATTCA
e-3t26a,H3,AATTGTTATCCGCCGGGGAGAGGCGG
e-3t26b,A4,ATCGGCCAACGCGTCACAATTCCACA
e-3t28a,B4,CCTGAGAGAGTTGGACTCCAACGTCA
e-3t28b,C4,ATTAAAGAACGTGCAGCAAGCGGTCC
e-3t2a,D4,AATCGTCGCTATTTGCAAATCCAATC
e-3t2b,E4,ATGTAAATGCTGAAATTAATTTTCCC
e-3t30e,F4,GCCGTAAAGCACTAAATCGGAACCCT
e-3t4a,G4,AAATACCGACCGTCATGTAATTTAGG
e-3t4b,H4,TTAACAACGCCAAGTGATAAATAAGG
e-3t6a,A5,ATAAACAACATGTTCATCGAGAACAA
e-3t6b,B5,CCAAGTACCGCACTCAGCTAATGCAG
e-3t8a,C5,GTATTCTAAGAACAGCCATATTATTT
e-3t8b,D5,TTACAAAATAAACGCGAGGCGTTTTA
e-4t11e,E5,CTCATTTTCAGGGATAGCAAGCCCAA
e-4t13a,F5,TGAAAATCTCCAAGAACAACTAAAGG
e-4t13b,G5,TGAGAATAGAAAGAAAAAAGGCTCCA
e-4t15a,H5,TAAAGACTTTTTCCGGAACGAGGGTA
e-4t15b,A6,CGAAAGACAGCATATGAGGAAGTTTC
e-4t17a,B6,ACCAACTTTGAAAAACGAGGCGCAGA
e-4t17b,C6,GTTACTTAGCCGGGAGGACAGATGAA
e-4t19b,D6,ATCATTGTGAATTGAAAAATCTACGT
e-4t1e,E6,TGTGAGTGAATAACCTTGCTTCTGTA
e-4t21e,F6,TTTTGTTAAATCAGCTCATTTTTTAA
e-4t23a,G6,TCCGGCACCGCTTACAGTATCGGCCT
e-4t23b,H6,TGAGGGGACGACGCTGGTGCCGGAAA
e-4t25a,A7,CATGGTCATAGCTCTCTAGAGGATCC
e-4t25b,B7,GCCTGCAGGTCGAGTTTCCTGTGTGA
e-4t27a,C7,CAGCTGATTGCCCCGCCAGGGTGGTT
e-4t27b,D7,TTTGCGTATTGGGTTCACCGCCTGGC
e-4t29b,E7,AAGGGCGAAAAACTTGGGGTCGAGGT
e-4t3a,F7,TCTTCTGACCTAACGCGAGAAAACTT
e-4t3b,G7,GCAAGACAAAGAAATTTAATGGTTTG
e-4t5a,H7,AAAGTAATTCTGTGAGCCAGTAATAA
e-4t5b,A8,CAGAGGCATTTTCCCAGACGACGACA
e-4t7a,B8,CAAATCAGATATAATTTTCATCGTAG
e-4t7b,C8,GCAAGCCGTTTTTGAAGGCTTATCCG
e-4t9b,D8,ATCCCAATCCAAAAGAGAATAACATA
e-5t10e,E8,AAAAATGAAAATAGCAGCCTTTACAGTAAGAAACGATTT
e-5t12b,F8,AATTGCGAATAATCAGAGCCACCACC
e-5t14b,G8,GCAACGGCTACAGAATTTTTTCACGT
e-5t16b,H8,CGGTCAATCATAAAGGCTTTGAGGAC
e-5t18b,A9,TTAAGAACTGGCTGGGAACCGAACTG
e-5t20e,B9,CATTATACCAGTCAGGACGTTGGGAAACCTTATGCGATT
e-5t22b,C9,CAGGAAGATCGCAATTCGCATTAAAT
e-5t24b,D9,CCGGGTACCGAGCCTCCAGCCAGCTT
e-5t26b,E9,TTTCTTTTCACCATCGAATTCGTAAT
e-5t28b,F9,GATGGCCCACTACGTGAGACGGGCAA
e-5t2b,G9,TTTCAAATATATTATAAATCAATATA
e-5t30e,H9,GTGAACCATCACCCAAATCAAGTTTTCGTCTATCAGGGC
e-5t4b,A10,GAGAATATAAAGTTTAGTTAATTTCA
e-5t6b,B10,GAATCATTACCGCACCGACAAAAGGT
e-5t8b,C10,TTTGTTTAACGTCGCCCAATAGCAAG
et-rem1,D10,ACGCCAGAATCCTGAGAAGTGTTTTT
et-rem2,E10,TTAAAGGGATTTTAGACAGGAACGGT
et-rem3,F10,AGAGCGGGAGCTAAACAGGAGGCCGA
et-rem4,G10,TATAACGTGCTTTCCTCGTTAGAATC
et-rem5,H10,GTACTATGGTTGCTTTGACGAGCACG
et-rem6,A11,GCGCTTAATGCGCCGCTACAGGGCGC

Supplementary Figure S31: Sequencesfor the equilateral composedof rectangular domains.
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For bridges between  trapezoidal sla nt edges
contact type,  name ,  and sequence
1,  t-5s2e-t6s23c-3 T,A6,    TTAATTA ATTTTTTACCATATCAAA
2,  t-7s4e-t8s25c-2 T,B6,    TTAATTT CATCTTAGACTTTACAA
3,  t-9s6e-t10s27c- 1T,C6,   CTGTCCA GACGTATACCGAACGA
4,  t-11s8e-t12s29c -0T,D6,  TCAAGAT TAGTGTAGCAATACT

1,  t-5s12e-t6s3c-3 T,E6,    TGTAGCA TTCCTTTTATAAACAGTT
2,  t-7s14e-t8s5c-2 T,F6,    TTTAATT GTATTTCCACCAGAGCC
3,  t-9s16e-t10s7c- 1T,G6,   ACTACGA AGGCTTAGCACCATTA
4,  t-11s18e-t12s9c -0T,H6,  ATAAGGC TTGCAACAAAGTTAC

1,  t-5s22e-t6s13c-3T,A 7,   GTGGGA ACAAATTTCTATTTTTGAG
2,  t-7s24e-t8s15c- 2T,B7,   CGGTGCG GGCCTTCCAAAAACATT
3,  t-9s26e-t10s17c -1T,C7,  ATGAGTG AGCTTTTAAATATGCA
4,  t-11s28e-t12s19 c-0T,D7, ACTATTA AAGAGGATAGCGTCC
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Supplementary Figure S32: More details of sharp triangle design. a Block design for the sharp triangle composed of
trap ezoidal domains. Contacts between trap ezoids on their slant faces are of type 0, 1, 2, 3, and 4. Contacts of type 0 are
bridged by the sca�old strand as shown in the folding path (b). Other contacts are bridged by special staples (c) that each
replace two of the staple strands in the staple sequences(Supplementary Fig. S34), identi�ed by the composite names of the
bridging staples. Assuming a 1 nm inter-helix gap and 32 bases/3 turns, I calculated that the contacts would have gaps of
width of 1.5696 nm, 1.0822 nm, 0.5944 nm, 0.1070 nm for contact types 1,2,3, and 4. (The gap widths drawn in the block
diagram above are not accurate; contact type 4 has essentially no gap given an inter-helix gap of 1 nm.) Assuming that an
unpaired thymine can bridge .43 nm (the length per base-pair of single stranded DNA 34), this would require adding 3.7, 2.5,
1.4, or 0.25 T's in the bridging staple for each contact point. In fact, 4T loops are often used to bridge 2 nm wide double
helices to make them into hairpins assuming .5 nm per T. I used 3, 2, 1, and 0 T's for contacts of type 1, 2, 3, and 4 as can
be seeninserted into the middle of the sequencein c. As in other block diagrams, in a, turns that occur between columns of
red blocks and orange blocks have o�set 0 with respect to the underlying crossover lattice. Other turns on the left and right
outer edgeshave +1 or -1 o�sets depending on which side of the trap ezoid they occur. Purple and green half-blocks show that
sca�old turns made at the central seamsare an odd number of DNA 1=2 turns away from sca�old turns on the outer edges.
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Supplementary Figure S33: Crossover diagram for the sharp triangle composedof trap ezoidal domains.
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Plate number: 1
t10s17c,A1,TTAAATATGCA
t10s27c,B1,ATACCGAACGA
t10s7c,C1,TAGCACCATTA
t11s18h,D1,AATACTGCGGAATCGTAGGGGGTAATAGTAAAATGTTTAGACT
t11s28h,E1,TCTTTGATTAGTAATAGTCTGTCCATCACGCAAATTAACCGTT
t11s8h,F1,CAGAAGGAAACCGAGGTTTTTAAGAAAAGTAAGCAGATAGCCG
t12s19c,G1,GGATAGCGTCC
t12s29c,H1,GTAGCAATACT
t12s9c,A2,AACAAAGTTAC
t1s10g,B2,GACGGGAGAATTAACTCGGAATAAGTTTATTTCCAGCGCC
t1s12i,C2,TCATATGTGTAATCGTAAAACTAGTCATTTTC
t1s14i,D2,GTGAGAAAATGTGTAGGTAAAGATACAACTTT
t1s16i,E2,GGCATCAAATTTGGGGCGCGAGCTAGTTAAAG
t1s18i,F2,TTCGAG CTAAGACTTCAAATATCGGGAACGAG
t1s20g,G2,GAATACCACATTCAACTTAAGAGGAAGCCCGATCAAAGCG
t1s22i,H2,TCGGGAGATATACAGTAACAGTACAAATAATT
t1s24i,A3,CCTGATTAAAGGAGCGGAATTATCTCGGCCTC
t1s26i,B3,GCAAATCACCTCAATCAATATCTGCAGGTCGA
t1s28i,C3,CGACCAGTACATTGGCAGATTCACCTGATTGC
t1s2i,D3,CGGGGTTTCCTCAAGAGAAGGATTTTGAATTA
t1s30g,E3,TTGACGAGCACGTATACTGAAATGGATTATTTAATAAAAG
t1s4i,F3,AGCGTCATGTCTCTGAATTTACCGACTACCTT
t1s6i,G3,TTCATAATCCCCTTATTAGCGTTTTTCTTACC
t1s8i,H3,ATGGTTTATGTCACAATCAATAGATATTAAAC
t2s11g,A4,AGAAAAGCCCCAAAAAGAGTCTGGAGCAAACAATCACCAT
t2s13g,B4,ACAGTCAAAGAGAATCGATGAACGACCCCGGTTGATAATC
t2s15f,C4,ATAGTAGTATGCAATGCCTGAGTAGGCCGGAG
t2s17f,D4,AACCAGACGTTTAGCTATATTTTCTTCTACTA
t2s1g,E4,GATAAGTGCCGTCGAGCTGAAACATGAAAGTATACAGGAG
t2s21g,F4,CCTGATTGCTTTGAATTGCGTAGATTTTCAGGCATCAATA
t2s23g,G4,TGGCAATTTTTAACGTCAGATGAAAACAATAACGGATTCG
t2s25f,H4,AAGGAATTACAAAGAAACCACCAGTCAGATGA
t2s27f,A5,GGACATTCACCTCAAATATCAAACACAGTTGA
t2s3g,B5,TTTGATGATTAAGAGGCTGAGACTTGCTCAGTACCAGGCG
t2s5f,C5,CCGGAACCCAGAATGGAAAGCGCAACATGGCT
t2s7f,D5,AAAGACAACATTTTCGGTCATAGCCAAAATCA
t3s10g,E5,GTCAGAGGGTAATTGATGGCAACATATAAAAGCGATTGAG
t3s14e,F5,CAATATGACCCTCATATATTTTAAAGCATTAA
t3s16e,G5,CATCCAATAAATGGTCAATAACCTCGGAAGCA
t3s18g,H5,AACTCCAAGATTGCATCAAAAAGATAATGCAGATACATAA
t3s20g,A6,CGCCAAAAGGAATTACAGTCAGAAGCAAAGCGCAGGTCAG
t3s24e,B6,TAATCCTGATTATCATTTTGCGGAGAGGAAGG
t3s26e,C6,TTATCTAAAGCATCACCTTGCTGATGGCCAAC
t3s28g,D6,AGAGATAGTTTGACGCTCAATCGTACGTGCTTTCCTCGTT
t3s30g,E6,AGAATCAGAGCGGGAGATGGAAATACCTACATAACCCTTC
t3s4e,F6,TGTACTGGAAATCCTCATTAAAGCAGAGCCAC
t3s6e,G6,CACCGGAAAGCGCGTTTTCATCGGAAGGGCGA
t3s8g,H6,CATTCAACAAACGCAAAGACACCAGAACACCCTGAACAAA
t4s11g,A7,GCAAATATTTAAATTGAGATCTACAAAGGCTACTGATAAA
t4s13g,B7,CGTTCTAGTCAGGTCATTGCCTGACAGGAAGATTGTATAA
t4s15f,C7,CAGGCAAGATAAAAATTTTTAGAATATTCAAC
t4s17f,D7,GATTAGAGATTAGATACATTTCGCAAATCATA
t4s1g,E7,TAGCCCGGAATAGGTGAATGCCCCCTGCCTATGGTCAGTG
t4s21g,F7,GCGCAGAGGCGAATTAATTATTTGCACGTAAATTCTGAAT
t4s23g,G7,GATTATACACAGAAATAAAGAAATACCAAGTTACAAAATC
t4s25f,H7,TAGGAGCATAAAAGTTTGAGTAACATTGTTTG
t4s27f,A8,TGACCTGACAAATGAAAAATCTAAAATATCTT
t4s3g,B8,TTTAACGGTTCGGAACCTATTATTAGGGTTGATATAAGTA
t4s5f,C8,CTCAGAGCATATTCACAAACAAATTAATAAGT
t4s7f,D8,GGAGGGAATTTAGCGTCAGACTGTCCGCCTCC
t5s10g,E8,GATAACCCACAAGAATGTTAGCAAACGTAGAAAATTATTC
t5s14e,F8,TTAATGCCTTATTTCAACGCAAGGGCAAAGAA
t5s16e,G8,TTAGCAAATAGATTTAGTTTGACCAGTACCTT
t5s18g,H8,TAATTGCTTTACCCTGACTATTATGAGGCATAGTAAGAGC
t5s20g,A9,AACACTATCATAACCCATCAAAAATCAGGTCTCCTTTTGA
t5s24e,B9,AATGGAAGCGAACGTTATTAATTTCTAACAAC
t5s26e,C9,TAATAGATCGCTGAGAGCCAGCAGAAGCGTAA
t5s28g,D9,GAATACGTAACAGGAAAAACGCTCCTAAACAGGAGGCCGA
t5s30g,E9,TTAAAGGGATTTTAGATACCGCCAGCCATTGCGGCACAGA
t5s4e,F9,CCTTGAGTCAGACGATTGGCCTTGCGCCACCC
t5s6e,G9,TCAGAACCCAGAATCAAGTTTGCCGGTAAATA
t5s8g,H9,TTGACGGAAATACATACATAAAGGGCGCTAATATCAGAGA
t6s13c,A10,CTATTTTTGAG
t6s15g,B10,ATAAAGCCTTTGCGGGAGAAGCCTGGAGAGGGTAG
t6s17f,C10,TAAGAGGTCAATTCTGCGAACGAGATTAAGCA
t6s23c,D10,ACCATATCAAA
t6s25g,E10,TCAATAGATATTAAATCCTTTGCCGGTTAGAACCT
t6s27f,F10,CAATATTTGCCTGCAACAGTGCCATAGAGCCG
t6s3c,G10,TATAAACAGTT
t6s5g,H10,CAGAGCCAGGAGGTTGAGGCAGGTAACAGTGCCCG
t6s7f,A11,ATTAAAGGCCGTAATCAGTAGCGAGCCACCCT
t7s10g,B11,ATAAGAGCAAGAAACATGGCATGATTAAGACTCCGACTTG
t7s14e,C11,ATGACCCTGTAATACTTCAGAGCA
t7s16e,D11,TAAAGCTATATAACAGTTGATTCCCATTTTTG
t7s18g,E11,CGGATGGCACGAGAATGACCATAATCGTTTACCAGACGAC
t7s20g,F11,GATAAAAACCAAAATATTAAACAGTTCAGAAATTAGAGCT
t7s24e,G11,ACAATTCGACAACTCGTAATACAT
t7s26e,H11,TTGAGGATGGTCAGTATTAACACCTTGAATGG
t7s28g,A12,CTATTAGTATATCCAGAACAATATCAGGAACGGTACGCCA
t7s30g,B12,GAATCCTGAGAAGTGTATCGGCCTTGCTGGTACTTTAATG
t7s4e,C12,GCCGCCAGCATTGACACCACCCTC
t7s6e,D12,AGAGCCGCACCATCGATAGCAGCATGAATTAT
t7s8g,E12,CACCGTCACCTTATTACGCAGTATTGAGTTAAGCCCAATA
t8s15c,F12,CCAAAAACATT
t8s17g,G12,TAATTGCTTGGAAGTTTCATTCCAAATCGGTTGTA
t8s25c,H12,AGACTTTACAA

Plate number: 2
t8s27g,A1,CGCGAACTAAAACAGAGGTGAGGCTTAGAAGTATT
t8s5c,B1,CCACCAGAGCC
t8s7g,C1,AGCCATTTAAACGTCACCAATGAACACCAGAACCA
t9s10h,D1,TATCTTACCGAAGCCCAAACGCAATAATAACGAAAATCACCAG
t9s16e,E1,ACTAAAGTACGGTGTCGAATATAA
t9s18g,F1,TGCTGTAGATCCCCCTCAAATGCTGCGAGAGGCTTTTGCA
t9s20h,G1,AAAGAAGTTTTGCCAGCATAAATATTCATTGACTCAACATGTT
t9s26e,H1,ACCACCAGCAGAAGATGATAGCCC
t9s28g,A2,TAAAACATTAGAAGAACTCAAACTTTTTATAATCAGTGAG
t9s30h,B2,GCCACCGAGTAAAAGAACATCACTTGCCTGAGCGCCATTAAAA
t9s6e,C2,CCATTAGCAAGGCCGGGGGAATTA
t9s8g,D2,GAGCCAG CGAATACCCAAAAGAACATGAAATAGCAATAGC
t-10s17h,E2,ACCAACCTAAAAAATCAACGTAACAAATAAATTGGGCTTGAGA
t-10s27h,F2,AACTCACATTATTGAGTGTTGTTCCAGAAACCGTCTATCAGGG
t-10s7h,G2,ACGACAATAAATCCCGACTTGCGGGAGATCCTGAATCTTACCA
t-11s18e,H2,ATAAGGCTTGC
t-11s28e,A3,ACTATTAAAGA
t-11s8e,B3,TCAAGATTAGT
t-12s19h,C3,CCTGACGAGAAACACCAGAACGAGTAGGCTGCTCATTCAGTGA
t-12s29h,D3,ACGTGGACTCCAACGTCAAAGGGCGAATTTGGAACAAGAGTCC
t-12s9h,E3,TGCTATTTTGCACCCAGCTACAATTTTGTTTTGAAGCCTTAAA
t-1s10e,F3,AGAGAATAACATAAAAACAGGGAAGCGCATTA
t-1s12i,G3,AGGGATAGCTCAGAGCCACCACCCCATGTCAA
t-1s14e,H3,ATTTTCTGTCAGCGGAGTGAGAATACCGATAT
t-1s14i,A4,CAACAGTTTATGGGATTTTGCTAATCAAAAGG
t-1s16e,B4,ATTCGGTCTGCGGGATCGTCACCCGAAATCCG
t-1s16i,C4,GCCGCTTTGCTGAGGCTTGCAGGGGAAAAGGT
t-1s18g,D4,CGACCTGCGGTCAATCATAAGGGAACGGAACAACATTATT
t-1s18i,E4,GCGCAGACTCCATGTTACTTAGCCCGTTTTAA
t-1s20e,F4,ACAGGTAGAAAGATTCATCAGTTGAGATTTAG
t-1s22i,G4,CGCGTCTGATAGGAACGCCATCAACTTTTACA
t-1s24e,H4,CAGTTTGACGCACTCCAGCCAGCTAAACGACG
t-1s24i,A5,AGGAAGATGGGGACGACGACAGTAATCATATT
t-1s26e,B5,GCCAGTGCGATCCCCGGGTACCGAGTTTTTCT
t-1s26i,C5,CTCTAGAGCAAGCTTGCATGCCTGGTCAGTTG
t-1s28g,D5,TTTCACCAGCCTGGCCCTGAGAGAAAGCCGGCGAACGTGG
t-1s28i,E5,CCTTCACCGTGAGACGGGCAACAGCAGTCACA
t-1s2i,F5,CCTTTTTTCATTTAACAATTTCATAGGATTAG
t-1s30e,G5,CGAGAAAGGAAGGGAAGCGTACTATGGTTGCT
t-1s4e,H5,TTATCAAACCGGCTTAGGTTGGGTAAGCCTGT
t-1s4i,A6,TTTAACCTATCATAGGTCTGAGAGTTCCAGTA
t-1s6e,B6,TTAGTATCGCCAACGCTCAACAGTCGGCTGTC
t-1s6i,C6,AGTATAAAATATGCGTTATACAAAGCCATCTT
t-1s8g,D6,TTTCCTTAGCACTCATCGAGAACAATAGCAGCCTTTACAG
t-1s8i,E6,CAAGTACCTCATTCCAAGAACGGGAAATTCAT
t-2s11g,F6,CCTCAGAACCGCCACCCAAGCCCAATAGGAACGTAAATGA
t-2s13g,G6,AGACGTTACCATGTACCGTAACACCCCTCAGAACCGCCAC
t-2s15f,H6,CACGCATAAGAAAGGAACAACTAAGTCTTTCC
t-2s17f,A7,ATTGTGTCTCAGCAGCGAAAGACACCATCGCC
t-2s1g,B7,AAAACAAAATTAATTAAATGGAAACAGTACATTAGTGAAT
t-2s21g,C7,GCTCATTTTTTAACCAGCCTTCCTGTAGCCAGGCATCTGC
t-2s23g,D7,GTAACCGTCTTTCATCAACATTAAAATTTTTGTTAAATCA
t-2s25f,E7,ACGTTGTATTCCGGCACCGCTTCTGGCGCATC
t-2s27f,F7,CCAGGGTGGCTCGAATTCGTAATCCAGTCACG
t-2s3g,G7,AGAGTCAAAAATCAATATATGTGATGAAACAAACATCAAG
t-2s5f,H7,ACTAGAAATATATAACTATATGTACGCTGAGA
t-2s7f,A8,TCAATAATAGGGCTTAATTGAGAATCATAATT
t-3s10g,B8,AACGTCAAAAATGAAAAGCAAGCCGTTTTTATGAAACCAA
t-3s14e,C8,GTTTTGTCAGGAATTGCGAATAATCCGACAAT
t-3s16e,D8,GACAACAAGCATCGGAACGAGGGTGAGATTTG
t-3s18g,E8,TATCATCGTTGAAAGAGGACAGATGGAAGAAAAATCTACG
t-3s20g,F8,TTAATAAAACGAACTAACCGAACTGACCAACTCCTGATAA
t-3s24e,G8,TGTAGATGGGTGCCGGAAACCAGGAACGCCAG
t-3s26e,H8,GGTTTTCCATGGTCATAGCTGTTTGAGAGGCG
t-3s28g,A9,GTTTGCGTCACGCTGGTTTGCCCCAAGGGAGCCCCCGATT
t-3s30g,B9,TAGAGCTTGACGGGGAGTTGCAGCAAGCGGTCATTGGGCG
t-3s4e,C9,GATTAAGAAATGCTGATGCAAATCAGAATAAA
t-3s6e,D9,CACCGGAATCGCCATATTTAACAAAATTTACG
t-3s8g,E9,AGCATGTATTTCATCGTAGGAATCAAACGATTTTTTGTTT
t-4s11g,F9,AGGTTTAGTACCGCCATGAGTTTCGTCACCAGGATCTAAA
t-4s13g,G9,AGCGTAACTACAAACTACAACGCCTATCACCGTACTCAGG
t-4s15f,H9,TAGTTGCGAATTTTTTCACGTTGATCATAGTT
t-4s17f,A10,GTACAACGAGCAACGGCTACAGAGGATACCGA
t-4s1g,B10,GAGCAAAAGAAGATGAGTGAATAACCTTGCTTATAGCTTA
t-4s21g,C10,GTTAAAATTCGCATTAATGTGAGCGAGTAACACACGTTGG
t-4s23g,D10,GGATAGGTACCCGTCGGATTCTCCTAAACGTTAATATTTT
t-4s25f,E10,AGTTGGGTCAAAGCGCCATTCGCCCCGTAATG
t-4s27f,F10,CGCGCGGGCCTGTGTGAAATTGTTGGCGATTA
t-4s3g,G10,ACATAGCGCTGTAAATCGTCGCTATTCATTTCAATTACCT
t-4s5f,H10,GTTAAATACAATCGCAAGACAAAGCCTTGAAA
t-4s7f,A11,CCCATCCTCGCCAACATGTAATTTAATAAGGC
t-5s10g,B11,TCCCAATCCAAATAAGATTACCGCGCCCAATAAATAATAT
t-5s12e,C11,TGTAGCATTCC
t-5s16e,D11,AACAGCTTGCTTTGAGGACTAAAGCGATTATA
t-5s18g,E11,CCAAGCGCAGGCGCATAGGCTGGCAGAACTGGCTCATTAT
t-5s20g,F11,ACCAGTCAGGACGTTGGAACGGTGTACAGACCGAAACAAA
t-5s22e,G11,GTGGGAACAAA
t-5s26e,H11,TGCTGCAAATCCGCTCACAATTCCCAGCTGCA
t-5s28g,A12,TTAATGAAGTTTGATGGTGGTTCCGAGGTGCCGTAAAGCA
t-5s2e,B12,TTAATTAATTT
t-5s30g,C12,CTAAATCGGAACCCTAAGCAGGCGAAAATCCTTCGGCCAA
t-5s6e,D12,GTGTGATAAGGCAGAGGCATTTTCAGTCCTGA
t-5s8g,E12,ACAAGAAAGCAAGCAAATCAGATAACAGCCATATTATTTA
t-6s13f,F12,ACAGACAGCCCAAATCTCCAAAAAAAAATTTCTTA
t-6s15c,G12,CGAGGTGAGGCTCCAAAAGGAGCC
t-6s17f,H12,ACCCCCAGACTTTTTCATGAGGAACTTGCTTT

Plate number: 3
t-6s23f,A1,CGGCGGATTGAATTCAGGCTGCGCAACGGGGGATG
t-6s25c,B1,TGGCGAAATGTTGGGAAGGGCGAT
t-6s27f,C1,TGTCGTGCACACAACATACGAGCCACGCCAGC
t-6s3f,D1,TCCCTTAGAATAACGCGAGAAAACTTTTACCGACC
t-6s5c,E1,GTTTGAAATTCAAATATATTTTAG
t-6s7f,F1,AATAGATAGAGCCAGTAATAAGAGATTTAATG
t-7s10g,G1,GCCAGTTACAAAATAATAGAAGGCTTATCCGGTTATCAAC
t-7s14e,H1,TTTAATTGTAT
t-7s18g,A2,AAAACACTTAATCTTGACAAGAACTTAATCATTGTGAATT
t-7s20g,B2,ACCTTATGCGATTTTATGACCTTCATCAAGAGCATCTTTG
t-7s24e,C2,CGGTGCGGGCC
t-7s28g,D2,TTCCAGTCCTTATAAATCAAAAGAGAACCATCACCCAAAT
t-7s30g,E2,CAAGTTTTTTGGGGTCGAAATCGGCAAAATCCGGGAAACC
t-7s4e,F2,TTAATTTCATC
t-7s8g,G2,GCGCCTGTTATTCTAAGAACGCGATTCCAGAGCCTAATTT
t-7s8g,G2,GCGCCTGTTATTCTAAGAACGCGATTCCAGAGCCTAATTT
t-8s15f,H2,CGGTTTATCAGGTTTCCATTAAACGGGAATACACT
t-8s17c,A3,GGCAAAAGTAAAATACGTAATGCC
t-8s25f,B3,TCTTCGCTATTGGAAGCATAAAGTGTATGCCCGCT
t-8s27c,C3,GCGCTCACAAGCCTGGGGTGCCTA
t-8s5f,D3,TTCTGACCTAAAATATAAAGTACCGACTGCAGAAC
t-8s7c,E3,TCAGCTAAAAAAGGTAAAGTAATT
t-9s10g,F3,ACGCTAACGAGCGTCTGGCGTTTTAGCGAACCCAACATGT
t-9s16e,G3,ACTACGAAGGC
t-9s20g,H3,TGGTTTAATTTCAACTCGGATATTCATTACCCACGAAAGA
t-9s26e,A4,ATGAGTGAGCT
t-9s30g,B4,CGATGGCCCACTACGTATAGCCCGAGATAGGGATTGCGTT
t-9s6e,C4,CTGTCCAGACG
ts-rem1,D4,GCGCTTAATGCGCCGCTACAGGGC

Bridges between trapezoids
t-5s2e-t6s23c-3T,A6,   TTAATTAAT TTTTTACCATATCAAA
t-7s4e-t8s25c-2T,B6,   TTAATTTCA TCTTAGACTTTACAA
t-9s6e-t10s27c-1T,C6,  CTGTCCAGA CGTATACCGAACGA
t-11s8e-t12s29c-0T,D6, TCAAGATTA GTGTAGCAATACT

t-5s12e-t6s3c-3T,E6,   TGTAGCATT CCTTTTATAAACAGTT
t-7s14e-t8s5c-2T,F6,   TTTAATTGT ATTTCCACCAGAGCC
t-9s16e-t10s7c-1T,G6,  ACTACGAAG GCTTAGCACCATTA
t-11s18e-t12s9c-0T,H6, ATAAGGCTT GCAACAAAGTTAC

t-5s22e-t6s13c-3T,A7,  GTGGGAACA AATTTCTATTTTTGAG
t-7s24e-t8s15c-2T,B7,  CGGTGCGGG CCTTCCAAAAACATT
t-9s26e-t10s17c -1T,C7, ATGAGTGAGCTTTTAAATATGCA
t-11s28e-t12s19c-0T,D7,ACTATTAAA GAGGATAGCGTCC

Supplementary Figure S34: Sequencesfor the sharp triangle composedof trap ezoidal domains.
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32 helices tall

21 turns wide at 10.666 bases / turn -> 224 nt

a b

Supplementary Figure S35: Schematics for the \tall" rectangle used for the map pattern shown in Fig. 4e{i. a Block
diagram. b Folding path.
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Supplementary Figure S36: Basic crossover diagram for the \tall" rectangle used for the map pattern shown in Fig. 3e{i.
Note, here I show the crossovers at the seam as bridged by staple strands. In the experiments shown in Fig. 3f and g, the
seam was unbridged and only stacking interactions held it together, as diagrammed in Fig. 3e. For comparison, Fig. 3e is
reproduced in the next �gure, Supplementary Fig. S36
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Supplementary Figure S37: Actual crossover diagram for the \tall" rectangle used for the map pattern shown in Fig. 3e{i.
The seamis unbridged and staple strands with `TTTT' loops have beenadded to the edgesto discourageblunt-end stacking.
At two corners 4-T tails have been added.
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Plate number: 1
t1r0g,A1,AGGGTTGATATAAGTATAGCCCGGAATAGGTG
t1r10e,B1,TGAACAAAGATAACCCACAAGAATAAGACTCC
t1r10f,C1,ATCAGAGAGTCAGAGGGTAATTGAACCAGTCA
t1r12e,D1,TATTTTGCACGCTAACGAGCGTCTGAACACCC
t1r12f,E1,TCTTACCAACCCAGCTACAATTTTAAAGAAGT
t1r14e,F1,ATCGGCTGACCAAGTACCGCACTCTTAGTTGC
t1r14f,G1,GGTATTAATCTTTCCTTATCATTCATATCGCG
t1r16e,H1,CATATTTATTTCGAGCCAGTAATAAATCAATA
t1r16f,A2,AGAGGCATACAACGCCAACATGTATCTGCGAA
t1r18e,B2,ACAAAGAAAATTTCATCTTCTGACAGAATCGC
t1r18f,C2,TTTTAGTTCGCGAGAAAACTTTTTTTATGACC
t1r20e,D2,AAATCAATCGTCGCTATTAATTAAATCGCAAG
t1r20f,E2,CTGTAAATATATGTGAGTGAATAAAAAGGCTA
t1r22e,F2,TTTAACGTTCGGGAGAAACAATAACAGTACAT
t1r22f,G2,CTTTTACACAGATGAATATACAGTGCCATCAA
t1r24e,H2,TTATTAATGAACAAAGAAACCACCTTTTCAGG
t1r24f,A3,ATTTTGCGTTTAAAAGTTTGAGTACCGGCACC
t1r26e,B3,CTAAAGCAAATCAATATCTGGTCACCCGAACG
t1r26f,C3,AAACCCTCTCACCTTGCTGAACCTAGAGGATC
t1r28e,D3,GCCAACAGATACGTGGCACAGACATGAAAAAT
t1r28f,E3,GCGTAAGAAGATAGAACCCTTCTGAACGCGCG
t1r2e,F3,TAAGCGTCGGTAATAAGTTTTAACCCGTCGAG
t1r2f,G3,AGTGTACTATACATGGCTTTTGATCTTTCCAG
t1r30e,H3,GTTGTAGCCCTG AGTAGAAGAACTACATTCTG
t1r30f,A4,ATCACTTGAATACTTCTTTGATTAGTTGTTCC
t1r32h,B4,TACAGGGCGCGTACTATGGTTGCTAATTAACC
t1r4e,C4,AACCAGAGACCCTCAGAACCGCCACGTTCCAG
t1r4f,D4,GAGCCGCCCCACCACCGGAACCGCTGCGCCGA
t1r6e,E4,GACTTGAGGTAGCACCATTACCATATCACCGG
t1r6f,F4,AATCACCACCATTTGGGAATTAGACCAACCTA
t1r8e,G4,TTATTACGTAAAGGTGGCAACATACCGTCACC
t1r8f,H4,TACATACACAGTATGTTAGCAAACTGTACAGA
t3r0g,A5,TGCTCAGTACCAGGCGGATAAGTGGGGGTCAG
t3r10e,B5,GCGCATTAATAAGAGCAAGAAACAATAACGGA
t3r10f,C5,GCCCAATAGACGGGAGAATTAACTTTCCAGAG
t3r12e,D5,AGGTTTTGGCCAGTTACAAAATAAACAGGGAA
t3r12f,E5,CCTAATTTAAGCCTTAAATCAAGAATCGAGAA
t3r14e,F5,CTAATTTACCGTTTTTATTTTCATCTTGCGGG
t3r14f,G5,CAAGCAAGCGAGCATGTAGAAACCAGAGAATA
t3r16e,H5,ACGCTCAACGACAAAAGGTAAAGTATCCCATC
t3r16f,A6,TAAAGTACCAGTAGGGCTTAATTGCTAAATTT
t3r18e,B6,TATGTAAAGAAATACCGACCGTGTTAAAGCCA
t3r18f,C6,AATGGTTTTGCTGATGCAAATCCATTTTCCCT
t3r20e,D6,TTGAATTATTGAAAACATAGCGATTATAACTA
t3r20f,E6,TAGAATCCCCTTTTTTAATGGAAACGGATTCG
t3r22e,F6,ACAGAAATCTTTGAATACCAAGTTAATTTCAT
t3r22f,G6,CCTGATTGAAAGAAATTGCGTAGAAGAAGGAG
t3r24e,H6,CGACAACTTCATCATATTCCTGATCACGTAAA
t3r24f,A7,CGGAATTACGTATTAAATCCTTTGGTTGGCAA
t3r26e,B7,GCCACGCTTTGAAAGGAATTGAGGAAACAATT
t3r26f,C7,ATCAACAGGAGAGCCAGCAGCAAAATATTTTT
t3r28e,D7,GTCACACGATTAGTCTTTAATGCGGCAACAGT
t3r28f,E7,GAATGGCTACCAGTAATAAAAGGGCAAACTAT
t3r2e,F7,GGAAAGCGGTAACAGTGCCCGTATCGGGGTTT
t3r2f,G7,TGCCTTGACAGTCTCTGAATTTACCCCTCAGA
t3r30e,H7,GTAAAAGACTGGTAATATCCAGAAATTCACCA
t3r30f,A8,CGGCCTTGGTCTGTCCATCACGCATTGACGAG
t3r32h,B8,CACGTATAACGTGCTTTCCTCGTTGCCACCGA
t3r4e,C8,GTTTGCCACCTCAGAGCCGCCACCGCCAGAAT
t3r4f,D8,GCCACCACTCTTTTCATAATCAAATAGCAAGG
t3r6e,E8,TTATTCATGTCACCAATGAAACCATTATTAGC
t3r6f,F8,CCGGAAACTAAAGGTGAATTATCATAAAAGAA
t3r8e,G8,ATACCCAAACACCACGGAATAAGTGACGGAAA
t3r8f,H8,ACGCAAAGAAGAACTGGCATGATTTGAGTTAA
t5r0g,A9,CCTCAAGAGAAGGATTAGGATTAGAAACAGTT
t5r10e,B9,CTTTACAGTATCTTACCGAAGCCCAGTTACCA
t5r10f,C9,GCAATAGCAGAGAATAACATAAAAACAGCCAT
t5r12e,D9,GAGGCGTTTCCCAATCCAAATAAGATAGCAGC
t5r12f,E9,ATTATTTATTAGCGAACCTCCCGACGTAGGAA
t5r14e,F9,TAAGTCCTGCGCCCAATAGCAAGCAAGAACGC
t5r14f,G9,TCATTACCGAACAAGAAAAATAATAATTCTGT
t5r16e,H9,GCGTTATACGACAATAAACAACATACAATAGA
t5r16f,A10,CCAGACGACAAATTCTTACCAGTAGATAAATA
t5r18e,B10,TAACCTCCAATAAGAATAAACACCTATCATAT
t5r18f,C10,AGGCGTTAGGCTTAGGTTGGGTTAAGCTTAGA
t5r20e,D10,AAAACAAACTGAGAAGAGTCAATATACCTTTT
t5r20f,E10,TTAAGACGATTAATTACATTTAACACAAAATC
t5r22e,F10,AACCTACCGCGAATTATTCATTTCACATCAAG
t5r22f,G10,GCGCAGAGATATCAAAATTATTTGTATCAGAT
t5r24e,H10,GGATTTAGTTCATCAATATAATCCAGGGTTAG
t5r24f,A11,GATGGCAAAAGTATTAGACTTTACAAGGTTAT
t5r26e,B11,AGGCGGTCTCTTTAGGAGCACTAAACATTTGA
t5r26f,C11,CTAAAATAAGTATTAACACCGCCTCGAACTGA
t5r28e,D11,GAAATGGAAAACATCGCCATTAAACAGAGGTG
t5r28f,E11,TAGCCCTATTATTTACATTGGCAGCAATATTA
t5r2e,F11,ACAAACAACTGCCTATTTCGGAACCTGAGACT
t5r2f,G11,AATGCCCCATAAATCCTCATTAAAAGAACCAC
t5r30e,H11,AGAAGTGTCATTGCAACAGGAAAAAATCGTCT
t5r30f,A12,CCGCCAGCTTTTATAATCAGTGAGAGAATCAG
t5r32h,B12,AGCGGGAGCTAAACAGGAGGCCGAGAATCCTG
t5r4e,C12,TCGGCATTCCGCCGCCAGCATTGATGATATTC
t5r4f,D12,CACCAGAGTTCGGTCATAGCCCCCTCGATAGC
t5r6e,E12,ATTGAGGGAATCAGTAGCGACAGACGTTTTCA
t5r6f,F12,AGCACCGTAGGGAAGGTAAATATTTTATTTTG
t5r8e,G12,GAAGGAAAAATAGAAAATTCATATTTCAACCG
t5r8f,H12,TCACAATCCCGAGGAAACGCAATAATGAAATA

Plate number: 2
t7r0f,A1,TGAAAGTATTAAGAGGCTATTATT
t7r10f,B1,AAAAGTAAAACGTCAAAAATGAAAAAACGATT
t7r12f,C1,TTTTGTTTGCTTATCCGGTATTCTAAATCAGA
t7r14f,D1,TATAGAAGACGCGCCTGTTTATCAGTTCAGCT
t7r16f,E1,AATGCAGAGAAAAAGCCTGTTTAGGGAATCAT
t7r18f,F1,AATTACTACATAGGTCTGAGAGACGTGAATTT
t7r20f,G1,ATCAAAATGAAGATGATGAAACAAAATTACCT
t7r22f,H1,GAGCAAAAACTTCTGAATAATGGATGATTGTT
t7r24f,A2,TGGATTATGCCGTCAATAGATAATCAACTAAT
t7r26f,B2,AGATTAGACCAGCAGAAGATAAAAAATACCGA
t7r28f,C2,ACGAACCACTACATTTTGACGCTCACGCTCAT
t7r2f,D2,CTGAAACAGTCAGACGATTGGCCTCAGGAGGT
t7r30j,E2,GGAAATACCAGGAACGGTACGCCATTAAAGGGATTTTAGA
t7r4f,F2,TGAGGCAGGCGTCAGACTGTAGCGATCAAGTT
t7r6f,G2,TGCCTTTAAGACAAAAGGGCGACAGGTTTACC
t7r8f,H2,AGCGCCAAGCAGATAGCCGAACAATTTTTAAG
t-1r0g,A3,TATCACCGTACTCAGGAGGTTTAGATAGTTAG
t-1r10e,B3,GGACGTTGAGAACTGGCTCATTATGCGCTAAT
t-1r10f,C3,CGATTTTAGGAAGAAAAATCTACGGATAAAAA
t-1r12e,D3,TTTGCCAGGCGAGAGGCTTTTGCAATCCTGAA
t-1r12f,E3,CCAAAATAAGGGGGTAATAGTAAAAAAAGATT
t-1r14e,F3,TTTTAATTGCCCGAAAGACTTCAACAAGAACG
t-1r14f,G3,AAGAGGAACGAGCTTCAAAGCGAAAGTTTCAT
t-1r16e,H3,CGAGTAG AACAGTTGATTCCCAATATTTAGGC
t-1r16f,A4,TCCATATATTTAGTTTGACCATTAAGCATAAA
t-1r18e,B4,CTGTAATAGGTTGTACCAAAAACACAAATATA
t-1r18f,C4,GCTAAATCCTTTTGCGGGAGAAGCCCGGAGAG
t-1r20e,D4,TCAGGTCATTTTTGAGAGATCTACCCTTGCTT
t-1r20f,E4,GGTAGCTATTGCCTGAGAGTCTGGTTAAATCA
t-1r22e,F4,AAATAATTTTTAACCAATAGGAACAACAGTAC
t-1r22f,G4,GCTCATTTCGCGTCTGGCCTTCCTGGCCTCAG
t-1r24e,H4,GCTTCTGGCACTCCAGCCAGCTTTACATTATC
t-1r24f,A5,GAAGATCGTGCCGGAAACCAGGCAGTGCCAAG
t-1r26e,B5,CCCGGGTACCTGCAGGTCGACTCTCAAATATC
t-1r26f,C5,CTTGCATGCCGAGCTCGAATTCGTCCTGTCGT
t-1r28e,D5,GGGAGAGGCATTAATGAATCGGCCACCTGAAA
t-1r28f,E5,GCCAGCTGCGGTTTGCGTATTGGGAATCAAAA
t-1r2e,F5,ACGTTAGTTCTAAAGTTTTGTCGTGATACAGG
t-1r2f,G5,CGTAACGAAAATGAATTTTCTGTAGTGAATTT
t-1r30e,H5,AGTTTGGACGAGATAGGGTTGAGTGTAATAAC
t-1r30f,A6,GAATAGCCACAAGAGTCCACTATTAAGCCGGC
t-1r32h,B6,GAACGTGGCGAGAAAGGAAGGGAATGCGCCGC
t-1r4e,C6,CAATGACAGCTTGATACCGATAGTCTCCCTCA
t-1r4f,D6,CTTAAACAACAACCATCGCCCACGCGGGTAAA
t-1r6e,E6,AAACGAAATGCCACTACGAAGGCAGCCAGCAA
t-1r6f,F6,ATACGTAAGAGGCAAAAGAATACACTGACCAA
t-1r8e,G6,CCAGGCGCGAGGACAGATGAACGGGTAGAAAA
t-1r8f,H6,CTTTGAAAATAGGCTGGCTGACCTACCTTATG
t-3r0g,A7,CCCTCAGAACCGCCACCCTCAGAAACAACGCC
t-3r10e,B7,ACGAACTATTAATCATTGTGAATTTCATCAAG
t-3r10f,C7,TTTCAACTACGGAACAACATTATTAACACTAT
t-3r12e,D7,ACTGGATATCGTTTACCAGACGACTTAATAAA
t-3r12f,E7,CATAACCCGCGTCCAATACTGCGGTATTATAG
t-3r14e,F7,GAAGCAAAAAAGCGGATTGCATCAATGTTTAG
t-3r14f,G7,TCAGAAGCCTCCAACAGGTCAGGATTTAAATA
t-3r16e,H7,TCGCAAATAAGTACGGTGTCTGGACCAGACCG
t-3r16f,A8,TGCAACTAGGTCAATAACCTGTTTAGAATTAG
t-3r18e,B8,CAACGCAAAGCAATAAAGCCTCAGGATACATT
t-3r18f,C8,CAAAATTAGGATAAAAATTTTTAGGATATTCA
t-3r20e,D8,AGAGAATCAGCTGATAAATTAATGCTTTATTT
t-3r20f,E8,ACCGTTCTGATGAACGGTAATCGTAATATTTT
t-3r22e,F8,CTTTCATCTCGCATTAAATTTTTGAGCAAACA
t-3r22f,G8,GTTAAAATAACATTAAATGTGAGCATCTGCCA
t-3r24e,H8,TTCGCCATGGACGACGACAGTATCGTAGCCAG
t-3r24f,A9,GTTTGAGGTCAGGCTGCGCAACTGTTCCCAGT
t-3r26e,B9,TCATAGCTTGTAAAACGACGGCCAAAGCGCCA
t-3r26f,C9,CACGACGTGTTTCCTGTGTGAAATTTGCGCTC
t-3r28e,D9,TGGTTTTTCTTTCCAGTCGGGAAAAATCATGG
t-3r28f,E9,ACTGCCCGCTTTTCACCAGTGAGATGGTGGTT
t-3r2e,F9,TGCTAAACTCCACAGACAGCCCTCTACCGCCA
t-3r2f,G9,TGTAGCATAACTTTCAACAGTTTCTAATTGTA
t-3r30e,H9,TGGACTCCGGCAAAATCCCTTATACGCCAGGG
t-3r30f,A10,CCGAAATCAACGTCAAAGGGCGAAAAGGGAGC
t-3r32h,B10,CCCCGATTTAGAGCTTGACGGGGAAAAGAACG
t-3r4e,C10,ATATATTCTCAGCTTGCTTTCGAGTGGGATTT
t-3r4f,D10,TCGGTTTAGGTCGCTGAGGCTTGCAAAGACTT
t-3r6e,E10,CTCATCTTGGAAGTTTCCATTAAACATAACCG
t-3r6f,F10,TTTCATGATGACCCCCAGCGATTAAGGCGCAG
t-3r8e,G10,AGTAATCTTCATAAGGGAACCGAACTAAAACA
t-3r8f,H10,ACGGTCAATGACAAGAACCGGATATGGTTTAA
t-5r0g,A11,CTCAGAGCCACCACCCTCATTTTCCGTAACAC
t-5r10e,B11,AAAGATTCTAAATTGGGCTTGAGATTCATTAC
t-5r10f,C11,ACGAGTAGATCAGTTGAGATTTAGCGCCAAAA
t-5r12e,D11,TAAATATTGAGGCATAGTAAGAGCACAGGTAG
t-5r12f,E11,GGAATTACCATTGAATCCCCCTCACCATAAAT
t-5r14e,F11,TACCTTTAAGGTCTTTACCCTGACAATCGTCA
t-5r14f,G11,CAAAAATCATTGCTCCTTTTGATAATTGCTGA
t-5r16e,H11,TTTCATTTCTGTAGCTCAACATGTTTAGAGAG
t-5r16f,A12,ATATAATGGGGGCGCGAGCTGAAATTAACATC
t-5r18e,B12,TATATTTTCATACAGGCAAGGCAAAGCTATAT
t-5r18f,C12,CAATAAATAAATGCAATGCCTGAGAAGGCCGG
t-5r20e,D12,CATGTCAAAAATCACCATCAATATAACCCTCA
t-5r20f,E12,AGACAGTCTCATATGTACCCCGGTTTGTATAA
t-5r22e,F12,ACCCGTCGTTAAATTGTAAACGTTAAAACTAG
t-5r22f,G12,GCAAATATGATTCTCCGTGGGAACCGTTGGTG
t-5r24e,H12,GGCGATCGCGCATCGTAACCGTGCGAGTAACA

Plate number: 3
t-5r24f,A1,TAGATGGGGTGCGGGCCTCTTCGCGCAAGGCG
t-5r26e,B1,GCTCACAAGGGTAACGCCAGGGTTTTGGGAAG
t-5r26f,C1,ATTAAGTTTTCCACACAACATACGCCTAATGA
t-5r28e,D1,AGCTGATTACTCACATTAATTGCGTGTTATCC
t-5r28f,E1,GTGAGCTAGCCCTTCACCGCCTGGGGTTTGCC
t-5r2e,F1,GAGAATAGGTCACCAGTACAAACTCCGCCACC
t-5r2f,G1,TGAGTTTCAAAGGAACAACTAAAGATCTCCAA
t-5r30e,H1,TATCAGGGCGAAAATCCTGTTTGACGGGCAAC
t-5r30f,A2,CCAGCAGGCGATGGCCCACTACGTGAGGTGCC
t-5r32h,B2,GTAAAGCACTAAATCGGAACCCTAAAACCGTC
t-5r4e,C2,AAAGGCCGCTCCAAAAGGAGCCTTAGCGGAGT
t-5r4f,D2,AAAAA AGGCTTTTGCGGGATCGTCGGGTAGCA
t-5r6e,E2,GCGAAACAAGAGGCTTTGAGGACTAGGGAGTT
t-5r6f,F2,ACGGCTACAAGTACAACGGAGATTCGCGACCT
t-5r8e,G2,CCAAATCATTACTTAGCCGGAACGTACCAAGC
t-5r8f,H2,GCTCCATGACGTAACAAAGCTGCTACACCAGA
t-7r10e,A3,CATTCAACCTTGCCCTGACGAGAACATTCAGT
t-7r12e,B3,AAACAGTTTAATGCAGATACATAAGAATACCA
t-7r14e,C3,TTTTTGCGCAGAAAACGAGAATGAAATGCTTT
t-7r16e,D3,TCAATTCTGATGGCTTAGAGCTTAAGAGGTCA
t-7r18e,E3,AGGTAAAGACTAATAGTAGTAGCAAGGTGGCA
t-7r20e,F3,AGAAAAGCATTCAAAAGGGTGAGATAATGTGT
t-7r22e,G3,GATTGACCCCCAAAAACAGGAAGATGATAATC
t-7r24e,H3,CAGCTGGCGTAATGGGATAGGTCAAAACGGCG
t-7r26e,A4,GCATAAAGGAAAGGGGGATGTGCTTATTACGC
t-7r28e,B4,GAGTTGCATGTAAAGCCTGGGGTGAGCCGGAA
t-7r2i,C4,AATAATAAATAGGAACCCATGTACAGGGATAGCAAGCCCA
t-7r30e,D4,ACCCAAATGCAAGCGGTCCACGCTCCCTGAGA
t-7r32e,E4,CAAGTTTTTTGGGGTCGAACCATC
t-7r4e,F4,CAGCGAAATTTTTTCACGTTGAAAGAATTGCG
t-7r6e,G4,CGCCTGATGACAGCATCGGAACGAACCCTCAG
t-7r8e,H4,GAATAAGGAAATTGTGTCGAAATCTGTATCAT
tr-rem1,A5,GCGCTTAA

Supplementary Figure S38: Sequencesfor the \tall" rectangle usedfor the map pattern shown in Fig. 3e{i. Thesesequences
are for a bridged seam.
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1-1000
AATGCTACTACTATTAGTAGAATTGATGCCACCTTTTCAGCTCGCGCCCCAAATGAAAATATAGCTAAACAGGTTATTGACCATTTGCGAAATGTATCTA
ATGGTCAAACTAAATCTACTCGTTCGCAGAATTGGGAATCAACTGTTATATGGAATGAAACTTCCAGACACCGTACTTTAGTTGCATATTTAAAACATGT
TGAGCTACAGCATTATATTCAGCAATTAAGCTCTAAGCCATCCGCAAAAATGACCTCTTATCAAAAGGAGCAATTAAAGGTACTCTCTAATCCTGACCTG
TTGGAGTTTGCTTCCGGTCTGGTTCGCTTTGAAGCTCGAATTAAAACGCGATATTTGAAGTCTTTCGGGCTTCCTCTTAATCTTTTTGATGCAATCCGCT
TTGCTTCTGACTATAATAGTCAGGGTAAAGACCTGATTTTTGATTTATGGTCATTCTCGTTTTCTGAACTGTTTAAAGCATTTGAGGGGGATTCAATGAA
TATTTATGACGATTCCGCAGTATTGGACGCTATCCAGTCTAAACATTTTACTATTACCCCCTCTGGCAAAACTTCTTTTGCAAAAGCCTCTCGCTATTTT
GGTTTTTATCGTCGTCTGGTAAACGAGGGTTATGATAGTGTTGCTCTTACTATGCCTCGTAATTCCTTTTGGCGTTATGTATCTGCATTAGTTGAATGTG
GTATTCCTAAATCTCAACTGATGAATCTTTCTACCTGTAATAATGTTGTTCCGTTAGTTCGTTTTATTAACGTAGATTTTTCTTCCCAACGTCCTGACTG
GTATAATGAGCCAGTTCTTAAAATCGCATAAGGTAATTCACAATGATTAAAGTTGAAATTAAACCATCTCAAGCCCAATTTACTACTCGTTCTGGTGTTT
CTCGTCAGGGCAAGCCTTATTCACTGAATGAGCAGCTTTGTTACGTTGATTTGGGTAATGAATATCCGGTTCTTGTCAAGATTACTCTTGATGAAGGTCA

1001-2000
GCCAGCCTATGCGCCTGGTCTGTACACCGTTCATCTGTCCTCTTTCAAAGTTGGTCAGTTCGGTTCCCTTATGATTGACCGTCTGCGCCTCGTTCCGGCT
AAGTAACATGGAGCAGGTCGCGGATTTCGACACAATTTATCAGGCGATGATACAAATCTCCGTTGTACTTTGTTTCGCGCTTGGTATAATCGCTGGGGGT
CAAAGATGAGTGTTTTAGTGTATTCTTTTGCCTCTTTCGTTTTAGGTTGGTGCCTTCGTAGTGGCATTACGTATTTTACCCGTTTAATGGAAACTTCCTC
ATGAAAAAGTCTTTAGTCCTCAAAGCCTCTGTAGCCGTTGCTACCCTCGTTCCGATGCTGTCTTTCGCTGCTGAGGGTGACGATCCCGCAAAAGCGGCCT
TTAACTCCCTGCAAGCCTCAGCGACCGAATATATCGGTTATGCGTGGGCGATGGTTGTTGTCATTGTCGGCGCAACTATCGGTATCAAGCTGTTTAAGAA
ATTCACCTCGAAAGCAAGCTGATAAACCGATACAATTAAAGGCTCCTTTTGGAGCCTTTTTTTTGGAGATTTTCAACGTGAAAAAATTATTATTCGCAAT
TCCTTTAGTTGTTCCTTTCTATTCTCACTCCGCTGAAACTGTTGAAAGTTGTTTAGCAAAATCCCATACAGAAAATTCATTTACTAACGTCTGGAAAGAC
GACAAAACTTTAGATCGTTACGCTAACTATGAGGGCTGTCTGTGGAATGCTACAGGCGTTGTAGTTTGTACTGGTGACGAAACTCAGTGTTACGGTACAT
GGGTTCCTATTGGGCTTGCTATCCCTGAAAATGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGCGGTTCTGAGGGTGGCGGTACTAAACCTCC
TGAGTACGGTGATACACCTATTCCGGGCTATACTTATATCAACCCTCTCGACGGCACTTATCCGCCTGGTACTGAGCAAAACCCCGCTAATCCTAATCCT

2001-3000
TCTCTTGAGGAGTCTCAGCCTCTTAATACTTTCATGTTTCAGAATAATAGGTTCCGAAATAGGCAGGGGGCATTAACTGTTTATACGGGCACTGTTACTC
AAGGCACTGACCCCGTTAAAACTTATTACCAGTACACTCCTGTATCATCAAAAGCCATGTATGACGCTTACTGGAACGGTAAATTCAGAGACTGCGCTTT
CCATTCTGGCTTTAATGAGGATTTATTTGTTTGTGAATATCAAGGCCAATCGTCTGACCTGCCTCAACCTCCTGTCAATGCTGGCGGCGGCTCTGGTGGT
GGTTCTGGTGGCGGCTCTGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGCGGCTCTGAGGGAGGCGGTTCCGGTGGTGGCTCTGGTTCCGGTG
ATTTTGATTATGAAAAGATGGCAAACGCTAATAAGGGGGCTATGACCGAAAATGCCGATGAAAACGCGCTACAGTCTGACGCTAAAGGCAAACTTGATTC
TGTCGCTACTGATTACGGTGCTGCTATCGATGGTTTCATTGGTGACGTTTCCGGCCTTGCTAATGGTAATGGTGCTACTGGTGATTTTGCTGGCTCTAAT
TCCCAAATGGCTCAAGTCGGTGACGGTGATAATTCACCTTTAATGAATAATTTCCGTCAATATTTACCTTCCCTCCCTCAATCGGTTGAATGTCGCCCTT
TTGTCTTTGGCGCTGGTAAACCATATGAATTTTCTATTGATTGTGACAAAATAAACTTATTCCGTGGTGTCTTTGCGTTTCTTTTATATGTTGCCACCTT
TATGTATGTATTTTCTACGTTTGCTAACATACTGCGTAATAAGGAGTCTTAATCATGCCAGTTCTTTTGGGTATTCCGTTATTATTGCGTTTCCTCGGTT
TCCTTCTGGTAACTTTGTTCGGCTATCTGCTTACTTTTCTTAAAAAGGGCTTCGGTAAGATAGCTATTGCTATTTCATTGTTTCTTGCTCTTATTATTGG

3001-4000
GCTTAACTCAATTCTTGTGGGTTATCTCTCTGATATTAGCGCTCAATTACCCTCTGACTTTGTTCAGGGTGTTCAGTTAATTCTCCCGTCTAATGCGCTT
CCCTGTTTTTATGTTATTCTCTCTGTAAAGGCTGCTATTTTCATTTTTGACGTTAAACAAAAAATCGTTTCTTATTTGGATTGGGATAAATAATATGGCT
GTTTATTTTGTAACTGGCAAATTAGGCTCTGGAAAGACGCTCGTTAGCGTTGGTAAGATTCAGGATAAAATTGTAGCTGGGTGCAAAATAGCAACTAATC
TTGATTTAAGGCTTCAAAACCTCCCGCAAGTCGGGAGGTTCGCTAAAACGCCTCGCGTTCTTAGAATACCGGATAAGCCTTCTATATCTGATTTGCTTGC
TATTGGGCGCGGTAATGATTCCTACGATGAAAATAAAAACGGCTTGCTTGTTCTCGATGAGTGCGGTACTTGGTTTAATACCCGTTCTTGGAATGATAAG
GAAAGACAGCCGATTATTGATTGGTTTCTACATGCTCGTAAATTAGGATGGGATATTATTTTTCTTGTTCAGGACTTATCTATTGTTGATAAACAGGCGC
GTTCTGCATTAGCTGAACATGTTGTTTATTGTCGTCGTCTGGACAGAATTACTTTACCTTTTGTCGGTACTTTATATTCTCTTATTACTGGCTCGAAAAT
GCCTCTGCCTAAATTACATGTTGGCGTTGTTAAATATGGCGATTCTCAATTAAGCCCTACTGTTGAGCGTTGGCTTTATACTGGTAAGAATTTGTATAAC
GCATATGATACTAAACAGGCTTTTTCTAGTAATTATGATTCCGGTGTTTATTCTTATTTAACGCCTTATTTATCACACGGTCGGTATTTCAAACCATTAA
ATTTAGGTCAGAAGATGAAATTAACTAAAATATATTTGAAAAAGTTTTCTCGCGTTCTTTGTCTTGCGATTGGATTTGCATCAGCATTTACATATAGTTA

4001-5000
TATAACCCAACCTAAGCCGGAGGTTAAAAAGGTAGTCTCTCAGACCTATGATTTTGATAAATTCACTATTGACTCTTCTCAGCGTCTTAATCTAAGCTAT
CGCTATGTTTTCAAGGATTCTAAGGGAAAATTAATTAATAGCGACGATTTACAGAAGCAAGGTTATTCACTCACATATATTGATTTATGTACTGTTTCCA
TTAAAAAAGGTAATTCAAATGAAATTGTTAAATGTAATTAATTTTGTTTTCTTGATGTTTGTTTCATCATCTTCTTTTGCTCAGGTAATTGAAATGAATA
ATTCGCCTCTGCGCGATTTTGTAACTTGGTATTCAAAGCAATCAGGCGAATCCGTTATTGTTTCTCCCGATGTAAAAGGTACTGTTACTGTATATTCATC
TGACGTTAAACCTGAAAATCTACGCAATTTCTTTATTTCTGTTTTACGTGCAAATAATTTTGATATGGTAGGTTCTAACCCTTCCATTATTCAGAAGTAT
AATCCAAACAATCAGGATTATATTGATGAATTGCCATCATCTGATAATCAGGAATATGATGATAATTCCGCTCCTTCTGGTGGTTTCTTTGTTCCGCAAA
ATGATAATGTTACTCAAACTTTTAAAATTAATAACGTTCGGGCAAAGGATTTAATACGAGTTGTCGAATTGTTTGTAAAGTCTAATACTTCTAAATCCTC
AAATGTATTATCTATTGACGGCTCTAATCTATTAGTTGTTAGTGCTCCTAAAGATATTTTAGATAACCTTCCTCAATTCCTTTCAACTGTTGATTTGCCA
ACTGACCAGATATTGATTGAGGGTTTGATATTTGAGGTTCAGCAAGGTGATGCTTTAGATTTTTCATTTGCTGCTGGCTCTCAGCGTGGCACTGTTGCAG
GCGGTGTTAATACTGACCGCCTCACCTCTGTTTTATCTTCTGCTGGTGGTTCGTTCGGTATTTTTAATGGCGATGTTTTAGGGCTATCAGTTCGCGCATT

5001-6000
AAAGACTAATAGCCATTCAAAAATATTGTCTGTGCCACGTATTCTTACGCTTTCAGGTCAGAAGGGTTCTATCTCTGTTGGCCAGAATGTCCCTTTTATT
ACTGGTCGTGTGACTGGTGAATCTGCCAATGTAAATAATCCATTTCAGACGATTGAGCGTCAAAATGTAGGTATTTCCATGAGCGTTTTTCCTGTTGCAA
TGGCTGGCGGTAATATTGTTCTGGATATTACCAGCAAGGCCGATAGTTTGAGTTCTTCTACTCAGGCAAGTGATGTTATTACTAATCAAAGAAGTATTGC
TACAACGGTTAATTTGCGTGATGGACAGACTCTTTTACTCGGTGGCCTCACTGATTATAAAAACACTTCTCAGGATTCTGGCGTACCGTTCCTGTCTAAA
ATCCCTTTAATCGGCCTCCTGTTTAGCTCCCGCTCTGATTCTAACGAGGAAAGCACGTTATACGTGCTCGTCAAAGCAACCATAGTACGCGCCCTGTAGC
GGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTC
TCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGA
TTTGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAA
ACTGGAACAACACTCAACCCTATCTCGGGCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGAACCACCATCAAACAGGATTTTCGCCTGCTGGG
GCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGGTGAAGGGCAATCAGCTGTTGCCCGTCTCACTGGTGAAAAGAAAAACCACCCTG

6001-7000
GCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAAC
GCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTC
ACACAGGAAACAGCTATGACCATGATTACGAATTCGAGCTCGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCG
TTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCG
CACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCTTTGCCTGGTTTCCGGCACCAGAAGCGGTGCCGGAAAGCTGGCTGGAGTGC
GATCTTCCTGAGGCCGATACTGTCGTCGTCCCCTCAAACTGGCAGATGCACGGTTACGATGCGCCCATCTACACCAACGTGACCTATCCCATTACGGTCA
ATCCGCCGTTTGTTCCCACGGAGAATCCGACGGGTTGTTACTCGCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAAGGCCAGACGCGAATTATTTT
TGATGGCGTTCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAATGCGAATTTTAACAAAATATTAACGTTTACAATTTAAATATTTGCTTATA
CAATCTTCCTGTTTTTGGGGCTTTTCTGATTATCAACCGGGGTACATATGATTGACATGCTAGTTTTACGATTACCGTTCATCGATTCTCTTGTTTGCTC
CAGACTCTCAGGCAATGACCTGATAGCCTTTGTAGATCTCTCAAAAATAGCTACCCTCTCCGGCATTAATTTATCAGCTAGAACGGTTGAATATCATATT

7001-7429
GATGGTGATTTGACTGTCTCCGGCCTTTCTCACCCTTTTGAATCTTTACCTACACATTACTCAGGCATTGCATTTAAAATATATGAGGGTTCTAAAAATT
TTTATCCTTGCGTTGAAATAAAGGCTTCTCCCGCAAAAGTATTACAGGGTCATAATGTTTTTGGTACAACCGATTTAGCTTTATGCTCTGAGGCTTTATT
GCTTAATTTTGCTAATTCTTTGCCTTGCCTGTATGATTTATTGGATGTT

Supplementary Figure S39: New England Biolabs sequencefor M13mp18 used to design the staples for all origami. It is
basedon an unpublished resequencingof M13mp18, F.J. Stewart 5/28/02.
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Supplementary Note S4: Experimental Metho ds

Supplementary Note S4.1: Design, synthesis, and sample preparation.

Single-strandedM13mp18DNA (New England Biolabs), resequencedin 2002,wasquantitated by UV absorbance
at 260nm. (Di�eren t clonesof M13mp18havesmall sequencedi�erences, with the potential to a�ect folding; by AFM
no qualitativ e di�erence was observed for a Bayou Biolabs clone|see Supplementary Note .) Staple and remainder
strands were purchasedunpuri�ed (Integrated DNA Technologies;the manufacturer's massspectrophotometry indi-
cated that strands had a few percent n � 1 truncation products.) in water at 100 � M or 150� M and stored at -20� C.
The desiredset of up to 273 short strands was mixed with M13mp18 (t ypically 160nM of each short strand, 1.6 nM
M13mp18 circular or linear, a 100-fold excessof short strands) in a 100 � l volume of 1X Tris-Acetate-EDTA (TAE)
bu�er with 12.5mM magnesiumacetate (pH=8.3) and annealedfrom 95� C to 20� C in a PCR machine (Eppendorf)
at a rate of 1� C/min ute in .1� C steps. When composing sharp triangles into hexagonsor lattices the best results
were obtained when staples that mediated the interaction, i.e. extended staples, were used in only 4-fold excess.
To create linear DNA for the squareand star, circular single-strandedM13mp18 DNA was incubated in restriction
bu�er with a short complementary strand at 37� C for 15 minutes, then linearized by digestion with BsrB I (New
England Biolabs), phenol-chloroform extracted, and ethanol precipitated.

Supplementary Note S4.2 Atomic force microscopy.

Imaging was performed in Tapping Mode under TAE/Mg 2+ bu�er on a Digital Instruments Nanoscope I I I
Multimo de AFM (Veeco)with a nanoAnalytics Q-control I I I (Asylum Research) and a vertical engageJ-scanner,
using the � 9.4 kHz resonanceof the narrow 100 � m, 0.38N/m force constant cantilever of an NP-S oxide-sharpened
silicon nitride tip (Veeco). Sampleswere prepared by deposition of � 5 � l onto freshly-cleaved mica (Ted Pella).

After self-assembly wascomplete,sampleswerepreparedfor AFM imaging by deposition of � 5 � L onto a freshly-
cleaved mica surface (Ted Pella) attached by hot melt glue to a 15 mm metal puck; an additional 30 � L of bu�er
was added to both sampleand cantilever (mounted in the standard Tapping Mode 
uid cell) before the sampleand

uid cell were positioned in the AFM head. The tapping amplitude setpoint, after engage,was typically 0.2 - 0.4
volts, the drive amplitude was typically 100-150milliv olts, scanrates ranged from 2-5 Hz. Fine structure associated
with crossovers was most clearly resolved for low amplitude setpoint and high drive amplitude values. However,
under such conditions, the greatest damageis done to the sampleand the hairpin labels are lessdistinct, sometimes
disappearing entirely . Thus, to prevent damageto samples,drive amplitude wasminimized subject to the constraint
that �ne structure was still visible; this often involved lowering the amplitude setpoint. After this procedure, the
drive amplitude was typically 70-90milliv olts and the amplitude setpoint .15-.25volts. Driv e amplitude was often
further reducedthrough useof the Q-control.

The single most important factor in acquiring high resolution imagesappears to be the quality of the AFM tip.
In a single AFM sessiononly 1 in 10 NP-S AFM tips might prove capable of revealing �ne structure in origami
or distinguishing individual hairpin labels. Practically the best approach seemsto be to change tips as quickly as
possibleuntil the desiredresolution is achieved.

Imageswere 
attened by subtracting a low-order polynomial from each scan line, or by adjusting each scan line
to match intensity histograms. In Fig. 2:a3-f3 the scaleof AFM imageswas adjusted (by < 5%) so that the width
of experimental structures matched the theoretical widths of origami. Theoretical widths were calculated assuming
.34 nm/base. The width change due to bending of helices by small angles between crossovers (� 10 degrees)was
ignored; simple geometry suggestsit would changetheoretical widths by < 2% (Supplementary Note 2).
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Supplementary Figure S40: Scalebar, 100 nm.

Supplementary Note S5: Experimental variations and controls

In this note I give a text or data for any experimental variation, control, or phenomenathat was mentioned in
the text but not shown.

Supplementary Note S5.1: Counting well-formed structures

Supplementary Fig. S40shows one of the �elds (reproduced from Fig. 2:d4) usedto obtain the frequencyof well-
formed structures smileys(here a smiley variant that hasthe seamabove its right eye unbridged). Red dots are 15 nm
in diameter, blue dots are 10 nm in diameter. Thesedots help determine the sizeof holes. Deciding which apparent
holesaredefectsand which arecorrect high-resolution crossover structure (seeSupplementary Fig. /refsmileyrain bow)
is a matter of judgment. At right, templates of smileysare superimposedover experimental structures. To better �t
the smileyssometemplates have beenstretched up to 10%. In this �eld 13 structures have beenjudged well-formed,
and 10 structures have been judged malformed. Two characteristic deformations of smileys are indicated: pink
arrows indicate structures in which the `upper lip' of the smiley has been
ipp ed up onto the nose;light blue arrows
indicate structures in which the `jaw' has becomedislocated, landing over the `forehead'of the smiley.
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Supplementary Figure S41: Scalebars, 100 nm.

Supplementary Note S5.2: Stretching of squares into hourglasses

Supplementary Fig. S41ashows a typical �eld of 26-helix squares.A few structures are square,but many others
are rectangular fragments or hourglass shapes (green arrows, marked `h'). Supplementary Fig. S41b{d document
the stretching of a square,over the courseof three AFM scans,into an hourglassshape. The hourglassshape that
results has what appear to be transitions between the normal folded lattice, and stretched lattice, along diagonals
in the structure (blue arrows marked 't'). This is in contrast with the hourglassshown in the main text (Fig. 2:a4)
which appearsto have a continuous deformation of the lattice.

49



Supplementary Note S5.3: One third of the square

The �rst test of the sca�olded DNA origami method, beforethe creation of the full square,wasthe creation of the
bottom � 1/3 of the square(Supplementary Fig. S42). Also, a circular M13mp18 sca�old DNA wasusedrather than
a linearized one, becausethe cornersof the rectangle were closeenough that the unfolded portion of the M13mp18
sca�old DNA could easily bridge the corners without deforming the rectangle. No remainder strands were usedon
the � 2/3 of M13mp18 DNA left unfolded. Apparently long, unfolded single-strandedsectionsof the sca�old do not
adverselya�ect folding and remainder strands (where they are usedfor other designs)are probably unnecessary.

The 1/3 squareswereobserved singly (Supplementary Fig. S42,structures marked `m' for monomer) or asdimers
(Supplementary Fig. S42, structures marked `d' for dimer). Dimers always appeared to be the result of stacking
of 1/3 squaresby vertical edgesopposite from the unfolded single sca�old. Thus the unfolded sca�old appeared to
prevent stacking at adjacent vertical edges. Single-strandedsca�old takes on a `cloud-like' appearancethat varies
from AFM image to AFM image (Supplementary Fig. S42,marked `ss').

Coplanar helices in DNA nanostructures appear to bind mica cooperatively; the larger a DNA nanostructure,
the more tightly it appears to bind mica. This trend is apparent in the mobilit y of DNA nanostructures deposited
on mica and imaged by tapping mode AFM under bu�er. Most of the structures described in the main paper
move infrequently during imaging, occasionally rotating by a few degreesor slipping by a few tens of nanometers
(as judged by stationary structures around the mobile structure). The 1/3 squares,however, were more di�cult to
image becausethey often slipped, as shown by structures marked `u' (for \unstable") in Supplementary Fig. S42. In
the same�eld, other structures may stick well (and are thus labelled `s' for \stable"); when structures are stable,
their �ne structure (the lattice of crossovers) can often be observed. Sometimes,a structure that appears stable in
one image movesin the next (data not shown). Thus, as for DNA nanotubes15 and other DNA nanostructures, the
interaction of sca�olded DNA origami with the mica surface (under bu�er) is complex and dynamic and must be
taken into account when interpreting AFM images.
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Supplementary Figure S42: The �rst experiment performed for this paper was to create � 1/3 of the 2.5-turn spacing square
by adding � 1/3 of the staples for the square to circular M13mp18 DNA. Structures that appear to be moving under imaging
are marked with a `u' for \unstable"; structures that appear to be stable are marked with an `s'. Monomers of the 1/3 square
are marked with an `m'; dimers are marked with a `d'. Single-stranded sca�old, unfolded by staples is marked with an `ss'.
Scalebars, 100 nm.
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Supplementary Note S5.4: Stoichiometry

Oligos were received from the manufacturer (In tegrated DNA technologies)at a nominal concentration of 100 or
150 � m as determined by UV absorbanceat 260 nm. To estimate the error in stoichiometry, the concentration of
10 staple strands were remeasuredby UV absorbanceupon receipt by diluting 4 � l of stock solution with 196 � l
of distilled water. This modelled the type of pipetting errors that occured in the experiments since typically 3-7
� l of each staple stock solution was used when staples were mixed. (In a given experiment a �xed volume of each
staple strand was used so no renormalization was performed.) Concentrations were calculated basedon extinction
coe�cien ts calculated accordingto a nearestneighbor model35. Assuming that the nearestneighbor model is correct,
errors in absoluteconcentrations rangedfrom -5% to +13% and averaged+6% with a standard deviation of 6%. This
may have re
ected a systematic di�erence between the manufacturer's and the laboratory's spectrophotometers or
measurement of volume. Nevertheless,this meansthat errors in relative concentration had a range of roughly 20%,
and thus I estimate the error in concentration to be � 10%. The M13mp18 sca�old strand was similarly quantitated
but variable volumes of it were used to achieve a desired concentration in the �nal experiment. Pipetted in small
1-2 � l volumes, its stoichiometry relative to the staple strands is assumedto have, similarly, at least � 10% error.

In most experiments, a vast excessof staple strands (100 to 300-fold) over the sca�old were used. A question
becomes,how small an excesscan be e�ectiv ely used to create DNA origami. Supplementary Fig. S43shows AFM
imagesof samplesin which a smaller staple:sca�old ratio (from 9-fold down to .14-fold) wasused. At a 9-fold excess
(Supplementary Fig. S43a{d), rectanglesare indistinguishable from those at higher molar excessof staple strands.
Small `hole' defects were sometimesobserved but these defects are often observed upon repeated high resolution
scanningeven at high (100 to 300-fold) molar excessof staple strands. Rectanglescreatedwith just a 2.3-fold excess
(Supplementary Fig. S43e{f) were di�cult to distinguish from rectanglescreated with higher staple strand excess{
that is, I am not sure they are distinguishable. It appeared that fewer long stacked chains formed, and that there
were more malformed rectangles,but I made no attempt to quantify this.

In contrast, at a 1.5-fold excessof staple strands (Supplementary Fig. S43g{j), clear di�erences from normal
rectangleswere observed. Rectanglestake on a \moth-eaten" appearanceand have holes that often cover over 10%
of their area. Linear stacks of rectanglesmay still be observed, however (bottom of Supplementary Fig. S43h). At
a 1:1 staple:sca�old ratio (Supplementary Fig. S43k,l) no clear stacking is observed and it requires imagination to
make out rectangular structures. At a 0.5 staple:sca�old ratio (Supplementary Fig. S43m) aggregatesof partially
folded sca�old strands still form but at a 0.14 ratio (Supplementary Fig. S43n,o) no large aggregatesare formed;
Instead, structures that appear to contain 1-3 sca�old strands are observed and they have a \streaky" appearance
characteristic of structures that are mobile on the mica surface.

Becauseof the sloppinesswith which strands werequantitated, no preciseconclusionsshould be drawn from these
experiments. However, I conclude that a 10-fold excessof staple strands is a \safe" concentration to work with for
DNA origami containing 32-mer staple strands and that, becauseof the structures observed at a 2.3-fold excess,the
use of a vast excessof staple strands should not be seenas a fundamental requirement of sca�olded DNA origami.
Better control of concentrations may allow a 2-fold excessto be usedfor the construction of well-formed origami.
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Supplementary Figure S43: Changing the concentration of staple strands relativ e to the sca�old. Scalebars in a,e,g,h,k{o
are 1 micron. Scalebars in b{d, f, i, j are 100 nm
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Supplementary Note S5.5: Removal of a strand

To test the abilit y of atomic force microscopy to detect defects in origami, rectangleswere prepared with three
staple strands intentionally ommitted (r-5t8e , r-5t16e and r5t14f ). The positions of the omitted strands in the
rectangle are diagrammed in Supplementary Fig. S44f as white dots. At low magni�cation, no defects could be
observed (Supplementary Fig. S44a{c). Even at high magni�cation, in imagesof typical resolution, no defectswere
observed; the majorit y of AFM tips did not provide resolution that allowedimaging of the defects. Roughly 1 in 5 tips
were su�cien tly sharp to allow `holes' at the position of the omitted strands to be observed (features marked `e' for
`expected' in Supplementary Fig. S44d{e, and g{m), although not all rectanglesshowed all three holes immediately
upon imaging (features marked `m' for `missing'). It sometimestook repeated imaging for holesto appear (features
marked `m to e'), as if repeated scanningof the AFM tip was enlarging the defect.

A di�cult y is that unexpected defects (features marked `u') were sometimesobserved during initial scansand
further, repeatedscanningoften createdholesand tears in structures (features marked `d'). Two examples,in which
(upon an initial scan) holesappear in the expected positions without other holeselsewhere,convinced me that the
observed defects were associated with the omission of strands. These exampleswere not culled from hundreds of
images,only about a half-dozenhigh-resolution examplesof the samplewere obtained. Thus theseexamplesappear
to be statistically signi�can t (although I have made no attempt to calculate their signi�cance basedon the rate of
appearanceof holes in high-resolution imagesof pristine rectangles).

I concludethat, while omitted strands are di�cult to observe, any strands systematically missing from structures
(say becauseof bad secondarystructure in a staple strand or the sca�old) should be detectable in multiple high-
resolution images.
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Supplementary Figure S44: Visualization of the positions of omitted strands in rectangles. a{c show that at low mag-
ni�cation and resolution, defects due to omitted strands cannot be observed. f diagrams the position of the three omitted
strands. d{e and bf g{m show high resolution images of rectangles with omitted strands. `e' marks expected defects, `u'
marks unexpected defects, `m' marks a missing defect, and `d' marks AFM damage. Defects on the vertical edgesof rectangles
(ragged edges)are so common that I do not mark them. Such defects seemto be created or enhancedeasily by AFM imaging.
White lines mark boundaries between rectangles. Rectangles do not always land in the `canonical' orientation and under
imaging roughly 50% appear 
ipp ed. Thus d{e and k{m have been 
ipp ed left to right so that the rectangles they contain
may be more easily compared with f. In k{m the diagonally oriented rectangle at bottom is 
ipp ed with respect to f. Inspect
f and note that the singleton omission on the right hand side is slightly raised with respect to the pair of omissions on the
left; AFM defects show a similar pattern. Scalebar in a, 1 micron. Scalebars in b{e and g{m are 100 nm.
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Supplementary Note S5.6: Unbridged seams

Unbridged seamsin sca�olded origamis are those held together only by stacking interactions. Sometimessuch
seamsdislocate; this is best observed in patterned rectanglesbecausethe two distinct halves of a rectangle can be
unambigously identifed, as snow
ak e patterns in Supplementary Note S6 show. Supplementary Fig. S53d shows a
small dislocations along an unbridged seam. Large dislocations at unbridged seamsare alsocommon. Supplementary
Fig. S53chaswhite arrows that point to dislocations in which the two halvesof the origami are completely separated.

Supplementary Note S5.7: Prevention of stacking

Stacking interactions based on blunt-ended helices can be quite strong; rectangles which have many parallel
blunt-ends along their left and right edgesstack so strongly that they may form long chains over 5 microns in length
(Supplementary Fig. S45a{c). As deposited on mica, such chains exhibit frequent � 75 nm dislocations, every few
rectangles along the chain (arrows, Supplementary Fig. S45b). I hypothesize that in solution rectangles in such
chains are completely stacked and and no such o�sets occur.

To avoid aggregationbasedon stacking interactions, several methods can be employed. First, the staple strands
along the edgesof a shapemay be simply left out, and the sca�old left unstructured along theseedges.Supplementary
Fig. S45d shows rectangles that have been disaggregatedin this way. Simply omitting staple strands out leaves
unstructured sca�old at the edgesof the rectangleand decreasesthe sizeof the potential pixel array by two columns.
Thus a second,more aesthetically pleasing,method is that employed in Fig. 3e: the addition of 4T hairpin loops to
staple strands on the edgesof a shape. (The useof 4T hairpin loops to disaggregateDNA nanostructures was �rst
demonstrated by RebeccaSchulman for her \zig-zag boundaries".) A third very similar method is to add 4T tails
to staple strands that have ends on the edgeof the shape. Supplementary Fig. S45eshows the normal amount of
aggregation for 3-hole disks. Supplementary Fig. S45f shows that the addition of just a small number (12) of 4T
tails to the 3-hole disks causesalmost complete disaggregation.

Theseexperiments show that, when it is desirableto do so,stacking and the aggregationit inducescan be almost
entirely suppressed.
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Supplementary Figure S45: Methods to discouragestacking of DNA origami. a{c In addition to large aggregates,rectangles
often form very long stacked chains. Arro ws indicate dislocations of rectangles by a single rectangle width (roughly 75 nm). d
Stacking (and aggregation) are almost completely inhibited by omitting staples on the left and right edgesof the rectangle. e
Normal 3-hole disks aggregatestrongly; almost no 3-hole disks occur as singletons. f The simple addition of 4T-tails to the 6
blunt-end helices its left and right edgesof the 3-hole disks almost completely abolishesstacking and aggregation. Scalebars,
1 micron.
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Supplementary Note S5.8: A di�erent M13mp18 clone

While all viruses labelled M13mp18 are supposed to have identical DNA sequences,in practice this does not
appear to be the case. The originally deposited sequencefor M13mp18 in Genbank (accessionX02513, 7249 bases
long,36) appears to have an error that was corrected by adding a `T' at position 900 (accessionM77815, 7250bases
long). Amersham Biosciencesgivesthe sequenceof M13mp18 (evidently their clone) as a 7249sequencethat di�ers
from X02513by a pair of compensatory frame shifts (bounding the region from 977 to 1556) and 3 point mutations
outside of the frameshift. New England Biolabs gives a 7249 sequence(Supplementary Fig. 39) for their clone
(resequencedin 2002) that di�ers from the Amersham sequenceby a pair of compensatory frameshifts (bounding
the region 900-977)and 23 point mutations outside of the frameshift.

The staple strands given in this paper werecreatedusing the New England Biolab's sequenceand all experiments
save those described here were performed with New England Biolab's M13mp18 single-stranded DNA (Catalog
number: N4040S).To test whether small di�erences in sequencecould be detectedby AFM, staplesfor the rectangle
were used to fold a sample of M13mp18 DNA from Bayou Biolabs (which reports that their sequenceis the same
as that of Amersham, although it has not been recently resequenced). Thus the staple strands should have had
mismatcheswith the sca�old at 23 positions and a 78 basesectionshould have beenshifted by 1 basewith respect to
the sca�old. Qualitativ ely, no di�erences were observed betweenrectanglescreated with Bayou Bioloabs M13mp18
DNA and New England Biolabs M13mp18 DNA (Supplementary Fig. S46).

While this seemsto suggestthat small sequencedi�erences do not matter, I am uncomfortable suggestingthat
the staple sequencesdescribed in this paper be usedfor M13mp18DNA with a sequencethat is known to be di�eren t.
Thus I suggesteither generating new staple strand sequences,or using New England Biolabs M13mp18. Given that
the di�erence (in point mutations) betweenthe New England Biolabs sequenceand Amersham sequenceis 0.32%of
the M13mp18genome,and that the sequencingerror rate in both thesesequencescould easilybe 1%, this suggestion
is probably basedin irrational fear.
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Supplementary Figure S46: Rectangles created using Bayou Biolabs M13mp18 DNA.
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Supplementary Note S5.9: Use of circular sca�old for Stars

Use of circular sca�old with stars (Supplementary Fig. S47c{i) appears to give better results than with linear
sca�old (Supplementary Fig. S47a,b). Fewer structures appear to be fragments of stars (arrows in Supplementary
Fig. S47a,b). However, it is di�cult to tell whether the lower two points of the star, which the circular sca�old
bridges and often image poorly, are well-formed. The circular sca�old that bridges the two lower points is easily
visualized, however, asa single,somewhatdi�use, arc (labelled as`ss' in Supplementary Fig. S47d,f,and h). The fact
that circular sca�old appeared to give better results may be attributed to the high purit y of the circular sca�olds.
After linearization, the quality of linear sca�old, in terms of the percentage of strands that were full length, was not
assessedand a large percentage of the strands may have not beenfull length.

Of incidental interest, Supplementary Fig. S47d{i show the range of outcomesthat is observed when a structure
is imaged more than once in an attempt to get higher resolution images. (In an attempt to get higher resolution,
the tip-sample interaction is increasedby increasing the tapping amplitude or decreasingthe amplitude setpoint.)
Sometimes a structure (Supplementary Fig. S47d) is imaged with higher resolution (Supplementary Fig. S47e.)
Sometimesa structure (Supplementary Fig. S47f) sustains a small amount of damage from the tip (labelled `td'
for \tip-damage" in Supplementary Fig. S47g). Sometimesa structure (Supplementary Fig. S47h) sustains severe
damage(Supplementary Fig. S47i).
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Supplementary Figure S47: The di�erence between stars created using a circular sca�old and those created using a linear
sca�old. a,b Stars created using a linear sca�old. Arro ws indicate example fragments; not all fragments are labelled. c{i
Stars created using a circular sca�old strand.
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Supplementary Figure S48: Deformation of triangles. a Triangles made from rectangle domains sometimesbreak and form
3-domain rectangles based on stacking interactions (white arrows). b Sharp triangles made from trap ezoidal domains but
without bridges. `g' and a pink arrow mark a gap between trap ezoids in an non-equiangular triangle. `f' and green arrows
mark placeswhere tips of trap ezoidshave have folded into the interior of sharp triangles. `?' and yellow arrows mark structures
for which no sensible interpretation has been made. c Interpretation of the sharp triangles with folded trap ezoids from b.
Gray indicates a single thicknessof DNA structure, white a region of double thickness. Scalebars, 100 nm.

Supplementary Note S5.10: Deformation of triangles and unbridged sharp triangles

In experiments designedto create triangles from three rectangular domains, 88% of structures (of 199 structures
observed) had roughly triangular shapes but < 1% (a single structure) were equiangular. The remaining 12% of
structures took a variety of forms but, strikingly , 3% of structures took the form of three-domain rectanglesheld
together by stacking interactions (Supplementary Fig. S48a). This suggeststhat the sca�old may break preferentially
at the vertices of the triangle.

A large percentage (55%) of sharp triangles (created from trap ezoidaldomains) remain well-formed when bridges
are not usedalong the seamsbetweentrap ezoidaldomains(Supplementary Fig. S48b). Typical defectstake the form
of trap ezoidsthat fold back away from seams(`f ' labels) into the interior of the triangle. Somestructures cannot
easily be interpreted (`?' labels).
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Supplementary Note S6: Hairpins for creating patterns

To label a DNA nanostructure, DNA hairpins are often added to increasethe height of the nanostructure at a
desired location. DNA hairpins have a tendenceto dimerize, and, at the high concentrations at which they occur
(up to 40 uM if all positions were labelled by the samehairpin) might inhibit formation of the shapes. Thus a new
type of hairpin, a dumbbell hairpin was designed(Supplementary Fig. S49d) that, in order to dimerize, must form a
presumably strained pseudoknottedstructure (Supplementary Fig. S49i). Dumbbell hairpins were inserted between
nt. 16 and 17, for all 32-mers in the rectangle design except strands r9t0f and r-9t24e which had the hairpins
insertedbetweennt. 8 and 9. Note that (1) no normal hairpins weretested, they might haveworkedwithout di�cult y
and (2) the idea that dumbbell hairpins to form fewer dimers has not yet been tested (by say gel electrophoresis
comparing normal and dumbbell hairpins at high concentration).

In an attempt to allow post-labelling of the shapesafter formation a secondtype of marker wasexplored (Supple-
mentary Fig. S49b): a 14 basemixed C and T tail was added to the 5' end of each staple strand. The idea was that
this polypyrimidine addition would not hybridize with any staple strands or to itself. After formation of a shape,
the corresponding 14 basepolypurine strand was added to create duplex at desiredpositions, which it was assumed
would yield good AFM height contrast. Instead the duplex markers imagedvery poorly in a manner that washighly
scan angle dependent. Multiple scansfrom multiple anglessuggestthat the poly-CT tails do in fact get labelled
by poly-AG complements but imaging was very di�cult (data not shown). The duplex markers, becausethey are
attached to the origami by only one covalent bond, appear to be 
exible. Thus such a method may be useful for
attaching gold balls or other materials to the shapesbut servesasa warning that veri�cation of the correct structure
by AFM may be di�cult.

Despite the apparent complexity of the patterns, physically selecting and mixing strands was relatively simple.
Becausethe set of '0' strands and set of '1' strands (bearing dumbbell hairpins) are complementary, and '0' and '1'
strands are stored in characteristic positions of matched 96 well plates, two complementary pipette tip boxes are
easily constructed, one for selecting the '0' strands and the other for selecting '1' strands. This is accomplishedby
taking a full tip box, and, for each position of a desired'1', moving that tip to the sameposition in an empty tip box.
The originally full tip box becomesa box for selecting the '0' strands, and the originally empty tip box a box for
selectingthe '1' strands. A multichannel pipettor or robotic workstation can then be usedto apply the tip boxes to
the 96 well plates. The pipettor getsa tip if and only if the corresponding position in the tip box hasa tip, and thus
performs only the desiredpipetting operations. This idea is diagrammedin Supplementary Fig. S50and a worksheet
for creating the snow
ak e design is given in Supplementary Fig. S51.

To give a better feeling for the range of structures that were observed in the pattern experiments, I give a
page of imagesfor each structure that was observed and include somezoom-outs of the imagesused in the paper
(Supplementary Fig. S52,53, and 54). Note the presenceof 
ipp ed structures with hairpins down that imagepoorly.
Note also that the \DNA" and \snow
ak e" patterns were rendered on a rectangle with 18� 12 pixels and that the
\Map" was renderedon a completely di�eren t rectangle with 14� 16 pixels.

The resolution of patterns was measureddirectly from staggeredpatterns. Distancesmeasuredbetweenpairs of
`1' pixels in alternating columns (two pixel widths: 11:5 � :9 nm s.d., n = 26) and adjacent rows (one pixel height:
6:6� :5 nm s.d., n = 24) are consistent with an expectedpixel sizeof 5.4 nm � 6 nm. I note that the measuredpixel
width is exactly that expected given the measuredwidth of the rectangle. The measuredwidth was 104.14nm and
the theoretical width 97.92nm. Assuming that the scaleis o� (by 6.36%) and that the latter value is correct, then
the width of two columnsof pixels is 10:8� :85 nm, spot on. The sameholds true for the measuredpixel height. The
measuredheight was 77.08nm and from our estimation of the gap (basedon many experiments we would expect a
height of 71 nm. Assuming the latter wasactually correct the scaleis o� (by 8.56%)then onepixel height is 6:1� :46,
very closeto the expected value.
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normal helper strand:

instead each helper strands was
marked with a dumbbell hairpin halfway
along its length :

helper strand marked with a CT
extension on its 5' end, 
hybridized to its complement:  

a normal hairpin might have been inserted
halfway along the length of the helper strand

can dimerize easily via 20 base pairs 
intermolecularly
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Supplementary Figure S49: Mark ers for AFM contrast, possible unintended interactions.
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Creating arbitrary patterns
original shape strands new strands with hairpin labels

From a full box (left) the
desired pattern of tips (black
dots) to an empty box (right)
so that the boxes hold 
complementary patterns of tips.

The formerly full box
is used to draw from
plates holding the original 
strands.

The formerly empty box
is used to draw from
plates holding the new 
strands with hairpins.

Supplementary Figure S50: Making a pattern on DNA origami.
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Supplementary Figure S51: A worksheet that allows easypreparation of a DNA pattern. Three 96 well plates are represented.
Black circles mark wells that should be sampled from a set of 3 plates with unlabelled staple strands. White circles mark wells
that should be sampled from a set of 3 homologousplates with dumbbell hairpin labels. Green circles represent the remainder
strands that should be drawn independent of what pattern is being created. The pattern created using this mix of strands is
diagrammed in the fourth quadrant.
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Supplementary Figure S52: Extra imagesof `DNA' pattern. a Enlarged view of Fig. 3b. b-i Other relativ ely high resolution
images. `u' indicates a rectangle with hairpins facing up; `d' a rectangle with hairpins facing down. 42% (S = 55) of rectangles
with the `DNA' pattern were face-up. Pink arrow indicates the position and orientation of the same position in two images
(g and h).
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Supplementary Figure S53: Extra images of `snow
ak e' pattern. a An uncorrected version (unsheared and unstretched) of
Fig. 3d; this original was heavily distorted by AFM drift. b An uncorrected zoom out (none was required) of the structures
from Fig. 3d showing surrounds. Green arrow indicates an area of damage in a neighboring structure, probably caused by
the tip. c{g Extra relativ ely high resolution images. `u' indicates hairpins are facing up; `d' that hairpins are facing down.
Rectangles in all these images have unbridged seamsthat occasionally dislocate slightly (white arrows, d ) or grossly (white
arrows, c ). Sometimesa hairpin irreversibly disappears, seepink arrows in f, g.
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Supplementary Figure S54: Extra images of the `Map' pattern. a An uncorrected version (unsheared and unstretched)
version of Fig. 3f; this original was distorted by AFM drift. b-f Other high resolution maps for comparison. Observe that
there is no correlation between missing pixels. Depending on the batch of AFM tips used (VeecoNP-S, oxide sharpened),
only 1 tip in 5 to 1 tip in 30 provides such resolution. g,h More typical (but still good) resolution.
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Supplementary Note S7: Composition of shapes

To give sharp triangles speci�c binding interactions, staple strands along their edgeswerecut and pasted to yield
two new typesof staple strands: (1) extendedstaple strands that project 8 basesfrom the edgeof the triangle which
served as`donors' and (2) truncated staple strands that left an 8 basesectionof the sca�old single-strandedavailable
asan `acceptorsite'. Given a sharp triangle asdrawn in the design(with a particular faceof the triangle facing up out
of the page), extended staple strands were always positioned on the righthand half of the sharp triangle's edgeand
truncated staple strands were always positioned on the lefthand half the sharp triangles edge. In this way, whenever
the edgesof two triangles met (with the facesof the triangle pointing in the samedirection) the position of extended
staple strands on oneedgematched up with the position of the truncated staple strands on the other edge(and vice
versa). If the sequencesof the 8-basedonor sectionsof the extendedstaple strands complemented the single-stranded
acceptor portions of the sca�old, then the two edgescould bind. Sequencesare given in Supplementary Fig. S55.

The composition of sharp triangles into hexagonsand lattices wasonly of limited success.While the interactions
betweensharp triangles were speci�c and as designed,the formation of hexagonsand lattices were not quantitativ e.
Several factors are likely to in
uence yields: (1) the stoichiometry of extended staple strands (2) the formation
temperature of sharp triangles relative to the formation of inter-triangle bonds (3) the 
exibilit y of inter-triangle
bonds. There is much room for the optimization of thesefactors and quantitativ e composition of origami shapesinto
larger structures remains an open problem.

Becauseextendedstaple strands are not like normal staple strands in that they do not bind exclusively to a single
sca�old strand, the stoichiometry of the extendedstaple strands immediately becomesimportant. For example, if a
full 100-fold excessof extendedstaple strands were used, then excessstaple strands could �ll up all of the available
single-strandedvacanciesleft by truncated staple strands. Ideally, there would be exactly 1 copy of each extended
staple strand for each sca�old strand. Practically, becausethe stoichiometries of staple strands were uncertain, I
used a range of extended staple:sca�old ratios (approximately 100, 20, 4 and 1) and retained the normal 100-fold
excessfor the rest of the staple strands. As expected, at a high relative excessof extendedstaple strands (100-fold)
few triangles associated into hexagons.At a somewhatlower excess(20-fold) somehexagonsformed. Nomatter what
the ratio of extended staples to sca�old the yield of hexagonswas low (Supplementary Fig. S56); the best results
were obtained with a ratio of 4.

The formation temperature of sharp triangles relative to the formation of inter-triangle bonds is probably very
important to the correct composition of triangles. Ideally, over the courseof annealing, sharp triangles would form
completely at a high temperture, and then only at a much lower temperature would weak inter-triangle bonds be
strong enough to bring tiangles together. If the bonds between triangles are too strong, then they will form at a
temperture near that at which the sharp triangles themselves form and the sharp triangles may still be partially
melted, disorderedand 
opp y. This would would seemto result in poorly formed structures.

The strength of inter-triangle interactions can be tuned by the number of extendedstaple strands that are used.
I tried variations in which 2, 4, 8, and 16 staple strand bridges should have formed between sharp triangle edges
(using subsetsof the sequencesin Supplementary Fig. S55). Hexagonsand lattices formed with 4 and 8 staple strand
bridgesbetweenedgesbut not for 2 and 16 staple strands. The experiments suggestthat 2 bridgesare too weak, and
16 bridges are too strong, for proper composition of triangles. These experiments are preliminary, however. Given
the poor stoichiometry in the experiments, it is possiblethat on average2 acceptor sites per edgewere �lled with
excessextended staple strands. If this were true then it would explain why in 2-bridge experiments, few triangles
bound eachother. Further, the 16-bridge experiments are not really comparable with the others. In the 16-bridge
experiments, the acceptor (left side) of a sharp triangle is left almost completely single-strandedand 
opp y because
8 truncated staple strands are occur in a single row. This is in sharp contrast to the 4 and 8 bridge experiments
in which truncated staple strands alternate with normal staple strands on the acceptor side of the edge;the normal
staple strands potentially make the edgemore rigid.

Finally, I note that the hexagonof triangles may, at 30 megadaltons,hold the record for the largest man-made
molecular complex. It has 6 � (7249+ 7156+ 980) = 92310nt (counting sca�old, staples and 35 hairpins/triangle
at 28 baseseach, not counting remainder strands) for a total molecular weight of 30.46megadaltons(counting 330
daltons per nt). Individual unpatterned origami are all � 4:7 megadaltons. For comparison, the molecular weight of
the eukaryotic rib osomeis 4.2 megadaltons.
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Truncated versions of the right hand side bottom row strands.  To make
lattices of sharp triangles, or hexagons these strands are used to
create acceptor sites. Potentially all of them might be used for a
lattice (since acceptors must be placed on 3 sides) but only 2/3 of
them might be used for hexagons (since acceptors must be placed on 2
sides). The actual number depends on the number of donor/acceptor
pairs desired. Here, the name of the strand indicates the position in
the sharp triangle plates that it is meant to replace.

t1s10g-TR-P1-B2, A5, AATTAACTCGGAATAAGTTTATTTCCAGCGCC
t1s20g-TR-P1-G2, B5, CATTCAACTTAAGAGGAAGCCCGATCAAAGCG
t1s30g-TR-P1-E3, C5, CACGTATACTGAAATGGATTATTTAATAAAAG
t3s10g-TR-P1-E5, D5, GTAATTGATGGCAACATATAAAAGCGATTGAG
t3s18g-TR-P1-H5, E5, AACTCCAAGATTGCATCAAAAAGATAATGCAG
t3s20g-TR-P1-A6, F5, GGAATTACAGTCAGAAGCAAAGCGCAGGTCAG
t3s28g-TR-P1-D6, G5, AGAGATAGTTTGACGCTCAATCGTACGTGCTT
t3s30g-TR-P1-E6, H5, AGCGGGAGATGGAAATACCTACATAACCCTTC
t3s8g-TR-P1-H6, A6, CATTCAACAAACGCAAAGACACCAGAACACCC
t5s10 g-TR-P1-E8, B6, ACAAGAATGTTAGCAAACGTAGAAAATTATTC
t5s18g-TR-P1-H8, C6, TAATTGCTTTACCCTGACTATTATGAGGCATA
t5s20g-TR-P1-A9, D6, CATAACCCATCAAAAATCAGGTCTCCTTTTGA
t5s28g-TR-P1-D9, E6, GAATACGTAACAGGAAAAACGCTCCTAAACAG
t5s30g-TR-P1-E9, F6, ATTTTAGATACCGCCAGCCATTGCGGCACAGA
t5s8g-TR-P1-H9, G6, TTGACGGAAATACATACATAAAGGGCGCTAAT
t7s10g-TR-P1-B11, H6, AAGAAACATGGCATGATTAAGACTCCGACTTG
t7s20g-TR-P1-F11, A7, CCAAAATATTAAACAGTTCAGAAATTAGAGCT
t7s18g-TR-P1-E11, B7, CGGATGGCACGAGAATGACCATAATCGTTTAC
t7s28g-TR-P1-A12, C7, CTATTAG TATATCCAGAACAATATCAGGAACG
t7s30g-TR-P1-B12, D7, AGAAGTGTATCGGCCTTGCTGGTACTTTAATG
t7s8g-TR-P1-E12, E7, CACCGTCACCTTATTACGCAGTATTGAGTTAA
t9s10h-TR-P2-D1, F7, CGAAGCCCAAACGCAATAATAACGAAAATCACCAG
t9s18g-TR-P2-F1, G7, TGCTGTAGATCCCCCTCAAATGCTGCGAGAGG
t9s20h-TR-P2-G1, H7, TTTGCCAGCATAAATATTCATTGACTCAACATGTT
t9s28g-TR-P2-A2, A8, TAAAACATTAGAAGAACTCAAACTTTTTATAA
t9s30h-TR-P2-B2, B8, GTAAAAGAACATCACTTGCCTGAGCGCCATTAAAA
t9s8g-TR-P2-D2, C8, GAGCCAGCGAATACCCAAAAGAACATGAAATA

These strands have been extended to provide donors that
make hexagons.

  t-10s17h-HX-P2-E2, A6, ACCAACCTAAAAAATCAACGTAACAAATAAATTGGGCTTGAGATATCTTAC
  t-10s7h-HX-P2-G2, B6, ACGACAATAAATCCCGACTTGCGGGAGATCCTGAATCTTACCAAAAGAAGT
  t-1s18g-HX-P2-D4, C6, CGACCTGCGGTCAATCATAAGGGAACGGAACAACATTATTGACGGGAG
  t-1s8g-HX-P2-D6, D6, TTTCCTTAGCACTCATCGAGAACAATAGCAGCCTTTACAGGAATACCA
* t-3s10g-HX-P2-B8, E6, ATACATAAAACGTCAAAAATGAAAAGCAAGCCGTTTTTATGAAACCAA
  t-3s18g-HX-P2-E8, F6, TATCATCGTTGAAAGAGGACAGATGGAAGAAAAATCTACGGTCAGAGG
* t-3s20g-HX-P2-F8, G6, TGAACAAATTAATAAAACGAACTAACCGAACTGACCAACTCCTGATAA
  t-3s8g-HX-P2-E9, H6, AGCATGTATTTCATCGTAGGAATCAAACGATTTTTTGTTTCGCCAAAA
* t-5s10g-HX-P2-B11, A7, GTAAGAGCTCCCAATCCAAATAAGATTACCGCGCCCAATAAATAATAT
  t-5s18g-HX-P2-E11, B7, CCAAGCGCAGGCGCATAGGCTGGCAGAACTGGCTCATTATGATAACCC
* t-5s20g-HX-P2-F11, C7, ATCAGAGAACCAGTCAGGACGTTGGAACGGTGTACAGACCGAAACAAA
  t-5s8g-HX-P2-E12, D7, ACAAGAAAGCAAGCAAATCAGATAACAGCCATATTATTTAAACACTAT
* t-7s10g-HX-P3-G1, E7, CAGACGACGCCAGTTACAAAATAATAGAAGGCTTATCCGGTTATCAAC
  t-7s18g-HX-P3-A2, F7, AAAACACTTAATCTTGACAAGAACTTAATCATTGTGAATTATAAGAGC
* t-7s20g-HX-P3-B2, G7, GCCCAATAACCTTATGCGATTTTATGACCTTCATCAAGAGCATCTTTG
  t-7s8g-HX-P3-G2, A8, GCGCCTGTTATTCTAAGAACGCGATTCCAGAGCCTAATTTGATAAAAA
* t-9s10g-HX-P3-F3, B8, CTTTTGCAACGCTAACGAGCGTCTGGCGTTTTAGCGAACCCAACATGT
* t-9s20g-HX-P3-H3, C8, GCAATAGCTGGTTTAATTTCAACTCGGATATTCATTACCCACGAAAGA

These strands have been extended to provide donors that 
make triangular lattice.
Here again the name of the strand gives its provenance.

  t-10s17h-LT-P2-E2, A1, ACCAACCTAAAAAATCAACGTAACAAATAAATTGGGCTTGAGAAAAGAAGT
  t-10s27h-LT-P2-F2, B1, AACTCACATTATTGAGTGTTGTTCCAGAAACCGTCTATCAGGGGCCACCGA
  t-10s7h-LT-P2-G2, C1, ACGACAATAAATCCCGACTTGCGGGAGATCCTGAATCTTACCATATCTTAC
  t-1s18g-LT-P2-D4, D1, CGACCTGCGGTCAATCATAAGGGAACGGAACAACATTATTGAATACCA
  t-1s28g-LT-P2-D5, E1, TTTCACCAGCCTGGCCCTGAGAGAAAGCCGGCGAACGTGGTTGACGAG
  t-1s8g-LT-P2-D6, F1, TTTCCTTAGCACTCATCGAGAACAATAGCAGCCTTTACAGGACGGGAG
* t-3s10g-LT-P2-B8, G1, TGAACAAAAACGTCAAAAATGAAAAGCAAGCCGTTTTTATGAAACCAA
  t-3s18g-LT-P2-E8, H1, TATCATCGTTGAAAGAGGACAGATGGAAGAAAAATCTACGCGCCAAAA
* t-3s20g-LT-P2-F8, A2, ATACATAATTAATAAAACGAACTAACCGAACTGACCAACTCCTGATAA
  t-3s28g-LT-P2-A9, B2, GTTTGCGTCACGCTGGTTTGCCCCAAGGGAGCCCCCGATTAGAATCAG
* t-3s30g-LT-P2-B9, C2, TCCTCGTTTAGAGCTTGACGGGGAGTTGCAGCAAGCGGTCATTGGGCG
  t-3s8g-LT-P2-E9, D2, AGCATGTATTTCATCGTAGGAATCAAACGATTTTTTGTTTGTCAGAGG
* t-5s10g-LT-P2-B11, E2, ATCAGAGATCCCAATCCAAATAAGATTACCGCGCCCAATAAATAATAT
  t-5s18g-LT-P2-E11, F2, CCAAGCGCAGGCGCATAGGCTGGCAGAACTGGCTCATTATAACACTAT
* t-5s20g-LT-P2-F11, G2, GTAAGAGCACCAGTCAGGACGTTGGAACGGTGTACAGACCGAAACAAA
  t-5s28g-LT-P2-A12, H2, TTAATGAAGTTTGATGGTGGTTCCGAGGTGCCGTAAAGCATTAAAGGG
* t-5s30g-LT-P2-C12, A3, GAGGCCGACTAAATCGGAACCCTAAGCAGGCGAAAATCCTTCGGCCAA
  t-5s8g-LT-P2-E12, B3, ACAAGAAAGCAAGCAAATCAGATAACAGCCATATTATTTAGATAACCC
* t-7s10g-LT-P3-G1, C3, GCCCAATAGCCAGTTACAAAATAATAGAAGGCTTATCCGGTTATCAAC
  t-7s18g-LT-P3-A2, D3, AAAACACTTAATCTTGACAAGAACTTAATCATTGTGAATTGATAAAAA
* t-7s20g-LT-P3-B2, E3, CAGACGACACCTTATGCGATTTTATGACCTTCATCAAGAGCATCTTTG
  t-7s28g-LT-P3-D2, F3, TTCCAGTCCTTATAAATCAAAAGAGAACCATCACCCAAATGAATCCTG
* t-7s30g-LT-P3-E2, G3, GTACGCCACAAGTTTTTTGGGGTCGAAATCGGCAAAATCCGGGAAACC
  t-7s8g-LT-P3-G2, H3, GCGCCTGTTATTCTAAGAACGCGATTCCAGAGCCTAATTTATAAGAGC
* t-9s10g-LT-P3-F3, A4, GCAATAGCACGCTAACGAGCGTCTGGCGTTTTAGCGAACCCAACATGT
* t-9s20g-LT-P3-H3, B4, CTTTTGCATGGTTTAATTTCAACTCGGATATTCATTACCCACGAAAGA
* t-9s30g-LT-P3-B4, C4, TCAGTGAGCGATGGCCCACTACGTATAGCCCGAGATAGGGATTGCGTT

Supplementary Figure S55: Staple strand variants for creating hexagonsand lattices from triangles. Truncations provide
acceptor sites, extended versions, donor sites. Stars (*) indicate extended staples that were used for the 8-bridge hexagons(8
starred strands) and 8-bridge lattices (12 starred strands) described in this paper. Four extended staples per side were used.
Corresponding truncated strands were also used, and may be derived from the design.
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Supplementary Figure S56: Extra images of the composition of triangles into hexagonsand lattices. All structures shown
here use 4 donor and 4 acceptor sites per edge (as depicted in Fig. 3n and o), for a total of 8 staple strand bridges between
each pair of edges;all structures also use a 100-fold excessof normal staple strands. a Higher resolution image of hexagon
from Fig. 3q. The tip-sample interaction force has been increasedand hairpins marking the hexagon are lessvisible (but �ner
details appear.) b and c, Zoom-outs of Fig. 3q show that the fraction of hexagons formed is quite low < 2%; the excessof
extended staples is about 20-fold. d Another sample with a lower concentration of extended staples (about 4-fold excess)
has fewer free triangles but no greater a number complete hexagons. e and f, Zoom-out of Fig. 3t shows large aggregatesof
triangles with only small well-ordered domains; the extended staple:sca�old ratio was roughly 1:1. g A well-formed 13-triangle
aggregate at low resolution; the resolution is barely su�cien t to show that the matching rules are correct in this structure.
The extended staple excesswas about 4-fold.
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Supplementary Figure S57: High resolution imagesof the composition of triangles into lattices. Compare the �ne structure
of the model to AFM images. a Six triangles arranged in the bonding pattern used for the lattice. NOTE: this is not the
hexagon, it is the inner segment of Fig. 3r rotated by 30 degrees.b a reproduction of Fig. 3u, only larger. c and d two more
high resolution views. While damaged and su�ering from AFM scan artifacts, these images show �ne structure associated
with crossovers well.
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Supplementary Note S8: M13mp18 sca�old and staple strand secondary structure

Repetition of sequences(and their complements) in the sca�old and staple strands may cause them to have
undesired binding to eachother or to themselves (secondary structure). How much repetition can be tolerated is
an interesting question. Clearly a poly-A sca�old cannot work, but could sca�olds limited to an AT alphabet fold
robustly? Understanding such limits will require solving di�cult combinatorial and thermodynamic problems. Here,
I give examplesof secondarystructure and other undesired binding interactions in the M13mp18 sca�old and the
staple strands, structure that was not too di�cult to overcome. I argue that, for its length and basecomposition,
M13mp18's sequenceis not special in this regard|it is not a particularly \luc ky" sequencewith little secondary
structure.

To get a feeling for M13mp18 secondarystructure, I usedMichael Zuker's DNA Mfold 37

http://www.bioin fo. rp i. edu/a ppl ic ati ons/ mfold /ol d/

to obtain predicted foldings for 6000basesectionsof M13mp18 sequence,as well as predicted foldings of 6000base
random sequencesof similar basecomposition. All folds were computed at 20� C, 40 mM Na+ and 12 mM Mg2+ .
Rather than usethe M13mp18sequencereported in Genbank, I the usedthe sequencefound by New England Biolabs
(NEB) the last time their M13mp18 clone was resequenced,(F.J. Stewart, NEB, 5/28/02).

Lowest energy folds for seven 6000basesegments of the M13mp18 sequence(using a sliding window, starting at
n = 1; 1001,2001,3001,4001,5001,6001and 7001) were obtained. (I would have folded all 7249basesat once,but
6000 is the Mfold server's limit). The strongest structure (n=4001, -1003 kcal/mole) and weakest structure (n =
6001,-904 kcal/mole) are shown in Supp. Fig. S58and Supp. Fig. S59. I noticed strong secondarystructure around
base5500. This structure, a seriesof several strong hairpins, is well-known structure of biological signi�cance and
occurs in the intergenic region (5500-6000)of M1338. Of particular interest is a strong 20 basehairpin, [A], that has
beenenlargedin the inset of Supp. Fig. S58.

To get a quantitativ e measureof the predicted secondarystructure I averagedfree energiesof folding (for the
lowest energystructures). For the seven sectionsexamined the averageis � 965� 37 kcal/mole. The large variation
in energy is due to the fact that these 6000 basesegments can be classedinto two types. (1) Those that span the
intergenic region (n = 1001,2001,3001,4001,5001) with its strong, biologically relevant secondarystructure; they have
an averageenergyof � 990� 12kcal/mole. (2) Thosethat don't spanthe intergenic region completely (n =1, n=6001,
n=7001) which have an averageenergyof � 924� 24.

To evaluate whether M13mp18's sequencehas unusually strong or weak secondarystructure, ten random 6000
basesequencesweregeneratedto have a basecomposition similar to the M13mp18sequence(24.4%A 21.1%C 21.2%
G 33.4%T, �xed at 1462A's, 1266C's, 1270 G's, 2002 T's). Supp. Fig. S60 shows the lowest energy fold for one
of thesesequences;visually it appearsthat the M13mp18 sequence(Supp. Fig. S58and 59) has secondarystructure
similar to that of a random sequenceof similar length. However, the averagecalculated energyfor random sequences
is signi�can tly lessthan that for M13mp18'ssequence,� 867� 13 kcal/mol. Thus it seemsthat M13mp18'ssequence
has somewhatstronger secondarystructure than would be expected.

The secondarystructure of M13mp18 DNA does appear to be lessstrong than that predicted for sequencesof
even basecomposition. For comparison, ten 6000basesequencesof composition A=G=C=T=1500 have an average
calculated free energyof � 1080� 21. To explore the strong e�ect that basecomposition has on secondarystructure,
I looked at two more examples. For A=G=T=2000 and C=0 the predicted averageenergy is � 157� 13. And for
A=C=T=2000 and G=0 the predicted averageenergy is � 93 � 6. In the event that secondarystructure becomes
a limiting factor in the creation of DNA origami, such skewed basecompositions might be used but at the cost of
speci�cit y in staple-sca�old binding.

Of all the potential secondarystructure that the M13mp18sequencehas,only the [A] loop wasdeemedworrisome
enough to be avoided. Mfold predicts the structure of loop [A] as a hairpin, (20 nt stem, 4 G-T mispairs, �G =
-14.4 kcal/mole) at positions 5515-5557.The sequenceat thesepositions is:

GGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCC

In designingDNA origami, I decidedto avoid the entire 73 basesection (5515-5587).

GGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTC

This allowed me to linearize M13mp18 DNA by incubating with the complement of bases(5558-5587)

GAAAGCGAAAGGAGCGGGCGCTAGGGCGCT
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and cutting with BsrB I betweenpositions 5573and 5574. (BsrB I hasrecognition sequence,CCGCTCat 5571-5576;it
leavesa blunt end betweenbases3 and 4.) BecauseI did not purify the linearized DNA away from the complement
usedto linearize it, in all designsI avoided the entire 73 basesection. I don't know if this is necessary.

Other lessstrong but well known secondarystructure in the sca�old did not seemto causeproblems. For example,
the hairpin [C] GGGTGATGGTTCACGTAGTGGGCCATCGCCC has a 14 base-pair stem. Occurring at bases5704-5734,this
sequenceis 116 nucleotides into the origami structures. It occurs, for example in the rectangle on the bottom edge
of the lower left corner, a position that su�ers no apparent defects.

Finally, I note that staple strands themselvesmay have unintended secondarystructure or binding interactions.
By concatenating the sequencesof staple strands with `NNNN' linkers between them and folding the resulting
sequencewith Mfold, I was able to �nd a couple potential bindings between di�eren t staple strands (with lengths
of 10 and 11 nucleotides and having single G-T mispairs) as well as somesecondarystructure within single staple
strands. For example,the rectanglestaple strand r7t22e , GCCAACAGTCACCTTGCTGAACCTGTTGGCAAcan form an 8 base
hairpin:

GCCAACAGTCACCTT\
|||||||| |

AACGGTTGTCCAAGTCG/

Such secondarystructure would normally be consideredunacceptablein the designa DNA nanostructure. The
next section explores reasonsfor why sca�old and staple secondary structure might not causeproblems for the
formation of sca�olded DNA origami.
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Supplementary Figure S58: A 6000 basechunk of M13mp18 sequencespanning the intergenic region.
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Supplementary Figure S59: A 6000 basechunk of M13mp18 sequencethat skips the intergenic region.
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Supplementary Figure S60: A 6000 baserandom sequencewith the samebasecomposition as M13mp18's sequence.
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Supplementary Note S9: Why does sca�olded DNA origami work?

Consider any secondarystructure that the sca�old might assume. It is unlikely that this secondarystructure
perfectly blocks the binding sites for all the staple strands that should bind its sequence.Thus staple strands may
bind by partial matches at �rst (to gain a `toehold'), and then participate in a branch migration that displaces
the secondarystructure (Supplementary Fig. S61). A longer region of complementarit y between the staple and the
sca�old stabilizes the staple-sca�old interaction over the sca�old secondarystructure. The excessof staple strands
may help drive this process. Explicit use of strand displacement to actuate nanomachines appears in39, 40, 41, 42.
(It was Bernie Yurke's work on DNA motors that convinced me that strand invasion might make sca�olded DNA
origami possible.)

Another factor that may work against sca�old secondarystructure is the role of staple strands as intramolecular
bridges. Each successfuladdition of a staple strand organizesthe sca�old for subsequent binding of adjacent staple
strands and constrains the sca�old in a way that precludesa large set of undesiredsecondarystructures. Thus one
might expect the binding of staple strands to be highly cooperative. To seewhy intramolecular interactions may be
important, considercutting a sca�olded shape into a multi-stranded structure basedon unique tiles (for which the
minimum free energy state should be the sca�olded shape, just with more backbone nicks). For such a system the
addition of a tile at any one position doesnot signi�can tly constrain the global structure.

Next consider the interactions of staple strands with themselves. Many strong complexesexist between them;
none is a perfect match, however. The sca�old can displacesuch structure and gain a required staple strand.

Now consider purit y. A truncated staple strand might bind to the sca�old. However, becauseof the excessof
staple strands, there exist many full length length staple strands that can bind and displace the truncated strand.
This meansthat only the purit y of the sca�old matters; becausethe sca�old is derived from a biological source,it is
very pure.

In a similar way, becausestaple strands do not bind to each other, the relative stoichiometry betweenthe staple
strands doesnot matter. With staple strands in excessover the sca�old, the remaining relevant concentration is the
e�ectiv e local concentration of sca�old in intramolecular events. Here the intramolecular nature of sca�old folding
enforcesa kind of equimolarity|an y two sectionsof the sca�old that are brought together by a staple strand are
by de�nition, equimolar. Again, such could not be said for the samesections if the sca�olded structure were cut
into multi-stranded unique tiles. This highlights a crucial di�erence betweenthe sca�olded method shown here and
that previously proposed17;18. In the latter schemethe sca�old runs through every other helix; the structure is held
together by interactions between multi-stranded tiles and so the staple strands must bind to each other. For such
schemespreciseequimolarity is likely important.
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Supplementary Figure S61: Opening of sca�old secondary structure by strand displacement. a Five basesof undesired
secondary structure in the sca�old occur in the middle of the binding site for the red staple. b The red staple strand can still
bind by 10 basesadjacent to the hairpin stem and gain a `toehold'. c A random walk at the junction between the staple and
hairpin allows the staple strand to gain three more basepairs. d Eventually the random walk results in the hairpin opening,
which allows the rest of the staple to bind.
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Supplementary Note S10: Cost

The going rate for oligonucleotidessynthesizedunpuri�ed, in plates, at the 100 nmole scaleis between$.18 and
$.25per nucleotide (USD). Thus a 32-mer oligonucleotide costsabout $7 for about 80 nmol of material. (Additional
PAGE puri�cation costs $40-80per oligonucleotide and yields, on average, 10 nmol of material. Thus per nmol,
puri�ed oligonucleotidesare about 50� as expensive as unpuri�ed ones.) The total cost then, for about 80 nmol of
each staple strand to complement the 7249basepair M13mp18 sca�old is $1500;staples thus cost about $19/nmol.
Four picomoles (10 micrograms) of sca�old was purchased from New England Biolabs for $30; sca�old thus cost
$7500/nmol. Using a 100-fold excessof staple strands, the cost of DNA origami (of the current size) would be $7500
+ $1900= $9400per nmol of which the sca�old strand is 80% of the cost.

Recent controls haveshown two things: 1) results usingonly a 10-fold excessof staplestrandsare indistinguishable
from those with a 100-fold excessand 2) results using a 10-fold cheaper sourceof M13mp18 DNA (Bayou Biolabs)
yield results indistinguishable from those with New England Biolabs. The net result of these observations is that,
if thesetwo modi�cations to the protocol were implemented, the cost of DNA origami would be closer to $1000per
nmol but that the sca�old strand would still be 80% of the cost of the origami.

In sum, the price of synthetic oligonucleotidesdoesnot, as onemight expect, dominate the cost of DNA origami.
In principle excessstaple strands might be recycled|remo ved from the reaction after folding of the sca�old is
complete|further decreasingtheir contribution to the cost of origami.
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