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M ethods

All reactions were performed in Tris Acetate EDTA buffer (TAE)
supplemented with 12.5 yuM MgCl,. Gel electrophoresis of indi-
vidual tiles was performed in 10% polyacrylamide with 0.6% by
volume 10% v/v ammonium persulfate solution (APS), crosslinked
with 0.04% tetramethylethylenediamine (TEMED). Gels were run
in buffer kept at 4 °C by a temperature bath. We stained the gels
with Sybr Gold (Invitrogen Corporation) for 35 minutes, then im-
aged them with a Bio-Rad Molecular Imager FX with external laser.
Atomic2 force microscopy was performed as described in previous
work >
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2 <gattggca-ggatcact\/gtaaagcc-tgtgtttc> 3
1 >tagga-ctaaccgt cctagtga/\catttcgg acacaaag-tctgt< 4
[ pT1 |
1 <aggta-ggaactgg acctgaaa\/gctggcgt cctcatgec-tcttg> 4
2 >ccttgacc-tggacttt/\cgaccgca-ggagtacg< 3
(111
[\
/tt-cgtctcge--/| |\--ctccatcg-tt)
\tt-gcagagcg-tt| |tt-gaggtagc-tt/

t aggact aaccgt ggt caaggat gga
ccttgacctggactttcgetctgettttgcagagegtt gect ggegt ggetttact cact aggacggttag
gcat gaggacgccagcct ccat cgtttt cgat ggagt t aaagt ccacct agt gagt aaagcctgtgtttc
t gt ct gaaacacacctcatgctcttg

A OWNPF

/tt-gcagcgga-tt| |tt-cgatggcg-tt\
\tt-cgtcgecet--\| |/--gctaccge-tt/
\\//
[T1]
2 >ccat ct gt - ccgct acg\/ aacaat gg- acaaccag< 3
1 <tgttt-ggtagaca ggcgatgc/\ttgttacc tgttggtc-tccat> 4
pT2 [
1 >agaca-gaaactcc tggcacta\/aagataca ggtaatcg-gtatg< 4
2 <ctttgagg-accgtgat/\ttctatgt-ccattagc> 3

agacagaaact ccacagat ggt tt gt
ccatctgtccgctacgtccget gettttgeageggattttgttaccacat agaat agt gccaggagtttc
gaccaacaggt aacaagct accgcetttt gcggt aget t cgt agcggt ggcact att ct at gt ccatt age
gt at ggct aat ggt gt t ggt ct ccat

A OWNPE

2 <gttatgca-ggtctcgg\/taaagacc-tgcaattc> 3
1 >catac-caatacgt ccagagcc/\atttctgg acgttaag-gacat< 4
[ pT3 |
1 <gcata-ctgtctgg acgattag\/aagtcagt cctctatc-acaaa> 4
2 >gacagacc-tgctaatc/\ttcagtca-ggagatag< 3

cat accaat acgt ggt ct gt cat acg
gacagacct gct aat caagt cagt ggt cttt aggct ct ggacgtattg
gat agaggact gact t gat t agcaccagagcct aaagacct gcaatt c
tacaggaat t gcacct ct at cacaaa

A OWNPF

2 >gtagttgt-ccgttaga\/ttagacgg-actgcgag<s 3
1 <agaac-catcaaca ggcaatct/\aatctgcc tgacgctc-cgtat> 4
[ pT4 [
1 >ctgta-cttcaacc tgtttact\/cacttaca gagcttcg-atcct< 4
2 <gaagttgg-acaaatgal/\gtgaatgt-ctcgaagc> 3

ct gt acttcaaccacaact accaaga
gtagttgtccgttagaaat ct gccacatt cacagt aaacaggt t gaag
gagcgt caggcagat t t ct aacggt gt t t act gt gaat gt ct cgaagce
tcctagcet t cgagt gacgcet cegt at

A WN R

Figure 1. Sequences for the uniform proofreading tiles. The sequences for the four (or six) strands of each sequence are shown, along with a simple
diagram that shows the complementary regions and arrangement of the sequences. In these diagrams, a “>>c” denotes c as the 5’ end of a sequence and “<g”
denotes g as the 3’ end of a sequence.

>catac+--------- +gacat <
I pT3 |
<gcat aAt-=--=--=-=-=-- +acaaa>
<agaac+--------- +cgt at > <tgttt+--------- +t ccat >
I pT4 | | pT2 |
>ctgtat--------- +atcct < >agacat--------- +gt at g<
>tagga+t--------- +tctgt<
I pTl |
<aggta+--------- +tcttg>

Figure 2. Block structure for the uniform proofreading tiles. The logical arrangment of tiles and their respective sticky ends.



2 <gattggca-ggatcact\/gtaaagcc-tgtgtttc-aga> 3
1 >tagga-ctaaccgt cctagtga/\catttcgg acacaaag-tct< 4
| sT1
1 <aggta-ggaactgg acctgaaa\/gctggegt cctcatge-tcttg> 4
2 >ccttgacc-tggacttt/\cgaccgca-ggagtacg< 3
[1]]

[T\
/tt-cgtctcge--/| |\--ctccatcg-tt\
\tt-gcagagcg-tt| |tt-gaggtage-tt/

t aggact aaccgt ggt caaggat gga

ccttgacctggactttcgcetctgettttgecagagegttget ggcgt ggectttact cact aggacggttag
gcat gaggacgccagcect ccat cgtt tt cgat ggagt t aaagt ccacct agt gagt aaagcect gt gt t t caga
t ct gaaacacacctcatgctcttg

A WN P

/tt-gcagcgga-tt| |tt-cgatggcg-tt\
\tt-cgtcgeet--\| |/--gctaccge-tt/
\\//

2  >ccatctgt-ccgctacg\/aacaatgg- acaaccag< 3
1 <tgttt-ggtagaca ggcgatgc/\ttgttacc tgttggtc-tccat> 4
[ sT2 [
1 >ca-gaaactcc tggcacta\l/aagataca ggtaatcg-gtatg< 4
2 <gt-ctttgagg-accgtgat/\ttctatgt-ccattagc> 3

cagaaact ccacagat ggt tt gt

ccat ct gt ccgct acgtt gt t accacat agaat agt gccaggagt t t cgt
gaccaacaggt aacaacgt agcggt ggcact at t ct at gt ccat t age
gt at ggct aat ggt gt t ggt ct ccat

A WNP

5 <gttatgca-ggtctcgg\/taaagacctgcaattc> 3
6 >catac-caatacgt ccagagcc/\atttctgg acgttaaggacat< 4
| sT3 [

2 >gtagttgt-ccgttaga\/ttagacgg-actgcgaggcatactgtctgg acgattag\/aagtcagt cctctatcacaaa> 4

1 <agaaccatcaaca ggcaatct/\aatctgcc tgacgctccgtatgacagacc-tgctaatc/\ttcagtca-ggagatag< 3
sT3

1 >ctgtacttcaacc tgtttact\/cacttaca gagcttcgatcct< 5

2 <gaagttgg-acaaatgal/\gtgaatgt-ctcgaagc> 6

ctgtactt caaccacaact accaaga

gt agtt gt ccgt t agaaat ct gccacat t cacagt aaacaggt t gaag

gat agaggact gact t gat t agcaccagagcct aaagacct gcaattc

tacaggaat t gcacct ct at cacaaa

tcctagett cgagt gacgcet ccgt at gacagacct get aat caagt cagt ggt ct tt agget ct ggacgtattg
cat accaat acgt ggt ct gt cat acggagcgt caggcagat t t ct aacggt gt t t act gt gaat gt ct cgaagce

OO WNPE

Figure 3. Sequences for the snaked proofreading tiles.

>catac+--------- +gacat <
| sT3 |
[----- L +- acaaa>
<agaac+--------- +----- / <tgttt-+--------- +t ccat >
| sT3 | | sT2
>ctgtat--------- +at cct < >aga cat--------- +gt at g<
>tagga+t--------- +tet  gt<
| sT1
<aggta+--------- ttettg>

Figure 4. Block structure for the snaked proofreading tiles. The logical arrangment of tiles and their respective sticky ends. Note the blunt end (coaxial)
stacking of helices between tiles sT1 and sT2.



5 <gaagcagg-acaagcga\/ctcagtgt-ccgattgg> 3
6 >catac-cttcgtcc tgttcget/\gagtcaca ggctaacc-tccaa< 4
| Z78H | ]
2 >cattctgg-acgccata\/tctatcgt-ccgatgac-gacag-ccgtgcca ggtagcegg\/tacactcc tgettctg-tteect> 4
1 <agaac-gtaagacc tgcggtat/\agatagca ggctact g-ctgtc-ggcacggt-ccat cgcec/\ at gt gagg- acgaagac\
|| Z78H | tcgca< 3
1 >aggtt-ctaccgca ggcaaatg\/tcagctcc tgcctage-acctt< 5
2 <gatggcgt-ccgtttac/\agtcgagg-acggatcg<s 6

aggtt ct accgcaccagaat gcaaga

catt ct ggacgccat aagat agcacct cgact cattt gcct gcggt ag

acgct cagaagcaggagt gt aggcgat ggt gt t cgct ct cagt gt ccgat t gg

aacct ccaat cggtgecttctgttcct

ttccacgat ccgt gget act get gt cggcacggt ccat cgect acact ccacact gagagcgaacaggacgaag
cataccttcgt ccaccgt gccgacagcagt agcct get at ct t at ggcgt ggcaaat gagt cgaggacggat cg

DU WN P

2 >cagagt gg- acgaaagc\/agtgccgt-ccgatgtc< 3
1 <aagga-gtctcacc tgctttcg/\tcacggca ggctacag-aagag> 4
I 71
1 >cttgt-caaacgca ggaacctg\/tatgaacc tgctcaac-tcgta< 4
2 <gtttgcgt-ccttggac/\atacttgg-acgagttg> 3

ctt gt caaacgcaccact ct gaggaa
cagagt ggacgaaagct cacggcaccaagt at caggtt cct gegtttg
ct gt agcct gcegt gagettt cgt ggaacct gat actt ggacgagttg
at gct caact cgt ggct acagaagag

A WN P

2 >gat gat gt - cctt gt aa\ / t gaagcgg- acaacgag< 3
1 >ttagc-ctactaca ggaacatt/\acttcgcc tgttgctc-getaa> 4
| z2
1 >aagtc-gaacgacc tgattgcg\/taatctca ggcattcg-cacta< 4
2 <cttgctgg-actaacgc/\attagagt-ccgtaagc> 3

aagt cgaacgaccacat cat ccgat t
gat gat gt cct t gt aaact t cgccact ct aat cgcaat caggt cgttc
gagcaacaggcgaagt t t acaaggt gat t gcgat t agagt ccgt aage
atcacgcttacggt gtt gct cget aa

A WNPE

Figure 5. Sequencesfor zig-zag ribbons, part one.



2 <gt cggt ca- ggct cgt c\/ acgacacc-t gagacgg> 3
1 >tggaa-cagccagt ccgagcag/\tgctgtgg actctgcc-gaaca< 4
| z3 |
1 <ttctc-gaggatgg acgcttag\/tctgtagt ccgcattg-aatcg 4
/ctcctacc-tgcgaat c/\ agacat ca- ggcgt aac\
2 >acaag cagtg< 3

t ggaacagccagt ggt aggagcet ctt
acaagct cct acct gcgaat ct ct gt agt ggt gt cgt ct gct cggact gget g
gt gaccaat gcggact acagagat t cgcaccgagcagacgacacct gagacgg
acaagccgt ct caccgeat t gaat cg

A WN P

2 <ccgttagg-acattgca\/cggcttgt-ccgttcge> 3
1 >agcat-ggcaatcc tgtaacgt/\gccgaaca ggcaagcg-ttcag< 4
[ z4 [
1 <cgatt-cgccaaca ggttgaat\/ccagatcc tgtagagc-gacat> 4
2 >gcggttgt-ccaacttal/\ggtctagg-acatctcg<s 3

agcat ggcaat ccacaaccgctt age
gcggtt gt ccaact t accagat ccacaagccgacgt t acaggatt gcc
gct ct acaggat ct ggt aagt t ggt gt aacgt cgget t gt ccgt t cge
gact t gcgaacggt gt agagcgacat

A WN P

5 <gcaagcgt-ccacttgg\/gcagtagg-acgcctcg> 3
6 >gtgat-cgttcgca ggtgaacc/\cgtcatcc tgcggage-gcaat< 4
[ Z56B |
2 >gtttgagg-acgctatg\/ttgtaggt-ccatgage-acgaa-cgaaagcc tgagctag\/tccagaca ggtcatcg-aagge> 4
1 <ctgta-caaactcc tgcgatac/\aacatcca ggtactcg-tgctt-gectttcgg-actcgatc/\aggtctgt-ccagtage-ttccg< 3
Z56B |

1 >cgtta-gctcggca ggtgtctc\/acgaatcec tggttacg-aagge< 5
2 <cgagccgt-ccacagag/\tgcttagg-accaatgc-ttccg> 6

cgttagct cggcacct caaacat gt ¢

gtttgaggacgct at gaacat ccacct aagcagagacacct gccgage

gcct t cgat gacct gt ct ggagat cgagt ggt gaaccgcagt aggacgcct cg

t aacgcgaggcgt ggt cat cgaaggce

cggaagcat t ggt ggt act cgt gct t gct t t cggact cgat ct ccagacacct act gcggt t cacct gcgaacg

gt gat cgt t cgcaccgaaagcaagcacgagt acct ggat gt t cat agcgt ggt gt ct ct gct t aggaccaat gctt ccg

DO WNPRE

Figure 6. Sequencesfor zig-zag ribbons, part two. The extra bases on tiles Z3 (5 ends of strands 2 and 3) and Z78 (5’ end of strand 3) were used due to an
unintentional strand mixup. To our surprise, while the melting temperature of the zig-zag structure with these bases was lower than would be predicted by the
hybridization energy of DNA, the structure otherwise formed and behaved as designed. Removing these bases is desirable and raises the melting temperature
of the ribbons by about 8-10 degrees,? to close to what would be preicted by previously measured nearest neighbor energies of DNA hybridization.* However,
as this error was not noticed until all experiments were complete, and as zig-zag ribbons nonetheless formed satisfactorily, we did not correct it.

>catac+--------- +t ccaa<
| Z78H |
[----- e e +ttcct>
<agaac+--------- oo / <aagga+--------- +aagag>
| Z78H | | z1 |
>aggtt+--------- +acctt< >cttgt+--------- +t cgt a<
>tggaa+--------- +gaaca< >ageat +--------- +ttcag<
| Z3 z4
<ttctc+--------- +aat cg> <cgatt+--------- +gacat >
<ttagc+--------- +gct aa>
| 22 |
>aagt c+--------- +cact a<
>gtgat +--------- +gcaat <
| Z56B |
[-ne-- [ R +
<ctgtat--------- +o---- /
| Z56B |
>cgttat--------- +

Figure 7. Block structure for the zig-zag ribbons. The logical arrangment of tiles and their respective sticky ends.



| Z78H |
[----- R +o...
<agaac+--------- +o---- /
| Z78H |
> . LEEEE R oo
>catac+--------- +oo >
|  Z78H |
[----- Foeao-- oo
<agaac+--------- +o---- /
| Z78H |
..... LT
R oo
| Z56B |
f----- [ —— +
..... LR Y
| 756B |
> EEEEE R +
..... o>
| Zz56B |
f--nn- Foeemmeaa +
..... e LT EE STy )
| Z56B |
Fommeee +

Figure 8. Hard facet for the zig-zag ribbon ZZhard. The sequences of the double tiles used to make the zig-zag with a hard facet are exactly those given
in Figures 5 and 6.

5 <gaagcagg- acaagcga\/ctcagtgt-ccgattgg> 3
6 >tacag-cttcgtcc tgttcget/\gagtcaca ggctaacc-tccaa< 4
| Z78E
2 >cattctgg-acgccata\/tctatcgt-ccgatgac-gacag-ccgtgeca ggtagcgg\/tacactcc tgettctg-ttecct> 4
1 <tacct-gtaagacc tgcggtat/\agatagca ggctactg-ctgtc-ggcacggt - ccat cgec/\ at gt gagg- acgaagac)
|| Z78E || tcgca< 3
1 >aggtt-ctaccgca ggcaaatg\/tcagctcc tgcctage-acctt< 5
2 <gatggcgt-ccgtttac/\agtcgagg-acggatcg< 6

aggt t ct accgcaccagaat gt ccat
cattctggacgccat aagat agcacct cgact cattt gcct gcggt ag

acgct cagaagcaggagt gt aggcgat ggt gt t cget ct cagt gt ccgat t gg

aacct ccaat cggt gettctgttcct

ttccacgat ccgt gget act gct gt cggcacggt ccat cgect acact ccacact gagagcgaacaggacgaag
tacagct t cgt ccaccgt gccgacageagt agect get at ct t at ggcgt ggcaaat gagt cgaggacggat cg

DA WNE

Figure 9. Easy facet for the zig-zag ribbon ZZeasy. The zig-zag ribbon encoding the easy facet consists of the tiles in Figures 5 and 6 except for tile Z78,
which was modified as shown.



| z78H |
[----- EEEEEEE R oo
<agaac+--------- +o-- - /
| Z78H |
>, I +oo.
>catac+--------- oo >
| Z78H |
- oo S
<agaac+--------- +o---- /
| Z78H |
,,,,, e
S SRR oo
|  Z56E |
[----- R +t ccat >
..... R R Sy |
| Z56E |
>, Fomm e +gacat <
..... R LT T
|  Z56E
[----- R +t ccat >
..... Fomeceeea e/
| Z56E |
..... +---------+gacat<

5 <gcaagcgt-ccacttgg\/gcagtagg-acgcctcg> 3
6 >gtgat-cgttcgca ggtgaacc/\cgtcatcc tgcggagc-gcaat< 4
I Z56E | |
2 >gtttgagg-acgctatg\/ttgtaggt-ccatgage-acgaa- cgaaagec tgagetag\/tccagaca ggtcatcg-tccat> 4
1 <ctgta-caaactcc tgcgatac/\aacatcca ggtactcg-tgctt-gctttcgg-actcgatc/\aggtctgt-ccagtage< 3
Z56E |
1 >cgtta-gctcggca ggtgtctcl/acgaatcc tggttacg-gacat< 5
2 <cgagccgt-ccacagag/\tgcttagg-accaatge> 6

cgttagct cggcacct caaacat gt ¢

gttt gaggacgct at gaacat ccacct aagcagagacacct gccgagce

cgat gacct gt ct ggagat cgagt ggt gaaccgcagt aggacgcct cg

taacgcgaggcgt ggt cat cgt ccat

tacaggcat t ggt ggt act cgt gctt gctt t cggact cgat ct ccagacacct act gcggt t cacct gcgaacg
gt gat cgt t cgcaccgaaagcaagcacgagt acct ggat gt t cat agegt ggt gt ct ct gct t aggaccaat gc

DA WNPRE

Figure 10. Double sided zig-zag ribbon ZZhardeasy. These ribbons are the same as those used for the hard facet (Figures 5, 6 and 8, except for tile Z56
which was modified as shown.

>tacag+--------- oo
| Zz78E |
[ Hemmmmma o
<tacct+--------- Hooo-- /
| Zz78E |
> ... R +o.o...
>tacag+--------- oo >
Z78E |
[--cnn Hemmeeee oo
<tacct+--------- Hoooes /
| Z78E |
_____ e
s oo
| Z56H |
/S Fommmeenes +caaga>
..... Homme o]
| Z56H |
> LEE R R +cat ac<
,,,,, R ST
| Z56H |
/- Fommeeeen +caaga>
..... Homee ko]
| Z56H |
,,,,, +---------+catac<

5 <gcaagcgt-ccacttgg\/gcagt agg-acgcctcg> 3
6 >gtgat-cgttcgca ggtgaacc/\cgtcatcc tgcggagc-gcaat< 4
[ Z56H I
2 >gtttgagg-acgctatg\/ttgtaggt-ccatgage-acgaa-cgaaagcc tgagctag\/tccagaca ggtcatcg-caaga> 4
1 <ctgta-caaactcc tgcgatac/\aacatcca ggtactcg-tgctt-gctttcgg-actcgatc/\aggtctgt-ccagtage< 3
| Z56H ||
1 >cgtta-gctcggeca ggtgtctc\/acgaatcc tggttacg-catac< 5
2 <cgagccgt-ccacagag/ \tgcttagg-accaatge> 6

cgttagct cggeacct caaacat gt ¢
gtttgaggacgct at gaacat ccacct aagcagagacacct gccgage

cgat gacct gt ct ggagat cgagt ggt gaaccgcagt aggacgect cg

t aacgcgaggcegt ggt cat cgcaaga

catacgcat t ggt ggt act cgt gct t get t t cggact cgat ct ccagacacct act gcggt t cacct gcgaacg
gt gat cgt t cgcaccgaaagcaagcacgagt acct ggat gt t cat agegt ggt gt ct ct get t aggaccaat gc

DU WNE

Figure 11. Double sided zig-zag ribbon ZZeasyhard. This ribbon consists of the tiles in Figures 5, 6 and 9 except for tile Z56 which was modified as
shown.
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Uniform proofreading lattice at 50 nM Snaked proofreading lattice at 50 nM
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Figure 12. Anneal and melt curvesfor the uniform and snaked proofreading lattices. Melts were performed in an AVIV-14DS Spectrophotometer (AVIV
Biomedical, Lakewood, NJ). Each sample was annealed from 90 °C to 10 °C at approximately 0.13 °C / minute. To complete lattice formation before melting,
samples were held at the lowest temperature, 10 °C, for two hours, then melted from 10 °C to 90 °C at the same speed as the anneal. The top line of each
melt is the absorbance during annealing, the bottom during melting. Based on previous work, -3 we conclude that the reversible transition between 45 °C and
70 °C is due to tile formation, while the lower temperature irreversible transition is due to the nucleation and growth of the respective lattice. The noise in
the melt of the uniform proofreading lattice is presumed to be due to scattering of light — the lattices grew larger than the 260 nm wavelength used to measure
absorbance. To measure the relative stability of the lattices, we defined the formation temperature as the temperature at which lattice formation progressed 50%
of the way, and the melting temperature as the temperature at which melting progressed 50% of the way. We assumed the absorbance of formed tiles prior to
lattice formation to be the absorbance at 42 °C during the melt, while the minimum absorbance was taken to represent full lattice formation. Formation and
melting temperatures are marked with black squares. Both formation temperatures are around 16 °C. While it is hard to compare the melting temperature of
the two lattices because of scattering during the uniform proofreading experiment, the melting temperature of the uniform lattice was significantly higher than
the melting temperature of the snaked proofreading lattice: 32 °C vs. 28 °C. This may be partially due to kinetic effects. Uniform proofreading lattices were
larger than the snaked proofreading lattices, suggesting kinetic differences. Furthermore, the melting of zig-zag ribbons (1-dimensional DNA tile crystals) is
known to occur out of equilibrium at the speed at which we performed these melts,3 suggesting that the same could be the case for these 2-dimensional DNA
tile crystals. However, the difference in melting temperatures could also indicate that the snaked proofreading lattice is destabilized, for example because of
the asymmetry of the tiles.



