
Multiplexed	  3D	  Cellular	  Super-‐Resolution	  Imaging	  with	  DNA-‐PAINT	  and	  Exchange-‐PAINT	  

R. Jungmann, M.S. Avendano, J.B. Woehrstein, M. Dai, W.M. Shih, P. Yin 

Supplementary Figure 1 Strand diagrams for DNA origami designs 

Supplementary Figure 2 Self-assembly of the microtubule-like DNA origami 

Supplementary Figure 3 DNA-PAINT super-resolution imaging vs. diffraction-limited imaging of 
microtubule-like DNA origami structures 

Supplementary Figure 4 Three-color DNA-PAINT super-resolution imaging of microtubule-like DNA 
origami structures 

Supplementary Figure 5 Image quantification of an intracellular microtubule network imaged with 
DNA-PAINT 

Supplementary Figure 6 In vitro and in situ Exchange-PAINT setup 

Supplementary Figure 7 Ten-“color” in vitro Exchange-PAINT super-resolution overview image of 
DNA origami structures 

Supplementary Figure 8 Imaging artifacts due to “flipped” or “corrupted” structures 

Supplementary Figure 9 Quantitative comparison of the same targets imaged after ten rounds of 
Exchange-PAINT 

Supplementary Figure 10 Overview image of four-“color” in vitro Exchange-PAINT of digits on single 
DNA origami structures 

Supplementary Figure 11 Additional two-color Exchange-PAINT images in fixed HeLa cells 

Supplementary Figure 12 Interactions of imager strands in Exchange-PAINT imaging with cellular 
components 

Supplementary Figure 13 Quantification of sample distortion in Exchange-PAINT imaging 

Supplementary Figure 14 Additional cellular 3D DNA-PAINT image 

Supplementary Table 1 Staple sequences for microtubule analog DNA structure 

Supplementary Table 2 Staple sequences for drift markers 

Supplementary Table 3 and 4 Staple sequences for DNA origami structures for ten-“color” in vitro 
Exchange-PAINT demonstration (digits 0 to 9) 

Supplementary Table 5 Staple sequences for DNA origami structures for in vitro Exchange-PAINT 
demonstration (digits 0 to 3) 

Supplementary Table 6 p8064 scaffold sequence for microtubule-like DNA origami structure 

Supplementary Table 7 M13mp18 scaffold sequence for drift markers and Exchange-PAINT DNA 
origami structures 

Supplementary Table 8 DNA-PAINT docking and imager sequences and biotin docking sequence 

Supplementary Protocol Flow chamber protocol for Exchange-PAINT imaging 

Nature Methods: doi:10.1038/nmeth.2835



 
Supplementary	  Figure	  1	  |	  Strand	  diagrams	   for	  DNA	  origami	  designs.	  Strands	  are	  colored	  to	  denote	  strands	  extensions	  (see	  Supplementary	  
Tables	  S1	  and	  S2).	  Color	  code:	  Green:	  structure	  strands;	  Red:	  DNA-‐PAINT	  docking	  sites;	  Orange:	  Biotin	  docking	  or	  biotinylated	  strands;	  Black:	  
connector	  strands	  for	  polymerization.	  (a)	  Microtubule-‐like	  DNA	  origami	  structure.	  (b)	  Single-‐layer	  DNA	  origami	  structure	  used	  as	  drift	  marker	  
for	  super-‐resolution	  microscopy.	  Zoom	  in	  for	  details.	  
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GTTAATT CTACAACG CCTTTTATTACTGGTCGTGTGACTGGTGAATCTGCCAATG TGGCCAGAATGTC GTTCTTTAATAGTGGA GGCAAACCAGCGTGGACCG TGCTGG AGCTGTTGCCCGTCTC GTGCTGGCAGAAACCC CGTCTGA GCACAGGCGCGCAGTGACACTGCGCTGGAT AACGATTTGCTGAACA TTTACCCA AGAAACC TGATGAAAGCTGGCTA CGTTCCTATTGGTTAA
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ATTACTA GTGATGTT GGTATTTCCATGAGCGTTTTTCCTGTTGCAATGGCTGG AA GCTTTCAGGTCAG GAACAACACTCAACCC TTTTGCCGATTTCGGA AAA ACCACCCTGGCGCCCAATACGC AGGAGGCTCACGGACG CGGTGCT TGGACACCTCCAGCCGTAAGCTGGTTGCGTGGGATGGCACCACCGA GACCCGGC CAACAGT CCGACGGGTTGTTACT ACAAAAATTTAATGCG
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TTGAGTT GATATTACCAGCAAGGCCGATAGT CAGTTCGCGCATTAAAGACTAATA GCTAT TCAAGGATTCTAAGGGAAAATTAATTAATAGCGACGATTTAC C TTCATTAATGCAGCTGGCACGA TACGAATTCGAGCTCGGTACCCG CATGAT GCACCACGCTGACGTTCTACAAGT GGATTGAGTGCGAAAGCGCCTGCA GCCCGGC TACGGTCAATCCGCCGTT TAACGTTTACAATT
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TCCT ATTTTAGATAACCTTCCTCAAT TTTGATATTTGAGGTT GTATTTTTAA CTGGTGGTTCGTTCG ATTGATTTATGTACTG TCAGCGTCTTAATCTA A CAATTAATGTGAGTTAGCTCACTCATTAGGCACCCC TTTCACACA TAACAA TGAGGATGTGCTCTGG CTGTCGTCGTCCCCTC TCTCAGGCAATGACCT ATCGATTCTCTTGTTTGCTCCAGAC CAATCTTCCTGTTTTT
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AATC TGTATTATCTATTGACGGCTCT TAGATTTTTCATTTGC TAATACTGAC GGTGT TAATTCAAATGAAATTGTTAAATGTA TATGATTTTGATAAAT A CAACCGCCCAACTGCTGGCGGCAAATGAGC GTTTGCCGGAACGGC ACGAGACGAAAAAACGGACCGC CTGGCTGGAGTGCGAT CTCTCCGGCATTAATT ATAGCTACC TCAACCGGGGTACATATGATTGACATGCTAGT
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GAGTTGTCGAAT AAAGGATTTAATAC TTACGTGCAAATAATTTTGATATGGTAGGTTC TG ATGTTTGTTTCATCATCTTCTTT CCAACCTAAGCCGGAG TTTTCCGTG GCTGTTTCTGCGTCTCT TGTGCGGCTTTTTTTACGGGATTTTTTT CACTAAAGGCCGCC GCTTTGCCTGGTTTCC AATATCATATTGATGGTGATTTGA G AATAAAGGCTTCTCCC TACAACCGATTTAGCT
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AATGTTACTCAA TTCCGCAAAATGAT CAGAAGTATAATCCAA ACCTGAAAATCTACGCAA ACGTTAA GCCTCTGCGCGATTTT TTTGCATCAGCATTTA CGCCTCGTT CTTTCAAAGTTGGTCAGTTCGGTTCCCTTATGATTGACCGTCTG T TACGTTTCGCCGAT ATCGCCCTTCCCAACAGTTGCGCAGC GAATCTTTACCTAC T GAGGGTTCTAAAAATT TATTGCTTAATTTTGC
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ATATGATGATAA TGATGAATTGCCATCATCTGATAATCAGGA GTTTCTCCCGATGTAAAA AGCAATCAGGCGAATCCGTTATT ATTTGAAAAAGTTTTCTCGCGTTCT ATAT ACAATTTATCAGGCGATGATACAA GCGCCTGGTCTGTAC AT ATCCGTTCCCGTGG TCCCCCTTTCGCCAGCTG GAAAATATAGCTAAACAGGTTA TTTCAGCTCGCGCCCCAAAT CTGTATGATTTAT
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GACAGAATT TTATTGTCGTCGTCTG CTCGAAAATGCCTCTG GTTTATTCTTATTTAA TGACGA CGTTGCTACCCTCGTTCCGATGCTGTCTTTCGCTGCTGAGGG TAGC GTTTCGCGCTTGGTAT AATATCCGGTTCTTGTCAAGATT TG AGCTTGGCACTGGCCG GGCGTTACCCAACTTA GAATTGGGAATCAACTGTTATA ATCTACTCGTTCGCA TACTATTAGTAGAATTGATGC
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AACAGGCGC TGTTGATA GCGTTGTTAAATATGGCGATTCTC AACAGGCTTTTTCTAG GCATATGATACTA GCGACCGAATATATCGGTTATGCG AAAGTCTTTAG CATGAA AGATGAGTGTTTTA CTTATTCACTGAATGAGC CCCAACG AATAATGTTGTTCCGTTAGTTCGTTTTATTAACGTAGATTTTTCTT AGCTACAG ATTTAAAACATGTTG GAGTTTGC AGCTCGAATTAAA
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TTCTTGT TATTATTT CCGCAAGTCGGGAGGTTCGCTAAAACGCCTCGCGTTCTTA GCTTCAAAACCTC TCATTGTCGGCGCAAC TCGTAGTGGCATTACGTAT CTTTCGTTTTAGGTTGGTGCCT TACTCGTTCTGGTGTT TTCTTAA TGAGCCAG TTCCTTTTGGCGTTATGTATCTGCATTAGTTGAATGTG CTAAGCCA TTAAGCT AATTAAAGGTACTCTC CTTTCGGGCTTCCTCT
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ATGCTCG CCGATTATTGATTGGTTTCTAC ATTGGGCGCGGTAATGATTCCTAC AC GGGTGCAAAATAGCA TTTAAGAAATTCAC AAGGCTCCTTTTGGAGCC T AATTCCTTTAGTTGTTCCTTTC GATTAAAGTTGAAATTAAACCAT TTCACAAT AGCCTCTCGCTATTTTGGTTTTTATCGTCGTCTGGTAAAC TGAATA TTTAAAGCATTTGAGGGGGATTCAA ATCCGCTTTGCTTC
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ACCC GCTTGCTTGTTCTCGATGAGTGCGGTACTTGGTTTAAT TTAGCGTTGG GCTCG TTTCTATTGATTGTGACAAAATAAACTTATTC GAAAGACGACA AAAATCCCATACAGAAAATTCATTTACTAACGTCTG AGGGTGGCG GTTCTG TATTCCGGGCTATACT ACGCTATCCAGTCTAAACATTTTACTATTACC CAGTATTGG GGTAAAGACCTGATTTTTGATTTATGGTCATT
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CTTGTGGGTTAT GGCTTAACTCAATT GGTGTTCAGTTAATTC TGTTTATTTTGTAACT GT CTTTTATATGTTGCCACCTTTAT TTGTCTTTGGCGCTGG TATGAGGGC GCTAAC TTACGGTACATGGGTTCCTATTGGGCTTGCTATCCCTG G CGGCTCTGAGGGAGGCGGTTCCGGTGGTGGCTCTGGTTCC CGCTAATCCTAATC C CTGTTACTCAAGGCAC CTGTATCATCAAAAGC
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AGCTATTGCTAT TAAGAT TCCCTGTTTTTATGTTATTCTCTC CGTTTCTTATTTGGATTG TCTTAAT ACTGCGTAATAAGGAG ATATTTACCTTCCCTCCCTCAATCG GTCA GTGCTGCTATCGATGGTTTCATTGGTGACGTT CTGATTACG AAAAGATGGCAAAC GGCTCTGAGGGTGGTGGC TCAGCCTCTTAATACTTTCATG C GGGCATTA TGGAACGGTAAATTCAGAGACTGC
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TACTTTTCT ATTGCGTTTCCTCGGTTTCCTTCTGGTAACTTTGTTCGGCTATCTGCT GGGTATTCCGTTATT TTTGCTGGCTCTAATTCCCAAATGGCTCAAGTC GTAATGGTGCTACTGGTGAT TGAAAACGCGCTACAGTCTGACGCT TGACCGAAAATGCCGA CTGCCTCAACCTCCTGTCAATGCTGGCGGCGGCTCTGG TTATTTGTTTGTGAATATCAAGGCCAATCGTCTGAC

TCACGCA GAGTCTGTCCA GAGTAAAA AGGCCACC CGTCTATCATTATAATCAGTG AC CGTCAAAGGGCGAAAA GACTCCAA GCAAGGTG CTGAGAGAGTTGCA CGCCTGGCC GTTTTCACGGTCATACCGGGATTGCCCTTCAC GGCC GCG AGAATGCG CTGTGGTGCTGCGGCC TGGTGACT CCTTACAC TCATAAACATC TCCTGTTGCTCG AATTCGCGTCTGGCCT TCAAAAAT CCA
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TTGAT CT CTT TTACAATA TGGATTAT GTCTGAAA GCTCAATC ATTTTGAC CCTAC AC AAGAGACAGAGATAGA GTGGTCAGTTTGGAAC GTTTGATG AATCCT AGTGGCGAA TTTTCACC GCAGCGTGCCTGTTCTTCGTTTTC CCCT GCC AGCCAGCGGTGCCGGT TTACCTGC ATGCCGGG GGCATCAG GGTAAAAC GCT TGCG GAGCGCCC TTAAATGT ATTTTACA TAAATCAGCTC

T A G T A A T A A C A T C A C C C A G C C A T T G C A A C A G G A A A A A C G C T C A T G G A A A T A C C T T C T G A C C T G A A A G C G G G T T G A G T G T T G T T C T C C G A A A T C G G C A A A A T T T G C G T A T T G G G C G C C A G G G T G G T C G T C C G T G A G C C T C C T A G C A C C G T C G G T G G T G C C A T C C C A C G C A A C C A G C T T A C G G C T G G A G G T G T C C A G C C G G G T C A C T G T T G A G T A A C A A C C C G T C G G C G C A T T A A A T T T T T G T

GTAGAAG TGA CCGTTGCC CAATATTA TTTTGAATGGCCAGAA GCACAGACAATAT TG AGAATACG ATAGCCCGAGATAGTA TCAAAAGA CGGTCCCTTATAAA GGGGAGAGG CCCTCGGCCAACGCGC CAACGGCCACAGTTGAGGAT TGC GCAGCAACCGCAAGAA TCTGGTCA GTCATTGG TATGAGCATCAGCGGG CGG GAACAGCGGTTG AAATTATTCTCCGTGG TTTTGTTA ATA
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TGAA AGT AAATCAAC TATCTGGTCAGTTGGC CGCCACCCTCAATCAA AACAT TAACCTTGCTTCTCCTAA GCTATATGTGAGTGAA TAAACATAGCGATA CGGGAAACC TTTCCAGT CTGCCCGC TGCGCTCA TTTCCCGT GCTG ATA CGGAACGTGCCGGGTC AGTTTTAA TAACCGTGCATCTGCC GCGCATCG TGG TAGA ATAGGTCACGTTGGTG TTAATGGG GCAAATAT TATAA

A G G A A T T G A G G A A G G T T A T C T A A A A T A A C C T C A A A T A T C A A A T T A A A A A T A C C G A A C G A A C C A C C A G C A G T A C A T A A A T C A A T T A G A T T A A G A C G C T G A T G G G G T G C C T A A T G A G T G A G C T A A C T C A C A T T A A T T G T G T G T G A A A T T G T T A C C A G A G C A C A T C C T C A G A G G G G A C G A C G A C A G A G G T C A T T G C C T G A G A G T C T G G A G C A A A C A A G A G A A T C G A T A A A A A C A G G A A G A T T G

AATA ACT CACTAACA TGCTGATCTTTAGGAG CATCACCT AGGCGAAG AGGTG AG TTTAATGGAAACAGAAGATAAAAC TGACCTTT CGAAGAGTCAATAG C GTGTAAAG GAGCCGGAAGCATAAA CAACATAC ATTCCACA CACA GCT CGGCCTCAGGAAGCGCTGGCAGCCTCCGGTCC CTATCTAT TACAAAGG ATC AGAG GTAATCGTAAATTTTG CCCGAACG TAATCAGAAAAGC

G A T T A G A G C C G T C A A T A G A T A A T A C A G C A A A T G A A A A A T C T A G T C A G T A T T A A C A C C T A C A T T T A A C A A T T T C A T T T G A A T T A A T T T A T C A A A A T C A T A T G C T C A T T T G C C G C C A G C A G T T G G G C G G T T G G C C G T T C C G G C A A A C G C G G T C C G T T T T T T C G T C T C G T A T C G C A C T C C A G C C A G A A T T A A T G C C G G A G A G G G T A G C T A T A C T A G C A T G T C A A T C A T A T G T A C C C C G G T T G A

TACAAACA ACTT TAG GAGGATTTAGAAGTAT CTGAGAGCCAGCATTT GTGCCACG CAACA TTAATGCCTG AAACAAAA ACCTTTTTAACCAAGA CGGTCTGAGAGACT T ATCGACATGGATCAAACTTAAATT ATTTGTAC TAAACGATGCTG AGT AAGGGTAA GTGCCATG CGCTTCTG ACCGTTCTAGCTGATACTTTCCGGCAC TGCA GACCCTGTAATACTTT AACATTAT CCAAA

A T T C G A C A A C T C G T A T T A A A T C C T T T G A A C C T A C C A T A T C A A A A T T A T T T G C A C G T A A C A A A A G A A G A T G A T G A A A C A A A C A T C T C C G G C T T A G G T T G G C A C G G A A A A A G A G A C G C A G A A A C A G C A A A A A A A T C C C G T A A A A A A A G C C G C A C A G G C G G C C T T T A G T G G G A A A C C A G G C A A A G C T C A A A T C A C C A T C A A T A T G A T A T T C G G G A G A A G C C T T T A T T A G C T A A A T C G G T T G T A

TTAAAAGT AATT ATT GGTTAGCCCGAACGTT AATGGAAG AGAAAAAT AGAAATAA AGAAC CAATTACCTG ATTCATTT ATAACTATATGGAATT TCTGTTAT GATAGC G TGGTGAAG TTTGTGAGAGATAGACTTTCTCCG CCAGTCCCGGAA TTA CGCCATGT TTCAGCAG ATTCGCCA AGGCCGGAGACAGGCC AAGGGTGAGAA AAAA TAATCAACGCAAGGAT AAGCCTCAGAGCA

T T G A G T A A C A T T A T C A T T T T G C G G A A T T G G A T T A T A C T T C T G T T G C G T A G A T T T T C A G G T T T A A C G T A A A A T C G C G C A G A G G C T A A A T G C T G A T G C A A A A A C G A G G C G C A G A C G G T C A A T C A T A A G G G A A C C G A A C T G A C C A A C T T T G A A A G A A T C G G C G A A A C G T A G C T G C G C A A C T G T T G G G A A G G G C G A T G T A G G T A A A G A T T C A A A T T T T T A G A A C C C T C G C A A A A T T A A G C A A T A

GAGCGGAA GAAG CCA AGAAACCA TAATCCTGATTGTCAA GTACCATA CAGTAACA ATATA TACCAGATGA CAATTGAATACCAAGT CGGTCCAATCGCAAGA CTTAGC A TCCATGTT CGACCTGC ACGGTGTCGAAATCCG CAGGACAGATGA AAA CTCACCGG TACGCAAC CGGGCCTCTTCGCTAT TGTCGGTG TGCCTGAGTAA TTTTAAATGCAA GCAAGGCAAAGAATTAATATA

T T A T C A T C A T A T T C C T G A T T A T C A G A T G A T G G C A A T T C A T C A T T T T A C A T C G G G A G A A A C A A T A A C G G A T T C G C C T G A T T G C T A G A A C G C G A G A A A A C T T T T T C A A A T A T A T T T G T A T C A T C G C C T G A T A A A T T G T G T A C A G A C C A G G C G C A T C C A C G G G A A C G G A T C A G C T G G C G A A A G G G G G A T A A C C T G T T T A G C T A T A T T T T C A T T T G G G G C G C G A G C T G A A A A T A A A T C A T A C A G

AGGTAAAGT GTACCGACAAA AATATAAA AATAAGAG TAAATAAGGCGCCAGT TGTGA CG ATACCGAC AATTTAATGGTTTGAA TTCATCTTCTGACCTA GTTAAT GAGATTTTA GTACAACG AGAGTAAA CTTCATCA GCTGGCTGAC CCGAG CAATGTGCTGCAAGGCGATTTCAGAGGTGGAG CAAATGGT ACATTTCG GAT ATTA GTTTGACC AACATCCAAGGTGTTA GTAGCATT

A A T T C T G T C C A G A C G A C G A C A A T A A C A G A G G C A T T T T C G A G T T A A A T A A G A A T A A A C T C G T C A C C C T C A G C A G C G A A A G A C A G C A T C G G A A C G A G G G T A G C A A C G G C T A A T A C C A A G C G C G A A A C A A T C T T G A C A A G A A C C G G A T A T T C A C G G C C A G T G C C A A G C T T A A G T T G G G T A A C G C C T A T A A C A G T T G A T T C C C A A T T C T G C G A A C G A G T A G A T G C A T C A A T T C T A C T A A T A G T A

ATGCAGAAC ATGTTCAGCTA TGTAATTTAGGACAAC AATCATAATTACAACA GGAACCGG GCG TTTT AAGGCCGC GGGAGTTA GGCTTGCA GAGGATGA GGCTTT A AAGCTTTGACCCCCAGCGATTCAG ACCCAAATCAACGTAACA CGATT TTTCCCAGTCACGACGTTGTAAAA CCAAGGGT GTTTCATT GGTGTCTGGAA GTAC CAACTAAA CGGAAATG AACCAGAC TCAAAGCG

G C G C C T G T T T A T C A A C A G A G A A T C G C C A T A T T T A A C A A C G C C T A G A A A A A G C C T G T T T A G T A T C A T A T G C C G C A T A A C C G A T A T A T T C G G T C G C C T A A A G A C T T T T T C A T G T A A A A C A C T C A T C T G C T C A T T C A G T G A A T A A G C G T T G G G A A G A A A A A T C T A C G T T A A T A A A A C G A A C T A A C G G A A C A A C A T T A T T C T G T A G C T C A A C A T G T T T T A A A T G C A A A C T C T T T A A T T C G A G C T

GTCCTGA ATTATAGATAA AGGGCTTA TCAACAGT GCCAACGC TTACCAGTATAAA TC GCCCAGTTATACAAAT CAACCATC TTAAACGGGTAAACAA TTTCCA CACAGGAAG AAAGAATA GTCAGGAGCTTGCCCTGACGAGAAGGCA CCA TACTTATA TTTAGGAA AGTTGAGA GATTCATC ATATAATGACAGGTAGAAA GATTATTGCTGA CAGGTCAG CGCGTCAA TCAAATAT ACT

A C A A G A A A A A T A A T A T A A G A A C G C G A G G C G T T T T A G C G A A C C T C C C G A C T T G C G G G A G G T T T T G A A G C G T T G C G C C G A C A A T G A A T A C G T A A T G C C A C T A C G A A G G C A C C A A C C T A A A A C G A A A G A A C A C C A G A A C G A G T A T T A A G A A C T G G C T C A C A C A T T C A A C T A A T G C A G A T A C A T A A C G C C A A A A G G A A T G G C T T A G A G C T T A A G A G A G T A C C T T T A A T T A G A G G A A G C C C G A A A G

TAATTTA TCC ATCCGGTATTCTCCCA GAAGGCTT CAGATATA TAAGCAAGCAAAT AT AAATCAAG AAAAACAGCTTGATACCGATACTT TGAAAATCTCCAAA T TTTTCACG TAATAATT GAGGCGAA TTGGGCTT TGCGATTGTAAA TTA CTCTTACC TCATAACC CAACACTA AGTAAGAG CGAGGCAT GCGGATTA TTT TAAGAGGTCATT GATTAGCTCCTTTTGA TGCATCAAAAA

C G A G C A T G T A G A A A C C A A T C A A T A A T C G G G T A G G A A T C A T T A C C G C G C C C A A T G T T G C T A T T T T G C A C C C G T G A A T T T C T T A A A G G C T C C A A A A G G A G C C T T A G A A A G G A A C A A C T A A A G G A A T T A T G G T T T A A T T T C A A C T T T A A T C A T T G T G A A G T T T A C C A G A C G A C G A T A A A A A C C A A A A T A G C G A G A G G C T T A T T C A T T G A A T C C C C C T C A A A T G C T T T A A A G A A G C A A A G C G G A T

GAAC TATCATTCCAA TCTTTCCT TCTTACGTTTTTATTTTCATCCTG CTGAA TC GAGAGCTACAATTTTA TTGCTTTC TTATCAGC TTAATTGTATCGGT A GAGTGAGA TTTCAGCG TTCAACAG AAACAACT AGTACGCT GTTT GAG GTACTCAG GAGGGGGTGTATCACC TTTTGCCA AAATTTGCAAAAGAAG CAT GAGCGGAATCGT CAGAAAAC TATTATAGTCACAGTT CTGAC

G G G T A T T A A A C C A A G T A C C G C A C T C A T C G A G A A C A A G C A A G C C C A A C G C T A A C G A G C G A A T A A G T T T A T T T T G T C A C A A T C A A T A G A A A T G T C G T C T T T C C A G A C G T T A G T A A A T G A A T T T T C T G T A T G G G A T T T T C G C C A C C C T C A G A A C A G T A T A G C C C G G A A T A G G T A A T A G T A A A A T G T T T A G A C T G G A T A G C G T C C A A T A C T G A A T G A C C A T A A A T C A A A A A T C A G G T C T T T A C C

AATATCAGAGAG GCT AATTGAGC CAGAGGGT AACAAAGT AGCCTAATTTGCCCTG TCCAG CAAAGACACCACGGTCTT TTAAAACG CATATGGT ATCTAAAGTTTATT G TTTGTAAC ACCCTCAT GAGCCACC CACCCTCA AGAACCGC CCTC CAC ATATACGC GAGGGTTG GCCGTCGA GGATAAGT TACCAGGC TTGCTCAG GTT TCAG TAACGGGG ATAAGTTT TACTGGTA GAGTG

A T A A C C C A C A A G A A T T G A G T T A A G C C G A A T T A A C T G A A C A C C A G T T A C A A A A T A A A C A A C A T A A A G G T G G C A A C A T A T A A A A G C C A G C G C C A A A G A C A A G C C C T C A T A G T T A G C C A G G G A T A G C A A G C C C A A T A G G A A C C C A T G T A C C G T A A C G G A A C C A G A G C C A C C A C C G G A A C C G C C T C C C T C A G A G C C G G A T T A G G A T T A G C G G G T G C C T T G A G T A A C A G G C T T T T G A T G A T A C A G

ACAATGAA AGAA GCA TAATAAGA CGGGACAA ATATTATTTATCCAGCGCATTAGA ATGCC TAGAAAATAC AGCAAACG AACATGTT ACAAAGGGCGACATTC CCACAG T TGTAGCAT ACAACGCC GTCACCAGTACAAACT TGAGTTTC CCAC AATCAAAATCA TCAGACAT CGCCACCC CTCAGAAC CTCCTCAAGAGAAGCCACC AGTA CGTCATACATGTGCCCGTATAAAC GTAAG

A T A G C A A T A G C T A T C T T A G A G A G A A T A A C A T A A A A A C A G G G A C A A T C C A A A T A A G A A A C G A T T A A G A C T C C T T A T T A C G C A G T C G A T T G A G G G A G G G A A G G T A A A T A T T G A C A A C G T C A C C A A T G A A A C C A T C G A T A G C A G C A C C G T A A T C A G G T T T G C C A T C T T T T G C C A C C A C C C T C A G A G C C C A T G A A A G T A T T A A G A G G C T G A G T A A T G C C C G C A G T C T C T G A A T T T A C C G T T C C A

CCCTTTTTA AAG TTACACCG ATGAAAATAGCAGCCT CGTCAAAA ATGATTTTTTGTTTAA TGGC AAC ACCAAAAG TCACCGTC GTGAATTA CATTAAAG ATTATT A CCGGAGGA CAAGTTTGCCTTTCATTAGCAAGG GAAT ACA AGCTAGCG CCCTTATT CCATAGCC CAGAACCA TTATTCTGAAAGCCAC GGAACCTA TTC CTAT AGCCCTGC GAATGGAA TAAAGCCA ATCCTCAT

A G A A A A G T A A G C A G A T A G C C G A A C A A A G T T A C C A G A A G G A A A C C G A G G A A A C G C A A T A A T A A C G G A A T A C C C G A C T T G A G C C A T T T G G G A A T T A G A G C C A G C A A A A T C A C C A G T A G C A C C A T T A C A G C G T C A G A C T G T A G C G C G T T T T C A T C G G C A T T T T C G G T C A C C A G A G C C G C C G C C A G C A T T G A C A G G A G G T T G A G G C A G G T C A G A C G A T T G G C C T T G A T A T T C A C A A A C A A A T A A

a

b
A A A A A T T A T T A T T C G C A A T T C C T T T A G T  T G T T C C T T T C T A T T C T C A C T C C G C T G A A A C T G T T G A A A G T T G T T T A G  C A A A A T C C C A T A C A G A A A A T T C A T T T A C T A A C G T C T G G A A A G A C G A C  A A A A C T T T A G A T C G T T A C G C T A A C T A T G A G G G C T G T C T G T G G A A T G C  T A C A G G C G T T G T A G T T T G T A C T G G T G A C G A A A C T C A G T G T T A C G G T A  C A T G G G T T C C T A T T G G G C T T G C T A T C C C T G A A A A T G A G G G T G G T G G C  T C T G A G G G T G G C G G T T C T G

TGCGTGGGCGATGGTTGTT GTCATTGTCGGCGCAACTATCGGTATCAAGCTGTTTAAGAAATTCAC CTCGAAAGCAAGCTGATAAACCGATACAATTAAAGGCTCCTTTTGGA GCCTTTTTTTTGGAGATTTTCAACGTGA AGGGTGGCGGTTCTGAGGG TGGCGGTACTAAACCTCCTGAGTACGGTGATACACCTATTCCGGGCT ATACTTATATCAACCCTCTCGACGGCACTTATCCGCCTGGTACTGAG CAAAACCCCGCTAATCCTAATCCTTCTC

C A T G A A A A A G T C T T T A G T C C T C A A A G C C  T C T G T A G C C G T T G C T A C C C T C G T T C C G A T G C T G T C T T T C G C T G C T G A  G G G T G A C G A T C C C G C A A A A G C G G C C T T T A A C T C C C T G C A A G C C T C A G  C G A C C G A A T A T A T C G G T T A T T G A G G A G T C T C A G C C T C T T A A T A C T T T  C A T G T T T C A G A A T A A T A G G T T C C G A A A T A G G C A G G G G G C A T T A A C T G  T T T A T A C G G G C A C T G T T A C T C A A G G C A C T G A C C C C G T T A A A A C T T A T  T A C C A G T A C A C T C C T G T A T

TCCGTTGTACTTTGTTTCG CGCTTGGTATAATCGCTGGGGGTCAAAGATGAGTGTTTTAGTGTATT CTTTTGCCTCTTTCGTTTTAGGTTGGTGCCTTCGTAGTGGCATTACG TATTTTACCCGTTTAATGGAAACTTCCT CATCAAAAGCCATGTATGA CGCTTACTGGAACGGTAAATTCAGAGACTGCGCTTTCCATTCTGGCT TTAATGAGGATTTATTTGTTTGTGAATATCAAGGCCAATCGTCTGAC CTGCCTCAACCTCCTGTCAATGCTGGCG

G T C T G T A C A C C G T T C A T C T G T C C T C T T T  C A A A G T T G G T C A G T T C G G T T C C C T T A T G A T T G A C C G T C T G C G C C T C G  T T C C G G C T A A G T A A C A T G G A G C A G G T C G C G G A T T T C G A C A C A A T T T A  T C A G G C G A T G A T A C A A A T C G C G G C T C T G G T G G T G G T T C T G G T G G C G G  C T C T G A G G G T G G T G G C T C T G A G G G T G G C G G T T C T G A G G G T G G C G G C T  C T G A G G G A G G C G G T T C C G G T G G T G G C T C T G G T T C C G G T G A T T T T G A T  T A T G A A A A G A T G G C A A A C G
AATTTACTACTCGTTCTGG TGTTTCTCGTCAGGGCAAGCCTTATTCACTGAATGAGCAGCTTTGTT ACGTTGATTTGGGTAATGAATATCCGGTTCTTGTCAAGATTACTCTT GATGAAGGTCAGCCAGCCTATGCGCCTG CTAATAAGGGGGCTATGAC CGAAAATGCCGATGAAAACGCGCTACAGTCTGACGCTAAAGGCAAAC TTGATTCTGTCGCTACTGATTACGGTGCTGCTATCGATGGTTTCATT GGTGACGTTTCCGGCCTTGCTAATGGTA

T G T A A T A A T G T T G T T C C G T T A G T T C G T T  T T A T T A A C G T A G A T T T T T C T T C C C A A C G T C C T G A C T G G T A T A A T G A G  C C A G T T C T T A A A A T C G C A T A A G G T A A T T C A C A A T G A T T A A A G T T G A A  A T T A A A C C A T C T C A A G C C C A T G G T G C T A C T G G T G A T T T T G C T G G C T C  T A A T T C C C A A A T G G C T C A A G T C G G T G A C G G T G A T A A T T C A C C T T T A A  T G A A T A A T T T C C G T C A A T A T T T A C C T T C C C T C C C T C A A T C G G T T G A A  T G T C G C C C T T T T G T C T T T G

TATTTTGGTTTTTATCGTC GTCTGGTAAACGAGGGTTATGATAGTGTTGCTCTTACTATGCCTCGT AATTCCTTTTGGCGTTATGTATCTGCATTAGTTGAATGTGGTATTCC TAAATCTCAACTGATGAATCTTTCTACC GCGCTGGTAAACCATATGA ATTTTCTATTGATTGTGACAAAATAAACTTATTCCGTGGTGTCTTTG CGTTTCTTTTATATGTTGCCACCTTTATGTATGTATTTTCTACGTTT GCTAACATACTGCGTAATAAGGAGTCTT

T T C T C G T T T T C T G A A C T G T T T A A A G C A T  T T G A G G G G G A T T C A A T G A A T A T T T A T G A C G A T T C C G C A G T A T T G G A C  G C T A T C C A G T C T A A A C A T T T T A C T A T T A C C C C C T C T G G C A A A A C T T C  T T T T G C A A A A G C C T C T C G C A A T C A T G C C A G T T C T T T T G G G T A T T C C G  T T A T T A T T G C G T T T C C T C G G T T T C C T T C T G G T A A C T T T G T T C G G C T A  T C T G C T T A C T T T T C T T A A A A A G G G C T T C G G T A A G A T A G C T A T T G C T A  T T T C A T T G T T T C T T G C T C T

TCCGGTCTGGTTCGCTTTG AAGCTCGAATTAAAACGCGATATTTGAAGTCTTTCGGGCTTCCTCTT AATCTTTTTGATGCAATCCGCTTTGCTTCTGACTATAATAGTCAGGG TAAAGACCTGATTTTTGATTTATGGTCA TATTATTGGGCTTAACTCA ATTCTTGTGGGTTATCTCTCTGATATTAGCGCTCAATTACCCTCTGA CTTTGTTCAGGGTGTTCAGTTAATTCTCCCGTCTAATGCGCTTCCCT GTTTTTATGTTATTCTCTCTGTAAAGGC

C G T A C T T T A G T T G C A T A T T T A A A A C A T G  T T G A G C T A C A G C A T T A T A T T C A G C A A T T A A G C T C T A A G C C A T C C G C A  A A A A T G A C C T C T T A T C A A A A G G A G C A A T T A A A G G T A C T C T C T A A T C C  T G A C C T G T T G G A G T T T G C T T G C T A T T T T C A T T T T T G A C G T T A A A C A A  A A A A T C G T T T C T T A T T T G G A T T G G G A T A A A T A A T A T G G C T G T T T A T T  T T G T A A C T G G C A A A T T A G G C T C T G G A A A G A C G C T C G T T A G C G T T G G T  A A G A T T C A G G A T A A A A T T G

ACCTTTTCAGCTCGCGCCC CAAATGAAAATATAGCTAAACAGGTTATTGACCATTTGCGAAATGTA TCTAATGGTCAAACTAAATCTACTCGTTCGCAGAATTGGGAATCAAC TGTTATATGGAATGAAACTTCCAGACAC TAGCTGGGTGCAAAATAGC AACTAATCTTGATTTAAGGCTTCAAAACCTCCCGCAAGTCGGGAGGT TCGCTAAAACGCCTCGCGTTCTTAGAATACCGGATAAGCCTTCTATA TCTGATTTGCTTGCTATTGGGCGCGGTA

G T A T T A C A G G G T C A T A A T G T T T T T G G T A  C A A C C G A T T T A G C T T T A T G C T C T G A G G C T T T A T T G C T T A A T T T T G C T  A A T T C T T T G C C T T G C C T G T A T G A T T T A T T G G A T G T T A A T G C T A C T A C  T A T T A G T A G A A T T G A T G C C A T G A T T C C T A C G A T G A A A A T A A A A A C G G  C T T G C T T G T T C T C G A T G A G T G C G G T A C T T G G T T T A A T A C C C G T T C T T  G G A A T G A T A A G G A A A G A C A G C C G A T T A T T G A T T G G T T T C T A C A T G C T  C G T A A A T T A G G A T G G G A T A

ATTGATGGTGATTTGACTG TCTCCGGCCTTTCTCACCCTTTTGAATCTTTACCTACACATTACTCA GGCATTGCATTTAAAATATATGAGGGTTCTAAAAATTTTTATCCTTG CGTTGAAATAAAGGCTTCTCCCGCAAAA TTATTTTTCTTGTTCAGGA CTTATCTATTGTTGATAAACAGGCGCGTTCTGCATTAGCTGAACATG TTGTTTATTGTCGTCGTCTGGACAGAATTACTTTACCTTTTGTCGGT ACTTTATATTCTCTTATTACTGGCTCGA

A T G C T A G T T T T A C G A T T A C C G T T C A T C G  A T T C T C T T G T T T G C T C C A G A C T C T C A G G C A A T G A C C T G A T A G C C T T T  G T A G A T C T C T C A A A A A T A G C T A C C C T C T C C G G C A T T A A T T T A T C A G C  T A G A A C G G T T G A A T A T C A T A A A T G C C T C T G C C T A A A T T A C A T G T T G G  C G T T G T T A A A T A T G G C G A T T C T C A A T T A A G C C C T A C T G T T G A G C G T T  G G C T T T A T A C T G G T A A G A A T T T G T A T A A C G C A T A T G A T A C T A A A C A G  G C T T T T T C T A G T A A T T A T G

TGGTTAAAAAATGAGCTGA TTTAACAAAAATTTAATGCGAATTTTAACAAAATATTAACGTTTACA ATTTAAATATTTGCTTATACAATCTTCCTGTTTTTGGGGCTTTTCTG ATTATCAACCGGGGTACATATGATTGAC ATTCCGGTGTTTATTCTTA TTTAACGCCTTATTTATCACACGGTCGGTATTTCAAACCATTAAATT TAGGTCAGAAGATGAAATTAACTAAAATATATTTGAAAAAGTTTTCT CGCGTTCTTTGTCTTGCGATTGGATTTG

C A A C G T G A C C T A T C C C A T T A C G G T C A A T  C C G C C G T T T G T T C C C A C G G A G A A T C C G A C G G G T T G T T A C T C G C T C A C  A T T T A A T G T T G A T G A A A G C T G G C T A C A G G A A G G C C A G A C G C G A A T T A  T T T T T G A T G G C G T T C C T A T C A T C A G C A T T T A C A T A T A G T T A T A T A A C  C C A A C C T A A G C C G G A G G T T A A A A A G G T A G T C T C T C A G A C C T A T G A T T  T T G A T A A A T T C A C T A T T G A C T C T T C T C A G C G T C T T A A T C T A A G C T A T  C G C T A T G T T T T C A A G G A T T

GAATGGCGAATGGCGCTTT GCCTGGTTTCCGGCACCAGAAGCGGTGCCGGAAAGCTGGCTGGAGTG CGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCTCAAACTGGCAGA TGCACGGTTACGATGCGCCCATCTACAC CTAAGGGAAAATTAATTAA TAGCGACGATTTACAGAAGCAAGGTTATTCACTCACATATATTGATT TATGTACTGTTTCCATTAAAAAAGGTAATTCAAATGAAATTGTTAAA TGTAATTAATTTTGTTTTCTTGATGTTT

G G C C G T C G T T T T A C A A C G T C G T G A C T G G  G A A A A C C C T G G C G T T A C C C A A C T T A A T C G C C T T G C A G C A C A T C C C C C  T T T C G C C A G C T G G C G T A A T A G C G A A G A G G C C C G C A C C G A T C G C C C T T  C C C A A C A G T T G C G C A G C C T G T T T C A T C A T C T T C T T T T G C T C A G G T A A  T T G A A A T G A A T A A T T C G C C T C T G C G C G A T T T T G T A A C T T G G T A T T C A  A A G C A A T C A G G C G A A T C C G T T A T T G T T T C T C C C G A T G T A A A A G G T A C  T G T T A C T G T A T A T T C A T C T

ATGCTTCCGGCTCGTATGT TGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTAT GACCATGATTACGAATTCGAGCTCGGTACCCGGGGATCCTCTAGAGT CGACCTGCAGGCATGCAAGCTTGGCACT GACGTTAAACCTGAAAATC TACGCAATTTCTTTATTTCTGTTTTACGTGCAAATAATTTTGATATG GTAGGTTCTAACCCTTCCATTATTCAGAAGTATAATCCAAACAATCA GGATTATATTGATGAATTGCCATCATCT

C G C A A A C C G C C T C T C C C C G C G C G T T G G C  C G A T T C A T T A A T G C A G C T G G C A C G A C A G G T T T C C C G A C T G G A A A G C G  G G C A G T G A G C G C A A C G C A A T T A A T G T G A G T T A G C T C A C T C A T T A G G C  A C C C C A G G C T T T A C A C T T T G A T A A T C A G G A A T A T G A T G A T A A T T C C G  C T C C T T C T G G T G G T T T C T T T G T T C C G C A A A A T G A T A A T G T T A C T C A A  A C T T T T A A A A T T A A T A A C G T T C G G G C A A A G G A T T T A A T A C G A G T T G T  C G A A T T G T T T G T A A A G T C T

CCACCATCAAACAGGATTT TCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTC AGGGCCAGGCGGTGAAGGGCAATCAGCTGTTGCCCGTCTCACTGGTG AAAAGAAAAACCACCCTGGCGCCCAATA AATACTTCTAAATCCTCAA ATGTATTATCTATTGACGGCTCTAATCTATTAGTTGTTAGTGCTCCT AAAGATATTTTAGATAACCTTCCTCAATTCCTTTCAACTGTTGATTT GCCAACTGACCAGATATTGATTGAGGGT

T C G C C C T G A T A G A C G G T T T T T C G C C C T T  T G A C G T T G G A G T C C A C G T T C T T T A A T A G T G G A C T C T T G T T C C A A A C T  G G A A C A A C A C T C A A C C C T A T C T C G G G C T A T T C T T T T G A T T T A T A A G G  G A T T T T G C C G A T T T C G G A A T T G A T A T T T G A G G T T C A G C A A G G T G A T G  C T T T A G A T T T T T C A T T T G C T G C T G G C T C T C A G C G T G G C A C T G T T G C A  G G C G G T G T T A A T A C T G A C C G C C T C A C C T C T G T T T T A T C T T C T G C T G G  T G G T T C G T T C G G T A T T T T T

TTCCCTTCCTTTCTCGCCA CGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTA GGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGA TTTGGGTGATGGTTCACGTAGTGGGCCA AATGGCGATGTTTTAGGGC TATCAGTTCGCGCATTAAAGACTAATAGCCATTCAAAAATATTGTCT GTGCCACGTATTCTTACGCTTTCAGGTCAGAAGGGTTCTATCTCTGT TGGCCAGAATGTCCCTTTTATTACTGGT

ACTAAAGGAATT AGAAAGGAACA GTGAGAAT ACAACTTTCAACAGTTTCAGCGGA CTAA TTG TAAATGAATTTTCTGTATGGGATT GACGTTAG GTCGTCTTTCCA TCTAAAGTTTT TCCACAGACAGCCCTCATAGTTAGCGTAACGA GCAT GTA TCACCAGTACAAACTACAACGCCT GAGTTTCG TACCGTAACACT AGGAACCCATG AGCCCAAT CCACCCTCATTTTCAGGGATAGCA GCCA AGA

C A A A A A A A A G G C T C C A A A A G G A G C C T T T A A T T G T A T C G G T T T A T C A G C T T G C T T T C G A G G T G A A T T T C T T A A A C A G C T T G A T A C C G A T A G T T G C G C C G A C A A T G A C A A C A A C C A T C G C C C A C G C A G A G A A G G A T T A G G A T T A G C G G G G T T T T G C T C A G T A C C A G G C G G A T A A G T G C C G T C G A G A G G G T T G A T A T A A G T A T A G C C C G G A A T A G G T G T A T C A C C G T A C T C A G G A G G T T T A G T A C C G C C A C C C

GGCTTTGAGGAC AGA ACGGCTAC GGGTAGCA GACAGCATCGGAACGA CAGCGAAA TCAG CCC TTTTGCGGGATCGTCA AAGGCCGC GGGAGTTA CTGAGGCTTGCA TCG ATATTCGG GGCTGAGACTCCTCAATAACCGAT TATTAAGA AAAG ATG CCTATTATTCTGAAAC TTTCGGAA CCTGCCTA CAGTTAATGCCC AAA GCCCGTAT GTAACAGT GGGGTCAGTGCCTTGA GTTTTAAC ATAA GTA

A C G G G T A A A A T A C G T A A T G C C A C T A C G A A G G C A C C A A C C T A A A A C G A A A G A G G C A A A A G A A T A C A C T A A A A C A C T C A T C T T T G A C C C C C A G C G A T T A T A C C A A G C G C G A A A C A A A G T A C A A C G G A C G C C A G C A T T G A C A G G A G G T T G A G G C A G G T C A G A C G A T T G G C C T T G A T A T T C A C A A A C A A A T A A A T C C T C A T T A A A G C C A G A A T G G A A A G C G C A G T C T C T G A A T T T A C C G T T C C A G T A A G C G T C A

AAAGAGGACAGA TTG GACCAACT ACCGAACT ATAAGGGA GGTCAATC GCGCAGAC CGAG GAA CCATGTTACTTAGCCG GACCTGCT AAATCCGC TTGTGTCG TAAA TGA TCATCGCC CCACCACCAGAGCCGCGATTTGTA CACCAGAA CCGC GAG CACCCTCA AGAGCCAC CCACCCTC CAGAACCG AGCCGCCACCCT CAG GCCTCCCT CCGGAACC AGCCACCA GGAACCAG AAATCACC ATCA ATA
C T G A C C T T C A T C A A G A G T A A T C T T G A C A A G A A C C G G A T A T T C A T T A C C C A A A T C A A C G T A A C A A A G C T G C T C A T T C A G T G A A T A A G G C T T G C C C T G A C G A G A A A C A C C A G A A C G A G T A G T A A A T T T A C C A T T A G C A A G G C C G G A A A C G T C A C C A A T G A A A C C A T C G A T A G C A G C A C C G T A A T C A G T A G C G A C A G A A T C A A G T T T G C C T T T A G C G T C A G A C T G T A G C G C G T T T T C A T C G G C A T T T T C G G T C

AACGAACTAACG TAA TACGTTAA GAAAAATC GTCAGGACGTTGGGAA TTATACCA CTCA TGG ATGCGATTTTAAGAAC ATTACCTT CATTGTGA TTCAACTTTAAT AAT GATGGTTT TCACCAGTAGCACCATGGGCTTGA CAGCAAAA GAGC TTA TTGAGCCATTTGGGAA TCACCGAC TATCACCG TTAAAGGTGAAT TCA GAAATTAT TATTGACG AGGGAGGGAAGGTAAA ACCGATTG TTCA ACA

A G T T G A G A T T T A G G A A T A C C A C A T T C A A C T A A T G C A G A T A C A T A A C G C C A A A A G G A A T T A C G A G G C A T A G T A A G A G C A A C A C T A T C A T A A C C C T C G T T T A C C A G A C G A C G A T A A A A A C C A A A A T A A A G A C T C C T T A T T A C G C A G T A T G T T A G C A A A C G T A G A A A A T A C A T A C A T A A A G G T G G C A A C A T A T A A A A G A A A C G C A A A G A C A C C A C G G A A T A A G T T T A T T T T G T C A C A A T C A A T A G A A A A T T C A

ATGCTTTAAACA CAA ATCCCCCT TTCATTGA GGAATCGTCATAAATA AATACTGC GTCC AGC AATGTTTAGACTGGAT AATAGTAA GAGGGGGT GAAGTTTTGCCA AAA CTTTTGCA AAGAACTGGCATGATTGCGAGAGG ATACCCAA CGGA TAA CGAGGAAACGCAATAA AAGGAAAC GTTACCAG TAGCCGAACAAA AGA AAGTAAGC TTTAAGAA TCTTACCGAAGCCCTT AATAGCTA TAGC AAA

A T C A G G T C T T T A C C C T G A C T A T T A T A G T C A G A A G C A A A G C G G A T T G C A T C A A A A A G A T T A A G A G G A A G C C C G A A A G A C T T C A A A T A T C G C G T T T T A A T T C G A G C T T C A A A G C G A A C C A G A C C G G A G C C T T T A C A G A G A G A A T A A C A T A A A A A C A G G G A A G C G C A T T A G A C G G G A G A A T T A A C T G A A C A C C C T G A A C A A A G T C A G A G G G T A A T T G A G C G C T A A T A T C A G A G A G A T A A C C C A C A A G A A T T G A

CATGTTTTAAAT CAA CTGTAGCT ATATAATG AGAGCTTAATTGCTGA GATGGCTT TGCG TTT TTTGATAAGAGGTCAT TTGCTCCT ACCTTTAA GGATTAGAGAGT TCA CCAACAGG AAAAATGAAAATAGCAAGCAAACT TTAACGTC TTGT TTT CCAAATAAGAAACGAT ATCCCAAT TATTATTT AATAAACAGCCA CAA GCCAGTTA CCTAATTT GAGCGTCTTTCCAGAG ACGCTAAC ACCA CTT

T T C C A T A T A A C A G T T G A T T C C C A A T T C T G C G A A C G A G T A G A T T T A G T T T G A C C A T T A G A T A C A T T T C G C A A A T G G T C A A T A A C C T G T T T A G C T A T A T T T T C A T T T G G G G C G C G A G C T G A A A A G G T T A C C G C G C C C A A T A G C A A G C A A A T C A G A T A T A G A A G G C T T A T C C G G T A T T C T A A G A A C G C G A G G C G T T T T A G C G A A C C T C C C G A C T T G C G G G A G G T T T T G A A G C C T T A A A T C A A G A T T A G T T G C T

TACCAAAAACAT TTG TAAATCGG CATAAAGC CAATAAAGCCTCAGAG AAATTAAG AGCA ATT ACAGGCAAGGCAAAGA TAAATCAT ACATCCAA GTAGTAGCATTA ATA TTCTACTA TCATCGTAGGAATCATGGCATCAA TTTTATTT CCGT AAG CTCATCGAGAACAAGC GTACCGCA TAAACCAA AAGAACGGGTAT TCC CTTATCAT TGTCTTTC CCAATCAATAATCGGC TGTAGAAA AGCA ACG

T T T A T T T C A A C G C A A G G A T A A A A A T T T T T A G A A C C C T C A T A T A T T T T A A A T G C A A T G C C T G A G T A A T G T G T A G G T A A A G A T T C A A A A G G G T G A G A A A G G C C G G A G A C A G T C A A A T C A C C A T C A A T T C G A G C C A G T A A T A A G A G A A T A T A A A G T A C C G A C A A A A G G T A A A G T A A T T C T G T C C A G A C G A C G A C A A T A A A C A A C A T G T T C A G C T A A T G C A G A A C G C G C C T G T T T A T C A A C A A T A G A T A A G T C C

CGATGAACGGTA AAT AACAAGAG CTGGAGCA GTCATTGCCTGAGAGT GCTATCAG AAAG TAC CTATTTTTGAGAGATC GAGGGTAG ATGCCGGA GCTGATAAATTA CTA CAACCGTT TTAGGCAGAGGCATTTATGATATT CATGTAAT CCAA ACG ATCGCCATATTTAACA AATTGAGA TAGGGCTT AACGCTCAACAG GCC AGTATAAA TTCTTACC ATATGCGTTATACAAA TTAGTATC CTGT AGC

C C G G T T G A T A A T C A G A A A A G C C C C A A A A A C A G G A A G A T T G T A T A A G C A A A T A T T T A A A T T G T A A A C G T T A A T A T T T T G T T A A A A T T C G C A T T A A A T T T T T G T T A A A T C A G C T C A T T T T T T A A C C A C A A A T C C A A T C G C A A G A C A A A G A A C G C G A G A A A A C T T T T T C A A A T A T A T T T T A G T T A A T T T C A T C T T C T G A C C T A A A T T T A A T G G T T T G A A A T A C C G A C C G T G T G A T A A A T A A G G C G T T A A A T A A

ATTGACCGTAAT CGG ACAAACGG CCGTGGGA CAACCCGTCGGATTCT GCGAGTAA GTGA AAT GCTTTCATCAACATTA TGTAGCCA GGCCTTCC TAATTCGCGTCT AAA GCCATCAA TATGTAAATGCTGATGATAGGAAC TATAACTA GTTA TGG AACCTCCGGCTTAGGT ACCTTTTT GAGAGACT AATCATAGGTCT CAA GAATTTAT TCAATAGT AAGACGCTGAGAAGAG CTTAGATT ATAG GCG

C G T A A C C G T G C A T C T G C C A G T T T G A G G G G A C G A C G A C A G T A T C G G C C T C A G G A A G A T C G C A C T C C A G C C A G C T T T C C G G C A C C G C T T C T G G T G C C G G A A A C C A G G C A A A G C G C C A T T C G C C A T T C A A A C A T C A A G A A A A C A A A A T T A A T T A C A T T T A A C A A T T T C A T T T G A A T T A C C T T T T T T A A T G G A A A C A G T A C A T A A A T C A A T A T A T G T G A G T G A A T A A C C T T G C T T C T G T A A A T C G T C G C T A T T A

CCAGTCACGACG TTC CCAGGGTT GGGTAACG ATTAAGTT GCAAGGCG GATGTGCT GGGG AAA ATTACGCCAGCTGGCG TCTTCGCT TGCGGGCC GCGATCGG AAGG GGG CAACTGTT AAGAAGATGATGAAACAGGCTGCG CTGAGCAA TTAC CAA ATTCATTT GGCGAATT CGCGCAGA TACAAAAT TGAATACCAAGT CTT CCTGATTG CGGATTCG AACAATAA TCGGGAGA CTTTTACA GTAC ACA

G C C T G C A G G T C G A C T C T A G A G G A T C C C C G G G T A C C G A G C T C G A A T T C G T A A T C A T G G T C A T A G C T G T T T C C T G T G T G A A A T T G T T A T C C G C T C A C A A T T C C A C A C A A C A T A C G A G C C G G A A G C A T A G A T G A T G G C A A T T C A T C A A T A T A A T C C T G A T T G T T T G G A T T A T A C T T C T G A A T A A T G G A A G G G T T A G A A C C T A C C A T A T C A A A A T T A T T T G C A C G T A A A A C A G A A A T A A A G A A A T T G C G T A G A T

GCCAACGCGCGG TCG TTAATGAA CAGCTGCA GGGAAACCTGTCGTGC TTCCAGTC CGCT GCC TTGCGTTGCGCTCACT CACATTAA AGCTAACT GCCTAATGAGTG GGT AAGCCTGG CATATTCCTGATTATCAAAGTGTA ATTATCAT CGGA GAG AAGAAACCACCAGAAG GCGGAACA ATCATTTT TTGAGTAACATT AGT ATTTTAAA CGTTATTA AAATCCTTTGCCCGAA CTCGTATT ACAA TCG

G G T T T T T C T T T T C A C C A G T G A G A C G G G C A A C A G C T G A T T G C C C T T C A C C G C C T G G C C C T G A G A G A G T T G C A G C A A G C G G T C C A C G C T G G T T T G C C C C A G C A G G C G A A A A T C C T G T T T G A T G G T G G A C C C T C A A T C A A T A T C T G G T C A G T T G G C A A A T C A A C A G T T G A A A G G A A T T G A G G A A G G T T A T C T A A A A T A T C T T T A G G A G C A C T A A C A A C T A A T A G A T T A G A G C C G T C A A T A G A T A A T A C A T T T G

AAGGGCGAAAAA TCA CTCCAACG AACGTGGA GAGTCCACTATTAAAG TGGAACAA AGTT TCC TAGGGTTGAGTGTTGT GCCCGAGA AAAGAATA CCTTATAAATCA ATC TCGGCAAA GAACCTCAAATATCAATTCCGAAA ACCTTGCT CATC AAG GCAAATGAAAAATCTA AGCCAGCA ACGCTGAG TGCAACAGTGCC GCC TTAACACC GGTCAGTA AAAACAGAGGTGAGGC CAGAAGAT CCAG CCA

C C A T C A C C C A A A T C A A G T T T T T T G G G G T C G A G G T G C C G T A A A G C A C T A A A T C G G A A C C C T A A A G G G A G C C C C C G A T T T A G A G C T T G A C G G G G A A A G C C G G C G A A C G T G G C G A G A A A G G A A G G G A A A C C A G T A A T A A A A G G G A C A T T C T G G C C A A C A G A G A T A G A A C C C T T C T G A C C T G A A A G C G T A A G A A T A C G T G G C A C A G A C A A T A T T T T T G A A T G G C T A T T A G T C T T T A A T G C G C G A A C T G A T A G C C
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Supplementary	  Figure	  2	  |	  Self-‐assembly	  of	   the	  microtubule-‐like	  DNA	  origami.	   (a)	  Origami	  design	  schematic.	  Origami	  monomers	  are	  double	  
helices	   arranged	   in	   a	   6×6	   square	   grid	  with	   a	   2×2	   void	   in	   the	   center	   (shown	   is	   an	   oligomer	   containing	   4	  monomer	   structures).	   (b)	   Agarose	  
formation	   gel	   demonstrating	   self-‐assembly	   of	   origami	   monomers.	   Lanes:	   2-‐log	   DNA	   ladder	   (lane	   L),	   p8064	   scaffold	   (lane	   S),	   DNA	   origami	  
monomers	  with	   docking	   sequences	   for	   red,	   green,	   and	   blue	   DNA-‐PAINT	   imager	   strands,	   respectively	   (lanes	   1,	   2,	   and	   3).	   (c)	   AFM	   image	   of	  
monomeric	   structures	   after	  purification	   [scale	  bar:	   500	  nm].	   (d)	   TEM	   image	  of	  microtubule-‐like	  DNA	  origami	   structures	  post	  polymerization	  
[scale	  bar:	  500	  nm].	  
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Supplementary	  Figure	  3	  |	  DNA-‐PAINT	  super-‐resolution	   imaging	  vs.	  diffraction-‐limited	   imaging	  of	  microtubule-‐like	  DNA	  origami	  structures.	  
(a)	   DNA-‐PAINT	   super-‐resolution	   image	   of	   microtubule-‐like	   DNA	   origami	   polymers	   (filamentous	   structures)	   and	   DNA	   origami	   drift	   markers	  
(point-‐like	   particles),	   both	   labeled	  with	   10	   nt	  DNA-‐PAINT	   docking	   sites	   [scale	   bar:	   1	   µm].	   (b)	   Diffraction-‐limited	   representation	   of	   the	   same	  
region	  as	  in	  a.	  Here,	  the	  diffraction-‐limited	  image	  is	  obtained	  by	  averaging	  all	  frames	  from	  the	  time-‐lapse	  movie	  [scale	  bar:	  1	  µm].	  (c)	  Zoom-‐in	  of	  
the	  highlighted	  area	  in	  a	  [scale	  bar:	  100	  nm].	  (d)	  Diffraction-‐limited	  representation	  of	  the	  region	  in	  c	  [scale	  bar:	  100	  nm].	  Imaging	  conditions:	  
1.5	  nM	  Cy3b-‐labled	  imager	  strands	  in	  buffer	  B.	  15,000	  frames,	  5	  Hz	  frame	  rate.	  Excitation	  power	  density:	  294	  W/cm2	  at	  561	  nm.	  Zoom	  in	  for	  
details.	  
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Supplementary	  Figure	  4	  |	  Three-‐color	  DNA-‐PAINT	  super-‐resolution	  imaging	  of	  microtubule-‐like	  DNA	  origami	  structures.	  (a)	  Three-‐color	  DNA-‐
PAINT	   super-‐resolution	   image	   of	  microtubule-‐like	   DNA	   origami	   (filamentous	   structures)	   and	   DNA	   origami	   drift	  markers	   (point-‐like	   objects).	  
Microtubule-‐like	   structures	   are	   hetero-‐polymers	   containing	   monomers	   carrying	   9	   nt	   DNA-‐PAINT	   docking	   sites	   for	   ATTO488-‐,	   Cy3b-‐,	   and	  
ATTO655-‐labeled	  DNA-‐PAINT	  imager	  strands,	  respectively.	  The	  incorporation	  of	  each	  monomer	  is	  stochastic,	  thus	  yielding	  a	  random	  pattern	  of	  
“red”,	   “green”	   or	   “blue”	   segments	   in	   the	   polymerized	   structure	   [scale	   bar:	   1	   µm].	   (b–e)	   Zoom-‐in	   of	   the	   highlighted	   area	   in	   a	   [scale	   bars:	  
500	  nm].	   (b–d)	   For	   the	   indicated	   area	   in	   a,	   ATTO488,	   Cy3b,	   and	   ATTO655	   channels	   are	   shown,	   respectively.	   These	   single	   channel	   images	  
highlight	  the	  fact	  that	  there	  is	  no	  crosstalk	  in	  multiplexed	  DNA-‐PAINT	  super-‐resolution	  images,	  due	  to	  orthogonality	  of	  DNA-‐PAINT	  sequences.	  
(e)	  Superimposed	  image	  from	  b–d.	  Imaging	  conditions:	  ATTO488-‐,	  Cy3b-‐	  and	  ATTO655-‐labeled	  imager	  strands,	  1	  nM	  each	  in	  buffer	  B.	  All	  imager	  
strands	  were	  present	  throughout	  imaging,	  which	  was	  performed	  sequentially	  in	  the	  red,	  green,	  and	  blue	  channels.	  15,000	  frames	  each	  color,	  
2.5	  Hz	  frame	  rate.	  Excitation	  power	  densities:	  283	  W/cm2	  at	  647	  nm,	  62	  W/cm2	  at	  561	  nm	  and	  55	  W/cm2	  at	  488	  nm.	  Zoom	  in	  for	  details.	  
 
 

 
Supplementary	   Figure	   5	   |	   Image	  quantification	  of	   an	   intracellular	  microtubule	   network	   imaged	  with	  DNA-‐PAINT.	   (a)	  Zoom-‐in	  of	   image	   in	  	  
Fig.	  2b,	  where	  the	  region	  of	  analysis	  is	  indicated	  by	  a	  white	  box.	  The	  higher	  magnification	  image	  highlights	  the	  specific	  binding	  of	  imager	  strands	  
to	  the	  Antibody-‐DNA	  conjugates	  on	  the	  microtubules	  with	  very	   little	  non-‐specific	  binding	   in	  the	  surrounding	  cellular	  environment	   [scale	  bar:	  
500	  nm].	   (b)	  Cross-‐sectional	  histogram	  (arrows	  denote	  histogram	  direction)	  of	   the	  highlighted	  area	   in	  a	  yields	  an	  apparent	  width	  of	   the	  two	  
microtubules	   of	   ≈47	   and	   ≈44	   nm,	   respectively.	   The	   distance	   of	   the	   two	  microtubules	   is	   ≈79	   nm,	   well	   below	   the	   diffraction	   limit.	   Imaging	  
conditions:	   700	   pM	   ATTO655-‐labled	   imager	   strands	   in	   buffer	   C,	   10,000	   frames,	   10	   Hz	   frame	   rate.	   Excitation	   power	   density:	   283	  W/cm2	   at	  
647	  nm.	  
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Supplementary	  Figure	  6	  |	   In	  vitro	  and	   in	  situ	  Exchange-‐PAINT	  setup.	   (a)	  Experimental	  setup	  used	  for	   in	  vitro	  DNA	  origami	  experiments.	  The	  
sample	   is	   immobilized	  on	  a	  glass	  coverslip	   in	  a	  PDMS	  channel.	   Imaging	  and	  washing	  buffers	  are	  added	  to	  a	  reservoir	  and	  pulled	  through	  the	  
channel	  by	  a	  syringe.	  Reservoirs	  and	  syringes	  are	  connected	  to	  the	  PDMS	  channel	  via	  flexible	  tubing	  and	  are	  thus	  mechanically	  decoupled.	  (b)	  
Experimental	  setup	  used	  for	  in	  situ	  cell	  imaging.	  Cells	  are	  imaged	  in	  a	  Lab-‐Tek	  II	  chamber.	  One	  syringe	  supplies	  new	  buffer	  solution,	  the	  second	  
one	  removes	  the	  previous	  buffer.	  

Different	  fluidic	  setups	  are	  used	  for	  in	  vitro	  and	  in	  situ	  imaging,	  as	  cells	  are	  grown	  in	  Lab-‐Tek	  II	  chambers	  for	  the	  in	  situ	  case.	  The	  PDMS	  chamber	  
used	  in	  the	  in	  vitro	  experiments	  has	  the	  advantage	  of	  requiring	  less	  fluid	  volumes	  for	  buffer	  and	  imaging	  solution	  exchange.	  
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Supplementary	   Figure	  7	   |	   Ten-‐“color”	   in	   vitro	  Exchange-‐PAINT	   super-‐resolution	  overview	   image	  of	  DNA	  origami	   structures.	  Large	   field	  of	  
view	  of	   the	   same	   image	  as	   in	  Fig.	   3d	   [scale	  bar:	   1	  µm].	   Imaging	   conditions	   for	  each	  Exchange-‐PAINT	   round:	  7,500	   frames,	  5	  Hz	   frame	   rate.	  
Excitation	  power	  density:	  166	  W/cm2	  at	  561	  nm.	  Zoom	  in	  for	  details.	  
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Supplementary	  Figure	  8	  |	   Imaging	  artifacts	  due	  to	  “flipped”	  or	  “corrupted”	  structures.	  DNA	  origami	  can	  be	  accidentally	  immobilized	  upside	  
down.	  Thus,	  a	  mirrored	  digit	   can	  be	   imaged.	  This	   results	  e.g.	   in	  a	  digit	  2	  appearing	  as	  a	  digit	  5	  and	  vice	  versa.	  However,	  due	   to	   the	  specific	  
appearance	  of	  the	  digit	   in	  only	  one	   imaging	  round,	   identification	   is	  nevertheless	  possible.	  Furthermore,	   incorporation	  efficiency	  of	  strands	   in	  
DNA	  origami	  structures	  is	  not	  100	  %.	  DNA-‐PAINT	  docking	  sites	  can	  be	  missing	  stochastically	  in	  every	  structure.	  These	  “local	  defects”	  or	  missing	  
points	   can	  alter	   the	  displayed	  digit,	  e.g.	  a	  digit	  9	  may	  appear	  as	  a	  digit	  5.	  Again,	   specific	  detection	   in	  only	  one	  Exchange-‐PAINT	  cycle	  allows	  
unambiguous	  identification.	  [Scale	  bar:	  50	  nm].	  	  
	  
	  

 
Supplementary	   Figure	   9	   |	   Quantitative	   comparison	   of	   the	   same	   targets	   imaged	   after	   ten	   rounds	   of	   Exchange-‐PAINT.	  Origami	   structures	  
displaying	  docking	  strands	  for	  digit	  4	  were	  imaged	  in	  the	  first	  Exchange-‐PAINT	  round	  (green	  pseudocolor).	  After	  ten	  successive	  Exchange-‐PAINT	  
cycles,	  the	  same	  structures	  were	  imaged	  again	  (blue	  pseudocolor).	  Digits	  represented	  in	  yellow	  pseudo-‐color	  on	  the	  left-‐hand	  side	  represent	  
results	  from	  the	  first	  round	  of	  Exchange-‐PAINT	  imaging.	  Digits	  on	  the	  right	  in	  blue	  show	  the	  same	  structures	  after	  10	  successive	  Exchange-‐PAINT	  
cycles.	   The	   average	   normalized	   cross-‐correlation	   coefficient	   for	   the	   5	   samples	   shown	   above	   is	   0.92,	   demonstrating	   a	   high	   similarity	   of	   the	  
structures	  after	  extensive	  imaging	  and	  washing	  steps	  [Scale	  bar:	  50	  nm].	  	  
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Supplementary	  Figure	  10	  |	  Overview	   image	  of	   four-‐“color”	   in	  vitro	  Exchange-‐PAINT	  of	  digits	  on	  single	  DNA	  origami	  structures.	  Large-‐view	  
overlay	  of	  four	  consecutive	  pseudocolor	  images	  of	  Fig.	  3e.	  The	  four	  images	  have	  been	  shifted	  in	  respect	  to	  each	  other	  for	  better	  visualization.	  
Every	  origami	   structure	  displays	   a	   different	   digit	   in	   every	   imaging	   round.	   Bright	   spots	   are	  drift	  markers	   equipped	  with	  only	  one	  of	   the	   four	  
docking	   sequences	   [scale	  bar:	   1	  µm].	   Imaging	   conditions	   for	   each	  Exchange-‐PAINT	   round:	  10,000	   frames,	   5	  Hz	   frame	   rate.	   Excitation	  power	  
density:	  600	  W/cm2	  at	  647	  nm.	  Inset:	  Zoom-‐in	  of	  highlighted	  region	  [scale	  bar:	  100	  nm].	  Zoom	  in	  for	  details.	  
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Supplementary	  Figure	  11	  |	  Additional	  two-‐color	  Exchange-‐PAINT	  images	   in	  fixed	  HeLa	  cells.	  (a)	  Two	  rounds	  of	  Exchange-‐PAINT	  using	  Cy3b-‐
labeled	  imager	  strands	  were	  performed	  in	  fixed	  HeLa	  cells.	  Here,	  microtubules	  (green	  pseudo-‐color)	  were	  labeled	  with	  docking	  sequence	  A	  and	  
mitochondria	  (magenta	  pseudo-‐color)	  with	  orthogonal	  docking	  sequence	  B.	  (b)	  Two	  rounds	  of	  Exchange-‐PAINT	  using	  ATTO655-‐labeled	  imager	  
strands	  performed	  in	  fixed	  HeLa	  cells	  similar	  to	  a	  [scale	  bars:	  5	  µm].	  Note	  again	  that	  all	  imager	  strands	  were	  labeled	  with	  the	  same	  fluorophore	  
type	  (Cy3b	  in	  a	  and	  ATTO655	  in	  b).	  Imaging	  conditions:	  600	  pM	  Cy3b-‐labeled	  imager	  strands	  in	  buffer	  C.	  100	  nm	  gold	  nanoparticles	  (10	  nM	  in	  
buffer	  C)	  were	  used	  as	  fiducials	  and	  channel	  alignment.	  	  
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Supplementary	  Figure	  12	  |	   Interactions	  of	   imager	   strands	   in	  Exchange-‐PAINT	   imaging	  with	   cellular	   components.	  Results	  of	   four	  rounds	  of	  
Exchange-‐PAINT	   imaging	   using	   the	   same	   conditions	   as	   in	   Fig.	   4	   but	  without	   complementary	   dockings	   strands	   on	   the	   antibody-‐streptavidin	  
conjugates.	  The	  images	  show	  little	  non-‐specific	  binding	  interactions	  with	  cellular	  components	  or	  genomic	  DNA	  (Nucleus	  was	  stained	  with	  DAPI).	  
(a–d)	   Imaging	   performed	   with	   Cy3b-‐labeled	   strands.	   (e–h)	   Imaging	   performed	   with	   ATTO655-‐labeled	   strands.	   (i)	   Exchange-‐PAINT	   image	   of	  
PMP70	  proteins	  from	  Fig.	  4c	  to	  demonstrate	  the	  difference	  between	  specific	  and	  non-‐specific	  imager	  strand	  interactions.	  (j)	  Binary	  intensity	  vs.	  
time	  (I	  vs.	  t)	  traces	  for	  a	  specific	  interaction	  of	  imager	  strands	  with	  complementary	  docking	  sites	  obtained	  from	  the	  highlighted	  region	  1	  in	  i	  (top	  
is	  a	  zoom-‐in	  of	  the	  time	  trace	  on	  the	  bottom).	  (k)	  Binary	  I	  vs.	  t	  traces	  for	  a	  non-‐specific	  interaction	  of	  imager	  strands	  with	  cellular	  components	  
obtained	   from	   the	   highlighted	   region	   2	   in	   g	   (top	   is	   a	   zoom-‐in	   of	   the	   time	   trace	   on	   the	   bottom).	   (l)	   Binary	   I	   vs.	   t	   traces	   for	   a	   non-‐specific	  
interaction	  of	  imager	  strands	  with	  cellular	  components	  obtained	  from	  the	  highlighted	  region	  3	   in	  c	  (top	  is	  a	  zoom-‐in	  of	  the	  time	  trace	  on	  the	  
bottom).	  As	  can	  be	  seen	   in	  these	  traces,	  non-‐specific	   interactions	  show	  non-‐repeating	   localization	  events	  throughout	  the	   imaging	  process	  or	  
exhibit	   a	   different	   blinking	   signature	   (e.g.	   non-‐exponential	   distribution	   of	   ON-‐	   and	   OFF-‐times)	   compared	   to	   specific	   DNA	   hybridization	  
interactions	   and	   can	   thus	   be	   easily	   identified	   and	   discarded.	   [Scale	   bars:	   5	   µm].	   As	   for	   in	   situ	   cell	   experiments	   in	   the	   main	   text,	   gold	  
nanoparticles	  are	  here	  used	  for	  drift	  correction	  and	  channel	  alignment.	  The	  gold	  nanoparticles	  adsorb	  non-‐specifically	  to	  the	  glass	  bottom	  of	  
the	   imaging	   chambers.	   The	   apparent	  movement	   of	   all	   gold	   nanoparticles	   in	   a	   field	   of	   view	   is	   tracked	   throughout	   the	  movie.	   The	   obtained	  
trajectories	  are	  then	  averaged	  and	  used	  for	  global	  drift	  correction	  of	  the	  final	  super-‐resolution	  image.	  Zoom	  in	  for	  details.	  
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Supplementary	  Figure	  13	  |	  Quantification	  of	  sample	  distortion	   in	  Exchange-‐PAINT	   imaging.	  Four	  rounds	  of	  Exchange-‐PAINT	  imaging	  of	  two	  
targets	   were	   performed,	   allowing	   quantification	   of	   possible	   sample	   distortion	   by	   comparing	   two	   images	   of	   the	   same	   target	   after	   several	  
washing	  steps.	   (a)	  First,	  microtubule	   imaging	  was	  performed	  using	   imager	  sequence	  a*.	   (b)	  After	  a	  washing	  step,	  mitochondria	  were	   imaged	  
using	   sequence	  b*.	   (c)	   After	   another	  washing	   step,	  microtubule	   imaging	   using	   sequence	  a*	   was	   repeated.	   (d)	   After	   a	   final	  washing	   round,	  
mitochondria	  imaging	  using	  sequence	  b*	  was	  repeated.	  	  

Two	  analysis	  methods	  were	  used	  to	  assess	  sample	  distortion:	  	  
(1)	   A	   normalized	   cross-‐correlation	   coefficient	   was	   calculated	   between	   the	   image	   obtained	   in	   the	   first	   and	   second	   imaging	   round	   for	  
microtubules	  and	  mitochondria,	  respectively.	  The	  same	  ROI	  (highlighted	  by	  a	  white	  rectangle	  in	  a,	  b,	  c,	  and	  d)	  was	  selected	  in	  each	  of	  the	  two	  
image	  pairs.	  The	  cross-‐correlation	  coefficient	  was	  determined	  to	  be	  0.80	  and	  0.96	  for	  microtubules	  and	  mitochondria,	  respectively.	  To	  put	  this	  
into	   perspective,	   we	   note,	   that	   even	   in	   a	   “classic”	   super-‐resolution	   image	   (without	   liquid	   exchange),	   one	   cannot	   expect	   100	  %	   correlation	  
between	   two	   consecutive	   images	   due	   to	   the	   stochastic	   nature	   of	   the	   image	   formation.	   To	   show	   this	   effect,	   one	   can	   simply	   split	   a	   super-‐
resolution	  RAW	  data	   set	   into	   two	  parts	   of	   equal	   length,	   perform	  a	   stochastic	   reconstruction	   and	   calculate	   the	   normalized	   cross-‐correlation	  
coefficient	  for	  these	  supposedly	  equal	  images.	  (e)	  This	  analysis	  was	  performed	  for	  two	  subsets	  of	  equal	  length	  of	  the	  microtubule	  image	  (ROI	  is	  
highlighted	  in	  red)	  from	  Fig.	  4	  and	  a	  coefficient	  of	  0.88	  was	  obtained,	  similar	  to	  the	  Exchange-‐PAINT	  case	  of	  0.80.	  
(2)	   In	  addition,	  a	  cross-‐sectional	  histogram	  analysis	  was	  used	  in	  the	  two	  Exchange-‐PAINT	  microtubule	  images	  a	  and	  c	  to	  quantitatively	  assess	  
spatial	  shift	  of	  three	  fibers	  with	  respect	  to	  each	  other.	  (f)	  The	  cross-‐sectional	  histogram	  was	  performed	  on	  a	  sub-‐region	  of	  the	  white	  ROI	  in	  a	  
and	  c.	  The	  upper	  and	  lower	  histograms	  show	  the	  localization	  distributions	  for	  the	  second	  and	  first	  Exchange-‐PAINT	  round,	  respectively.	  Three-‐
component	  Gaussian	  fitting	  revealed	  a	  shift	  of	  fibers	  with	  respect	  to	  each	  other	  of	  ~	  5	  nm.	  [Scale	  bars:	  5	  µm].	  Zoom	  in	  for	  details.	  
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Supplementary	   Figure	   14	   |	   Additional	   cellular	   3D	   DNA-‐PAINT	   image.	   (a)	   3D	  DNA-‐PAINT	   super-‐resolution	   image	   of	   a	  microtubule	   network	  
inside	  a	  fixed	  DLD1	  cell	  using	  Cy3b-‐labeled	  imager	  strands	  (60,000	  frames,	  30	  Hz	  frame	  rate).	  Color	  indicates	  height	  [scale	  bar:	  5	  µm,	  height].	  (b)	  
Zoomed-‐in	   image	  of	   the	  highlighted	  area	   in	  a	   [scale	  bar:	  500	  nm].	   (c)	  Perspective	  X-‐Z-‐profile	  of	   the	  highlighted	  area	   in	  b.	   (d)	  Cross-‐sectional	  
histogram	  where	  points	  are	  summed	  along	  the	  long	  axis	  in	  c.	  A	  two-‐component	  Gaussian	  fit	  reveals	  a	  distance	  of	  ≈152	  nm	  in	  z	  of	  two	  adjacent	  
microtubules.	  
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Supplementary Tables  
 
Supplementary Table 1 | Staple sequences for microtubule analog DNA structure. The color matches the staples 
in the strand diagram shown in Supplementary Figure 1.  
Position	   Sequence	   Color	   Description	  

0[39]21[39]	   AGGCCACCTCACCAGTTCAACAGTGGCGTTTT 	  	   Structure	  strand	  

0[79]1[79]	   CGTCAAAGGGCGAAAACATTCTGGCCATCCAC 	  	   Structure	  strand	  

0[167]22[168]	   AGAATGCGCAGCGCAGTACTTATAGCTCACACATTCAACTTCATAACC 	  	   Structure	  strand	  

0[199]2[200]	   CCTTACACAGCAAATCGTTTGGGTGGTAAAAC 	  	   Structure	  strand	  

0[239]21[231]	   AATTCGCGTCTGGCCTAGCTTTCACAGGTCAGTACCTTTA 	  	   Structure	  strand	  

1[24]18[24]	   TGGCAGATGAGTAAAAAATCGCCATATTTAACTGTAATTTAGGACAAC 	  	   Structure	  strand	  

1[96]17[95]	   CACGCTGGTTAAACGGGTAAACAATTTGGGAAGGCTTGCACATCGGAA 	  	   Structure	  strand	  

1[120]1[151]	   ACGGGCAACAGCTGGGTTTCTGCCAGCACTCA 	  	   Structure	  strand	  

1[152]19[167]	   GACGATCGCGGGCCTGGGAAGAAAAATCT 	  	   Structure	  strand	  

2[39]23[55]	   GTCTGAAAAACAGGAAGAAGGCTTCGGGTAGGAATCATTACCGCGCCC 	  	   Structure	  strand	  

2[79]23[71]	   AAGAGACAGAGATAGAGACCTGAAAAATCAAGCTATTTTG 	  	   Structure	  strand	  

2[103]3[119]	   GTTTGATGAATCGGCAAAATTTGCGTATTGG 	  	   Structure	  strand	  

2[127]31[143]	   TTTTCACCCCTAAAACAAAGAATAAGCACCATTACAGCGTCAGACTGT 	  	   Structure	  strand	  

2[199]23[207]	   GGCATCAGGGAGGTGTCGAGGCATATAGCGAGAGGCTTAT 	  	   Structure	  strand	  

2[231]5[231]	   TTAAATGTCAACCCGTCGGCGCATAAATTATTCTCCGTGGCGGATTGA 	  	   Structure	  strand	  

3[16]31[31]	   ATCACCCAGCCATTGCTGGATTATGAACGCGAAGGGCTTAGAACAAAG 	  	   Structure	  strand	  

3[56]19[55]	   ACCTTCTACCCTACTGCGGGATCTTACCAGTATAAAGAAAAAGC 	  	   Structure	  strand	  

3[80]2[80]	   GAGTGTTGTTCTCCGAGTGGTCAGTTTGGAAC 	  	   Structure	  strand	  

3[120]24[128]	   GCGCCAGGGTGGTCGTGAGGCGAAGAATTATGTTCAACAG 	  	   Structure	  strand	  

3[168]5[175]	   ATCCCACGGCAGCAACCGCAAGAAATGACTTGTAGAACGT 	  	   Structure	  strand	  

4[71]5[87]	   AGAATACGAGCGTAAATCGTCGCTATTAATTA 	  	   Structure	  strand	  

4[135]22[120]	   CCCTCGGCCAACGCGCAACTAAAGTAATAATT 	  	   Structure	  strand	  

4[207]6[184]	   TATGAGCATCAGCGGGGCGCTTTCTAACCGTGCATCTGCC 	  	   Structure	  strand	  

5[16]22[16]	   ATCGGCCTTGCTGGTACAATATTATCAATAATATCCGGTATTCTCCCA 	  	   Structure	  strand	  

5[32]25[31]	   ATATCTATTATCTGGTCAGTTGGCTTATCTAATCTTTCCTTACCGCAC 	  	   Structure	  strand	  

5[52]3[55]	   CGCGAACTGATTGGCACAGACAATATATGGAAAT 	  	   Structure	  strand	  

5[88]23[103]	   ATTTTCCCTCAAAAGAAAAGGCTCCAAAAGGA 	  	   Structure	  strand	  

5[152]4[136]	   CGTAATCTGCCAACGGCCACAGTTGAGGAT 	  	   Structure	  strand	  

5[176]22[184]	   CAGCGTGGTGCTGCAGGTCATTGGAAACCAAAAGTAAGAG 	  	   Structure	  strand	  

6[95]4[72]	   GCTATATGTGAGTGAAAATTTCTTATAGCCCGAGATAGTA 	  	   Structure	  strand	  

6[127]8[120]	   TTTCCAGTAATGAGTGAGCTAACTGAGCCGGAAGCATAAA 	  	   Structure	  strand	  

6[151]22[144]	   TTTCCCGTTCAACTTTAATCATTTTATGCGATTGTAAA 	  	   Structure	  strand	  

6[159]26[160]	   ATAGCTGGAAATTGGAGGTTTCCCTCAGAACAGTATATATACGC 	  	   Structure	  strand	  

6[183]2[184]	   AGTTTTAAGACGATAATCTGGTCACAACCAGCTTACGGCTATGCCGGG 	  	   Structure	  strand	  

6[207]4[208]	   GCGCATCGGCACTCAATCCGCCGGGCAACGGGAACAGCGGTTGCGG 	  	   Structure	  strand	  

6[231]24[208]	   ATAGGTCACGTTGGTGGGAGCAAAGAGCGGAATCGTCAT 	  	   Structure	  strand	  

7[16]4[16]	   GAGGAAGGAAATCAACGAAACCAACCGTTGCC 	  	   Structure	  strand	  

7[48]5[51]	   AAATTAAACGCCACCCTCAATCAATAGTCTTTAATG 	  	   Structure	  strand	  

7[80]25[95]	   TACATAAATCAATTAGTTATCAGCATCAATAG 	  	   Structure	  strand	  
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7[112]6[96]	   GGGTGCCTCGGGAAACCTAAACATAGCGATA 	  	   Structure	  strand	  

7[176]25[191]	   TCAGAGGGGACGACGATTTTGCCATAGTAAAA 	  	   Structure	  strand	  

8[39]11[31]	   TGCTGATCTTTAGGAGTAGATAATCAGAGGGTTTTGAACC 	  	   Structure	  strand	  

8[95]12[80]	   TGACCTTTAATTAATTCATATGGTCGGCTTAGATAACTATATGGAATT 	  	   Structure	  strand	  

8[159]10[160]	   GCTCACAAAACGCGGTCCGTTTAAGGGTAA 	  	   Structure	  strand	  

8[191]8[160]	   CGGCCTCAGGAAGCGCTGGCAGCCTCCGGTCC 	  	   Structure	  strand	  

9[48]25[63]	   CTAGTCAGAGGCGAAGAGCCCAACGCTAACG 	  	   Structure	  strand	  

9[104]24[112]	   TCATATGCTCATTTGGTGTAAAGAGACGTTAGAGTGAGA 	  	   Structure	  strand	  

9[120]10[136]	   CCGCCAGCACCCTCATGAAACAGCAAAAAAATCCCGTAAAATTTGTAC 	  	   Structure	  strand	  

9[136]24[144]	   GGTTGGCCGTTCCGGCATTCCACATTTCGCCAAGTACGCT 	  	   Structure	  strand	  

9[176]11[191]	   CGTATCGCACTCCAGCGGATAAGTAGCTCAAA 	  	   Structure	  strand	  

9[208]25[223]	   GAGGGTAAGAGATCCGTCCAATACTGAAT 	  	   Structure	  strand	  

10[31]27[23]	   GAGGATTTAGAAGTATTTAAATCCAATTGAGCTGAGTTAA 	  	   Structure	  strand	  

10[55]8[40]	   GTGCCACGTTTGCACGAGCCTAATTTGCCCTGAACAAGCACATCACCT 	  	   Structure	  strand	  

10[95]27[95]	   ACCTTTTTAACCAAGAAACATCTCTTAAAACGAAAAGCCAGCGCCAAA 	  	   Structure	  strand	  

10[135]26[112]	   ATCGACATGGATCAAACTTAAATTGAGACGCATTTGTAAC 	  	   Structure	  strand	  

10[159]27[159]	   AGTTAAACGATGCTGAAAAGCCGAGAACCGCATGTACCGTAACGGA 	  	   Structure	  strand	  

10[183]27[191]	   CGCTTCTGCCAGGCAAGCCGTCGAGAACCGCCTCCCTCAG 	  	   Structure	  strand	  

10[215]10[184]	   TGCAACCGTTCTAGCTGATACTTTCCGGCAC 	  	   Structure	  strand	  

11[192]26[208]	   TCACCATCAATATGATATTCGGGTCAGGTT 	  	   Structure	  strand	  

12[31]29[23]	   GGTTAGCCCGAACGTTATTTTGCGTAATAAGATTAGAGAG 	  	   Structure	  strand	  

12[55]28[32]	   AGAAATAATAGATTTTATATTATTTATCCAGCGCATTAGA 	  	   Structure	  strand	  

12[79]11[63]	   ATTCATTTCAACATATCAAAGACACCACGGTCTTTCCAGTAACAAA 	  	   Structure	  strand	  

12[119]16[120]	   TGGTGAAGAGACGGTCTGTAGCATGACAACGTCACCAATGGTACAACG 	  	   Structure	  strand	  

12[183]29[191]	   ATTCGCCAGCAACTGTCGCCACCCCACCCTCAGAGCCCAT 	  	   Structure	  strand	  

12[215]27[215]	   AAAAAAGGGTGAGAATAGGATTAGCGGGTG 	  	   Structure	  strand	  

13[40]27[55]	   CTGTTGCGAGAAAAATACCAGTTACAAAATAA 	  	   Structure	  strand	  

13[72]30[80]	   ATCGCGCAGAGGCTAAAACATGTTGCAGTCGATCACCGTC 	  	   Structure	  strand	  

13[104]9[103]	   GAGGCGCGGATAGCCTCATAGGATCTAAAGTTTATTTATCAAAA 	  	   Structure	  strand	  

13[144]17[159]	   AACTTTGATGAGTTTCCACCGTAACAGAATACCGGATATTCACGG 	  	   Structure	  strand	  

13[168]25[183]	   GTAGCTGCTTCAGCAGCACCACCGGAGGGTTGAGCCCGGAATAGGTAA 	  	   Structure	  strand	  

13[216]14[224]	   TTTTAGAACCCTCGCAAAATTAAGCAATAGCAAGGCAAAGAATTAATATA 	  	   Structure	  strand	  

14[55]16[40]	   CAGTAACACATCGGGATAAATAAGGCGCCAGT 	  	   Structure	  strand	  

14[87]28[72]	   CAATTGAATACCAAGTCTTATTACAGCAAACG 	  	   Structure	  strand	  

14[119]15[135]	   TCCATGTTTATTTGTATCATCGCCTGATAAAT 	  	   Structure	  strand	  

14[223]30[208]	   TTTTAAATGCAATGCCTGAGTAATAAGAGGCTGAGTAACTATTTC 	  	   Structure	  strand	  

15[32]29[55]	   GCAATTCATCATTTTAGTACCATAGGACAATCCAAATAAG 	  	   Structure	  strand	  

15[80]18[80]	   TTGCTAGAAATTTAATGGTTTGAACAGCAGCGAAAGACAGGGGAGTTA 	  	   Structure	  strand	  

15[96]28[104]	   AAACTTTTTCAAATAACTTAGCAAATATTTCCACAG 	  	   Structure	  strand	  

15[160]28[168]	   CGGGAACGGATCAGCTTACGCAACTTTGCCACTCAGACAT 	  	   Structure	  strand	  

16[119]31[111]	   GAGATTTTAGTTAATGCAACGGAATTATTAGCAAAA 	  	   Structure	  strand	  

16[143]30[120]	   CTTCATCATGACAAGACAAGTTTGCCTTTCATTAGCAAGG 	  	   Structure	  strand	  

16[191]14[160]	   CAATGTGCTGCAAGGCGATTTCAGAGGTGGAGTGCCATCTCTCACCGG 	  	   Structure	  strand	  

16[207]19[207]	   ACATTTCGATTCCCAATTCTGCGGTACGGTGTCTGGAAATTCTGTA 	  	   Structure	  strand	  
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16[239]29[231]	   AACATCCAAGGTGTTAGTCTCTGA 	  	   Structure	  strand	  

17[24]14[24]	   AATAACAGAGGCATTTAATAAGAGAAAAACAGTAATCCTGATTGTCAA 	  	   Structure	  strand	  

17[40]18[56]	   TCGAGTTACGTCAAAAAGGAAACCGAGGAAACGCAATAAGGAACCGG 	  	   Structure	  strand	  

17[64]14[56]	   TCACCCTATACCGACAAGACTCTACCAGATGAATATA 	  	   Structure	  strand	  

17[160]31[175]	   CCAGTGCCAAGCTTAACCATAGCCGGTCACCA 	  	   Structure	  strand	  

17[224]31[239]	   GATGCATCAATTCTACTAAAGCCAATTCACAA 	  	   Structure	  strand	  

18[55]2[40]	   AATCATAATTACAACAAACGCCTAGCCAACGCCACACGACGCTCAATC 	  	   Structure	  strand	  

18[79]21[79]	   AAGGCCGCTGCCGCATGCCCAGTTATACAAATGGTTTTGAAGCGTTGC 	  	   Structure	  strand	  

18[111]0[96]	   AGGCTTTGACTTTTTCATGTAACGCCTGGCCCTGAGAGAGTTGCA 	  	   Structure	  strand	  

18[183]30[160]	   TTTCCCAGTCACGACGTTGTAAAAGCATTTTCCCCTTATT 	  	   Structure	  strand	  

18[239]2[232]	   AACCAGACCTCTTTAACGCGTCAATCATTAACATTTTACA 	  	   Structure	  strand	  

19[56]30[64]	   CTGTTTAGTATCATATTTTGCGTAACGGAAAACTGGC 	  	   Structure	  strand	  

19[96]30[96]	   CGCCTAAAGAGGATGATTAGAGCCCATTAAAG 	  	   Structure	  strand	  

19[168]3[167]	   ACGTTAATTTTAGGAATGTCACTGAGCCAGCGGTGCCGGTGTGGTGCC 	  	   Structure	  strand	  

19[192]30[184]	   ACAACATTGTTTCATTTGACAGGATTATTCTGAAAGCCAC 	  	   Structure	  strand	  

19[208]30[224]	   GCTCAACATGTTTTAAATGCAAACGGAAATGGCCTTGATGAATGGAA 	  	   Structure	  strand	  

20[159]21[135]	   CCAGTCAGGAGCTTGCCCTGACGAGAAGGCAGAAAGAAC 	  	   Structure	  strand	  

20[223]21[199]	   GATTATTGCTGAATATAATGACAGGTAGAAAGCCAAAAG 	  	   Structure	  strand	  

21[16]1[23]	   TAATATAATTACAATATGTAGCAT 	  	   Structure	  strand	  

21[40]4[32]	   AGCGAACCCAGATATAAAACGCTCTTTTGAATGGCCAGAA 	  	   Structure	  strand	  

21[80]22[96]	   GCCGACAATGAATACGTAATGCCACTACGAATTGAAAATCTCCAAA 	  	   Structure	  strand	  

21[136]2[128]	   ACCAGAACGAGTATTAGCAGCGTGCCTGTTCTTCGTTTTC 	  	   Structure	  strand	  

21[200]1[215]	   GAATGGCTTAGAGCTTGCGGCTAAAGGTT 	  	   Structure	  strand	  

21[232]6[232]	   ATTAGAGGGATTAGCTCCTTTTGACAAATGCTTTAAAGAATTAATGGG 	  	   Structure	  strand	  

22[95]3[79]	   AAAAACAGCTTGATACCGATACTTAGCGGGTT 	  	   Structure	  strand	  

22[119]2[104]	   TTTTCACGGGCACCAAAGTGGCGAAAATCCT 	  	   Structure	  strand	  

22[143]21[159]	   TTGGGCTTCCGTGAGCCTCCTAGCACCGTCGGCCCCCTAGAACTG 	  	   Structure	  strand	  

22[167]7[175]	   CTCTTACCGTGAAGTTGTACTCAGTTACCAGAGCACATCC 	  	   Structure	  strand	  

22[183]18[184]	   CAACACTAAATGCAGATACATAACGATTCATCGCCAGCATCCAAGGGT 	  	   Structure	  strand	  

22[207]21[223]	   GCGGATTACCAGCCGGGTCACTGTTGAGTAAGAGCGCCCTAAGAGAG 	  	   Structure	  strand	  

23[56]1[55]	   AATGTTGATTAAGCAAGCAAATTCCCGACTATTTTGACCAGTAATA 	  	   Structure	  strand	  

23[72]24[56]	   CACCCGTGTAACCTTGCTTCTCCTAAAACATAATACCGTCCTGAA 	  	   Structure	  strand	  

23[104]5[103]	   GCCTTAGAAAGGAACGGGGAGAGGCGGTCCCTTATAAATTAGAATC 	  	   Structure	  strand	  

23[208]22[208]	   TCATTGAATCCCCCTTAAGAGGTCATTTTT 	  	   Structure	  strand	  

24[79]7[79]	   GAGAGCTACAATTTTAAACGAACCACCAGCAG 	  	   Structure	  strand	  

24[127]9[135]	   TTTCAGCGGTAAATGAATTTTCTGGAGCCACCAGTTGGGC 	  	   Structure	  strand	  

24[143]5[151]	   AAACAACTGTTTAATTTGCGCTCAGTACCGAGCTCGAATT 	  	   Structure	  strand	  

24[231]26[216]	   CAGAAAACCAAGAGAAGTAATCGTAAATTTTGGCTATACTTAACGGGG 	  	   Structure	  strand	  

25[64]24[80]	   AGCGAATAAGTTTATTTTGTCACATTGCTTTC 	  	   Structure	  strand	  

25[224]10[216]	   GACCATAAATAAGTTTAGCATGTCGACCCTGTAATACTTT 	  	   Structure	  strand	  

26[159]12[144]	   CACCCTCCACAGGCTTACCAGTCCCGGAA 	  	   Structure	  strand	  

26[207]6[208]	   TTGCTCAGCTGGATAGTACAAAGGATTGCCTGAGAGTCTTAGATGG 	  	   Structure	  strand	  

26[239]7[247]	   TACTGGTAATCAAAAACCCGAACGTCGATAAAAACAGGAA 	  	   Structure	  strand	  

27[96]10[96]	   GACAAGCCTCTGTTATGTTGGCACGGAAAAATCGGTCTGAGAGACT 	  	   Structure	  strand	  
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27[112]14[120]	   TTAGCCAGGGATAGCAACAACGCCAATCATAACGACCTGC 	  	   Structure	  strand	  

27[136]7[151]	   AGGAACCCCACCCTCATATGGGATCAACATACCACATTAATTGTGTGT 	  	   Structure	  strand	  

28[191]15[183]	   CTCAGAACTGGGAAGGCGGGCCTCTTCGCTATGGCGAAAG 	  	   Structure	  strand	  

29[56]15[79]	   AAACGATTCGTGTGAGAAACAATAACGGATTCGCCTGA 	  	   Structure	  strand	  

29[136]27[135]	   GATAGCAGGTCACCAGTACAAACTAGCCCAAT 	  	   Structure	  strand	  

29[192]13[215]	   GAAAGTATTGTCGGTGGCGATGTAGGTAAAGATTCAAAT 	  	   Structure	  strand	  

29[232]28[216]	   ATTTACCGCGTCATACATGTGCCCGTATAAAC 	  	   Structure	  strand	  

30[95]14[88]	   GTGAATTATTGAGGGAGGGAAGGTCGGTCCAATCGCAAGA 	  	   Structure	  strand	  

30[119]29[135]	   CCGGAGGACTAATACCAAGCGCGAAACAATCTAGAGTAAAAAACCATC 	  	   Structure	  strand	  

30[183]16[192]	   CAGAACCAGTTGGGTAACGCCTATAACAGTTGCAAATGGT 	  	   Structure	  strand	  

30[207]17[223]	   GGAACCTAGGTTGAGGCAGGTCAGACGATTGCAACTAAAAACGAGTA 	  	   Structure	  strand	  

30[223]15[239]	   AGCCCTGCTGCCCGCAGTTTGACCGGGGCGCGAGCTGAAAATAAATCA 	  	   Structure	  strand	  

31[112]1[119]	   TCACCAGTCACAGGAAGTTTCCATTTGCCCCAGCAGAG 	  	   Structure	  strand	  

31[144]19[143]	   AGCGCGTTTTCATCGCGATTACCCAAATCAACGTAACATTCAGTGA 	  	   Structure	  strand	  

1[56]0[40]	   AAAGGGAACCGTCTATCATTATAATCAGTG 	  	   Structure	  strand	  

1[80]19[95]	   TATTAAAGAACCGGTCGCAAGGTGTATTCGGT 	  	   Structure	  strand	  

1[216]0[200]	   TCTTAGCCTCCTGTTGCTCGTCATAAACATC 	  	   Structure	  strand	  

2[183]19[191]	   TTACCTGCCGCGCCTGTGCTGTTCTGGTGACTCTAACGGA 	  	   Structure	  strand	  

5[104]6[128]	   CTTGAGTCGTGCCAGCTGCATTAATGAACGGCTGCCCGC 	  	   Structure	  strand	  

8[63]10[56]	   AGAGGTGTATTAACACCTACATTTAATGCCTGCAACA 	  	   Structure	  strand	  

9[80]8[64]	   TTCATTTGTTTAATGGAAACAGAAGATAAAAC 	  	   Structure	  strand	  

11[64]9[79]	   AGAAGATGATGAAACAAAACAAAATTAACAAT 	  	   Structure	  strand	  

11[216]9[239]	   AGAAGCCTTTATTAGCTAAATCGGAACATTATAATCATAT 	  	   Structure	  strand	  

14[159]15[159]	   AAACAGGACAGATGAGACCAGGCGCATCCA 	  	   Structure	  strand	  

15[184]16[208]	   GGGGATAACCTGTTTAGCTATATTTTCATTTATTAGAT 	  	   Structure	  strand	  

17[96]15[95]	   CGAGGGTATTCATCTTCTGACCTAACGCGAGA 	  	   Structure	  strand	  

19[128]18[112]	   TCTGCTCAAAGCTTTGACCCCCAGCGATTCAG 	  	   Structure	  strand	  

19[144]19[127]	   ATAAGCGTGTTTTCACGGTCATACCGGGATTGCCCTTCACAACACTCA 	  	   Structure	  strand	  

24[55]7[47]	   TCTTACGTTTTTATTTTCATCCTGAATAACCTCAAATATC 	  	   Structure	  strand	  

24[111]7[111]	   ATTAATTGTATCGGTATTAAGACGCTGATG 	  	   Structure	  strand	  

24[183]6[160]	   GAGGGGGTGTATCACCTACCAGACCGGAACGTGCCGGGTC 	  	   Structure	  strand	  

24[207]8[192]	   AAATTTGCAAAAGAAGCAGAGGTCCTATCTAT 	  	   Structure	  strand	  

25[32]9[47]	   TCATCGAGAACAAAGTACAGCAAATGAAAAAT 	  	   Structure	  strand	  

25[96]8[96]	   AAATGTCGTCTTTCCCCGAAGAGTCAATAG 	  	   Structure	  strand	  

25[192]9[207]	   TGTTTAGATACCAGGCCAGAATTAATGCCGGA 	  	   Structure	  strand	  

27[32]10[32]	   AACTGAACAATGGAAGTACCATATCAAAATTACTGAGAGCCAGCATTT 	  	   Structure	  strand	  

27[160]9[175]	   ACCAGAGCCGCCATGTGGCCTTTAGTGGGAAAGTGCCATGTTTCGTCT 	  	   Structure	  strand	  

30[63]17[63]	   ATGATTTTTTGTTTAAAATAAGAATAAACTCG 	  	   Structure	  strand	  

30[79]0[80]	   ACCAAAAGTACCCGACTTGAGCCACAACCATCAACCGATAGACTCCAA 	  	   Structure	  strand	  

30[159]16[144]	   AGCTAGCGATCAGGTTCCGAGGCTGGCTGAC 	  	   Structure	  strand	  

31[32]15[31]	   TTACCAGAATGAAAATAGCAGCCTAATAACATAATATAAAAGATGATG 	  	   Structure	  strand	  

31[176]0[168]	   GAGCCGCCAGTTGAGAAAAACGAACTGTGGTGCTGCGGCC 	  	   Structure	  strand	  

13[136]12[120]	   AACTGACCTTTGTGAGAGATAGACTTTCTCCG 	  	   Structure	  strand	  

15[136]13[135]	   TGTGTACAACGGTGTCGAAATCCGGGGAACCG 	  	   Structure	  strand	  
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27[24]13[39]	   GCCGAATTCGGGACAAGAATTGGATTATACTT 	  	   Structure	  strand	  

27[56]12[56]	   ACAACATAAAGGTGGCAATTACCTGAGAAC 	  	   Structure	  strand	  

27[216]12[216]	   CCTTGAGTAACAGGCTTAATCAACGCAAGGAT 	  	   Structure	  strand	  

28[71]13[71]	   TAGAAAATACATGCCCAGGTTTAACGTAAA 	  	   Structure	  strand	  

28[103]13[103]	   ACAAAGGGCGACATTCATGCTGATGCAAAAAC 	  	   Structure	  strand	  

28[167]13[167]	   AATCAAAATCACCACAAGAATCGGCGAAAC 	  	   Structure	  strand	  

28[215]12[184]	   AGTACTCCTCAAGAGAAGCCACCAGCCGGATAGGCCGGAGACAGGCC 	  	   Structure	  strand	  

	  	     	  	   	  	  

1[56]0[40]	   AAAGGGAACCGTCTATCATTATAATCAGTG 	  	   DNA-‐PAINT	  docking	  site	  

1[80]19[95]	   TATTAAAGAACCGGTCGCAAGGTGTATTCGGT 	  	   DNA-‐PAINT	  docking	  site	  

1[216]0[200]	   TCTTAGCCTCCTGTTGCTCGTCATAAACATC 	  	   DNA-‐PAINT	  docking	  site	  

2[183]19[191]	   TTACCTGCCGCGCCTGTGCTGTTCTGGTGACTCTAACGGA 	  	   DNA-‐PAINT	  docking	  site	  

5[104]6[128]	   CTTGAGTCGTGCCAGCTGCATTAATGAACGGCTGCCCGC 	  	   DNA-‐PAINT	  docking	  site	  

8[63]10[56]	   AGAGGTGTATTAACACCTACATTTAATGCCTGCAACA 	  	   DNA-‐PAINT	  docking	  site	  

9[80]8[64]	   TTCATTTGTTTAATGGAAACAGAAGATAAAAC 	  	   DNA-‐PAINT	  docking	  site	  

11[64]9[79]	   AGAAGATGATGAAACAAAACAAAATTAACAAT 	  	   DNA-‐PAINT	  docking	  site	  

11[216]9[239]	   AGAAGCCTTTATTAGCTAAATCGGAACATTATAATCATAT 	  	   DNA-‐PAINT	  docking	  site	  

14[159]15[159]	   AAACAGGACAGATGAGACCAGGCGCATCCA 	  	   DNA-‐PAINT	  docking	  site	  

15[184]16[208]	   GGGGATAACCTGTTTAGCTATATTTTCATTTATTAGAT 	  	   DNA-‐PAINT	  docking	  site	  

17[96]15[95]	   CGAGGGTATTCATCTTCTGACCTAACGCGAGA 	  	   DNA-‐PAINT	  docking	  site	  

19[128]18[112]	   TCTGCTCAAAGCTTTGACCCCCAGCGATTCAG 	  	   DNA-‐PAINT	  docking	  site	  

19[144]19[127]	   ATAAGCGTGTTTTCACGGTCATACCGGGATTGCCCTTCACAACACTCA 	  	   DNA-‐PAINT	  docking	  site	  

24[55]7[47]	   TCTTACGTTTTTATTTTCATCCTGAATAACCTCAAATATC 	  	   DNA-‐PAINT	  docking	  site	  

24[111]7[111]	   ATTAATTGTATCGGTATTAAGACGCTGATG 	  	   DNA-‐PAINT	  docking	  site	  

24[183]6[160]	   GAGGGGGTGTATCACCTACCAGACCGGAACGTGCCGGGTC 	  	   DNA-‐PAINT	  docking	  site	  

24[207]8[192]	   AAATTTGCAAAAGAAGCAGAGGTCCTATCTAT 	  	   DNA-‐PAINT	  docking	  site	  

25[32]9[47]	   TCATCGAGAACAAAGTACAGCAAATGAAAAAT 	  	   DNA-‐PAINT	  docking	  site	  

25[96]8[96]	   AAATGTCGTCTTTCCCCGAAGAGTCAATAG 	  	   DNA-‐PAINT	  docking	  site	  

25[192]9[207]	   TGTTTAGATACCAGGCCAGAATTAATGCCGGA 	  	   DNA-‐PAINT	  docking	  site	  

27[32]10[32]	   AACTGAACAATGGAAGTACCATATCAAAATTACTGAGAGCCAGCATTT 	  	   DNA-‐PAINT	  docking	  site	  

27[160]9[175]	   ACCAGAGCCGCCATGTGGCCTTTAGTGGGAAAGTGCCATGTTTCGTCT 	  	   DNA-‐PAINT	  docking	  site	  

30[63]17[63]	   ATGATTTTTTGTTTAAAATAAGAATAAACTCG 	  	   DNA-‐PAINT	  docking	  site	  

30[79]0[80]	   ACCAAAAGTACCCGACTTGAGCCACAACCATCAACCGATAGACTCCAA 	  	   DNA-‐PAINT	  docking	  site	  

30[159]16[144]	   AGCTAGCGATCAGGTTCCGAGGCTGGCTGAC 	  	   DNA-‐PAINT	  docking	  site	  

31[32]15[31]	   TTACCAGAATGAAAATAGCAGCCTAATAACATAATATAAAAGATGATG 	  	   DNA-‐PAINT	  docking	  site	  

31[176]0[168]	   GAGCCGCCAGTTGAGAAAAACGAACTGTGGTGCTGCGGCC 	  	   DNA-‐PAINT	  docking	  site	  

	  	     	  	   	  	  

2[9]2[10]	   TTGATTAAATCAGCTCCAATAGGAACGAATTAACCGTCTTCT 	  	   Connector	  strand	  

4[15]6[248]	   TGAGTAGAAGATAGATCGAGCATGTAAGTTGAATATAA 	  	   Connector	  strand	  

5[232]5[15]	   CCGTAAATTGTAAACGTTAAACTCAAACT 	  	   Connector	  strand	  

6[247]3[15]	   GCAAATATGCAAAGCGTTTTGTTATAAATTTTTGTTAGTAATAAC 	  	   Connector	  strand	  

7[248]24[232]	   GATTGTAATCAGAAAAGCTCAGGTCTTATTATAGTCACAGTT 	  	   Connector	  strand	  

9[240]11[7]	   GTACCCCGGTTGATACAAACACCAAATTGTAATTCGACA 	  	   Connector	  strand	  

11[8]25[23]	   ACTCGTATAGACTTGATTAGAGCCGTCAACACTAACAAAACCAAG 	  	   Connector	  strand	  
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13[8]26[240]	   CATTATCATTAATTCAAGAATGCTAATATCAGAGAGGAGTG 	  	   Connector	  strand	  

14[23]16[240]	   AGAAACCATGATTATCGTACCGACAAAAGGTAAAGTGTAGCATT 	  	   Connector	  strand	  

15[240]28[8]	   TACAGTTATCATCATATTCCCCAGAAGAGCTATCGCAAGAA 	  	   Connector	  strand	  

17[8]18[240]	   TGTCCAGAAGCCCTTTTTAATCCTCATTAATAGTATCAAAGCG 	  	   Connector	  strand	  

19[3]0[248]	   GCGCCTGTTTATCAACAGAGGAGTCTGTCCATCACGCACCA 	  	   Connector	  strand	  

22[15]21[15]	   TCCTAATTTATGCATCAAAAAAAGCCCGAAAGACAAGAAAAA 	  	   Connector	  strand	  

24[23]7[15]	   TATCATTCCAAGAACCTGACTTACCGGGTATTACTAATAAGGAATT 	  	   Connector	  strand	  

27[237]13[7]	   TGATACAGGTAAGTTCCAATAGCAATGAGCGGAATTGAGTAA 	  	   Connector	  strand	  

28[7]27[236]	   ACAATGAAATAACCCATTAAAAGTAAGCCTCAGAGCATTTGA 	  	   Connector	  strand	  

30[23]17[7]	   TTACACCGACGACGACATGTTCAGCTAATGCAGAACAATTC 	  	   Connector	  strand	  

31[16]31[15]	   AGATAGCCATTATAGATAAGTCCTGAACTAGAAAAGTAAGC 	  	   Connector	  strand	  

31[240]0[240]	   ACAAATAATCAAATATTTCGAGCTTCAAAAAT 	  	   Connector	  strand	  

	  	   	  	   	  	   	  	  

13[136]12[120]	   AACTGACCTTTGTGAGAGATAGACTTTCTCCGCGGTTGTACTGTGACCGATTC 	  	   3’-‐Biotin	  docking	  site	  

15[136]13[135]	   TGTGTACAACGGTGTCGAAATCCGGGGAACCGCGGTTGTACTGTGACCGATTC 	  	   3’-‐Biotin	  docking	  site	  

27[24]13[39]	   GCCGAATTCGGGACAAGAATTGGATTATACTTCGGTTGTACTGTGACCGATTC 	  	   3’-‐Biotin	  docking	  site	  

27[56]12[56]	   ACAACATAAAGGTGGCAATTACCTGAGAACCGGTTGTACTGTGACCGATTC 	  	   3’-‐Biotin	  docking	  site	  

27[216]12[216]	   CCTTGAGTAACAGGCTTAATCAACGCAAGGATCGGTTGTACTGTGACCGATTC 	  	   3’-‐Biotin	  docking	  site	  

28[71]13[71]	   TAGAAAATACATGCCCAGGTTTAACGTAAACGGTTGTACTGTGACCGATTC 	  	   3’-‐Biotin	  docking	  site	  

28[103]13[103]	   ACAAAGGGCGACATTCATGCTGATGCAAAAACCGGTTGTACTGTGACCGATTC 	  	   3’-‐Biotin	  docking	  site	  

28[167]13[167]	   AATCAAAATCACCACAAGAATCGGCGAAACCGGTTGTACTGTGACCGATTC 	  	   3’-‐Biotin	  docking	  site	  

28[215]12[184]	   AGTACTCCTCAAGAGAAGCCACCAGCCGGATAGGCCGGAGACAGGCCCGGTTGTACTGTGACCGATTC 	  	   3’-‐Biotin	  docking	  site	  

	  
	  
Supplementary Table 2 | Staple sequences for drift markers. The color matches the staples in the strand diagram 
shown in Supplementary Figure 1. 
Position	   Sequence	   Color	   Description	  

0[111]1[95]	   TAAATGAATTTTCTGTATGGGATTAATTTCTTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

0[143]1[127]	   TCTAAAGTTTTGTCGTCTTTCCAGCCGACAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

0[175]0[144]	   TCCACAGACAGCCCTCATAGTTAGCGTAACGATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

0[207]1[191]	   TCACCAGTACAAACTACAACGCCTAGTACCAGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

0[239]1[223]	   AGGAACCCATGTACCGTAACACTTGATATAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

1[32]3[31]	   AGGCTCCAGAGGCTTTGAGGACACGGGTAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

1[96]3[95]	   AAACAGCTTTTTGCGGGATCGTCAACACTAAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

1[224]3[223]	   GTATAGCAAACAGTTAATGCCCAATCCTCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

2[79]0[80]	   CAGCGAAACTTGCTTTCGAGGTGTTGCTAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

2[111]0[112]	   AAGGCCGCTGATACCGATAGTTGCGACGTTAGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

2[143]1[159]	   ATATTCGGAACCATCGCCCACGCAGAGAAGGATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

2[175]0[176]	   TATTAAGAAGCGGGGTTTTGCTCGTAGCATTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

2[207]0[208]	   TTTCGGAAGTGCCGTCGAGAGGGTGAGTTTCGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

3[32]5[31]	   AATACGTTTGAAAGAGGACAGACTGACCTTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

3[96]5[95]	   ACACTCATCCATGTTACTTAGCCGAAAGCTGCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

3[160]4[144]	   TTGACAGGCCACCACCAGAGCCGCGATTTGTATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

3[224]5[223]	   TTAAAGCCAGAGCCGCCACCCTCGACAGAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  
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4[143]3[159]	   TCATCGCCAACAAAGTACAACGGACGCCAGCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

5[32]7[31]	   CATCAAGTAAAACGAACTAACGAGTTGAGATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

5[96]7[95]	   TCATTCAGATGCGATTTTAAGAACAGGCATAGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

5[224]7[223]	   TCAAGTTTCATTAAAGGTGAATATAAAAGATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

6[47]4[48]	   TACGTTAAAGTAATCTTGACAAGAACCGAACTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

6[79]4[80]	   TTATACCACCAAATCAACGTAACGAACGAGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

6[111]4[112]	   ATTACCTTTGAATAAGGCTTGCCCAAATCCGCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

6[143]5[159]	   GATGGTTTGAACGAGTAGTAAATTTACCATTATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

6[175]4[176]	   CAGCAAAAGGAAACGTCACCAATGAGCCGCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

6[207]4[208]	   TCACCGACGCACCGTAATCAGTAGCAGAACCGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

6[239]4[240]	   GAAATTATTGCCTTTAGCGTCAGACCGGAACCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

6[271]4[272]	   ACCGATTGTCGGCATTTTCGGTCATAATCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

7[32]9[31]	   TTTAGGACAAATGCTTTAAACAATCAGGTCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

7[96]9[95]	   TAAGAGCAAATGTTTAGACTGGATAGGAAGCCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

7[160]8[144]	   TTATTACGAAGAACTGGCATGATTGCGAGAGGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

7[224]9[223]	   AACGCAAAGATAGCCGAACAAACCCTGAACTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

8[143]7[159]	   CTTTTGCAGATAAAAACCAAAATAAAGACTCCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

9[32]11[31]	   TTTACCCCAACATGTTTTAAATTTCCATATTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

9[64]11[63]	   CGGATTGCAGAGCTTAATTGCTGAAACGAGTATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

9[96]11[95]	   CGAAAGACTTTGATAAGAGGTCATATTTCGCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

9[128]11[127]	   GCTTCAATCAGGATTAGAGAGTTATTTTCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

9[192]11[191]	   TTAGACGGCCAAATAAGAAACGATAGAAGGCTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

9[224]11[223]	   AAAGTCACAAAATAAACAGCCAGCGTTTTATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

9[256]11[255]	   GAGAGATAGAGCGTCTTTCCAGAGGTTTTGAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

10[47]8[48]	   CTGTAGCTTGACTATTATAGTCAGTTCATTGATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

10[79]8[80]	   GATGGCTTATCAAAAAGATTAAGAGCGTCCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

10[111]8[112]	   TTGCTCCTTTCAAATATCGCGTTTGAGGGGGTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

10[143]9[159]	   CCAACAGGAGCGAACCAGACCGGAGCCTTTACTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

10[175]8[176]	   TTAACGTCTAACATAAAAACAGGTAACGGATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

10[207]8[208]	   ATCCCAATGAGAATTAACTGAACAGTTACCAGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

10[239]8[240]	   GCCAGTTAGAGGGTAATTGAGCGCTTTAAGAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

10[271]8[272]	   ACGCTAACACCCACAAGAATTGAAAATAGCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

12[143]11[159]	   TTCTACTACGCGAGCTGAAAAGGTTACCGCGCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

13[32]15[31]	   AACGCAAAATCGATGAACGGTACCGGTTGATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

13[64]15[63]	   TATATTTTGTCATTGCCTGAGAGTGGAAGATTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

13[96]15[95]	   TAGGTAAACTATTTTTGAGAGATCAAACGTTATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

13[128]15[127]	   GAGACAGCTAGCTGATAAATTAATTTTTGTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

13[192]15[191]	   GTAAAGTAATCGCCATATTTAACAAAACTTTTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

13[224]15[223]	   ACAACATGCCAACGCTCAACAGTCTTCTGATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

13[256]15[255]	   GTTTATCAATATGCGTTATACAAACCGACCGTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

14[271]12[272]	   TTAGTATCACAATAGATAAGTCCACGAGCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

15[32]17[31]	   TAATCAGCGGATTGACCGTAATCGTAACCGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

15[96]17[95]	   ATATTTTGGCTTTCATCAACATTATCCAGCCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

15[160]16[144]	   ATCGCAAGTATGTAAATGCTGATGATAGGAACTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  
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15[224]17[223]	   CCTAAATCAAAATCATAGGTCTAAACAGTATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

16[143]15[159]	   GCCATCAAGCTCATTTTTTAACCACAAATCCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

17[32]19[31]	   TGCATCTTTCCCAGTCACGACGGCCTGCAGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

17[96]19[95]	   GCTTTCCGATTACGCCAGCTGGCGGCTGTTTCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

17[224]19[223]	   CATAAATCTTTGAATACCAAGTGTTAGAACTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

18[47]16[48]	   CCAGGGTTGCCAGTTTGAGGGGACCCGTGGGATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

18[79]16[80]	   GATGTGCTTCAGGAAGATCGCACAATGTGATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

18[111]16[112]	   TCTTCGCTGCACCGCTTCTGGTGCGGCCTTCCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

18[143]17[159]	   CAACTGTTGCGCCATTCGCCATTCAAACATCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

18[175]16[176]	   CTGAGCAAAAATTAATTACATTTTGGGTTATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

18[207]16[208]	   CGCGCAGATTACCTTTTTTAATGGGAGAGACTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

18[239]16[240]	   CCTGATTGCAATATATGTGAGTGATCAATAGTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

18[271]16[272]	   CTTTTACAAAATCGTCGCTATTAGCGATAGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

19[32]21[31]	   GTCGACTTCGGCCAACGCGCGGGGTTTTTCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

19[96]21[95]	   CTGTGTGATTGCGTTGCGCTCACTAGAGTTGCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

19[160]20[144]	   GCAATTCACATATTCCTGATTATCAAAGTGTATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

19[224]21[223]	   CTACCATAGTTTGAGTAACATTTAAAATATTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

20[143]19[159]	   AAGCCTGGTACGAGCCGGAAGCATAGATGATGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

21[96]23[95]	   AGCAAGCGTAGGGTTGAGTGTTGTAGGGAGCCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

21[160]22[144]	   TCAATATCGAACCTCAAATATCAATTCCGAAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

21[224]23[223]	   CTTTAGGGCCTGCAACAGTGCCAATACGTGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

22[47]20[48]	   CTCCAACGCAGTGAGACGGGCAACCAGCTGCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

22[79]20[80]	   TGGAACAACCGCCTGGCCCTGAGGCCCGCTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

22[111]20[112]	   GCCCGAGAGTCCACGCTGGTTTGCAGCTAACTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

22[143]21[159]	   TCGGCAAATCCTGTTTGATGGTGGACCCTCAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

22[175]20[176]	   ACCTTGCTTGGTCAGTTGGCAAAGAGCGGATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

22[207]20[208]	   AGCCAGCAATTGAGGAAGGTTATCATCATTTTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

22[239]20[240]	   TTAACACCAGCACTAACAACTAATCGTTATTATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

22[271]20[272]	   CAGAAGATTAGATAATACATTTGTCGACAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

23[64]22[80]	   AAAGCACTAAATCGGAACCCTAATCCAGTTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

23[96]22[112]	   CCCGATTTAGAGCTTGACGGGGAAAAAGAATATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

23[128]23[159]	   AACGTGGCGAGAAAGGAAGGGAAACCAGTAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

23[160]22[176]	   TAAAAGGGACATTCTGGCCAACAAAGCATCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

23[192]22[208]	   ACCCTTCTGACCTGAAAGCGTAAGACGCTGAGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

7[56]9[63]	   ATGCAGATACATAACGGGAATCGTCATAAATAAAGCAAAGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

7[120]9[127]	   CGTTTACCAGACGACAAAGAAGTTTTGCCATAATTCGATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

7[184]9[191]	   CGTAGAAAATACATACCGAGGAAACGCAATAAGAAGCGCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

7[248]9[255]	   GTTTATTTTGTCACAATCTTACCGAAGCCCTTTAATATCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

11[32]13[31]	   AACAGTTTTGTACCAAAAACATTTTATTTCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

11[64]13[63]	   GATTTAGTCAATAAAGCCTCAGAGAACCCTCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

11[96]13[95]	   AATGGTCAACAGGCAAGGCAAAGAGTAATGTGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

11[128]13[127]	   TTTGGGGATAGTAGTAGCATTAAAAGGCCGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

11[160]12[144]	   CCAATAGCTCATCGTAGGAATCATGGCATCAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

11[192]13[191]	   TATCCGGTCTCATCGAGAACAAGCGACAAAAGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  
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11[224]13[223]	   GCGAACCTCCAAGAACGGGTATGACAATAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

11[256]13[255]	   GCCTTAAACCAATCAATAATCGGCACGCGCCTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

14[47]12[48]	   AACAAGAGGGATAAAAATTTTTAGCATAAAGCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

14[79]12[80]	   GCTATCAGAAATGCAATGCCTGAATTAGCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

14[111]12[112]	   GAGGGTAGGATTCAAAAGGGTGAGACATCCAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

14[143]13[159]	   CAACCGTTTCAAATCACCATCAATTCGAGCCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

14[175]12[176]	   CATGTAATAGAATATAAAGTACCAAGCCGTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

14[207]12[208]	   AATTGAGAATTCTGTCCAGACGACTAAACCAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

14[239]12[240]	   AGTATAAAGTTCAGCTAATGCAGATGTCTTTCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

21[120]23[127]	   CCCAGCAGGCGAAAAATCCCTTATAAATCAAGCCGGCGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

21[184]23[191]	   TCAACAGTTGAAAGGAGCAAATGAAAAATCTAGAGATAGATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

1[160]2[144]	   TTAGGATTGGCTGAGACTCCTCAATAACCGATTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

4[47]2[48]	   GACCAACTAATGCCACTACGAAGGGGGTAGCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

4[79]2[80]	   GCGCAGACAAGAGGCAAAAGAATCCCTCAGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

4[111]2[112]	   GACCTGCTCTTTGACCCCCAGCGAGGGAGTTATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

4[175]2[176]	   CACCAGAAAGGTTGAGGCAGGTCATGAAAGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

4[207]2[208]	   CCACCCTCTATTCACAAACAAATACCTGCCTATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

4[239]2[240]	   GCCTCCCTCAGAATGGAAAGCGCAGTAACAGTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

4[271]2[272]	   AAATCACCTTCCAGTAAGCGTCAGTAATAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

5[160]6[144]	   GCAAGGCCTCACCAGTAGCACCATGGGCTTGATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

8[47]6[48]	   ATCCCCCTATACCACATTCAACTAGAAAAATCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

8[79]6[80]	   AATACTGCCCAAAAGGAATTACGTGGCTCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

8[111]6[112]	   AATAGTAAACACTATCATAACCCTCATTGTGATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

8[175]6[176]	   ATACCCAACAGTATGTTAGCAAATTAGAGCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

8[207]6[208]	   AAGGAAACATAAAGGTGGCAACATTATCACCGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

8[239]6[240]	   AAGTAAGCAGACACCACGGAATAATATTGACGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

8[271]6[272]	   AATAGCTATCAATAGAAAATTCAACATTCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

9[160]10[144]	   AGAGAGAAAAAAATGAAAATAGCAAGCAAACTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

12[47]10[48]	   TAAATCGGGATTCCCAATTCTGCGATATAATGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

12[79]10[80]	   AAATTAAGTTGACCATTAGATACTTTTGCGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

12[111]10[112]	   TAAATCATATAACCTGTTTAGCTAACCTTTAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

12[175]10[176]	   TTTTATTTAAGCAAATCAGATATTTTTTGTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

12[207]10[208]	   GTACCGCAATTCTAAGAACGCGAGTATTATTTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

12[239]10[240]	   CTTATCATTCCCGACTTGCGGGAGCCTAATTTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

12[271]10[272]	   TGTAGAAATCAAGATTAGTTGCTCTTACCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

13[160]14[144]	   GTAATAAGTTAGGCAGAGGCATTTATGATATTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

16[47]14[48]	   ACAAACGGAAAAGCCCCAAAAACACTGGAGCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

16[79]14[80]	   GCGAGTAAAAATATTTAAATTGTTACAAAGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

16[111]14[112]	   TGTAGCCATTAAAATTCGCATTAAATGCCGGATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

16[175]14[176]	   TATAACTAACAAAGAACGCGAGAACGCCAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

16[207]14[208]	   ACCTTTTTATTTTAGTTAATTTCATAGGGCTTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

16[239]14[240]	   GAATTTATTTAATGGTTTGAAATATTCTTACCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

16[271]14[272]	   CTTAGATTTAAGGCGTTAAATAAAGCCTGTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

17[160]18[144]	   AGAAAACAAAGAAGATGATGAAACAGGCTGCGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  
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20[47]18[48]	   TTAATGAACTAGAGGATCCCCGGGGGGTAACGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

20[79]18[80]	   TTCCAGTCGTAATCATGGTCATAAAAGGGGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

20[111]18[112]	   CACATTAAAATTGTTATCCGCTCATGCGGGCCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

20[175]18[176]	   ATTATCATTCAATATAATCCTGACAATTACTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

20[207]18[208]	   GCGGAACATCTGAATAATGGAAGGTACAAAATTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

20[239]18[240]	   ATTTTAAAATCAAAATTATTTGCACGGATTCGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

20[271]18[272]	   CTCGTATTAGAAATTGCGTAGATACAGTACTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

0[47]1[31]	   AGAAAGGAACAACTAAAGGAATTCAAAAAAATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

0[79]1[63]	   ACAACTTTCAACAGTTTCAGCGGATGTATCGGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

0[271]1[255]	   CCACCCTCATTTTCAGGGATAGCAACCGTACTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

2[47]0[48]	   ACGGCTACAAAAGGAGCCTTTAATGTGAGAATTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

2[239]0[240]	   GCCCGTATCCGGAATAGGTGTATCAGCCCAATTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

2[271]0[272]	   GTTTTAACTTAGTACCGCCACCCAGAGCCATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

21[32]23[31]	   TTTTCACTCAAAGGGCGAAAAACCATCACCTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

21[56]23[63]	   AGCTGATTGCCCTTCAGAGTCCACTATTAAAGGGTGCCGTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

21[248]23[255]	   AGATTAGAGCCGTCAAAAAACAGAGGTGAGGCCTATTAGTTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

23[32]22[48]	   CAAATCAAGTTTTTTGGGGTCGAAACGTGGATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

23[224]22[240]	   GCACAGACAATATTTTTGAATGGGGTCAGTATTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

23[256]22[272]	   CTTTAATGCGCGAACTGATAGCCCCACCAGTTGATCTACATA 	  	   DNA-‐PAINT	  docking	  site	  

	  	     	  	   	  	  

4[63]6[56]	   Biotin-ATAAGGGAACCGGATATTCATTACGTCAGGACGTTGGGAA 	  	   5’-‐Biotin	  modification	  

4[127]6[120]	   Biotin-TTGTGTCGTGACGAGAAACACCAAATTTCAACTTTAAT 	  	   5’-‐Biotin	  modification	  

4[191]6[184]	   Biotin-CACCCTCAGAAACCATCGATAGCATTGAGCCATTTGGGAA 	  	   5’-‐Biotin	  modification	  

4[255]6[248]	   Biotin-AGCCACCACTGTAGCGCGTTTTCAAGGGAGGGAAGGTAAA 	  	   5’-‐Biotin	  modification	  

18[63]20[56]	   Biotin-ATTAAGTTTACCGAGCTCGAATTCGGGAAACCTGTCGTGC 	  	   5’-‐Biotin	  modification	  

18[127]20[120]	   Biotin-GCGATCGGCAATTCCACACAACAGGTGCCTAATGAGTG 	  	   5’-‐Biotin	  modification	  

18[191]20[184]	   Biotin-ATTCATTTTTGTTTGGATTATACTAAGAAACCACCAGAAG 	  	   5’-‐Biotin	  modification	  

18[255]20[248]	   Biotin-AACAATAACGTAAAACAGAAATAAAAATCCTTTGCCCGAA 	  	   5’-‐Biotin	  modification	  

	  	     	  	   	  	  

1[64]4[64]	   TTTATCAGGACAGCATCGGAACGACACCAACCTAAAACGAGGTCAATC 	  	   Structure	  strand	  

1[128]4[128]	   TGACAACTCGCTGAGGCTTGCATTATACCAAGCGCGATGATAAA 	  	   Structure	  strand	  

1[192]4[192]	   GCGGATAACCTATTATTCTGAAACAGACGATTGGCCTTGAAGAGCCAC 	  	   Structure	  strand	  

1[256]4[256]	   CAGGAGGTGGGGTCAGTGCCTTGAGTCTCTGAATTTACCGGGAACCAG 	  	   Structure	  strand	  

15[64]18[64]	   GTATAAGCCAACCCGTCGGATTCTGACGACAGTATCGGCCGCAAGGCG 	  	   Structure	  strand	  

15[128]18[128]	   TAAATCAAAATAATTCGCGTCTCGGAAACCAGGCAAAGGGAAGG 	  	   Structure	  strand	  

15[192]18[192]	   TCAAATATAACCTCCGGCTTAGGTAACAATTTCATTTGAAGGCGAATT 	  	   Structure	  strand	  

15[256]18[256]	   GTGATAAAAAGACGCTGAGAAGAGATAACCTTGCTTCTGTTCGGGAGA 	  	   Structure	  strand	  
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Supplementary Table 3 | Staple sequences for DNA origami structures for 10-“color” in vitro Exchange-PAINT 
demonstration (odd digits). 
Position	   Sequence	   Color	   Description	  (number)	  

0[111]1[95]	   AAGGAATTGCGAATAATAATTTTTGTCGCTGA 	   5,9	  

0[143]1[127]	   TCAGCGGAGTGAGAATAGAAAGGTTTTGCGG 	   5,9	  

0[175]0[144]	   TATGGGATTTTGCTAAACAACTTTCAACAGTT 	   5,9	  

0[79]1[63]	   GAAAATCTCCAAAAAAAAGGCTCCAACCATCG 	   5,9	  

1[160]2[144]	   GGTGTATCTTGATATAAGTATAGCGACAGCAT 	   5,9	  

2[47]0[48]	   TACGAAGGCGCCGACAATGACAACAAAAGGAG 	   5,9	  

3[160]4[144]	   AAAGCGCAAAATCCTCATTAAAGCGGTCAATC 	   5,9	  

5[160]6[144]	   GCGTCAGAGCGACAGAATCAAGTTGTCAGGAC 	   5,9	  

7[160]8[144]	   CGGAATAATATAAAAGAAACGCAAGGAATCGT 	   5,9	  

10[271]8[272]	   AGAAACGATTTAAGAAAAGTAAGCGAGGAA 	   3,5,9	  

11[160]12[144]	   TGCGGGAGGGCGTTTTAGCGAACCCAATAAAG 	   3,5,9	  

12[271]10[272]	   AGAACAAGCCTAATTTGCCAGTTCCAAATA 	   3,5,9	  

13[160]14[144]	   AATGCAGACGACAATAAACAACATGTCATTGC 	   3,5,9	  

14[271]12[272]	   TATTTAACTGTCTTTCCTTATCACTCATCG 	   3,5,9	  

15[160]16[144]	   TTGAAATAATCTTCTGACCTAAATCAACCCGT 	   3,5,9	  

16[271]14[272]	   GGCTTAGGTTCTTACCAGTATAAATCGCCA 	   3,5,9	  

17[160]18[144]	   GTGAGTGAGAAACAGTACATAAATGCAAGGCG 	   3,5,9	  

18[271]16[272]	   TATTCATTTCAATAGTGAATTTAAACCTCC 	   3,5,9	  

19[160]20[144]	   TATTTGCAGGTTAGAACCTACCATGGGAAACC 	   3,5,9	  

2[271]0[272]	   TTCTGAAAAGCCCAATAGGAACCACAAACT 	   3,5,9	  

20[271]18[272]	   CACCAGAACGGATTCGCCTGATTGGCGAAT 	   3,5,9	  

21[160]22[144]	   CAACTAATCTAAAATATCTTTAGGGAGTCCAC 	   3,5,9	  

22[271]20[272]	   AAAAATCTCGTTATTAATTTTAAAAGAAAC 	   3,5,9	  

4[271]2[272]	   CCACCCTCGTAACAGTGCCCGTACCTATTA 	   3,5,9	  

6[271]4[272]	   ATTTGGGACCGGAACCGCCTCCCAGAGCCA 	   3,5,9	  

8[271]6[272]	   ACGCAATATATTGACGGAAATTATTGAGCC 	   3,5,9	  

9[160]10[144]	   TTGAGCGCACCCTGAACAAAGTCAAGAGCTTA 	   3,5,9	  

0[47]1[31]	   CCTTTAATTGTATCGGTTTATCATGATACCG 	   3,5,7,9	  

1[32]3[31]	   ATAGTTGCACCAACCTAAAACGCTTTGACC 	   3,5,7,9	  

11[32]13[31]	   TTTAGCTAACCCTCATATATTTGATTCAAA 	   3,5,7,9	  

13[32]15[31]	   AGGGTGAGGAAGATTGTATAAGTTAAAATT 	   3,5,7,9	  

15[32]17[31]	   CGCATTAGACGACAGTATCGGCGCACCGCT 	   3,5,7,9	  

17[32]19[31]	   TCTGGTGTACCGAGCTCGAATTAATTGTTA 	   3,5,7,9	  

19[32]21[31]	   TCCGCTCAGCTGATTGCCCTTCGTCCACGC 	   3,5,7,9	  

3[32]5[31]	   CCCAGCGACCGGATATTCATTATGAATAAG 	   3,5,7,9	  

5[32]7[31]	   GCTTGCCATGCAGATACATAACACACTATC 	   3,5,7,9	  

7[32]9[31]	   ATAACCCAAGCAAAGCGGATTGTTCAAATA 	   3,5,7,9	  

9[32]11[31]	   TCGCGTTAACGAGTAGATTTAGATAACCTG 	   3,5,7,9	  

21[120]23[127]	   TAGGGTTGAGTGTTGAACGTGGACTCCAACGACCTGAA 	   1,3,7,9	  

21[56]23[63]	   TCCTGTTTGATGGTGGACCATCACCCAAATCACGAGAAAG 	   1,3,7,9	  

21[96]23[95]	   ATAAATCACCGTCTATCAGGGCGAGACATTCT 	   1,3,7,9	  
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23[32]22[48]	   ACGGGGAAAGCCGGCGAACGTGGAGTTTTTT 	   1,3,7,9	  

23[64]22[80]	   GAAGGGAAACCAGTAATAAAAGGTGGCCCA 	   1,3,7,9	  

23[96]22[112]	   GGCCAACAGAGATAGAACCCTTCTGTCAAAGG 	   1,3,7,9	  

21[184]23[191]	   ATAGATAATACATTTGTCAACAGTTGAAAGGAGCGCGAAC 	   1,3,5,7,9	  

21[224]23[223]	   CAAACAAACCCTCAATCAATATAAAAATAC 	   1,3,5,7,9	  

21[248]23[255]	   AAATCCTTTGCCCGAAAAAGCATCACCTTGCTAAAACAGA 	   1,3,5,7,9	  

21[32]23[31]	   TGGTTTGGGTGCCGTAAAGCACAGAGCTTG 	   1,3,5,7,9	  

23[128]23[159]	   AGCGTAAGAATACGTGGCACAGACAATATTT 	   1,3,5,7,9	  

23[160]22[176]	   TTGAATGGCTATTAGTCTTTAATATTGAGG 	   1,3,5,7,9	  

23[192]22[208]	   TGATAGCCCTAAAACATCGCCATTCTGGTCAG 	   1,3,5,7,9	  

23[224]22[240]	   CGAACGAACCACCAGCAGAAGATGAACCTCA 	   1,3,5,7,9	  

23[256]22[272]	   GGTGAGGCGGTCAGTATTAACACGCAAATG 	   1,3,5,7,9	  

2[111]0[112]	   TTGAGGACGGGAGTTAAAGGCCGCAACAACTA 	   9	  

2[79]0[80]	   TTCCATTATAACCGATATATTCGTCACGTT 	   9	  

	    	   	  

0[207]1[191]	   TCTTTCCAGACGTTAGTAAATGAATTTAGTAC 	   Structure	  Staple	  

0[239]1[223]	   ATAGTTAGCGTAACGATCTAAAGCAGAACCG 	   Structure	  Staple	  

0[271]1[255]	   ACAACGCCTGTAGCATTCCACAGAATTTTCAG 	   Structure	  Staple	  

1[128]4[128]	   GATCGTCGGGTAGCAACGGCTACCATGTTACTTAGCCACCGAAC 	   Structure	  Staple	  

1[192]4[192]	   CGCCACCCAGTACCAGGCGGATAAGTTCCAGTAAGCGTCAAGACGATT 	   Structure	  Staple	  

1[224]3[223]	   CCACCCTGAGAAGGATTAGGATATACAGGA 	   Structure	  Staple	  

1[256]4[256]	   GGATAGCACATGAAAGTATTAAGAGGGGTCAGTGCCTTGAAGAGCCGC 	   Structure	  Staple	  

1[64]4[64]	   CCCACGCAAACGGGTAAAATACGTAACAAAGTACAACGGAGCTGACCT 	   Structure	  Staple	  

1[96]3[95]	   GGCTTGCATAAAGACTTTTTCATGCTGATAAA 	   Structure	  Staple	  

10[111]8[112]	   TTTTAAATACCTTTAATTGCTCCTTCAAATGC 	   Structure	  Staple	  

10[143]9[159]	   ATTGCTGATTTTTGCGGATGGCTTGAGGGTAA 	   Structure	  Staple	  

10[175]8[176]	   AACTGAACTAATATCAGAGAGATATAAAGG 	   Structure	  Staple	  

10[207]8[208]	   AAAACAGGGTTAAGCCCAATAATAGCAGTATG 	   Structure	  Staple	  

10[239]8[240]	   AAATAGCAGAAATAGCAATAGCTAAAGAACTG 	   Structure	  Staple	  

10[47]8[48]	   ATTCTGCGTTAATTCGAGCTTCAATGACTATT 	   Structure	  Staple	  

10[79]8[80]	   GAAGTTTCAGCAAACTCCAACAGTGACCAT 	   Structure	  Staple	  

11[128]13[127]	   GGCAAAGCATAAAGCTAAATCGCTATTTTT 	   Structure	  Staple	  

11[192]13[191]	   TAGTTGCTAGAAGGCTTATCCGGTAACAATAG 	   Structure	  Staple	  

11[224]13[223]	   TCCTGAATACCGCGCCCAATAGTATCCCAT 	   Structure	  Staple	  

11[256]13[255]	   TTCCAGAGCAAGCCGTTTTTATTTCCAATCAA 	   Structure	  Staple	  

11[64]13[63]	   GAAAAGGTCTTTATTTCAACGCAATCAAATCA 	   Structure	  Staple	  

11[96]13[95]	   TAGCATTATATGACCCTGTAATACTCTAGCTG 	   Structure	  Staple	  

12[111]10[112]	   AAAAACATACATCCAATAAATCATTCAACATG 	   Structure	  Staple	  

12[143]11[159]	   CCTCAGAGAATTAGCAAAATTAAGTCCCGACT 	   Structure	  Staple	  

12[175]10[176]	   GAACGCGAGTTTTGAAGCCTTAAGAGAATT 	   Structure	  Staple	  

12[207]10[208]	   TCAGATATATTTTGCACCCAGCTAATAACATA 	   Structure	  Staple	  

12[239]10[240]	   GGAATCATTCTTACCAACGCTAACAAAAATGA 	   Structure	  Staple	  

12[47]10[48]	   ATTTTTAGATATTTTCATTTGGGGGATTCCCA 	   Structure	  Staple	  

12[79]10[80]	   GGAGAAGCGGCATCAATTCTACTGTGTCTG 	   Structure	  Staple	  
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13[128]15[127]	   GAGAGATCTGGAGCAAACAAGAGCTTTCAT 	   Structure	  Staple	  

13[192]15[191]	   ATAAGTCCGACAAAAGGTAAAGTAATAAGGCG 	   Structure	  Staple	  

13[224]15[223]	   CCTAATTTCGAGCCAGTAATAACATAATTA 	   Structure	  Staple	  

13[256]15[255]	   TAATCGGCAACGCCAACATGTAATATATGCGT 	   Structure	  Staple	  

13[64]15[63]	   CCATCAATCCCGGTTGATAATCAGGCTCATTT 	   Structure	  Staple	  

13[96]15[95]	   ATAAATTAATCGTAAAACTAGCATAAAATAAT 	   Structure	  Staple	  

14[111]12[112]	   GAACGGTAATGCCGGAGAGGGTAGGTTGTACC 	   Structure	  Staple	  

14[143]13[159]	   CTGAGAGTCTACAAAGGCTATCAGGTTCAGCT 	   Structure	  Staple	  

14[175]12[176]	   CCAGACGAACGCGCCTGTTTATCATTCTAA 	   Structure	  Staple	  

14[207]12[208]	   AAAGTACCTGAACAAGAAAAATAACAAGCAAA 	   Structure	  Staple	  

14[239]12[240]	   AGGCATTTTACGAGCATGTAGAAATCATCGTA 	   Structure	  Staple	  

14[47]12[48]	   CAAAAACAGAAAGGCCGGAGACAGGGATAAAA 	   Structure	  Staple	  

14[79]12[80]	   ATATGTACATGATATTCAACCGTTTTTGCG 	   Structure	  Staple	  

15[128]18[128]	   CAACATTCCGTGGGAACAAACGATTACGCCAGCTGGCGGGTAAC 	   Structure	  Staple	  

15[192]18[192]	   TTAAATAAAAACTTTTTCAAATATTAAATCGTCGCTATTAAACAATTT 	   Structure	  Staple	  

15[224]17[223]	   CTAGAAACAAATCCAATCGCAAAATCCTTG 	   Structure	  Staple	  

15[256]18[256]	   TATACAAATTGGGTTATATAACTAAAGACGCTGAGAAGAGTCAATTAC 	   Structure	  Staple	  

15[64]18[64]	   TTTAACCATCGTAACCGTGCATCTGCGCCATTCGCCATTCTGCCTGCA 	   Structure	  Staple	  

15[96]17[95]	   TCGCGTCTGGGATAGGTCACGTTGTGGGAAGG 	   Structure	  Staple	  

16[111]14[112]	   ACCGTAATGGCCTTCCTGTAGCCAGAATCGAT 	   Structure	  Staple	  

16[143]15[159]	   CGGATTCTAAATGTGAGCGAGTAATTAATGGT 	   Structure	  Staple	  

16[175]14[176]	   TTAATTTCCCGACCGTGTGATAAATTCTGT 	   Structure	  Staple	  

16[207]14[208]	   ACGCGAGAGAATAAACACCGGAATGAGAATAT 	   Structure	  Staple	  

16[239]14[240]	   TGCTGATGAAGCCTGTTTAGTATCTTAGGCAG 	   Structure	  Staple	  

16[47]14[48]	   GAGGGGACAATTTTTGTTAAATCAAAAAGCCC 	   Structure	  Staple	  

16[79]14[80]	   TGGGCGCAATAGGAACGCCATCAGTCAATC 	   Structure	  Staple	  

17[224]19[223]	   AAAACATAAACATCAAGAAAACAGATGAAT 	   Structure	  Staple	  

17[96]19[95]	   GCGATCGGTTGTAAAACGACGGCCGGGTGCCT 	   Structure	  Staple	  

18[111]16[112]	   TCACGACGTGCGGGCCTCTTCGCTGCGGATTG 	   Structure	  Staple	  

18[143]17[159]	   ATTAAGTTGAAAGGGGGATGTGCTCAATATAT 	   Structure	  Staple	  

18[175]16[176]	   TTTTAATGATAACCTTGCTTCTGATTTTAG 	   Structure	  Staple	  

18[207]16[208]	   TTACATTTATTAATTTTCCCTTAGGACAAAGA 	   Structure	  Staple	  

18[239]16[240]	   GATGAAACAGCGATAGCTTAGATTTATGTAAA 	   Structure	  Staple	  

18[47]16[48]	   TCCCCGGGCCGGAAACCAGGCAAAGCCAGTTT 	   Structure	  Staple	  

18[79]16[80]	   AGCTTGCAAGGCTGCGCAACTGTGTGTAGA 	   Structure	  Staple	  

19[224]21[223]	   ATACAGTAGATGATGGCAATTCAGACTTTA 	   Structure	  Staple	  

19[96]21[95]	   AATGAGTGGGAGAGGCGGTTTGCGAATCCCTT 	   Structure	  Staple	  

2[143]1[159]	   CGGAACGAACCCTCAGCAGCGAAACCGGAATA 	   Structure	  Staple	  

2[175]0[176]	   CGAGAGGGACCGTACTCAGGAGGTTTTCTG 	   Structure	  Staple	  

2[207]0[208]	   TTTTGCTCTCAGAACCGCCACCCTTTTTGTCG 	   Structure	  Staple	  

2[239]0[240]	   CTCCTCAACAGAGCCACCACCCTCCAGCCCTC 	   Structure	  Staple	  

20[111]18[112]	   ACGCGCGGAGCTAACTCACATTAATTTCCCAG 	   Structure	  Staple	  

20[143]19[159]	   TGTCGTGCTGCCCGCTTTCCAGTCATCAAAAT 	   Structure	  Staple	  

20[175]18[176]	   AATGGAAGCGTAAAACAGAAATATTACCTT 	   Structure	  Staple	  
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20[207]18[208]	   AATCCTGATTTCAGGTTTAACGTCAAAATTAA 	   Structure	  Staple	  

20[239]18[240]	   TGATTATCAACAGTACCTTTTACAAAGAAGAT 	   Structure	  Staple	  

20[47]18[48]	   CGGGCAACACAATTCCACACAACACTAGAGGA 	   Structure	  Staple	  

20[79]18[80]	   CGCCAGGGAAAGTGTAAAGCCTGAGTGCCA 	   Structure	  Staple	  

22[111]20[112]	   GCGAAAAAAAAGAATAGCCCGAGAATCGGCCA 	   Structure	  Staple	  

22[143]21[159]	   TATTAAAGTTCCAGTTTGGAACAAAGCACTAA 	   Structure	  Staple	  

22[175]20[176]	   AAGGTTATAGATTAGAGCCGTCATCTGAAT 	   Structure	  Staple	  

22[207]20[208]	   TTGGCAAAAGGATTTAGAAGTATTATCAATAT 	   Structure	  Staple	  

22[239]20[240]	   AATATCAATTCGACAACTCGTATTCATATTCC 	   Structure	  Staple	  

22[47]20[48]	   GGGGTCGACCCCAGCAGGCGAAAACAGTGAGA 	   Structure	  Staple	  

22[79]20[80]	   CTACGTGATTCCGAAATCGGCAATATTGGG 	   Structure	  Staple	  

3[224]5[223]	   GTGTACTCGCCAGCATTGACAGCGTTTGCC 	   Structure	  Staple	  

3[96]5[95]	   TTGTGTCGTGAACGGTGTACAGACTAATTTCA 	   Structure	  Staple	  

4[111]2[112]	   AGGACAGAAAATCCGCGACCTGCTCAGAGGCT 	   Structure	  Staple	  

4[143]3[159]	   ATAAGGGAGGAACGAGGCGCAGACCAGAATGG 	   Structure	  Staple	  

4[175]2[176]	   AAACAAATGTCTCTGAATTTACCGTGCCGT 	   Structure	  Staple	  

4[207]2[208]	   GGCAGGTCTACATGGCTTTTGATGTAGCGGGG 	   Structure	  Staple	  

4[239]2[240]	   AGAGCCGCGGTAATAAGTTTTAACGGCTGAGA 	   Structure	  Staple	  

4[47]2[48]	   TGACAAGAATTATACCAAGCGCGAAATGCCAC 	   Structure	  Staple	  

4[79]2[80]	   ATAGGCTGGATTTGTATCATCGCAGGAAGT 	   Structure	  Staple	  

5[224]7[223]	   ATCTTTTTACCATTAGCAAGGCCAAAGACA 	   Structure	  Staple	  

5[96]7[95]	   ACTTTAATGAACAACATTATTACAAAAAGAAG 	   Structure	  Staple	  

6[111]4[112]	   AACTAACGCATTGTGAATTACCTTTTTGAAAG 	   Structure	  Staple	  

6[143]5[159]	   GTTGGGAACTGGCTCATTATACCATGCCTTTA 	   Structure	  Staple	  

6[175]4[176]	   AATCAGTACTGTAGCGCGTTTTCTATTCAC 	   Structure	  Staple	  

6[207]4[208]	   TCACCAATATAGCCCCCTTATTAGGAGGTTGA 	   Structure	  Staple	  

6[239]4[240]	   AGCACCATCATAATCAAAATCACCCCACCACC 	   Structure	  Staple	  

6[47]4[48]	   TTCAACTACTGACGAGAAACACCAAGTAATCT 	   Structure	  Staple	  

6[79]4[80]	   AGATTCATGGGCTTGAGATGGTTCAGGCGC 	   Structure	  Staple	  

7[120]9[127]	   AATGTTTAGACTGGATTCATTGAATCCCCCTTTGATAA 	   Structure	  Staple	  

7[184]9[191]	   ATCAATAGAAAATTCACGTAGAAAATACATACAACCCACA 	   Structure	  Staple	  

7[224]9[223]	   AAAGGGCAAGACTCCTTATTACAGAGCAAG 	   Structure	  Staple	  

7[248]9[255]	   AGGGAGGGAAGGTAAAATAACGGAATACCCAATCTTACCG 	   Structure	  Staple	  

7[56]9[63]	   GATAAAAACCAAAATAAATCAGGTCTTTACCCAGCGAACC 	   Structure	  Staple	  

7[96]9[95]	   TTTTGCCAGTTCAGAAAACGAGAAGTCAGGAT 	   Structure	  Staple	  

8[111]6[112]	   TTTAAACAGAGGGGGTAATAGTAAATAAAACG 	   Structure	  Staple	  

8[143]7[159]	   CATAAATATAGCGTCCAATACTGCAGACACCA 	   Structure	  Staple	  

8[175]6[176]	   TGGCAACAGTTTATTTTGTCACAGCACCGT 	   Structure	  Staple	  

8[207]6[208]	   TTAGCAAATATGGTTTACCAGCGCCGGAAACG 	   Structure	  Staple	  

8[239]6[240]	   GCATGATTGACATTCAACCGATTGTCACCAGT 	   Structure	  Staple	  

8[47]6[48]	   ATAGTCAGTCGTTTACCAGACGACATACCACA 	   Structure	  Staple	  

8[79]6[80]	   AAATCAAAGCGAGAGGCTTTTGCGGTAGAA 	   Structure	  Staple	  

9[128]11[127]	   GAGGTCAATATAATGCTGTAGCACAGGCAA 	   Structure	  Staple	  

9[192]11[191]	   AGAATTGAGAAGCGCATTAGACGGATCAAGAT 	   Structure	  Staple	  
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9[224]11[223]	   AAACAATGCCTTTACAGAGAGACAATTTTA 	   Structure	  Staple	  

9[256]11[255]	   AAGCCCTTTTTTTTGTTTAACGTCGAGCGTCT 	   Structure	  Staple	  

9[64]11[63]	   AGACCGGAATTCCATATAACAGTTCGCGAGCT 	   Structure	  Staple	  

9[96]11[95]	   TAGAGAGTATGCAACTAAAGTACGAATAGTAG 	   Structure	  Staple	  

	    	   	  

4[63]6[56]	   Biotin-ATAAGGGAACCGGATATTCATTACGTCAGGACGTTGGGAA 	   5'-‐Biotin	  

4[127]6[120]	   Biotin-TTGTGTCGTGACGAGAAACACCAAATTTCAACTTTAAT 	   5'-‐Biotin	  

4[191]6[184]	   Biotin-CACCCTCAGAAACCATCGATAGCATTGAGCCATTTGGGAA 	   5'-‐Biotin	  

4[255]6[248]	   Biotin-AGCCACCACTGTAGCGCGTTTTCAAGGGAGGGAAGGTAAA 	   5'-‐Biotin	  

18[63]20[56]	   Biotin-ATTAAGTTTACCGAGCTCGAATTCGGGAAACCTGTCGTGC 	   5'-‐Biotin	  

18[127]20[120]	   Biotin-GCGATCGGCAATTCCACACAACAGGTGCCTAATGAGTG 	   5'-‐Biotin	  

18[191]20[184]	   Biotin-ATTCATTTTTGTTTGGATTATACTAAGAAACCACCAGAAG 	   5'-‐Biotin	  

18[255]20[248]	   Biotin-AACAATAACGTAAAACAGAAATAAAAATCCTTTGCCCGAA 	   5'-‐Biotin	  

 
 
Supplementary Table 4 | Staple sequences for DNA origami structures for 10-“color” in vitro Exchange-PAINT 
demonstration (even digits). 
Position	   Sequence	   Color	   Description	  (number)	  

1[160]2[144]	   GGTGTATCTTGATATAAGTATAGCGACAGCAT 	   2,4,6,8	  

11[160]12[144]	   TGCGGGAGGGCGTTTTAGCGAACCCAATAAAG 	   2,4,6,8	  

13[160]14[144]	   AATGCAGACGACAATAAACAACATGTCATTGC 	   2,4,6,8	  

15[160]16[144]	   TTGAAATAATCTTCTGACCTAAATCAACCCGT 	   2,4,6,8	  

17[160]18[144]	   GTGAGTGAGAAACAGTACATAAATGCAAGGCG 	   2,4,6,8	  

19[160]20[144]	   TATTTGCAGGTTAGAACCTACCATGGGAAACC 	   2,4,6,8	  

21[160]22[144]	   CAACTAATCTAAAATATCTTTAGGGAGTCCAC 	   2,4,6,8	  

3[160]4[144]	   AAAGCGCAAAATCCTCATTAAAGCGGTCAATC 	   2,4,6,8	  

5[160]6[144]	   GCGTCAGAGCGACAGAATCAAGTTGTCAGGAC 	   2,4,6,8	  

7[160]8[144]	   CGGAATAATATAAAAGAAACGCAAGGAATCGT 	   2,4,6,8	  

9[160]10[144]	   TTGAGCGCACCCTGAACAAAGTCAAGAGCTTA 	   2,4,6,8	  

21[224]23[223]	   CAAACAAACCCTCAATCAATATAAAAATAC 	   0,4,8	  

21[248]23[255]	   AAATCCTTTGCCCGAAAAAGCATCACCTTGCTAAAACAGA 	   0,4,8	  

0[111]1[95]	   AAGGAATTGCGAATAATAATTTTTGTCGCTGA 	   0,4,6,8	  

0[143]1[127]	   TCAGCGGAGTGAGAATAGAAAGGTTTTGCGG 	   0,4,6,8	  

0[79]1[63]	   GAAAATCTCCAAAAAAAAGGCTCCAACCATCG 	   0,4,6,8	  

2[111]0[112]	   TTGAGGACGGGAGTTAAAGGCCGCAACAACTA 	   0,4,6,8	  

2[47]0[48]	   TACGAAGGCGCCGACAATGACAACAAAAGGAG 	   0,4,6,8	  

2[79]0[80]	   TTCCATTATAACCGATATATTCGTCACGTT 	   0,4,6,8	  

21[184]23[191]	   ATAGATAATACATTTGTCAACAGTTGAAAGGAGCGCGAAC 	   0,4,6,8	  

23[160]22[176]	   TTGAATGGCTATTAGTCTTTAATATTGAGG 	   0,4,6,8	  

23[192]22[208]	   TGATAGCCCTAAAACATCGCCATTCTGGTCAG 	   0,4,6,8	  

23[224]22[240]	   CGAACGAACCACCAGCAGAAGATGAACCTCA 	   0,4,6,8	  

1[32]3[31]	   ATAGTTGCACCAACCTAAAACGCTTTGACC 	   0,2,8	  

11[32]13[31]	   TTTAGCTAACCCTCATATATTTGATTCAAA 	   0,2,8	  

13[32]15[31]	   AGGGTGAGGAAGATTGTATAAGTTAAAATT 	   0,2,8	  
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15[32]17[31]	   CGCATTAGACGACAGTATCGGCGCACCGCT 	   0,2,8	  

17[32]19[31]	   TCTGGTGTACCGAGCTCGAATTAATTGTTA 	   0,2,8	  

19[32]21[31]	   TCCGCTCAGCTGATTGCCCTTCGTCCACGC 	   0,2,8	  

3[32]5[31]	   CCCAGCGACCGGATATTCATTATGAATAAG 	   0,2,8	  

5[32]7[31]	   GCTTGCCATGCAGATACATAACACACTATC 	   0,2,8	  

7[32]9[31]	   ATAACCCAAGCAAAGCGGATTGTTCAAATA 	   0,2,8	  

9[32]11[31]	   TCGCGTTAACGAGTAGATTTAGATAACCTG 	   0,2,8	  

0[207]1[191]	   TCTTTCCAGACGTTAGTAAATGAATTTAGTAC 	   0,2,6,8	  

0[239]1[223]	   ATAGTTAGCGTAACGATCTAAAGCAGAACCG 	   0,2,6,8	  

0[271]1[255]	   ACAACGCCTGTAGCATTCCACAGAATTTTCAG 	   0,2,6,8	  

10[271]8[272]	   AGAAACGATTTAAGAAAAGTAAGCGAGGAA 	   0,2,6,8	  

12[271]10[272]	   AGAACAAGCCTAATTTGCCAGTTCCAAATA 	   0,2,6,8	  

14[271]12[272]	   TATTTAACTGTCTTTCCTTATCACTCATCG 	   0,2,6,8	  

16[271]14[272]	   GGCTTAGGTTCTTACCAGTATAAATCGCCA 	   0,2,6,8	  

18[271]16[272]	   TATTCATTTCAATAGTGAATTTAAACCTCC 	   0,2,6,8	  

2[175]0[176]	   CGAGAGGGACCGTACTCAGGAGGTTTTCTG 	   0,2,6,8	  

2[207]0[208]	   TTTTGCTCTCAGAACCGCCACCCTTTTTGTCG 	   0,2,6,8	  

2[239]0[240]	   CTCCTCAACAGAGCCACCACCCTCCAGCCCTC 	   0,2,6,8	  

2[271]0[272]	   TTCTGAAAAGCCCAATAGGAACCACAAACT 	   0,2,6,8	  

20[271]18[272]	   CACCAGAACGGATTCGCCTGATTGGCGAAT 	   0,2,6,8	  

22[271]20[272]	   AAAAATCTCGTTATTAATTTTAAAAGAAAC 	   0,2,6,8	  

4[271]2[272]	   CCACCCTCGTAACAGTGCCCGTACCTATTA 	   0,2,6,8	  

6[271]4[272]	   ATTTGGGACCGGAACCGCCTCCCAGAGCCA 	   0,2,6,8	  

8[271]6[272]	   ACGCAATATATTGACGGAAATTATTGAGCC 	   0,2,6,8	  

21[32]23[31]	   TGGTTTGGGTGCCGTAAAGCACAGAGCTTG 	   0,2,4,8	  

21[56]23[63]	   TCCTGTTTGATGGTGGACCATCACCCAAATCACGAGAAAG 	   0,2,4,8	  

21[96]23[95]	   ATAAATCACCGTCTATCAGGGCGAGACATTCT 	   0,2,4,8	  

23[32]22[48]	   ACGGGGAAAGCCGGCGAACGTGGAGTTTTTT 	   0,2,4,8	  

23[64]22[80]	   GAAGGGAAACCAGTAATAAAAGGTGGCCCA 	   0,2,4,8	  

23[96]22[112]	   GGCCAACAGAGATAGAACCCTTCTGTCAAAGG 	   0,2,4,8	  

0[175]0[144]	   TATGGGATTTTGCTAAACAACTTTCAACAGTT 	   0,2,4,6,8	  

0[47]1[31]	   CCTTTAATTGTATCGGTTTATCATGATACCG 	   0,2,4,6,8	  

23[128]23[159]	   AGCGTAAGAATACGTGGCACAGACAATATTT 	   0,2,4,6,8	  

23[256]22[272]	   GGTGAGGCGGTCAGTATTAACACGCAAATG 	   0,2,4,6,8	  

21[120]23[127]	   TAGGGTTGAGTGTTGAACGTGGACTCCAACGACCTGAA 	   0,2,4	  

	    	   	  

1[128]4[128]	   GATCGTCGGGTAGCAACGGCTACCATGTTACTTAGCCACCGAAC 	   Structure	  Staple	  

1[192]4[192]	   CGCCACCCAGTACCAGGCGGATAAGTTCCAGTAAGCGTCAAGACGATT 	   Structure	  Staple	  

1[224]3[223]	   CCACCCTGAGAAGGATTAGGATATACAGGA 	   Structure	  Staple	  

1[256]4[256]	   GGATAGCACATGAAAGTATTAAGAGGGGTCAGTGCCTTGAAGAGCCGC 	   Structure	  Staple	  

1[64]4[64]	   CCCACGCAAACGGGTAAAATACGTAACAAAGTACAACGGAGCTGACCT 	   Structure	  Staple	  

1[96]3[95]	   GGCTTGCATAAAGACTTTTTCATGCTGATAAA 	   Structure	  Staple	  

10[111]8[112]	   TTTTAAATACCTTTAATTGCTCCTTCAAATGC 	   Structure	  Staple	  

10[143]9[159]	   ATTGCTGATTTTTGCGGATGGCTTGAGGGTAA 	   Structure	  Staple	  
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10[175]8[176]	   AACTGAACTAATATCAGAGAGATATAAAGG 	   Structure	  Staple	  

10[207]8[208]	   AAAACAGGGTTAAGCCCAATAATAGCAGTATG 	   Structure	  Staple	  

10[239]8[240]	   AAATAGCAGAAATAGCAATAGCTAAAGAACTG 	   Structure	  Staple	  

10[47]8[48]	   ATTCTGCGTTAATTCGAGCTTCAATGACTATT 	   Structure	  Staple	  

10[79]8[80]	   GAAGTTTCAGCAAACTCCAACAGTGACCAT 	   Structure	  Staple	  

11[128]13[127]	   GGCAAAGCATAAAGCTAAATCGCTATTTTT 	   Structure	  Staple	  

11[192]13[191]	   TAGTTGCTAGAAGGCTTATCCGGTAACAATAG 	   Structure	  Staple	  

11[224]13[223]	   TCCTGAATACCGCGCCCAATAGTATCCCAT 	   Structure	  Staple	  

11[256]13[255]	   TTCCAGAGCAAGCCGTTTTTATTTCCAATCAA 	   Structure	  Staple	  

11[64]13[63]	   GAAAAGGTCTTTATTTCAACGCAATCAAATCA 	   Structure	  Staple	  

11[96]13[95]	   TAGCATTATATGACCCTGTAATACTCTAGCTG 	   Structure	  Staple	  

12[111]10[112]	   AAAAACATACATCCAATAAATCATTCAACATG 	   Structure	  Staple	  

12[143]11[159]	   CCTCAGAGAATTAGCAAAATTAAGTCCCGACT 	   Structure	  Staple	  

12[175]10[176]	   GAACGCGAGTTTTGAAGCCTTAAGAGAATT 	   Structure	  Staple	  

12[207]10[208]	   TCAGATATATTTTGCACCCAGCTAATAACATA 	   Structure	  Staple	  

12[239]10[240]	   GGAATCATTCTTACCAACGCTAACAAAAATGA 	   Structure	  Staple	  

12[47]10[48]	   ATTTTTAGATATTTTCATTTGGGGGATTCCCA 	   Structure	  Staple	  

12[79]10[80]	   GGAGAAGCGGCATCAATTCTACTGTGTCTG 	   Structure	  Staple	  

13[128]15[127]	   GAGAGATCTGGAGCAAACAAGAGCTTTCAT 	   Structure	  Staple	  

13[192]15[191]	   ATAAGTCCGACAAAAGGTAAAGTAATAAGGCG 	   Structure	  Staple	  

13[224]15[223]	   CCTAATTTCGAGCCAGTAATAACATAATTA 	   Structure	  Staple	  

13[256]15[255]	   TAATCGGCAACGCCAACATGTAATATATGCGT 	   Structure	  Staple	  

13[64]15[63]	   CCATCAATCCCGGTTGATAATCAGGCTCATTT 	   Structure	  Staple	  

13[96]15[95]	   ATAAATTAATCGTAAAACTAGCATAAAATAAT 	   Structure	  Staple	  

14[111]12[112]	   GAACGGTAATGCCGGAGAGGGTAGGTTGTACC 	   Structure	  Staple	  

14[143]13[159]	   CTGAGAGTCTACAAAGGCTATCAGGTTCAGCT 	   Structure	  Staple	  

14[175]12[176]	   CCAGACGAACGCGCCTGTTTATCATTCTAA 	   Structure	  Staple	  

14[207]12[208]	   AAAGTACCTGAACAAGAAAAATAACAAGCAAA 	   Structure	  Staple	  

14[239]12[240]	   AGGCATTTTACGAGCATGTAGAAATCATCGTA 	   Structure	  Staple	  

14[47]12[48]	   CAAAAACAGAAAGGCCGGAGACAGGGATAAAA 	   Structure	  Staple	  

14[79]12[80]	   ATATGTACATGATATTCAACCGTTTTTGCG 	   Structure	  Staple	  

15[128]18[128]	   CAACATTCCGTGGGAACAAACGATTACGCCAGCTGGCGGGTAAC 	   Structure	  Staple	  

15[192]18[192]	   TTAAATAAAAACTTTTTCAAATATTAAATCGTCGCTATTAAACAATTT 	   Structure	  Staple	  

15[224]17[223]	   CTAGAAACAAATCCAATCGCAAAATCCTTG 	   Structure	  Staple	  

15[256]18[256]	   TATACAAATTGGGTTATATAACTAAAGACGCTGAGAAGAGTCAATTAC 	   Structure	  Staple	  

15[64]18[64]	   TTTAACCATCGTAACCGTGCATCTGCGCCATTCGCCATTCTGCCTGCA 	   Structure	  Staple	  

15[96]17[95]	   TCGCGTCTGGGATAGGTCACGTTGTGGGAAGG 	   Structure	  Staple	  

16[111]14[112]	   ACCGTAATGGCCTTCCTGTAGCCAGAATCGAT 	   Structure	  Staple	  

16[143]15[159]	   CGGATTCTAAATGTGAGCGAGTAATTAATGGT 	   Structure	  Staple	  

16[175]14[176]	   TTAATTTCCCGACCGTGTGATAAATTCTGT 	   Structure	  Staple	  

16[207]14[208]	   ACGCGAGAGAATAAACACCGGAATGAGAATAT 	   Structure	  Staple	  

16[239]14[240]	   TGCTGATGAAGCCTGTTTAGTATCTTAGGCAG 	   Structure	  Staple	  

16[47]14[48]	   GAGGGGACAATTTTTGTTAAATCAAAAAGCCC 	   Structure	  Staple	  

16[79]14[80]	   TGGGCGCAATAGGAACGCCATCAGTCAATC 	   Structure	  Staple	  
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17[224]19[223]	   AAAACATAAACATCAAGAAAACAGATGAAT 	   Structure	  Staple	  

17[96]19[95]	   GCGATCGGTTGTAAAACGACGGCCGGGTGCCT 	   Structure	  Staple	  

18[111]16[112]	   TCACGACGTGCGGGCCTCTTCGCTGCGGATTG 	   Structure	  Staple	  

18[143]17[159]	   ATTAAGTTGAAAGGGGGATGTGCTCAATATAT 	   Structure	  Staple	  

18[175]16[176]	   TTTTAATGATAACCTTGCTTCTGATTTTAG 	   Structure	  Staple	  

18[207]16[208]	   TTACATTTATTAATTTTCCCTTAGGACAAAGA 	   Structure	  Staple	  

18[239]16[240]	   GATGAAACAGCGATAGCTTAGATTTATGTAAA 	   Structure	  Staple	  

18[47]16[48]	   TCCCCGGGCCGGAAACCAGGCAAAGCCAGTTT 	   Structure	  Staple	  

18[79]16[80]	   AGCTTGCAAGGCTGCGCAACTGTGTGTAGA 	   Structure	  Staple	  

19[224]21[223]	   ATACAGTAGATGATGGCAATTCAGACTTTA 	   Structure	  Staple	  

19[96]21[95]	   AATGAGTGGGAGAGGCGGTTTGCGAATCCCTT 	   Structure	  Staple	  

2[143]1[159]	   CGGAACGAACCCTCAGCAGCGAAACCGGAATA 	   Structure	  Staple	  

20[111]18[112]	   ACGCGCGGAGCTAACTCACATTAATTTCCCAG 	   Structure	  Staple	  

20[143]19[159]	   TGTCGTGCTGCCCGCTTTCCAGTCATCAAAAT 	   Structure	  Staple	  

20[175]18[176]	   AATGGAAGCGTAAAACAGAAATATTACCTT 	   Structure	  Staple	  

20[207]18[208]	   AATCCTGATTTCAGGTTTAACGTCAAAATTAA 	   Structure	  Staple	  

20[239]18[240]	   TGATTATCAACAGTACCTTTTACAAAGAAGAT 	   Structure	  Staple	  

20[47]18[48]	   CGGGCAACACAATTCCACACAACACTAGAGGA 	   Structure	  Staple	  

20[79]18[80]	   CGCCAGGGAAAGTGTAAAGCCTGAGTGCCA 	   Structure	  Staple	  

22[111]20[112]	   GCGAAAAAAAAGAATAGCCCGAGAATCGGCCA 	   Structure	  Staple	  

22[143]21[159]	   TATTAAAGTTCCAGTTTGGAACAAAGCACTAA 	   Structure	  Staple	  

22[175]20[176]	   AAGGTTATAGATTAGAGCCGTCATCTGAAT 	   Structure	  Staple	  

22[207]20[208]	   TTGGCAAAAGGATTTAGAAGTATTATCAATAT 	   Structure	  Staple	  

22[239]20[240]	   AATATCAATTCGACAACTCGTATTCATATTCC 	   Structure	  Staple	  

22[47]20[48]	   GGGGTCGACCCCAGCAGGCGAAAACAGTGAGA 	   Structure	  Staple	  

22[79]20[80]	   CTACGTGATTCCGAAATCGGCAATATTGGG 	   Structure	  Staple	  

3[224]5[223]	   GTGTACTCGCCAGCATTGACAGCGTTTGCC 	   Structure	  Staple	  

3[96]5[95]	   TTGTGTCGTGAACGGTGTACAGACTAATTTCA 	   Structure	  Staple	  

4[111]2[112]	   AGGACAGAAAATCCGCGACCTGCTCAGAGGCT 	   Structure	  Staple	  

4[143]3[159]	   ATAAGGGAGGAACGAGGCGCAGACCAGAATGG 	   Structure	  Staple	  

4[175]2[176]	   AAACAAATGTCTCTGAATTTACCGTGCCGT 	   Structure	  Staple	  

4[207]2[208]	   GGCAGGTCTACATGGCTTTTGATGTAGCGGGG 	   Structure	  Staple	  

4[239]2[240]	   AGAGCCGCGGTAATAAGTTTTAACGGCTGAGA 	   Structure	  Staple	  

4[47]2[48]	   TGACAAGAATTATACCAAGCGCGAAATGCCAC 	   Structure	  Staple	  

4[79]2[80]	   ATAGGCTGGATTTGTATCATCGCAGGAAGT 	   Structure	  Staple	  

5[224]7[223]	   ATCTTTTTACCATTAGCAAGGCCAAAGACA 	   Structure	  Staple	  

5[96]7[95]	   ACTTTAATGAACAACATTATTACAAAAAGAAG 	   Structure	  Staple	  

6[111]4[112]	   AACTAACGCATTGTGAATTACCTTTTTGAAAG 	   Structure	  Staple	  

6[143]5[159]	   GTTGGGAACTGGCTCATTATACCATGCCTTTA 	   Structure	  Staple	  

6[175]4[176]	   AATCAGTACTGTAGCGCGTTTTCTATTCAC 	   Structure	  Staple	  

6[207]4[208]	   TCACCAATATAGCCCCCTTATTAGGAGGTTGA 	   Structure	  Staple	  

6[239]4[240]	   AGCACCATCATAATCAAAATCACCCCACCACC 	   Structure	  Staple	  

6[47]4[48]	   TTCAACTACTGACGAGAAACACCAAGTAATCT 	   Structure	  Staple	  

6[79]4[80]	   AGATTCATGGGCTTGAGATGGTTCAGGCGC 	   Structure	  Staple	  
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7[120]9[127]	   AATGTTTAGACTGGATTCATTGAATCCCCCTTTGATAA 	   Structure	  Staple	  

7[184]9[191]	   ATCAATAGAAAATTCACGTAGAAAATACATACAACCCACA 	   Structure	  Staple	  

7[224]9[223]	   AAAGGGCAAGACTCCTTATTACAGAGCAAG 	   Structure	  Staple	  

7[248]9[255]	   AGGGAGGGAAGGTAAAATAACGGAATACCCAATCTTACCG 	   Structure	  Staple	  

7[56]9[63]	   GATAAAAACCAAAATAAATCAGGTCTTTACCCAGCGAACC 	   Structure	  Staple	  

7[96]9[95]	   TTTTGCCAGTTCAGAAAACGAGAAGTCAGGAT 	   Structure	  Staple	  

8[111]6[112]	   TTTAAACAGAGGGGGTAATAGTAAATAAAACG 	   Structure	  Staple	  

8[143]7[159]	   CATAAATATAGCGTCCAATACTGCAGACACCA 	   Structure	  Staple	  

8[175]6[176]	   TGGCAACAGTTTATTTTGTCACAGCACCGT 	   Structure	  Staple	  

8[207]6[208]	   TTAGCAAATATGGTTTACCAGCGCCGGAAACG 	   Structure	  Staple	  

8[239]6[240]	   GCATGATTGACATTCAACCGATTGTCACCAGT 	   Structure	  Staple	  

8[47]6[48]	   ATAGTCAGTCGTTTACCAGACGACATACCACA 	   Structure	  Staple	  

8[79]6[80]	   AAATCAAAGCGAGAGGCTTTTGCGGTAGAA 	   Structure	  Staple	  

9[128]11[127]	   GAGGTCAATATAATGCTGTAGCACAGGCAA 	   Structure	  Staple	  

9[192]11[191]	   AGAATTGAGAAGCGCATTAGACGGATCAAGAT 	   Structure	  Staple	  

9[224]11[223]	   AAACAATGCCTTTACAGAGAGACAATTTTA 	   Structure	  Staple	  

9[256]11[255]	   AAGCCCTTTTTTTTGTTTAACGTCGAGCGTCT 	   Structure	  Staple	  

9[64]11[63]	   AGACCGGAATTCCATATAACAGTTCGCGAGCT 	   Structure	  Staple	  

9[96]11[95]	   TAGAGAGTATGCAACTAAAGTACGAATAGTAG 	   Structure	  Staple	  

	    	   	  

4[63]6[56]	   Biotin-TCATCAAGGAACGAGTAGTAAATTCAGTTGAGATTTAGGA 	   5'-‐Biotin	  

4[255]6[248]	   Biotin-CACCAGAAGGAACCAGAGCCACCAATTAGAGCCAGCAAAA 	   5'-‐Biotin	  

4[191]6[184]	   Biotin-GGCCTTGAATCGGCATTTTCGGTCGAAACCATCGATAGCA 	   5'-‐Biotin	  

4[127]6[120]	   Biotin-TGACCAACATGCGATTTTAAGAAGAAAAATCTACGTTA 	   5'-‐Biotin	  

18[63]20[56]	   Biotin-GGTCGACTTACGAGCCGGAAGCATTGGTTTTTCTTTTCAC 	   5'-‐Biotin	  

18[255]20[248]	   Biotin-CTGAGCAATCGGGAGAAACAATAAGGAGCGGAATTATCAT 	   5'-‐Biotin	  

18[191]20[184]	   Biotin-CATTTGAAAAGAAATTGCGTAGATTTGTTTGGATTATACT 	   5'-‐Biotin	  

18[127]20[120]	   Biotin-GCCAGGGTTTGCGTTGCGCTCACCAGCTGCATTAATGA 	   5'-‐Biotin	  
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Supplementary Table 5 | Staple sequences for DNA origami structures for in vitro Exchange-PAINT 
demonstration (digits 0 to 3). (Only modified strands are listed) 
Position	   Sequence	   Color	   Description	  (number)	  

2[47]0[48]	   ACGGCTACAAAAGGAGCCTTTAATGTGAGAATTTATACATCTA 	   0	  

2[79]0[80]	   CAGCGAAACTTGCTTTCGAGGTGTTGCTAATTATACATCTA 	   0	  

2[111]0[112]	   AAGGCCGCTGATACCGATAGTTGCGACGTTAGTTATACATCTA 	   0	  

2[143]1[159]	   ATATTCGGAACCATCGCCCACGCAGAGAAGGATTATACATCTA 	   0	  

2[175]0[176]	   TATTAAGAAGCGGGGTTTTGCTCGTAGCATTTATACATCTA 	   0	  

2[207]0[208]	   TTTCGGAAGTGCCGTCGAGAGGGTGAGTTTCGTTATACATCTA 	   0	  

2[239]0[240]	   GCCCGTATCCGGAATAGGTGTATCAGCCCAATTTATACATCTA 	   0	  

6[47]4[48]	   TACGTTAAAGTAATCTTGACAAGAACCGAACTTTATACATCTA 	   0	  

6[239]4[240]	   GAAATTATTGCCTTTAGCGTCAGACCGGAACCTTATACATCTA 	   0	  

10[47]8[48]	   CTGTAGCTTGACTATTATAGTCAGTTCATTGATTATACATCTA 	   0	  

10[239]8[240]	   GCCAGTTAGAGGGTAATTGAGCGCTTTAAGAATTATACATCTA 	   0	  

14[47]12[48]	   AACAAGAGGGATAAAAATTTTTAGCATAAAGCTTATACATCTA 	   0	  

14[239]12[240]	   AGTATAAAGTTCAGCTAATGCAGATGTCTTTCTTATACATCTA 	   0	  

18[47]16[48]	   CCAGGGTTGCCAGTTTGAGGGGACCCGTGGGATTATACATCTA 	   0	  

18[239]16[240]	   CCTGATTGCAATATATGTGAGTGATCAATAGTTTATACATCTA 	   0	  

22[47]20[48]	   CTCCAACGCAGTGAGACGGGCAACCAGCTGCATTATACATCTA 	   0	  

22[79]20[80]	   TGGAACAACCGCCTGGCCCTGAGGCCCGCTTTATACATCTA 	   0	  

22[111]20[112]	   GCCCGAGAGTCCACGCTGGTTTGCAGCTAACTTTATACATCTA 	   0	  

22[143]21[159]	   TCGGCAAATCCTGTTTGATGGTGGACCCTCAATTATACATCTA 	   0	  

22[175]20[176]	   ACCTTGCTTGGTCAGTTGGCAAAGAGCGGATTATACATCTA 	   0	  

22[207]20[208]	   AGCCAGCAATTGAGGAAGGTTATCATCATTTTTTATACATCTA 	   0	  

22[239]20[240]	   TTAACACCAGCACTAACAACTAATCGTTATTATTATACATCTA 	   0	  

9[64]11[63]	   CGGATTGCAGAGCTTAATTGCTGAAACGAGTATTATCTACATA 	   1	  

9[96]11[95]	   CGAAAGACTTTGATAAGAGGTCATATTTCGCATTATCTACATA 	   1	  

9[128]11[127]	   GCTTCAATCAGGATTAGAGAGTTATTTTCATTATCTACATA 	   1	  

9[192]11[191]	   TTAGACGGCCAAATAAGAAACGATAGAAGGCTTTATCTACATA 	   1	  

9[224]11[223]	   AAAGTCACAAAATAAACAGCCAGCGTTTTATTATCTACATA 	   1	  

9[256]11[255]	   GAGAGATAGAGCGTCTTTCCAGAGGTTTTGAATTATCTACATA 	   1	  

11[64]13[63]	   GATTTAGTCAATAAAGCCTCAGAGAACCCTCATTATCTACATA 	   1	  

11[96]13[95]	   AATGGTCAACAGGCAAGGCAAAGAGTAATGTGTTATCTACATA 	   1	  

11[128]13[127]	   TTTGGGGATAGTAGTAGCATTAAAAGGCCGTTATCTACATA 	   1	  

11[160]12[144]	   CCAATAGCTCATCGTAGGAATCATGGCATCAATTATCTACATA 	   1	  

11[192]13[191]	   TATCCGGTCTCATCGAGAACAAGCGACAAAAGTTATCTACATA 	   1	  

11[224]13[223]	   GCGAACCTCCAAGAACGGGTATGACAATAATTATCTACATA 	   1	  

11[256]13[255]	   GCCTTAAACCAATCAATAATCGGCACGCGCCTTTATCTACATA 	   1	  

12[47]10[48]	   TAAATCGGGATTCCCAATTCTGCGATATAATGTTATCTACATA 	   1	  

12[79]10[80]	   AAATTAAGTTGACCATTAGATACTTTTGCGTTATCTACATA 	   1	  

12[111]10[112]	   TAAATCATATAACCTGTTTAGCTAACCTTTAATTATCTACATA 	   1	  

12[175]10[176]	   TTTTATTTAAGCAAATCAGATATTTTTTGTTTATCTACATA 	   1	  

12[207]10[208]	   GTACCGCAATTCTAAGAACGCGAGTATTATTTTTATCTACATA 	   1	  

12[239]10[240]	   CTTATCATTCCCGACTTGCGGGAGCCTAATTTTTATCTACATA 	   1	  
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13[160]14[144]	   GTAATAAGTTAGGCAGAGGCATTTATGATATTTTATCTACATA 	   1	  

14[79]12[80]	   GCTATCAGAAATGCAATGCCTGAATTAGCATTATCTACATA 	   1	  

14[111]12[112]	   GAGGGTAGGATTCAAAAGGGTGAGACATCCAATTATCTACATA 	   1	  

14[175]12[176]	   CATGTAATAGAATATAAAGTACCAAGCCGTTTATCTACATA 	   1	  

14[207]12[208]	   AATTGAGAATTCTGTCCAGACGACTAAACCAATTATCTACATA 	   1	  

0[175]0[144]	   TCCACAGACAGCCCTCATAGTTAGCGTAACGATTTCTTCATTA 	   2	  

0[207]1[191]	   TCACCAGTACAAACTACAACGCCTAGTACCAGTTTCTTCATTA 	   2	  

0[239]1[223]	   AGGAACCCATGTACCGTAACACTTGATATAATTTCTTCATTA 	   2	  

0[271]1[255]	   CCACCCTCATTTTCAGGGATAGCAACCGTACTTTTCTTCATTA 	   2	  

1[32]3[31]	   AGGCTCCAGAGGCTTTGAGGACACGGGTAATTTCTTCATTA 	   2	  

4[143]3[159]	   TCATCGCCAACAAAGTACAACGGACGCCAGCATTTCTTCATTA 	   2	  

4[271]2[272]	   AAATCACCTTCCAGTAAGCGTCAGTAATAATTTCTTCATTA 	   2	  

5[32]7[31]	   CATCAAGTAAAACGAACTAACGAGTTGAGATTTCTTCATTA 	   2	  

8[143]7[159]	   CTTTTGCAGATAAAAACCAAAATAAAGACTCCTTTCTTCATTA 	   2	  

8[271]6[272]	   AATAGCTATCAATAGAAAATTCAACATTCATTTCTTCATTA 	   2	  

9[32]11[31]	   TTTACCCCAACATGTTTTAAATTTCCATATTTTCTTCATTA 	   2	  

12[143]11[159]	   TTCTACTACGCGAGCTGAAAAGGTTACCGCGCTTTCTTCATTA 	   2	  

12[271]10[272]	   TGTAGAAATCAAGATTAGTTGCTCTTACCATTTCTTCATTA 	   2	  

13[32]15[31]	   AACGCAAAATCGATGAACGGTACCGGTTGATTTCTTCATTA 	   2	  

16[143]15[159]	   GCCATCAAGCTCATTTTTTAACCACAAATCCATTTCTTCATTA 	   2	  

16[271]14[272]	   CTTAGATTTAAGGCGTTAAATAAAGCCTGTTTTCTTCATTA 	   2	  

17[32]19[31]	   TGCATCTTTCCCAGTCACGACGGCCTGCAGTTTCTTCATTA 	   2	  

20[143]19[159]	   AAGCCTGGTACGAGCCGGAAGCATAGATGATGTTTCTTCATTA 	   2	  

20[271]18[272]	   CTCGTATTAGAAATTGCGTAGATACAGTACTTTCTTCATTA 	   2	  

21[32]23[31]	   TTTTCACTCAAAGGGCGAAAAACCATCACCTTTCTTCATTA 	   2	  

21[56]23[63]	   AGCTGATTGCCCTTCAGAGTCCACTATTAAAGGGTGCCGTTTTCTTCATTA 	   2	  

21[96]23[95]	   AGCAAGCGTAGGGTTGAGTGTTGTAGGGAGCCTTTCTTCATTA 	   2	  

21[120]23[127]	   CCCAGCAGGCGAAAAATCCCTTATAAATCAAGCCGGCGTTTCTTCATTA 	   2	  

21[160]22[144]	   TCAATATCGAACCTCAAATATCAATTCCGAAATTTCTTCATTA 	   2	  

23[256]22[272]	   CTTTAATGCGCGAACTGATAGCCCCACCAGTTTCTTCATTA 	   2	  

0[47]1[31]	   AGAAAGGAACAACTAAAGGAATTCAAAAAAATTATGAATCTA 	   3	  

2[271]0[272]	   GTTTTAACTTAGTACCGCCACCCAGAGCCATTATGAATCTA 	   3	  

3[32]5[31]	   AATACGTTTGAAAGAGGACAGACTGACCTTTTATGAATCTA 	   3	  

6[143]5[159]	   GATGGTTTGAACGAGTAGTAAATTTACCATTATTATGAATCTA 	   3	  

6[271]4[272]	   ACCGATTGTCGGCATTTTCGGTCATAATCATTATGAATCTA 	   3	  

7[32]9[31]	   TTTAGGACAAATGCTTTAAACAATCAGGTCTTATGAATCTA 	   3	  

10[143]9[159]	   CCAACAGGAGCGAACCAGACCGGAGCCTTTACTTATGAATCTA 	   3	  

10[271]8[272]	   ACGCTAACACCCACAAGAATTGAAAATAGCTTATGAATCTA 	   3	  

11[32]13[31]	   AACAGTTTTGTACCAAAAACATTTTATTTCTTATGAATCTA 	   3	  

14[143]13[159]	   CAACCGTTTCAAATCACCATCAATTCGAGCCATTATGAATCTA 	   3	  

14[271]12[272]	   TTAGTATCACAATAGATAAGTCCACGAGCATTATGAATCTA 	   3	  

15[32]17[31]	   TAATCAGCGGATTGACCGTAATCGTAACCGTTATGAATCTA 	   3	  

18[143]17[159]	   CAACTGTTGCGCCATTCGCCATTCAAACATCATTATGAATCTA 	   3	  

18[271]16[272]	   CTTTTACAAAATCGTCGCTATTAGCGATAGTTATGAATCTA 	   3	  
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19[32]21[31]	   GTCGACTTCGGCCAACGCGCGGGGTTTTTCTTATGAATCTA 	   3	  

19[160]20[144]	   GCAATTCACATATTCCTGATTATCAAAGTGTATTATGAATCTA 	   3	  

22[271]20[272]	   CAGAAGATTAGATAATACATTTGTCGACAATTATGAATCTA 	   3	  

23[32]22[48]	   CAAATCAAGTTTTTTGGGGTCGAAACGTGGATTATGAATCTA 	   3	  

23[64]22[80]	   AAAGCACTAAATCGGAACCCTAATCCAGTTTTATGAATCTA 	   3	  

23[96]22[112]	   CCCGATTTAGAGCTTGACGGGGAAAAAGAATATTATGAATCTA 	   3	  

23[128]23[159]	   AACGTGGCGAGAAAGGAAGGGAAACCAGTAATTATGAATCTA 	   3	  

23[160]22[176]	   TAAAAGGGACATTCTGGCCAACAAAGCATCTTATGAATCTA 	   3	  

23[192]22[208]	   ACCCTTCTGACCTGAAAGCGTAAGACGCTGAGTTATGAATCTA 	   3	  

23[224]22[240]	   GCACAGACAATATTTTTGAATGGGGTCAGTATTATGAATCTA 	   3	  

 
 
Supplementary Table 6 | p8064 scaffold sequence for microtubule-like DNA origami structure 
TGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGGCTATTCTTTTGATT
TATAAGGGATTTTGCCGATTTCGGAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGGTGAAG
GGCAATCAGCTGTTGCCCGTCTCACTGGTGAAAAGAAAAACCACCCTGGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCAC
GACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGT
TGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGAATTCGAGCTCGGTACCCGGGGATCCTCAACTGTGAGGAGGCTCACGGA
CGCGAAGAACAGGCACGCGTGCTGGCAGAAACCCCCGGTATGACCGTGAAAACGGCCCGCCGCATTCTGGCCGCAGCACCACAGAGTGCACAGGCGCGCAGTGACACTG
CGCTGGATCGTCTGATGCAGGGGGCACCGGCACCGCTGGCTGCAGGTAACCCGGCATCTGATGCCGTTAACGATTTGCTGAACACACCAGTGTAAGGGATGTTTATGAC
GAGCAAAGAAACCTTTACCCATTACCAGCCGCAGGGCAACAGTGACCCGGCTCATACCGCAACCGCGCCCGGCGGATTGAGTGCGAAAGCGCCTGCAATGACCCCGCTG
ATGCTGGACACCTCCAGCCGTAAGCTGGTTGCGTGGGATGGCACCACCGACGGTGCTGCCGTTGGCATTCTTGCGGTTGCTGCTGACCAGACCAGCACCACGCTGACGT
TCTACAAGTCCGGCACGTTCCGTTATGAGGATGTGCTCTGGCCGGAGGCTGCCAGCGACGAGACGAAAAAACGGACCGCGTTTGCCGGAACGGCAATCAGCATCGTTTA
ACTTTACCCTTCATCACTAAAGGCCGCCTGTGCGGCTTTTTTTACGGGATTTTTTTATGTCGATGTACACAACCGCCCAACTGCTGGCGGCAAATGAGCAGAAATTTAA
GTTTGATCCGCTGTTTCTGCGTCTCTTTTTCCGTGAGAGCTATCCCTTCACCACGGAGAAAGTCTATCTCTCACAAATTCCGGGACTGGTAAACATGGCGCTGTACGTT
TCGCCGATTGTTTCCGGTGAGGTTATCCGTTCCCGTGGCGGCTCCACCTCTGAAAGCTTGGCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTA
CCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATG
GCGCTTTGCCTGGTTTCCGGCACCAGAAGCGGTGCCGGAAAGCTGGCTGGAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCTCAAACTGGCAGATGCACGGT
TACGATGCGCCCATCTACACCAACGTGACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAATCCGACGGGTTGTTACTCGCTCACATTTAATGTTGATG
AAAGCTGGCTACAGGAAGGCCAGACGCGAATTATTTTTGATGGCGTTCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAATGCGAATTTTAACAAAATATTA
ACGTTTACAATTTAAATATTTGCTTATACAATCTTCCTGTTTTTGGGGCTTTTCTGATTATCAACCGGGGTACATATGATTGACATGCTAGTTTTACGATTACCGTTCA
TCGATTCTCTTGTTTGCTCCAGACTCTCAGGCAATGACCTGATAGCCTTTGTAGATCTCTCAAAAATAGCTACCCTCTCCGGCATTAATTTATCAGCTAGAACGGTTGA
ATATCATATTGATGGTGATTTGACTGTCTCCGGCCTTTCTCACCCTTTTGAATCTTTACCTACACATTACTCAGGCATTGCATTTAAAATATATGAGGGTTCTAAAAAT
TTTTATCCTTGCGTTGAAATAAAGGCTTCTCCCGCAAAAGTATTACAGGGTCATAATGTTTTTGGTACAACCGATTTAGCTTTATGCTCTGAGGCTTTATTGCTTAATT
TTGCTAATTCTTTGCCTTGCCTGTATGATTTATTGGATGTTAATGCTACTACTATTAGTAGAATTGATGCCACCTTTTCAGCTCGCGCCCCAAATGAAAATATAGCTAA
ACAGGTTATTGACCATTTGCGAAATGTATCTAATGGTCAAACTAAATCTACTCGTTCGCAGAATTGGGAATCAACTGTTATATGGAATGAAACTTCCAGACACCGTACT
TTAGTTGCATATTTAAAACATGTTGAGCTACAGCATTATATTCAGCAATTAAGCTCTAAGCCATCCGCAAAAATGACCTCTTATCAAAAGGAGCAATTAAAGGTACTCT
CTAATCCTGACCTGTTGGAGTTTGCTTCCGGTCTGGTTCGCTTTGAAGCTCGAATTAAAACGCGATATTTGAAGTCTTTCGGGCTTCCTCTTAATCTTTTTGATGCAAT
CCGCTTTGCTTCTGACTATAATAGTCAGGGTAAAGACCTGATTTTTGATTTATGGTCATTCTCGTTTTCTGAACTGTTTAAAGCATTTGAGGGGGATTCAATGAATATT
TATGACGATTCCGCAGTATTGGACGCTATCCAGTCTAAACATTTTACTATTACCCCCTCTGGCAAAACTTCTTTTGCAAAAGCCTCTCGCTATTTTGGTTTTTATCGTC
GTCTGGTAAACGAGGGTTATGATAGTGTTGCTCTTACTATGCCTCGTAATTCCTTTTGGCGTTATGTATCTGCATTAGTTGAATGTGGTATTCCTAAATCTCAACTGAT
GAATCTTTCTACCTGTAATAATGTTGTTCCGTTAGTTCGTTTTATTAACGTAGATTTTTCTTCCCAACGTCCTGACTGGTATAATGAGCCAGTTCTTAAAATCGCATAA
GGTAATTCACAATGATTAAAGTTGAAATTAAACCATCTCAAGCCCAATTTACTACTCGTTCTGGTGTTTCTCGTCAGGGCAAGCCTTATTCACTGAATGAGCAGCTTTG
TTACGTTGATTTGGGTAATGAATATCCGGTTCTTGTCAAGATTACTCTTGATGAAGGTCAGCCAGCCTATGCGCCTGGTCTGTACACCGTTCATCTGTCCTCTTTCAAA
GTTGGTCAGTTCGGTTCCCTTATGATTGACCGTCTGCGCCTCGTTCCGGCTAAGTAACATGGAGCAGGTCGCGGATTTCGACACAATTTATCAGGCGATGATACAAATC
TCCGTTGTACTTTGTTTCGCGCTTGGTATAATCGCTGGGGGTCAAAGATGAGTGTTTTAGTGTATTCTTTTGCCTCTTTCGTTTTAGGTTGGTGCCTTCGTAGTGGCAT
TACGTATTTTACCCGTTTAATGGAAACTTCCTCATGAAAAAGTCTTTAGTCCTCAAAGCCTCTGTAGCCGTTGCTACCCTCGTTCCGATGCTGTCTTTCGCTGCTGAGG
GTGACGATCCCGCAAAAGCGGCCTTTAACTCCCTGCAAGCCTCAGCGACCGAATATATCGGTTATGCGTGGGCGATGGTTGTTGTCATTGTCGGCGCAACTATCGGTAT
CAAGCTGTTTAAGAAATTCACCTCGAAAGCAAGCTGATAAACCGATACAATTAAAGGCTCCTTTTGGAGCCTTTTTTTTGGAGATTTTCAACGTGAAAAAATTATTATT
CGCAATTCCTTTAGTTGTTCCTTTCTATTCTCACTCCGCTGAAACTGTTGAAAGTTGTTTAGCAAAATCCCATACAGAAAATTCATTTACTAACGTCTGGAAAGACGAC
AAAACTTTAGATCGTTACGCTAACTATGAGGGCTGTCTGTGGAATGCTACAGGCGTTGTAGTTTGTACTGGTGACGAAACTCAGTGTTACGGTACATGGGTTCCTATTG
GGCTTGCTATCCCTGAAAATGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGCGGTTCTGAGGGTGGCGGTACTAAACCTCCTGAGTACGGTGATACACCTAT
TCCGGGCTATACTTATATCAACCCTCTCGACGGCACTTATCCGCCTGGTACTGAGCAAAACCCCGCTAATCCTAATCCTTCTCTTGAGGAGTCTCAGCCTCTTAATACT
TTCATGTTTCAGAATAATAGGTTCCGAAATAGGCAGGGGGCATTAACTGTTTATACGGGCACTGTTACTCAAGGCACTGACCCCGTTAAAACTTATTACCAGTACACTC
CTGTATCATCAAAAGCCATGTATGACGCTTACTGGAACGGTAAATTCAGAGACTGCGCTTTCCATTCTGGCTTTAATGAGGATTTATTTGTTTGTGAATATCAAGGCCA
ATCGTCTGACCTGCCTCAACCTCCTGTCAATGCTGGCGGCGGCTCTGGTGGTGGTTCTGGTGGCGGCTCTGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGC
GGCTCTGAGGGAGGCGGTTCCGGTGGTGGCTCTGGTTCCGGTGATTTTGATTATGAAAAGATGGCAAACGCTAATAAGGGGGCTATGACCGAAAATGCCGATGAAAACG
CGCTACAGTCTGACGCTAAAGGCAAACTTGATTCTGTCGCTACTGATTACGGTGCTGCTATCGATGGTTTCATTGGTGACGTTTCCGGCCTTGCTAATGGTAATGGTGC
TACTGGTGATTTTGCTGGCTCTAATTCCCAAATGGCTCAAGTCGGTGACGGTGATAATTCACCTTTAATGAATAATTTCCGTCAATATTTACCTTCCCTCCCTCAATCG
GTTGAATGTCGCCCTTTTGTCTTTGGCGCTGGTAAACCATATGAATTTTCTATTGATTGTGACAAAATAAACTTATTCCGTGGTGTCTTTGCGTTTCTTTTATATGTTG
CCACCTTTATGTATGTATTTTCTACGTTTGCTAACATACTGCGTAATAAGGAGTCTTAATCATGCCAGTTCTTTTGGGTATTCCGTTATTATTGCGTTTCCTCGGTTTC
CTTCTGGTAACTTTGTTCGGCTATCTGCTTACTTTTCTTAAAAAGGGCTTCGGTAAGATAGCTATTGCTATTTCATTGTTTCTTGCTCTTATTATTGGGCTTAACTCAA
TTCTTGTGGGTTATCTCTCTGATATTAGCGCTCAATTACCCTCTGACTTTGTTCAGGGTGTTCAGTTAATTCTCCCGTCTAATGCGCTTCCCTGTTTTTATGTTATTCT
CTCTGTAAAGGCTGCTATTTTCATTTTTGACGTTAAACAAAAAATCGTTTCTTATTTGGATTGGGATAAATAATATGGCTGTTTATTTTGTAACTGGCAAATTAGGCTC
TGGAAAGACGCTCGTTAGCGTTGGTAAGATTCAGGATAAAATTGTAGCTGGGTGCAAAATAGCAACTAATCTTGATTTAAGGCTTCAAAACCTCCCGCAAGTCGGGAGG
TTCGCTAAAACGCCTCGCGTTCTTAGAATACCGGATAAGCCTTCTATATCTGATTTGCTTGCTATTGGGCGCGGTAATGATTCCTACGATGAAAATAAAAACGGCTTGC
TTGTTCTCGATGAGTGCGGTACTTGGTTTAATACCCGTTCTTGGAATGATAAGGAAAGACAGCCGATTATTGATTGGTTTCTACATGCTCGTAAATTAGGATGGGATAT
TATTTTTCTTGTTCAGGACTTATCTATTGTTGATAAACAGGCGCGTTCTGCATTAGCTGAACATGTTGTTTATTGTCGTCGTCTGGACAGAATTACTTTACCTTTTGTC
GGTACTTTATATTCTCTTATTACTGGCTCGAAAATGCCTCTGCCTAAATTACATGTTGGCGTTGTTAAATATGGCGATTCTCAATTAAGCCCTACTGTTGAGCGTTGGC
TTTATACTGGTAAGAATTTGTATAACGCATATGATACTAAACAGGCTTTTTCTAGTAATTATGATTCCGGTGTTTATTCTTATTTAACGCCTTATTTATCACACGGTCG
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GTATTTCAAACCATTAAATTTAGGTCAGAAGATGAAATTAACTAAAATATATTTGAAAAAGTTTTCTCGCGTTCTTTGTCTTGCGATTGGATTTGCATCAGCATTTACA
TATAGTTATATAACCCAACCTAAGCCGGAGGTTAAAAAGGTAGTCTCTCAGACCTATGATTTTGATAAATTCACTATTGACTCTTCTCAGCGTCTTAATCTAAGCTATC
GCTATGTTTTCAAGGATTCTAAGGGAAAATTAATTAATAGCGACGATTTACAGAAGCAAGGTTATTCACTCACATATATTGATTTATGTACTGTTTCCATTAAAAAAGG
TAATTCAAATGAAATTGTTAAATGTAATTAATTTTGTTTTCTTGATGTTTGTTTCATCATCTTCTTTTGCTCAGGTAATTGAAATGAATAATTCGCCTCTGCGCGATTT
TGTAACTTGGTATTCAAAGCAATCAGGCGAATCCGTTATTGTTTCTCCCGATGTAAAAGGTACTGTTACTGTATATTCATCTGACGTTAAACCTGAAAATCTACGCAAT
TTCTTTATTTCTGTTTTACGTGCAAATAATTTTGATATGGTAGGTTCTAACCCTTCCATTATTCAGAAGTATAATCCAAACAATCAGGATTATATTGATGAATTGCCAT
CATCTGATAATCAGGAATATGATGATAATTCCGCTCCTTCTGGTGGTTTCTTTGTTCCGCAAAATGATAATGTTACTCAAACTTTTAAAATTAATAACGTTCGGGCAAA
GGATTTAATACGAGTTGTCGAATTGTTTGTAAAGTCTAATACTTCTAAATCCTCAAATGTATTATCTATTGACGGCTCTAATCTATTAGTTGTTAGTGCTCCTAAAGAT
ATTTTAGATAACCTTCCTCAATTCCTTTCAACTGTTGATTTGCCAACTGACCAGATATTGATTGAGGGTTTGATATTTGAGGTTCAGCAAGGTGATGCTTTAGATTTTT
CATTTGCTGCTGGCTCTCAGCGTGGCACTGTTGCAGGCGGTGTTAATACTGACCGCCTCACCTCTGTTTTATCTTCTGCTGGTGGTTCGTTCGGTATTTTTAATGGCGA
TGTTTTAGGGCTATCAGTTCGCGCATTAAAGACTAATAGCCATTCAAAAATATTGTCTGTGCCACGTATTCTTACGCTTTCAGGTCAGAAGGGTTCTATCTCTGTTGGC
CAGAATGTCCCTTTTATTACTGGTCGTGTGACTGGTGAATCTGCCAATGTAAATAATCCATTTCAGACGATTGAGCGTCAAAATGTAGGTATTTCCATGAGCGTTTTTC
CTGTTGCAATGGCTGGCGGTAATATTGTTCTGGATATTACCAGCAAGGCCGATAGTTTGAGTTCTTCTACTCAGGCAAGTGATGTTATTACTAATCAAAGAAGTATTGC
TACAACGGTTAATTTGCGTGATGGACAGACTCTTTTACTCGGTGGCCTCACTGATTATAAAAACACTTCTCAGGATTCTGGCGTACCGTTCCTGTCTAAAATCCCTTTA
ATCGGCCTCCTGTTTAGCTCCCGCTCTGATTCTAACGAGGAAAGCACGTTATACGTGCTCGTCAAAGCAACCATAGTACGCGCCCTGTAGCGGCGCATTAAGCGCGGCG
GGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTC
AAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTTGGGTGATGGTTCACGTAGTGGGCCATCGCCC 

 
 
Supplementary Table 7 | M13mp18 scaffold sequence for drift markers and Exchange-PAINT DNA 
origami structures 
TTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAAC
TTGATTTGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGG
AACAACACTCAACCCTATCTCGGGCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCGTGG
ACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGGTGAAGGGCAATCAGCTGTTGCCCGTCTCACTGGTGAAAAGAAAAACCACCCTGGCGCCCAATACGCAAACCGCCTC
TCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGC
ACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGAATTCGAGCTC
GGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGC
CTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCTTTGCCTGGT
TTCCGGCACCAGAAGCGGTGCCGGAAAGCTGGCTGGAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCTCAAACTGGCAGATGCACGGTTACGATGCGCCCAT
CTACACCAACGTGACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAATCCGACGGGTTGTTACTCGCTCACATTTAATGTTGATGAAAGCTGGCTACAG
GAAGGCCAGACGCGAATTATTTTTGATGGCGTTCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAATGCGAATTTTAACAAAATATTAACGTTTACAATTTA
AATATTTGCTTATACAATCTTCCTGTTTTTGGGGCTTTTCTGATTATCAACCGGGGTACATATGATTGACATGCTAGTTTTACGATTACCGTTCATCGATTCTCTTGTT
TGCTCCAGACTCTCAGGCAATGACCTGATAGCCTTTGTAGATCTCTCAAAAATAGCTACCCTCTCCGGCATTAATTTATCAGCTAGAACGGTTGAATATCATATTGATG
GTGATTTGACTGTCTCCGGCCTTTCTCACCCTTTTGAATCTTTACCTACACATTACTCAGGCATTGCATTTAAAATATATGAGGGTTCTAAAAATTTTTATCCTTGCGT
TGAAATAAAGGCTTCTCCCGCAAAAGTATTACAGGGTCATAATGTTTTTGGTACAACCGATTTAGCTTTATGCTCTGAGGCTTTATTGCTTAATTTTGCTAATTCTTTG
CCTTGCCTGTATGATTTATTGGATGTTAATGCTACTACTATTAGTAGAATTGATGCCACCTTTTCAGCTCGCGCCCCAAATGAAAATATAGCTAAACAGGTTATTGACC
ATTTGCGAAATGTATCTAATGGTCAAACTAAATCTACTCGTTCGCAGAATTGGGAATCAACTGTTATATGGAATGAAACTTCCAGACACCGTACTTTAGTTGCATATTT
AAAACATGTTGAGCTACAGCATTATATTCAGCAATTAAGCTCTAAGCCATCCGCAAAAATGACCTCTTATCAAAAGGAGCAATTAAAGGTACTCTCTAATCCTGACCTG
TTGGAGTTTGCTTCCGGTCTGGTTCGCTTTGAAGCTCGAATTAAAACGCGATATTTGAAGTCTTTCGGGCTTCCTCTTAATCTTTTTGATGCAATCCGCTTTGCTTCTG
ACTATAATAGTCAGGGTAAAGACCTGATTTTTGATTTATGGTCATTCTCGTTTTCTGAACTGTTTAAAGCATTTGAGGGGGATTCAATGAATATTTATGACGATTCCGC
AGTATTGGACGCTATCCAGTCTAAACATTTTACTATTACCCCCTCTGGCAAAACTTCTTTTGCAAAAGCCTCTCGCTATTTTGGTTTTTATCGTCGTCTGGTAAACGAG
GGTTATGATAGTGTTGCTCTTACTATGCCTCGTAATTCCTTTTGGCGTTATGTATCTGCATTAGTTGAATGTGGTATTCCTAAATCTCAACTGATGAATCTTTCTACCT
GTAATAATGTTGTTCCGTTAGTTCGTTTTATTAACGTAGATTTTTCTTCCCAACGTCCTGACTGGTATAATGAGCCAGTTCTTAAAATCGCATAAGGTAATTCACAATG
ATTAAAGTTGAAATTAAACCATCTCAAGCCCAATTTACTACTCGTTCTGGTGTTTCTCGTCAGGGCAAGCCTTATTCACTGAATGAGCAGCTTTGTTACGTTGATTTGG
GTAATGAATATCCGGTTCTTGTCAAGATTACTCTTGATGAAGGTCAGCCAGCCTATGCGCCTGGTCTGTACACCGTTCATCTGTCCTCTTTCAAAGTTGGTCAGTTCGG
TTCCCTTATGATTGACCGTCTGCGCCTCGTTCCGGCTAAGTAACATGGAGCAGGTCGCGGATTTCGACACAATTTATCAGGCGATGATACAAATCTCCGTTGTACTTTG
TTTCGCGCTTGGTATAATCGCTGGGGGTCAAAGATGAGTGTTTTAGTGTATTCTTTTGCCTCTTTCGTTTTAGGTTGGTGCCTTCGTAGTGGCATTACGTATTTTACCC
GTTTAATGGAAACTTCCTCATGAAAAAGTCTTTAGTCCTCAAAGCCTCTGTAGCCGTTGCTACCCTCGTTCCGATGCTGTCTTTCGCTGCTGAGGGTGACGATCCCGCA
AAAGCGGCCTTTAACTCCCTGCAAGCCTCAGCGACCGAATATATCGGTTATGCGTGGGCGATGGTTGTTGTCATTGTCGGCGCAACTATCGGTATCAAGCTGTTTAAGA
AATTCACCTCGAAAGCAAGCTGATAAACCGATACAATTAAAGGCTCCTTTTGGAGCCTTTTTTTTGGAGATTTTCAACGTGAAAAAATTATTATTCGCAATTCCTTTAG
TTGTTCCTTTCTATTCTCACTCCGCTGAAACTGTTGAAAGTTGTTTAGCAAAATCCCATACAGAAAATTCATTTACTAACGTCTGGAAAGACGACAAAACTTTAGATCG
TTACGCTAACTATGAGGGCTGTCTGTGGAATGCTACAGGCGTTGTAGTTTGTACTGGTGACGAAACTCAGTGTTACGGTACATGGGTTCCTATTGGGCTTGCTATCCCT
GAAAATGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGCGGTTCTGAGGGTGGCGGTACTAAACCTCCTGAGTACGGTGATACACCTATTCCGGGCTATACTT
ATATCAACCCTCTCGACGGCACTTATCCGCCTGGTACTGAGCAAAACCCCGCTAATCCTAATCCTTCTCTTGAGGAGTCTCAGCCTCTTAATACTTTCATGTTTCAGAA
TAATAGGTTCCGAAATAGGCAGGGGGCATTAACTGTTTATACGGGCACTGTTACTCAAGGCACTGACCCCGTTAAAACTTATTACCAGTACACTCCTGTATCATCAAAA
GCCATGTATGACGCTTACTGGAACGGTAAATTCAGAGACTGCGCTTTCCATTCTGGCTTTAATGAGGATTTATTTGTTTGTGAATATCAAGGCCAATCGTCTGACCTGC
CTCAACCTCCTGTCAATGCTGGCGGCGGCTCTGGTGGTGGTTCTGGTGGCGGCTCTGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGCGGCTCTGAGGGAGG
CGGTTCCGGTGGTGGCTCTGGTTCCGGTGATTTTGATTATGAAAAGATGGCAAACGCTAATAAGGGGGCTATGACCGAAAATGCCGATGAAAACGCGCTACAGTCTGAC
GCTAAAGGCAAACTTGATTCTGTCGCTACTGATTACGGTGCTGCTATCGATGGTTTCATTGGTGACGTTTCCGGCCTTGCTAATGGTAATGGTGCTACTGGTGATTTTG
CTGGCTCTAATTCCCAAATGGCTCAAGTCGGTGACGGTGATAATTCACCTTTAATGAATAATTTCCGTCAATATTTACCTTCCCTCCCTCAATCGGTTGAATGTCGCCC
TTTTGTCTTTGGCGCTGGTAAACCATATGAATTTTCTATTGATTGTGACAAAATAAACTTATTCCGTGGTGTCTTTGCGTTTCTTTTATATGTTGCCACCTTTATGTAT
GTATTTTCTACGTTTGCTAACATACTGCGTAATAAGGAGTCTTAATCATGCCAGTTCTTTTGGGTATTCCGTTATTATTGCGTTTCCTCGGTTTCCTTCTGGTAACTTT
GTTCGGCTATCTGCTTACTTTTCTTAAAAAGGGCTTCGGTAAGATAGCTATTGCTATTTCATTGTTTCTTGCTCTTATTATTGGGCTTAACTCAATTCTTGTGGGTTAT
CTCTCTGATATTAGCGCTCAATTACCCTCTGACTTTGTTCAGGGTGTTCAGTTAATTCTCCCGTCTAATGCGCTTCCCTGTTTTTATGTTATTCTCTCTGTAAAGGCTG
CTATTTTCATTTTTGACGTTAAACAAAAAATCGTTTCTTATTTGGATTGGGATAAATAATATGGCTGTTTATTTTGTAACTGGCAAATTAGGCTCTGGAAAGACGCTCG
TTAGCGTTGGTAAGATTCAGGATAAAATTGTAGCTGGGTGCAAAATAGCAACTAATCTTGATTTAAGGCTTCAAAACCTCCCGCAAGTCGGGAGGTTCGCTAAAACGCC
TCGCGTTCTTAGAATACCGGATAAGCCTTCTATATCTGATTTGCTTGCTATTGGGCGCGGTAATGATTCCTACGATGAAAATAAAAACGGCTTGCTTGTTCTCGATGAG
TGCGGTACTTGGTTTAATACCCGTTCTTGGAATGATAAGGAAAGACAGCCGATTATTGATTGGTTTCTACATGCTCGTAAATTAGGATGGGATATTATTTTTCTTGTTC
AGGACTTATCTATTGTTGATAAACAGGCGCGTTCTGCATTAGCTGAACATGTTGTTTATTGTCGTCGTCTGGACAGAATTACTTTACCTTTTGTCGGTACTTTATATTC
TCTTATTACTGGCTCGAAAATGCCTCTGCCTAAATTACATGTTGGCGTTGTTAAATATGGCGATTCTCAATTAAGCCCTACTGTTGAGCGTTGGCTTTATACTGGTAAG
AATTTGTATAACGCATATGATACTAAACAGGCTTTTTCTAGTAATTATGATTCCGGTGTTTATTCTTATTTAACGCCTTATTTATCACACGGTCGGTATTTCAAACCAT
TAAATTTAGGTCAGAAGATGAAATTAACTAAAATATATTTGAAAAAGTTTTCTCGCGTTCTTTGTCTTGCGATTGGATTTGCATCAGCATTTACATATAGTTATATAAC
CCAACCTAAGCCGGAGGTTAAAAAGGTAGTCTCTCAGACCTATGATTTTGATAAATTCACTATTGACTCTTCTCAGCGTCTTAATCTAAGCTATCGCTATGTTTTCAAG
GATTCTAAGGGAAAATTAATTAATAGCGACGATTTACAGAAGCAAGGTTATTCACTCACATATATTGATTTATGTACTGTTTCCATTAAAAAAGGTAATTCAAATGAAA
TTGTTAAATGTAATTAATTTTGTTTTCTTGATGTTTGTTTCATCATCTTCTTTTGCTCAGGTAATTGAAATGAATAATTCGCCTCTGCGCGATTTTGTAACTTGGTATT
CAAAGCAATCAGGCGAATCCGTTATTGTTTCTCCCGATGTAAAAGGTACTGTTACTGTATATTCATCTGACGTTAAACCTGAAAATCTACGCAATTTCTTTATTTCTGT
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TTTACGTGCAAATAATTTTGATATGGTAGGTTCTAACCCTTCCATTATTCAGAAGTATAATCCAAACAATCAGGATTATATTGATGAATTGCCATCATCTGATAATCAG
GAATATGATGATAATTCCGCTCCTTCTGGTGGTTTCTTTGTTCCGCAAAATGATAATGTTACTCAAACTTTTAAAATTAATAACGTTCGGGCAAAGGATTTAATACGAG
TTGTCGAATTGTTTGTAAAGTCTAATACTTCTAAATCCTCAAATGTATTATCTATTGACGGCTCTAATCTATTAGTTGTTAGTGCTCCTAAAGATATTTTAGATAACCT
TCCTCAATTCCTTTCAACTGTTGATTTGCCAACTGACCAGATATTGATTGAGGGTTTGATATTTGAGGTTCAGCAAGGTGATGCTTTAGATTTTTCATTTGCTGCTGGC
TCTCAGCGTGGCACTGTTGCAGGCGGTGTTAATACTGACCGCCTCACCTCTGTTTTATCTTCTGCTGGTGGTTCGTTCGGTATTTTTAATGGCGATGTTTTAGGGCTAT
CAGTTCGCGCATTAAAGACTAATAGCCATTCAAAAATATTGTCTGTGCCACGTATTCTTACGCTTTCAGGTCAGAAGGGTTCTATCTCTGTTGGCCAGAATGTCCCTTT
TATTACTGGTCGTGTGACTGGTGAATCTGCCAATGTAAATAATCCATTTCAGACGATTGAGCGTCAAAATGTAGGTATTTCCATGAGCGTTTTTCCTGTTGCAATGGCT
GGCGGTAATATTGTTCTGGATATTACCAGCAAGGCCGATAGTTTG 

 
 
Supplementary Table 8 | DNA-PAINT docking and imager sequences and biotin docking sequence 
Description	   Sequence	  
Imager	  P1*	   5’–CTAGATGTAT–dye 
Imager	  P2*	   5’–TATGTAGATC–dye 
Imager	  P3*	   5’–GTAATGAAGA–dye 
Imager	  P4*	   5’–GTAGATTCAT–dye 
Imager	  P5*	   5’–CTTTACCTAA–dye 
Imager	  P6*	   5’–GTACTCAATT–dye 
Imager	  P7*	   5’–CATCCTAATT–dye 
Imager	  P8*	   5’–GATCCATTAT–dye 
Imager	  P9*	   5’–CACCTTATTA–dye 
Imager	  P10*	   5’–CCTTCTCTAT–dye 
Imager	  P11*	   5’–GTATCATCAA–dye 
Imager	  P12*	   5’–GAATCACTAT–dye 
9nt	  P1	  docking	  site	   Strand–TTATACATCTA–3’ 
9nt	  P2	  docking	  site	   Strand–TTATCTACATA–3’ 
10nt	  P2	  docking	  site	   Strand-TTGATCTACATA–3’ 
9nt	  P3	  docking	  site	   Strand–TTTCTTCATTA–3’ 
9nt	  P4	  docking	  site	   Strand-TTATGAATCTA-3’ 
9nt	  P5	  docking	  site	   Strand-TTTTAGGTAAA-3’ 
9nt	  P6	  docking	  site	   Strand-TTAATTGAGTA-3’ 
9nt	  P7	  docking	  site	   Strand-TTAATTAGGAT-3’ 
9nt	  P8	  docking	  site	   Strand-TTATAATGGAT-3’ 
9nt	  P9	  docking	  site	   Strand-TTTAATAAGGT-3’ 
9nt	  P10	  docking	  site	   Strand-TTATAGAGAAG-3’ 
9nt	  P11	  docking	  site	   Strand-TTTTGATGATA-3’ 
9nt	  P12	  docking	  site	   Strand-TTATAGTGATT-3’ 
Biotinylated	  P1	  docking	  site	  for	  antibody	  coupling	   Biotin–TTATACATCTA–3’ 
Biotinylated	  P2	  docking	  site	  for	  antibody	  coupling	   Biotin–TTATCTACATA–3’ 
Biotinylated	  P3	  docking	  site	  for	  antibody	  coupling	   Biotin–TTTCTTCATTA–3’ 
Biotinylated	  P4	  docking	  site	  for	  antibody	  coupling	   Biotin-TTATGAATCTA-3’ 
Biotinylated	  docking	  site	  for	  microtubule-‐like	  structure	   Biotin–GAATCGGTCACAGTACAACCG–3’ 
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Supplementary Protocol | Flow chamber protocol for Exchange-PAINT imaging 
 
PDMS flow chamber volume: 40 µl 
• Rinse flow chamber with 100 µl 1 M KOH 
• Rinse flow chamber with 100 µl buffer A twice 
• Incubate for 5 min 
• Rinse flow chamber with 100 µl buffer A 
• Rinse flow chamber with 50 µl 1mg/ml BSA-Biotin in buffer A 
• Incubate for 2 min 
• Rinse flow chamber with 50 µl 1mg/ml BSA-Biotin in buffer A 
• Incubate for 2 min 
• Rinse flow chamber with 100 µl buffer A twice 
• Rinse flow chamber with 50 µl 0.5 mg/ml Streptavidin in buffer A 
• Incubate for 2 min 
• Rinse flow chamber with 50 µl 0.5 mg/ml Streptavidin in buffer A 
• Incubate for 2 min 
• Rinse flow chamber with 100 µl buffer A twice 
• Rinse flow chamber with 100 µl buffer B twice 
• Incubate for 30 min 
• Rinse flow chamber with 100 µl buffer B twice 
• Rinse flow chamber with 50 µl 1nM origami in buffer B 
• Incubate for 10 min 
• Rinse flow chamber with 100 µl buffer B twice 
• Attach tubing 
• Operate in buffer B 
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