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Figure S1. Scheme of the chemical ligation reaction, which consists of a chemoselective reaction of EDC to the 
5' phosphate of an oligonucleotide 1 providing an active ester intermediate. The intermediate can be attacked by 
the 3' amine of an oligonucleotide 2 to create a covalent coupling between phosphate and amine which links the 
two oligonucleotides (adapted from Hermanson G. T., 2008).1 
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Figure S2. Time course of the chemical ligation reaction. a) Scheme of the employed DNA duplex with an internal 
nick subjected to ligation. The duplex consists of a 3' amine modified oligonucleotide O1 (in blue) and a 
5' phosphorylated oligonucleotide O2 (in green), which are hybridized to a carrier oligonucleotide O3 (in red). The 
amine modification of O1 was accomplished by enzymatically adding the terminal thymidine (shown in bold) using 
3'-Amino-2',3'-ddTTP. b) Denaturing PAGE (15 %) analysis of O1, O2 and O3, of the hybrid of the 
three oligonucleotides (hyb) and of the hybrid after varying time points (shown above) of the chemical ligation 
reaction.  
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TGGATTTGCATCAGCATTTACA TATAGTTATATAACCCAACCTAAGCCGGAGGTTAAAAAGGTAGTCTCTCGATTTGACTGTCTC CGGCCTTTCTCACCCTTTTGAATCTTTACCTACACATTACT

      TACACTATCGCAAGACAAAGAACGCGAG AAAACTTTTTCAAATATATTTTAGTACTTTTGCGGGAGAAGCCTTTATTTCAACGCAAGGATA AAAATTTTTAGAACCCTCATATATTTTAAATGCAATGCCTGTACACT      

AAATTAATGCCGGAGATACACT      

AAAGCCCCAAAAACAGGAAGATTGTATAAGCAAATATTACACT      

TTCTAAGGGAAAATTAATTAATAGCGA CGATTTACAGAAGCAAGCCGTTCATCGATTCTCTTGTTTGCTCCAGACTCTCAGGCAATGACC TGATAGCCTTTGTAGATCTCTCAAAAATAGCTACCC

      TACACTTCCTTGAAAACATAGCGATAGCTTAGA TTAAGACGCTGAGAAGAGTCAATAGTGAATTTATCAAAATCATAGGTCTACCATCAATATGAT ATTCAACCGTTCTAGCTGAT

ACGCCATCAAA AATAATTCGCGTCTGGCCTTCCTGTAGCCAGCTTTCTACACT      

TTAAAAAAGGTAATTCAAATGA AATTGTTAAATGTAATTAATTTTGTTTTCTTGATGTTTGAAAATGAGCTGATTTAACAAAAAT TTAATGCGAATTTTAACAAAATATTAACGTTTACAATTTAA

      TACACTTGGAAACAGTACATAAATCAAT ATATGTGAGTGAATAACTAATCGTAAAACTAGCATGTCAATCATATGTACCCCGGTTGATAAT CAGA

      TACACTTTTAACGTCAGATGAATATACA GTAACAGTACCTTTTACACGTTGGTGTAGATGGGCGCATCGTAACCGTGCATCTGCCAGTTTG AGGGGACGACGACAGTATCGGCCTCAGGAAGATCGCACTCCTACACT      

GGTATTCAAAGCAATCAGGCGAATCCG TTATTGTTTCTCCCGATGACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAAT CCGACGGGTTGTTACTCGCTCACATTTAATGTTGAT

      TACACTAAGTTACAAAATCGCGCAGAGGCGAAT TATTCATTTCAATTACCTGAGCAAAAGAAGATGATGAAATTAACCAATAGGA

ATTGGGCTTGAGATGGTACACT      

TTCCTCGGTTTCCTTCTGGTAA CTTTGTTCGGCTATCTGCTTACTTTTCTTAAAAGAGCAGCTTTGTTACGTTGATTTGGGTAAT GAATATCCGGTTCTTGTCAAGATTACTCTTGATGAAGGTCA

      TACACTACGCAATAATAACGGAATACCC AAAAGAACTGGCATGATTAAGACTCCTTATTACTAAGGGAACCGAACTGACCAACTTTGAAAG AGGACAGATGAACGGTGTACAGACCAGGCGCATAGGCTGGCTACACT      

CGTTTCTTTTATATGTTGCCACCTTTA TGTATGTATTTTCTACGTTTGCTAACATACTGCTGATTGACCGTCTGCGCCTCGTTCCGGCTA AGTAACATGGAGCAGGTCGCGGATTTCGACACAATT

      TACACTCAAAGACACCACGGAATAAGTTTATTT TGTCACAATCAATAGAAAATTCATATGGTTTACTTGACCCCCAGCGATTATACCAAGCGCGAA ACAAAGTACAACGGAGATTTGTATCATCGCCTGATATACACT      

TATTTACCTTCCCTCCCTCAAT CGGTTGAATGTCGCCCTTTTGTCTTTGGCGCTGAGATGAGTGTTTTAGTGTATTCTTTTGCCT CTTTCGTTTTAGGTTGGTGCCTTCGTAGTGGCATTACGTAT

      TACACTTTGACGGAAATTATTCATTAAA GGTGAATTATCACCGTCACCGACTTGAGCCATTGGTAGCAACGGCTACAGAGGCTTTGAGGAC TAAAGACTTTTTCATGAGGAAGTTTCCATTAAACGGGTAAATACACT      

CGTTTCCGGCCTTGCTAATGGTAATGG TGCTACTGGTGATTTTGCTGGCTCTAATTCCCACTCGTTCCGATGCTGTCTTTCGCTGCTGAG GGTGACGATCCCGCAAAAGCGGCCTTTAACTCCCTG

      TACACTTCACCAATGAAACCATCGATAGCAGCA CCGTAATCAGTAGCGACAGAATCAAGTTTGCCTAGTTGCGCCGACAATGACAACAACCATCGC CCACGCATAACCGATATATTCGGTCGCTGAGGCTTGTACACT      

ATAAGGGGGCTATGACCGAAAA TGCCGATGAAAACGCGCTACAGTCTGACGCTAAATCGGTATCAAGCTGTTTAAGAAATTCACC TCGAAAGCAAGCTGATAAACCGATACAATTAAAGGCTCCTT

      TACACTTAGCGTTTGCCATCTTTTCATA ATCAAAATCACCGGAACCAGAGCCACCACCGGAGAAAGGAACAACTAAAGGAATTGCGAATAA TAATTTTTTCACGTTGAAAATCTCCAAAAAAAAGGCTCCAATACACT      

TCTGAGGGTGGTGGCTCTGAGGGTGGC GGTTCTGAGGGTGGCGGCTCTGAGGGAGGCGGTTATTCTCACTCCGCTGAAACTGTTGAAAGT TGTTTAGCAAAATCCCATACAGAAAATTCATTTACT

      TACACTGCCGCCACCAGAACCACCACCAGAGCC GCCGCCAGCATTGACAGGAGGTTGAGGCAGGTCAGCATTCCACAGACAGCCCTCATAGTTAGC GTAACGATCTAAAGTTTTGTCGTCTTTCCAGACGTTTACACT      

CCATTCTGGCTTTAATGAGGAT TTATTTGTTTGTGAATATCAAGGCCAATCGTCTACAGGCGTTGTAGTTTGTACTGGTGACGAA ACTCAGTGTTACGGTACATGGGTTCCTATTGGGCTTGCTAT

      TACACTAAAGCGCAGTCTCTGAATTTAC CGTTCCAGTAAGCGTCATACATGGCTTTTGATGTAGTACCGCCACCCTCAGAACCGCCACCCT CAGAACCGCCACCCTCAGAGCCACCACCCTCATTTTCAGGGTACACT      

CGGGCACTGTTACTCAAGGCACTGACC CCGTTAAAACTTATTACCAGTACACTCCTGTATAACCTCCTGAGTACGGTGATACACCTATTC CGGGCTATACTTATATCAACCCTCTCGACGGCACTT

   TACACTTATAAACAGTTAATGCCCCCTGCCTAT TTCGGAACCTATTATTCTGAAACATGAAAGTATTAAGAGGCTGAGACTCCTCAAGAGAAGGAT TAGGATTAGCGGGGTTTTGCTCAGTACCAGGCGGATTACACT      

CTTAAATC       TACACTGGTATTCTAAGAACGCGAGGCGTT TTAGCGAACCTCCCGACTTGCGGGAGGTTTTGAAGC

AGCTCTAAATCGGGGGCTCCCTTTAGGGTT CCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTTGGGTGATGGTTCACGTAG TGGGCCATCGCCCTGATAGACGGTTTTTCGCCC

      TACACTTGACGGGGAAAGCCGGCGAACGTGGCGAGA AAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGT CCACTATTAAAGAACGTGGACTCCAACGTCAAATACACT      

GCGGCGGGTGTGGTGGTTACGCGC AGCGTGACCGCTACACTTGCCAGCGCCCTAGCTATCTCGGGCTATTCTTTTGATTTATAAGGG ATTTTGCCGATTTCGGAACCACCATCAAACAGGATTTTC

      TACACTGCTTAATGCGCCGCTACAGGGCGC GTACTATGGTTGCTTTGACGAGCACGTATAACTGATTGCCCTTCACCGCCTGGCCCTGAGAGA GTTGCAGCAAGCGGTCCACGCTGGTTTGCCCCAGCAGGCTACACT      

TAAAATCCCTTTAATCGGCCTCCTGTTTAG CTCCCGCTCTGATTCTAACGAGGAAAGCACGCTGTTGCCCGTCTCACTGGTGAAAAGAAAAAC CACCCTGGCGCCCAATACGCAAACCGCCTCTCC

      TACACTGACAGGAACGGTACGCCAGAATCCTGAGAA GTGTTTTTATAATCAGTGAGGCCACCGAGTAACTGCCCGCTTTCCAGTCGGGAAACCTGTCGT GCCAGCTGCATTAATGAATCGGCCAACGCGCGGTACACT      

ACTAATCAAAGAAGTATTGCTACA ACGGTTAATTTGCGTGATGGACAGACTCTTTGAGCGCAACGCAATTAATGTGAGTTAGCTCAC TCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGC

      TACACTAATAACATCACTTGCCTGAGTAGA AGAACTCAAACTATCGGCCTTGCTGGTAATAATTCGTAATCATGGTCATAGCTGTTTCCTGTG TGAAATTGTTATCCGCTCACAATTCCACACAACATACGATACACT      

ATGTAGGTATTTCCATGAGCGTTTTTCCTG TTGCAATGGCTGGCGGTAATATTGTTCTGGATCGAGCTCGGTACCCGGGGATCCTCAACTGTG AGGAGGCTCACGGACGCGAAGAACAGGCACGCG

      TACACTTTTGACGCTCAATCGTCTGAAATGGATTAT TTACATTGGCAGATTCACCAGTCACACGACCCTGTGGTGCTGCGGCCAGAATGCGGCGGGCCG TTTTCACGGTCATACCGGGGGTTTCTGCCAGCATACACT      

GCTTTCAGGTCAGAAGGGTTCTAT CTCTGTTGGCCAGAATGTCCCTTTTATTACTAGTGCACAGGCGCGCAGTGACACTGCGCTGGA TCGTCTGATGCAGGGGGCACCGGCACCGCTGGCTGCAGG

      TACACTGTAAGAATACGTGGCACAGACAAT ATTTTTGAATGGCTATTAGTCTTTAATGCGCCTTTGCTCGTCATAAACATCCCTTACACTGGT GTGTTCAGCAAATCGTTAACGGCATCAGATGCCGGGTTATACACT      

TCTTCTGCTGGTGGTTCGTTCGGTATT TTTAATGGCGATGTTTTAGGGCTATCAGTTCAAACCTTTACCCATTACCAGCCGCAGGGCAAC AGTGACCCGGCTCATACCGCAACCGCGCCCGGCGGA

      TACACTTAAAACAGAGGTGAGGCGGTCAGTATT AACACCGCCTGCAACAGTGCCACGCTGATCCCACGCAACCAGCTTACGGCTGGAGGTGTCCAG CATCAGCGGGGTCATTGCAGGCGCTTTCGCACTCAATACACT      

TTTGAGGTTCAGCAAGGTGATG CTTTAGATTTTTCATTTGCTGCTGGCTCTGGCACCACCGACGGTGCTGCCGTTGGCATTCTTG CGGTTGCTGCTGACCAGACCAGCACCACGCTGACGTTCTAC

      TACACTTATCAAACCCTCAATCAATATC TGGTCAGTTGGCAAATCCGTTCCGGCAAACGCGGTCCGTTTTTTCGTCTCGTCGCTGGCAGCC TCCGGCCAGAGCACATCCTCATAACGGAACGTGCCGGACTTTACACT      

CTAAAGATATTTTAGATAACCTTCCTC AATTCCTTTCAACTGTTGCAATCAGCATCGTTTAACTTTACCCTTCATCACTAAAGGCCGCCT GTGCGGCTTTTTTTACGGGATTTTTTTATGTCGATG

      TACACTGAGCACTAACAACTAATAGATTAGAGC CGTCAATAGATAATACATTTGAGGATTTAGAAGTATTAGAAACAGCGGATCAAACTTAAATTT CTGCTCATTTGCCGCCAGCAGTTGGGCGGTTGTGTATACACT      

TTTAAAATTAATAACGTTCGGG CAAAGGATTTAATACGAGTTGTCGAATTGTTTGTAAAGTCTGCGTCTCTTTTTCCGTGAGAGC TATCCCTTCACCACGGAGAAAGTCTATCTCTCACAAATTCC

      TACACTAGTTTGAGTAACATTATCATTT TGCGGAACAAAGAAACCAAGCTTTCAGAGGTGGAGCCGCCACGGGAACGGATAACCTCACCGG AAACAATCGGCGAAACGTACAGCGCCATGTTTACCAGTCCCTACACT      

CATCTGATAATCAGGAATATGATGATA ATTCCGCTCCTTCTGGTGGCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGC GTTACCCAACTTAATCGCCTTGCAGCACATCCCCCT

      TACACTATGGCAATTCATCAATATAATCCTGAT TGTTTGGATTATACTTCTGAATAATGGAAGGGTTAGAACGCGCAACTGTTGGGAAGGGCGATC GGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAATACACT      

CCTGAAAATCTACGCAATTTCT TTATTTCTGTTTTACGTGCAAATAATTTTGATATGGTAGAGCCTGAATGGCGAATGGCGCTTT GCCTGGTTTCCGGCACCAGAAGCGGTGCCGGAAAGCTGGCT

AAGTCCAATACTGCGGAAT CGTCATAAATATTCATTGAATCCCCCTCAAATGCTTTAATACACT      

TAGGCTCTGGAAAGACGCTCGTTAGCGTTG GTAAGATTCAGGATAAAATTGTAGCTGGGTGCAAAATAGCAACTAATCGCTATCCAGTCTAAA CATTTTACTATTACCCCCTCTGGCAAAACTTCT

      TACACTATTTGCCAGTTACAAAATAAACAGCCATAT TATTTATCCCAATCCAAATAAGAAAAGAGCAACACTATCATAACCCTCGTTTACCAGACGACG ATAAAAACCAAAATAGCGAGAGGCTTTTGCAAATACACT      

CTCTGTAAAGGCTGCTATTTTC ATTTTTGACGTTAAACAAAAAATCGTACTATGCCTCGTAATTCCTTTTGGCGTTATGTATCTG CATTAGTTGAATGTGGTATTCCTAAATCTCAACTGATGAAT

      TACACTAGAATAACATAAAAACAGGGAA GCGCATTAGACGGGAGAATTAACTGAACACCCTTCAGGACGTTGGGAAGAAAAATCTACGTTA ATAAAACGAACTAACGGAACAACATTATTACAGGTAGAAAGTACACT      

ACTCAATTCTTGTGGGTTATCTCTCTG ATATTAGCGCTCAATTACCCTCTGACTTTGTTCCTGGTATAATGAGCCAGTTCTTAAAATCGC ATAAGGTAATTCACAATGATTAAAGTTGAAATTAAA

      TACACTTAAGCCCAATAATAAGAGCAAGAAACA ATGAAATAGCAATAGCTATCTTACCGAAGCCCTATTCAGTGAATAAGGCTTGCCCTGACGAGA AACACCAGAACGAGTAGTAA

ACACGGTCGGTATTTCAAACCATT AAATTTAGGTCAGAAGATGAAATTAATTACAGGGTCATAATGTTTTTGGTACAACCGATTTAG CTTTATGCTCTGAGGCTTTATTGCTTAATTTTGCTAATT

      TACACTGATAAATAAGGCGTTAAATAAGAA TAAACACCGGAATCATAATTACTAGAAAAAGCCTGTTTAGTATCATAATTCTACTAATAGTAG TAGCATTAACATCCAATAAATCATACAGGCAAGGCAAAGTACACT      

TTGTTAAATATGGCGATTCTCAATTAAGCC CTACTGTTGAGCGTTGGCTTTATACTGGTAAGAATTTGTATAACGCATGATGCCACCTTTTCA GCTCGCGCCCCAAATGAAAATATAGCTAAACAG

      TACACTCGCCAACATGTAATTTAGGCAGAGGCATTT TCGAGCCAGTAATAAGAGAATATAAGTTGATTCCCAATTCTGCGAACGAGTAGATTTAGTTTG ACCATTAGATACATTTCGCAAATGGTCAATAACTACACT      

TGTTTATTGTCGTCGTCTGGACAG AATTACTTTACCTTTTGTCGGTACTTGTTATATGGAATGAAACTTCCAGACACCGTACTTTAG TTGCATATTTAAAACATGTTGAGCTACAGCATTATATTC

      TACACTACATGTTCAGCTAATGCAGAACGC GCCTGTTTATCAACAATAGATAAGTCCTGAACAAGAAAAATAATATCAATTGCTCCTTTTGAT AAGAGGTCATTTTTGCGGATGGCTTAGAGCTTAATTGCTTACACT      

TTAATACCCGTTCTTGGAATGATAAGGAAA GACAGCCGATTATTGATTGGTTTCTACATGCTCGTAAATTAGGATGGAAAGGTACTCTCTAAT CCTGACCTGTTGGAGTTTGCTTCCGGTCTGGTT

      TACACTACCAAGTACCGCACTCATCGAGAACAAGCA AGCCGTTTTTATTTTCATCGTAGGAATTGCATCAAAAAGATTAAGAGGAAGCCCGAAAGACTT CAAATATCGCGTTTTAATTCGAGCTTCAAAGCGTACACT      

GGATAAGCCTTCTATATCTGATTT GCTTGCTATTGGGCGCGGTAATGATCCGCTTTGCTTCTGACTATAATAGTCAGGGTAAAGACC TGATTTTTGATTTATGGTCATTCTCGTTTTCTGAACTGT

TCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCA CACAGGAAACAGCTATGACCATGATTACGAAT

CTCATGGAAATACCTACATTACACT      GAAAAACGGCAA CAGCAGCCATTATTACCGCAGAACAATGTACCGAGCTCGATCCATCCCCGGAGTTGAGGCGTGAGCCTTCGCGTC       TACACTCGCGTGCCTGTTC TCCT CAC

GGTCGTGTGACTGGTGAATCTGCCAATGTAA ATAATCCATTTCAGACGATTGAGCGTCAAA

ATCGCCAT

TGCTGGCAGAAACCCCCGGTATGACCGTGAAAA CGGCCCGCCGCATTCTGGCCGCAGCACCACAG

TATTACCAGCAAGGCCGATAGTTTGAGTTCT TCTACTCAGGCAAGTGATGTTATT

GCTTTCCTAGACGGGCAACAGCGTCACCAGTGTTTCTTTTGGTG GTTGCGTATTGGGCGCCAG       TACACTGGAGAGGCGGTTT

TACTCGGTGGCCTCACTGATTATAAAAACAC TTCTCAGGATTCTGGCGTACCGTTCCTGTCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGC ACGACAGGTTTCCCGACTGGAAAGCGGGCAGT

TTCTTTGATTAGTTACACT      AGCAATACCCGT TGTCAAATTAACCATCACGGAGTCTGTTTGCGTTGCGCTCAAACACATTAAAGCTAACTATGA GTGGGTGCCTAAAGCCTGG       TACACTGCCGGAAGCATAAAGTGTA

AGCGGTCAGCAAGTGTGCGCTGTAGCCCGAGATAGCTAGGCAAAAGAATTATAAATAAAT CCCAATCGGCAGGTTCCGA       TACACTGAAAATCCTGTTTGATGGT

TTATACGTGCTCGTCAAAGCAACCATAGTAC GCGCCCTGTAGCGGCGCATTAAGCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAAC TCTCTCAGGGCCAGGCGGTGAAGGGCAATCAG

GCCGATTAAAGGGATTTTATACACT      AACAGGAGGGAG CTATCAGAGCGCGTTAGAA

GGTTTCTTTGTTCCGCA AAATGATAATGTTACTCAAACTGGGACTGGTAAACATGGCGCTGTACGTTTCGCCGATTGTTT CCGGTGAGGTTATCCGTTCCCGTGGCGGCTCCACCTCTGAAAGCTT

GAGCCCCCGATTTAGAGCTTACACT      CCTAAAGGTCGG AACGCACTAAAGCCGTAAAGTCGAGGTTTTTTGGGAATCAAGTATCACCCACGTGAACCCCCA CTAGGCGATGGTCTATCAG       TACACTGGGCGAAAAACCG

CGCCCGCTCCTTTCGCTTTCTTCCCTTCCTT TCTCGCCACGTTCGCCGGCTTTCCCCGTCATTTGACGTTGGAGTCCACGTTCTTTAATAGTGG ACTCTTGTTCCAAACTGGAACAACACTCAACC

CCACACCCGCCGCTACACT      CGTAACCACGCT GCG

GTTAAACGAGGGTAAAAGTGATGAGCAC AGGCGGCCTTTAAAAAGCCTCCCGTAA       TACACTCATCGACATAAAAAAA

CTAATACTTCTAAATCCTCAAATGTATTATCTATTGACG GCTCTAATCTATTAGTTGTTAGTGCTCTACACAACCGCCCAACTGCTGGCGGCAAATGAGCAG AAATTTAAGTTTGATCCGCTGTTT

GAACGTTATTAATTTTAAATACACT      TTTG CCCTTAAATCCAACTCGTAAATTCGACTTACAAACAAAAGAGACGCAGACTCTCACGGAGATA GCTGGTGAAGGTTCTCCGT       TACACTGGAATTTGTGAGAGATAGACT

TTGAGTGCGAAAGCGCCTGCAATGACCCCGCTGATG CTGGACACCTCCAGCCGTAAGCTGGTTGCGTGGGA

CACCTTGCTGAACCTCAAATACACT      AAAG CATAAAAATCTGAGCCAGCAGCAAATGTGGTGCCAACCGTCGGACGGCAGCGAATGCCAACCG CAACAGCAGCAGGTCTGGT       TACACTGTAGAACGTCAGCGTGGTGCT

GATTTGCCAACTGACCA GATATTGATTGAGGGTTTGATAAAGTCCGGCACGTTCCGTTATGAGGATGTGCTCTGGCCGGA GGCTGCCAGCGACGAGACGAAAAAACGGACCGCGTTTGCCGGAACG

TCTAAAATATCTTTAGTACACT      GAAGGTTAAATT GAGTTGAAAGGTGCAACAGATGCTGAT

GCGCCTGTGCACTAGTAAGTCACTGCAGCGCAGTACGA TCCTGCATCAGGTGCCCCC       TACACTCCTGCAGCCAGCGGTGCCG

GCGCATTAAAGACTAATAGCCATTCAAAAAT ATTGTCTGTGCCACGTATTCTTACTAACCCGGCATCTGATGCCGTTAACGATTTGCTGAACAC ACCAGTGTAAGGGATGTTTATGACGAGCAAAG

AACCACCAGCAGAAGATACACT      ACCGAACGTAAA AATCCTAAAACCTGATAGCTGGGTAAAGGTTTGAAGCTGGTAAGCCCTGCGCACT GTTGCGGTATGAGCCGGGT       TACACTTCCGCCGGGCGCGGTT

TCAGCGTGGCACTGTTGCAGGCGGTGTT AATACTGACCGCCTCACCTCTGTTTTA

ATATTTGCTTATACAATCTTCCTGTTTTTGGGGCTTTTCTG ATTATCAACCGGGGTACATATGATTGACATGCTAGTTTTACGATTA

TAATTTTCCCTTAGAATACACT      CTATTAATATCG TCGTTCTGTAACGGCTTGCTCGATGAACAAGAGAAGGAGCAAAGAGAGTCTCATTGCCTATCA GGTCAAAGGCTGAGATCTA       TACACTGGGTAGCTATTTTTGA

AGACCTATGATTTTGATAAATTCACTATTGACTCTTCTCAGCGTCTTAA TCTAAGCTATCGCTATGTTTTCAAGGATCTCCGGCATTAATTTATCAGCTAGAACGGTTGAAT ATCATATTGATGGT

AGAG ATAGAACCCTTCTGACCTGAAAGCTACACT      TGGCCAACGGACATTCTAAAAG

CTCCGTGGTCGG ATTACAACCCGAGCGAGTA       TACACTATCAACATTAAATGTG

TTTCATCATCTTCTTTTGCTCAGGTAATTGAAATGAATA ATTCGCCTCTGCGCGATTTTGTAACTTGAAAGCTGGCTACAGGAAGGCCAGACGCGAATTATT TTTGATGGCGTTCCTATTGGTTAA

TTTGAATTACCTTTTTTAATACACT      AATT TCACATTTAACATTAATTAAAAACAAAACATCAAGATCAGCTCATTTTCAATTTGTTAATTAA ATTAATTCGCATTTGTTAA       TACACTTTAAATTGTAAACGTTAATAT

GTTATTCACTCACATAT ATTGATTTATGTACTGTTTCCA

CGCTTTGAAGCTCGAATTAAAACGCGATATTTG AAGTCTTTCGGGCTTCCTCTTAATCTTTTTGATGCAAT

TCCTGATTATCAGATGTACACT      CATCATATGAAT TATGCCACCAGAAGGAGCGCGGCCAGTTAAAACGACGACGTTGCCCAGTCAAGGGTTTTTAAC GCCAAGTTGGGAGGCGATT       TACACTAGGGGGATGTGCTGCA

GTTCTAACCCTTCCATTATTCAGAAGTATAATCCAAACA ATCAGGATTATATTGATGAATTGCCATTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACC GATCGCCCTTCCCAACAGTTGCGC

AATTGCGTAGATTTTCAGGTACACT      ATAA AGAAAACAGAATGCACGTAAAATTATTCCATATCACGCCATTCAGGCTCTAGCGCCATTAGGC AAACGGAAACCTCTGGTGC       TACACTAGCCAGCTTTCCGGCACCGCT

GTAAAAGGTACTGTTAC TGTATATTCATCTGACGTTAAAGGAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCT CAAACTGGCAGATGCACGGTTACGATGCGCCCATCTACACCAACGT

GATTGCTTTGAATACCTACACT      ATTCGCCTATAA CGGGTCATCGGGAGAAACATGGGATAGGACCGTAAGGCGGATTGAACAAAC

TTAT GCGGAATTACCATCATTGT       TACACTTTTAATTTCAACTTTA

AGGGCTTCGGTAAGATAGCTATTGCTATTTCAT TGTTTCTTGCTCTTATTATTGGGCTTACCATCTCAAGCCCAATTTACTACTCGTTCTGGTGTT TCTCGTCAGGGCAAGCCTTATTCACTGAAT

CCAGAAGGAAACCGAGGAATACACT      AAAG TTAAGCCGAACAAGCAGATCTCTTTTAAGAAAAGTCAAAGCTGCAACGTAAACCCAAATATTC ATTAACCGGAT       TACACTTGACCTTCATCAAGAGTAATCTTGACAAG

GTAATAAGGAGTCTTAATCATGCCAGTTCTTTT GGGTATTCCGTTATTATTGCGTGCCAGCCTATGCGCCTGGTCTGTACACCGTTCATCTGTCCT CTTTCAAAGTTGGTCAGTTCGGTTCCCTTA

ACATATAAAAGAAACGTACACT      AGGTGGCATACA TAAAAAATACAAAACGTAGAATCAGCAGTATGTTAGCACGGTCAGGCGCAGCCGGAACGTACT TAGCTCCATGTGCGACCTG       TACACTAATTGTGTCGAAATCC

GTAAACCATATGAATTTTCTATTGATTGTGACA AAATAAACTTATTCCGTGGTGTCTTTGTATCAGGCGATGATACAAATCTCCGTTGTACTTTGT TTCGCGCTTGGTATAATCGCTGGGGGTCAA

GAGGGAGGGAAGGTAAATATACACT      ACCG ATTGACATTCAAAAAGGGCTCTCAGCGCCAAAGACAACACTCATACACTAACAAAAGAAAAAG AGGCTAAAACG       TACACTATACGTAATGCCACTACGAAGGCACCAAC

AATGGCTCAAGTCGGTGACGGTGATAATTCACC TTTAATGAATAATTTCCGTCAATTTACCCGTTTAATGGAAACTTCCTCATGAAAAAGTCTTTA GTCCTCAAAGCCTCTGTAGCCGTTGCTACC

AGAAGGCTTATCCTACACT      TCAGATATAAGC AAACCAATAGCAGCGGATCATTACCGCGCAAGCAAATAGTCAGTGACTATTCTTTACCCATCA GGTAATCAAAATGACCATA       TACACTACAGTTCAGAAAACGAGAA

CTTGATTTAAGGCTTCAAAACCTCCCGCAAGTCGGGAGGTTCGCTAA AACGCCTCGCGTTCTTAGAATACCTTAAAGCATTTGAGGGGGATTCAATGAATATTTATGACG ATTCCGCAGTATTGGA

AGCGTCTTTCCAGAGCCTATACACT      CGCTAACGTTAC CAACCTGAATCAATTTTATCCAGCTACTTTTGCACATTAGTTGCTAAGACTGGATAGCGAATAGTAAGAGGGGGT       TACACTAGAAGTTTTGCCA

TTTCTTATTTGGATTGGGATAAATA ATATGGCTGTTTATTTTGTAACTGGCAAATTTTGCAAAAGCCTCTCGCTATTTTGGTTTTTAT CGTCGTCTGGTAAACGAGGGTTATGATAGTGTTGCTCT

CCTTTACAGAGTACACT      AATAGCAGAAAT GAAAACGTCAATTGTTTGAGGCATAGTACGATTTTGGAATTACCGCCAAAAAATG CAGATACATAAATTCAACTAATACCAC       TACACTATTCATCAGTTGAGATTTAGG

AGGGTGTTCAGTTAATTCTCCCGTCTAATGCGC TTCCCTGTTTTTATGTTATTCTCTTTCTACCTGTAATAATGTTGTTCCGTTAGTTCGTTTTAT TAACGTAGATTTTTCTTCCCAACGTCCTGA

AATG TTT

TATA TGTAAATGCTGATGCAAATCCATACACT      TATATAACCCGGCTTAGGTTGGGTTTTAACCTCAGTCAAATCGAGAGACTACCTTGCCG GAGATGAGAAAGCAAAAGGG       TACACTAGTAATGTGTAGGTAAAGATT

ACTAAAATATATTTGAAAAAGTTTT CTCGCGTTCTTTGTCTTGCGATCAGGCATTGCATTTAAAATATATGAGGGTTCTAAAAATTTT TATCCTTGCGTTGAAATAAAGGCTTCTCCCGCAAAAGT

ATACCGACCGTGTTACACT      ATTT AATTGACCTAATGTAATTAATTTCATCTTCGACCCAACATTATGTACCAAAAATCGGTTAAAG CTACAGAGCATTAAAGCCT       TACACTAATTAGCAAAATTAAGCAA

TATGATACTAAACAGGCTTTTTCTAGTAATTATGATTCCGGTGTTTA TTCTTATTTAACGCCTTATTTATCCTTTGCCTTGCCTGTATGATTTATTGGATGTTAATGCTA CTACTATTAGTAGAAT

GAATCGCCATATTTAACAATACACT      TTAATTGAGTAG GGCGCTCAACAAAGCCAACCCAGTATAAATTCTTAATACAAAAGGTGGCATCATGCGTTGAGC TGATGGGGCGCTTTTCATT       TACACTCTGTTTAGCTATA

TTATATTCTCTTATTACTGGCTCGA AAATGCCTCTGCCTAAATTACATGTTGGCGGTTATTGACCATTTGCGAAATGTATCTAATGGT CAAACTAAATCTACTCGTTCGCAGAATTGGGAATCAAC

ACGACAATAAACATACACT      TCCAGACGAATT CTGGGTAAAGTATAACAAGTACCGACAAAATCCATAGTTTCATTGTCTGGAAAGTACGGGCAA CTATTAAATATAACATGTT       TACACTGAATATAATGCTGTAGCTC

GATATTATTTTTCTTGTTCAGGACTTATCTATTGTTGATAAACAGGC GCGTTCTGCATTAGCTGAACATGTAGCAATTAAGCTCTAAGCCATCCGCAAAAATGACCTCTT ATCAAAAGGAGCAATT

TTCCAAGAACGGGTATTAATACACT      CCTTATCATGTC TTTTAATCGGCCCAATCAATGTAGAAATACGAGCACTAATTAGAGAGTACCTTTCCATCCAGG ATTGCAAACTCCAACAGGT       TACACTAACCAGACCGGAA

TCCTACGATGAAAATAAAAACGGCT TGCTTGTTCTCGATGAGTGCGGTACTTGGT

GGTTTGAA

TGAGTAACAGTGCCCGTACACT      CAGTGCCTACGG GGTCTGGTAATAAGTTTTACTCAGGAGGTTATACAGGAGTGTATCACCGTATAGGTGTACCCG GAAGTTGATATAAGTATAG      TACACTAAGTGCCGTCGAGAGG

ATCCGCCTGGTACTGAGCAAAACCCCGCTAATCCTA ATCCTTCTCTTGAGGAGTCTCAGCCTCTTAATACTTTCATGTTTCAGAATAATAGGTTCCGAA ATAGGCAGGGGGCATTAACTGTTTATA

CCCTGAAAATGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTG AGGGTGGCGGTTCTGAGGGTGGCGGTACTACATCAAAAGCCATGTATGACGCTTACTGGAACG GTAAATTCAGAGACTGCGCTTT

AGCCAGAATGGTACACT      CTCATTAAATAA ATCACAAACAATGATATTCTGTAGACGATTGGCCTACAACGCCTACAAACTGTCACCAGGAGT TTCGTAACACTCATGTACC       TACACTATAGCAAGCCCAATAGGAACC

AGCCACCACCCTCAGATACACT      ACCCTCAGAACC GCCACCCTCAGGAGCCGCCAGAATAACCGCCTCCCTCAGAGTGTTTCAGCGTTCAACAGAACA ACTTTTTGCTAGTATGGGA       TACACTAGTAAATGAATTTTCT

GACCTGCCTCAACCTCCTGTCAATGCTGGCGGC GGCTCTGGTGGTGGTTCTGGTGGCGGCAACGTCTGGAAAGACGACAAAACTTTAGATCGTTAC GCTAACTATGAGGGCTGTCTGTGGAATGCT

AGCAAGGCCGGAAACGTACACT      TTACCATTAGCA CCATCACCAGTCAGCAAAAAACGAGTGGGAATTAGAGCATCGGAAGACAGCAGCAGCGACACC CTCGGGATCGTGCTTTTGC       TACACTCAGGGAGTTAAAGGCC

AGGCAAACTTGATTCTGTCGCTACTGATTACGG TGCTGCTATCGATGGTTTCATTGGTGACAAGCCTCAGCGACCGAATATATCGGTTATGCGTGG GCGATGGTTGTTGTCATTGTCGGCGCAACT

TCGGTCATAGCCCCCTTATTACACT      GGCA TTTTTTTCATCGTAGCGCGGATTTAGCGTCAGACTTTGATACCTAAACAGCGAATTTCTTCGA GGTGCTTGCTT       TACACTAAGGAGCCTTTAATTGTATCGGTTTATCA

TCCGGTGGTGGCTCTGGTTCCGGTGATTTTGAT TATGAAAAGATGGCAAACGCTATTGGAGCCTTTTTTTTGGAGATTTTCAACGTGAAAAAATTA TTATTCGCAATTCCTTTAGTTGTTCCTTTC

CCCACAAGAATTGAGTTACACT      AGAGATAAATAT CAGGAGCGCTAGGGTAATTGTCAGACATTATACCAGGAACAAAAACTGGCTATTTTAAG
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Figure S3. Design template of the DNA origami tube structure with highlighted set 1 staple chains. Shown are the 
8064 nt scaffold (blue) and the different staples (other colors) including their sequences. Staples of the ligation chains 
1, 2 and 3 (set 1) are shown in green, red and light blue, respectively (Table S1). Labels of the first staple of a particular 
ligation chain are marked with an aterisk.
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TCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCA CACAGGAAACAGCTATGACCATGATTACGAAT

CTCATGGAAATACCTACATTACACT      GAAAAACGGCAA CAGCAGCCATTATTACCGCAGAACAATGTACCGAGCTCGATCCATCCCCGGAGTTGAGGCGTGAGCCTTCGCGTC       TACACTCGCGTGCCTGTTC TCCT CAC

GGTCGTGTGACTGGTGAATCTGCCAATGTAA ATAATCCATTTCAGACGATTGAGCGTCAAA

ATCGCCAT

TGCTGGCAGAAACCCCCGGTATGACCGTGAAAA CGGCCCGCCGCATTCTGGCCGCAGCACCACAG

TATTACCAGCAAGGCCGATAGTTTGAGTTCT TCTACTCAGGCAAGTGATGTTATT

GCTTTCCTAGACGGGCAACAGCGTCACCAGTGTTTCTTTTGGTG GTTGCGTATTGGGCGCCAG       TACACTGGAGAGGCGGTTT

TACTCGGTGGCCTCACTGATTATAAAAACAC TTCTCAGGATTCTGGCGTACCGTTCCTGTCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGC ACGACAGGTTTCCCGACTGGAAAGCGGGCAGT

TTCTTTGATTAGTTACACT      AGCAATACCCGT TGTCAAATTAACCATCACGGAGTCTGTTTGCGTTGCGCTCAAACACATTAAAGCTAACTATGA GTGGGTGCCTAAAGCCTGG       TACACTGCCGGAAGCATAAAGTGTA

AGCGGTCAGCAAGTGTGCGCTGTAGCCCGAGATAGCTAGGCAAAAGAATTATAAATAAAT CCCAATCGGCAGGTTCCGA       TACACTGAAAATCCTGTTTGATGGT

TTATACGTGCTCGTCAAAGCAACCATAGTAC GCGCCCTGTAGCGGCGCATTAAGCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAAC TCTCTCAGGGCCAGGCGGTGAAGGGCAATCAG

GCCGATTAAAGGGATTTTATACACT      AACAGGAGGGAG CTATCAGAGCGCGTTAGAA

GGTTTCTTTGTTCCGCA AAATGATAATGTTACTCAAACTGGGACTGGTAAACATGGCGCTGTACGTTTCGCCGATTGTTT CCGGTGAGGTTATCCGTTCCCGTGGCGGCTCCACCTCTGAAAGCTT

GAGCCCCCGATTTAGAGCTTACACT      CCTAAAGGTCGG AACGCACTAAAGCCGTAAAGTCGAGGTTTTTTGGGAATCAAGTATCACCCACGTGAACCCCCA CTAGGCGATGGTCTATCAG       TACACTGGGCGAAAAACCG

CGCCCGCTCCTTTCGCTTTCTTCCCTTCCTT TCTCGCCACGTTCGCCGGCTTTCCCCGTCATTTGACGTTGGAGTCCACGTTCTTTAATAGTGG ACTCTTGTTCCAAACTGGAACAACACTCAACC

CCACACCCGCCGCTACACT      CGTAACCACGCT GCG

GTTAAACGAGGGTAAAAGTGATGAGCAC AGGCGGCCTTTAAAAAGCCTCCCGTAA       TACACTCATCGACATAAAAAAA

CTAATACTTCTAAATCCTCAAATGTATTATCTATTGACG GCTCTAATCTATTAGTTGTTAGTGCTCTACACAACCGCCCAACTGCTGGCGGCAAATGAGCAG AAATTTAAGTTTGATCCGCTGTTT

GAACGTTATTAATTTTAAATACACT      TTTG CCCTTAAATCCAACTCGTAAATTCGACTTACAAACAAAAGAGACGCAGACTCTCACGGAGATA GCTGGTGAAGGTTCTCCGT       TACACTGGAATTTGTGAGAGATAGACT

TTGAGTGCGAAAGCGCCTGCAATGACCCCGCTGATG CTGGACACCTCCAGCCGTAAGCTGGTTGCGTGGGA

CACCTTGCTGAACCTCAAATACACT      AAAG CATAAAAATCTGAGCCAGCAGCAAATGTGGTGCCAACCGTCGGACGGCAGCGAATGCCAACCG CAACAGCAGCAGGTCTGGT       TACACTGTAGAACGTCAGCGTGGTGCT

GATTTGCCAACTGACCA GATATTGATTGAGGGTTTGATAAAGTCCGGCACGTTCCGTTATGAGGATGTGCTCTGGCCGGA GGCTGCCAGCGACGAGACGAAAAAACGGACCGCGTTTGCCGGAACG

TCTAAAATATCTTTAGTACACT      GAAGGTTAAATT GAGTTGAAAGGTGCAACAGATGCTGAT

GCGCCTGTGCACTAGTAAGTCACTGCAGCGCAGTACGA TCCTGCATCAGGTGCCCCC       TACACTCCTGCAGCCAGCGGTGCCG

GCGCATTAAAGACTAATAGCCATTCAAAAAT ATTGTCTGTGCCACGTATTCTTACTAACCCGGCATCTGATGCCGTTAACGATTTGCTGAACAC ACCAGTGTAAGGGATGTTTATGACGAGCAAAG

AACCACCAGCAGAAGATACACT      ACCGAACGTAAA AATCCTAAAACCTGATAGCTGGGTAAAGGTTTGAAGCTGGTAAGCCCTGCGCACT GTTGCGGTATGAGCCGGGT       TACACTTCCGCCGGGCGCGGTT

TCAGCGTGGCACTGTTGCAGGCGGTGTT AATACTGACCGCCTCACCTCTGTTTTA

ATATTTGCTTATACAATCTTCCTGTTTTTGGGGCTTTTCTG ATTATCAACCGGGGTACATATGATTGACATGCTAGTTTTACGATTA

TAATTTTCCCTTAGAATACACT      CTATTAATATCG TCGTTCTGTAACGGCTTGCTCGATGAACAAGAGAAGGAGCAAAGAGAGTCTCATTGCCTATCA GGTCAAAGGCTGAGATCTA       TACACTGGGTAGCTATTTTTGA

AGACCTATGATTTTGATAAATTCACTATTGACTCTTCTCAGCGTCTTAA TCTAAGCTATCGCTATGTTTTCAAGGATCTCCGGCATTAATTTATCAGCTAGAACGGTTGAAT ATCATATTGATGGT

AGAG ATAGAACCCTTCTGACCTGAAAGCTACACT      TGGCCAACGGACATTCTAAAAG

CTCCGTGGTCGG ATTACAACCCGAGCGAGTA       TACACTATCAACATTAAATGTG

TTTCATCATCTTCTTTTGCTCAGGTAATTGAAATGAATA ATTCGCCTCTGCGCGATTTTGTAACTTGAAAGCTGGCTACAGGAAGGCCAGACGCGAATTATT TTTGATGGCGTTCCTATTGGTTAA

TTTGAATTACCTTTTTTAATACACT      AATT TCACATTTAACATTAATTAAAAACAAAACATCAAGATCAGCTCATTTTCAATTTGTTAATTAA ATTAATTCGCATTTGTTAA       TACACTTTAAATTGTAAACGTTAATAT

GTTATTCACTCACATAT ATTGATTTATGTACTGTTTCCA

CGCTTTGAAGCTCGAATTAAAACGCGATATTTG AAGTCTTTCGGGCTTCCTCTTAATCTTTTTGATGCAAT

TCCTGATTATCAGATGTACACT      CATCATATGAAT TATGCCACCAGAAGGAGCGCGGCCAGTTAAAACGACGACGTTGCCCAGTCAAGGGTTTTTAAC GCCAAGTTGGGAGGCGATT       TACACTAGGGGGATGTGCTGCA

GTTCTAACCCTTCCATTATTCAGAAGTATAATCCAAACA ATCAGGATTATATTGATGAATTGCCATTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACC GATCGCCCTTCCCAACAGTTGCGC

AATTGCGTAGATTTTCAGGTACACT      ATAA AGAAAACAGAATGCACGTAAAATTATTCCATATCACGCCATTCAGGCTCTAGCGCCATTAGGC AAACGGAAACCTCTGGTGC       TACACTAGCCAGCTTTCCGGCACCGCT

GTAAAAGGTACTGTTAC TGTATATTCATCTGACGTTAAAGGAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCT CAAACTGGCAGATGCACGGTTACGATGCGCCCATCTACACCAACGT

GATTGCTTTGAATACCTACACT      ATTCGCCTATAA CGGGTCATCGGGAGAAACATGGGATAGGACCGTAAGGCGGATTGAACAAAC

TTAT GCGGAATTACCATCATTGT       TACACTTTTAATTTCAACTTTA

AGGGCTTCGGTAAGATAGCTATTGCTATTTCAT TGTTTCTTGCTCTTATTATTGGGCTTACCATCTCAAGCCCAATTTACTACTCGTTCTGGTGTT TCTCGTCAGGGCAAGCCTTATTCACTGAAT

CCAGAAGGAAACCGAGGAATACACT      AAAG TTAAGCCGAACAAGCAGATCTCTTTTAAGAAAAGTCAAAGCTGCAACGTAAACCCAAATATTC ATTAACCGGAT       TACACTTGACCTTCATCAAGAGTAATCTTGACAAG

GTAATAAGGAGTCTTAATCATGCCAGTTCTTTT GGGTATTCCGTTATTATTGCGTGCCAGCCTATGCGCCTGGTCTGTACACCGTTCATCTGTCCT CTTTCAAAGTTGGTCAGTTCGGTTCCCTTA

ACATATAAAAGAAACGTACACT      AGGTGGCATACA TAAAAAATACAAAACGTAGAATCAGCAGTATGTTAGCACGGTCAGGCGCAGCCGGAACGTACT TAGCTCCATGTGCGACCTG       TACACTAATTGTGTCGAAATCC

GTAAACCATATGAATTTTCTATTGATTGTGACA AAATAAACTTATTCCGTGGTGTCTTTGTATCAGGCGATGATACAAATCTCCGTTGTACTTTGT TTCGCGCTTGGTATAATCGCTGGGGGTCAA

GAGGGAGGGAAGGTAAATATACACT      ACCG ATTGACATTCAAAAAGGGCTCTCAGCGCCAAAGACAACACTCATACACTAACAAAAGAAAAAG AGGCTAAAACG       TACACTATACGTAATGCCACTACGAAGGCACCAAC

AATGGCTCAAGTCGGTGACGGTGATAATTCACC TTTAATGAATAATTTCCGTCAATTTACCCGTTTAATGGAAACTTCCTCATGAAAAAGTCTTTA GTCCTCAAAGCCTCTGTAGCCGTTGCTACC

AGAAGGCTTATCCTACACT      TCAGATATAAGC AAACCAATAGCAGCGGATCATTACCGCGCAAGCAAATAGTCAGTGACTATTCTTTACCCATCA GGTAATCAAAATGACCATA       TACACTACAGTTCAGAAAACGAGAA

CTTGATTTAAGGCTTCAAAACCTCCCGCAAGTCGGGAGGTTCGCTAA AACGCCTCGCGTTCTTAGAATACCTTAAAGCATTTGAGGGGGATTCAATGAATATTTATGACG ATTCCGCAGTATTGGA

AGCGTCTTTCCAGAGCCTATACACT      CGCTAACGTTAC CAACCTGAATCAATTTTATCCAGCTACTTTTGCACATTAGTTGCTAAGACTGGATAGCGAATAGTAAGAGGGGGT       TACACTAGAAGTTTTGCCA

TTTCTTATTTGGATTGGGATAAATA ATATGGCTGTTTATTTTGTAACTGGCAAATTTTGCAAAAGCCTCTCGCTATTTTGGTTTTTAT CGTCGTCTGGTAAACGAGGGTTATGATAGTGTTGCTCT

CCTTTACAGAGTACACT      AATAGCAGAAAT GAAAACGTCAATTGTTTGAGGCATAGTACGATTTTGGAATTACCGCCAAAAAATG CAGATACATAAATTCAACTAATACCAC       TACACTATTCATCAGTTGAGATTTAGG

AGGGTGTTCAGTTAATTCTCCCGTCTAATGCGC TTCCCTGTTTTTATGTTATTCTCTTTCTACCTGTAATAATGTTGTTCCGTTAGTTCGTTTTAT TAACGTAGATTTTTCTTCCCAACGTCCTGA

AATG TTT

TATA TGTAAATGCTGATGCAAATCCATACACT      TATATAACCCGGCTTAGGTTGGGTTTTAACCTCAGTCAAATCGAGAGACTACCTTGCCG GAGATGAGAAAGCAAAAGGG       TACACTAGTAATGTGTAGGTAAAGATT

ACTAAAATATATTTGAAAAAGTTTT CTCGCGTTCTTTGTCTTGCGATCAGGCATTGCATTTAAAATATATGAGGGTTCTAAAAATTTT TATCCTTGCGTTGAAATAAAGGCTTCTCCCGCAAAAGT

ATACCGACCGTGTTACACT      ATTT AATTGACCTAATGTAATTAATTTCATCTTCGACCCAACATTATGTACCAAAAATCGGTTAAAG CTACAGAGCATTAAAGCCT       TACACTAATTAGCAAAATTAAGCAA

TATGATACTAAACAGGCTTTTTCTAGTAATTATGATTCCGGTGTTTA TTCTTATTTAACGCCTTATTTATCCTTTGCCTTGCCTGTATGATTTATTGGATGTTAATGCTA CTACTATTAGTAGAAT

GAATCGCCATATTTAACAATACACT      TTAATTGAGTAG GGCGCTCAACAAAGCCAACCCAGTATAAATTCTTAATACAAAAGGTGGCATCATGCGTTGAGC TGATGGGGCGCTTTTCATT       TACACTCTGTTTAGCTATA

TTATATTCTCTTATTACTGGCTCGA AAATGCCTCTGCCTAAATTACATGTTGGCGGTTATTGACCATTTGCGAAATGTATCTAATGGT CAAACTAAATCTACTCGTTCGCAGAATTGGGAATCAAC

ACGACAATAAACATACACT      TCCAGACGAATT CTGGGTAAAGTATAACAAGTACCGACAAAATCCATAGTTTCATTGTCTGGAAAGTACGGGCAA CTATTAAATATAACATGTT       TACACTGAATATAATGCTGTAGCTC

GATATTATTTTTCTTGTTCAGGACTTATCTATTGTTGATAAACAGGC GCGTTCTGCATTAGCTGAACATGTAGCAATTAAGCTCTAAGCCATCCGCAAAAATGACCTCTT ATCAAAAGGAGCAATT

TTCCAAGAACGGGTATTAATACACT      CCTTATCATGTC TTTTAATCGGCCCAATCAATGTAGAAATACGAGCACTAATTAGAGAGTACCTTTCCATCCAGG ATTGCAAACTCCAACAGGT       TACACTAACCAGACCGGAA

TCCTACGATGAAAATAAAAACGGCT TGCTTGTTCTCGATGAGTGCGGTACTTGGT

GGTTTGAA

TGAGTAACAGTGCCCGTACACT      CAGTGCCTACGG GGTCTGGTAATAAGTTTTACTCAGGAGGTTATACAGGAGTGTATCACCGTATAGGTGTACCCG GAAGTTGATATAAGTATAG      TACACTAAGTGCCGTCGAGAGG

ATCCGCCTGGTACTGAGCAAAACCCCGCTAATCCTA ATCCTTCTCTTGAGGAGTCTCAGCCTCTTAATACTTTCATGTTTCAGAATAATAGGTTCCGAA ATAGGCAGGGGGCATTAACTGTTTATA

CCCTGAAAATGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTG AGGGTGGCGGTTCTGAGGGTGGCGGTACTACATCAAAAGCCATGTATGACGCTTACTGGAACG GTAAATTCAGAGACTGCGCTTT

AGCCAGAATGGTACACT      CTCATTAAATAA ATCACAAACAATGATATTCTGTAGACGATTGGCCTACAACGCCTACAAACTGTCACCAGGAGT TTCGTAACACTCATGTACC       TACACTATAGCAAGCCCAATAGGAACC

AGCCACCACCCTCAGATACACT      ACCCTCAGAACC GCCACCCTCAGGAGCCGCCAGAATAACCGCCTCCCTCAGAGTGTTTCAGCGTTCAACAGAACA ACTTTTTGCTAGTATGGGA       TACACTAGTAAATGAATTTTCT

GACCTGCCTCAACCTCCTGTCAATGCTGGCGGC GGCTCTGGTGGTGGTTCTGGTGGCGGCAACGTCTGGAAAGACGACAAAACTTTAGATCGTTAC GCTAACTATGAGGGCTGTCTGTGGAATGCT

AGCAAGGCCGGAAACGTACACT      TTACCATTAGCA CCATCACCAGTCAGCAAAAAACGAGTGGGAATTAGAGCATCGGAAGACAGCAGCAGCGACACC CTCGGGATCGTGCTTTTGC       TACACTCAGGGAGTTAAAGGCC

AGGCAAACTTGATTCTGTCGCTACTGATTACGG TGCTGCTATCGATGGTTTCATTGGTGACAAGCCTCAGCGACCGAATATATCGGTTATGCGTGG GCGATGGTTGTTGTCATTGTCGGCGCAACT

TCGGTCATAGCCCCCTTATTACACT      GGCA TTTTTTTCATCGTAGCGCGGATTTAGCGTCAGACTTTGATACCTAAACAGCGAATTTCTTCGA GGTGCTTGCTT       TACACTAAGGAGCCTTTAATTGTATCGGTTTATCA

TCCGGTGGTGGCTCTGGTTCCGGTGATTTTGAT TATGAAAAGATGGCAAACGCTATTGGAGCCTTTTTTTTGGAGATTTTCAACGTGAAAAAATTA TTATTCGCAATTCCTTTAGTTGTTCCTTTC

CCCACAAGAATTGAGTTACACT      AGAGATAAATAT CAGGAGCGCTAGGGTAATTGTCAGACATTATACCAGGAACAAAAACTGGCTATTTTAAG

AAAAAAAAAAAAAAA

AAAAAAAAAAAAAAA

AAAAAAAAAAAAAAA

AAAAAAAAAAAAAAA

TGGATTTGCATCAGCATTTACA TATAGTTATATAACCCAACCTAAGCCGGAGGTTAAAAAGGTAGTCTCTCGATTTGACTGTCTC CGGCCTTTCTCACCCTTTTGAATCTTTACCTACACATTACT

      TACACTATCGCAAGACAAAGAACGCGAG AAAACTTTTTCAAATATATTTTAGTACTTTTGCGGGAGAAGCCTTTATTTCAACGCAAGGATA AAAATTTTTAGAACCCTCATATATTTTAAATGCAATGCCTGTACACT      

AAATTAATGCCGGAGATACACT      

AAAGCCCCAAAAACAGGAAGATTGTATAAGCAAATATTACACT      

TTCTAAGGGAAAATTAATTAATAGCGA CGATTTACAGAAGCAAGCCGTTCATCGATTCTCTTGTTTGCTCCAGACTCTCAGGCAATGACC TGATAGCCTTTGTAGATCTCTCAAAAATAGCTACCC

      TACACTTCCTTGAAAACATAGCGATAGCTTAGA TTAAGACGCTGAGAAGAGTCAATAGTGAATTTATCAAAATCATAGGTCTACCATCAATATGAT ATTCAACCGTTCTAGCTGAT

ACGCCATCAAA AATAATTCGCGTCTGGCCTTCCTGTAGCCAGCTTTCTACACT      

TTAAAAAAGGTAATTCAAATGA AATTGTTAAATGTAATTAATTTTGTTTTCTTGATGTTTGAAAATGAGCTGATTTAACAAAAAT TTAATGCGAATTTTAACAAAATATTAACGTTTACAATTTAA

      TACACTTGGAAACAGTACATAAATCAAT ATATGTGAGTGAATAACTAATCGTAAAACTAGCATGTCAATCATATGTACCCCGGTTGATAAT CAGA

      TACACTTTTAACGTCAGATGAATATACA GTAACAGTACCTTTTACACGTTGGTGTAGATGGGCGCATCGTAACCGTGCATCTGCCAGTTTG AGGGGACGACGACAGTATCGGCCTCAGGAAGATCGCACTCCTACACT      

GGTATTCAAAGCAATCAGGCGAATCCG TTATTGTTTCTCCCGATGACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAAT CCGACGGGTTGTTACTCGCTCACATTTAATGTTGAT

      TACACTAAGTTACAAAATCGCGCAGAGGCGAAT TATTCATTTCAATTACCTGAGCAAAAGAAGATGATGAAATTAACCAATAGGA

ATTGGGCTTGAGATGGTACACT      

TTCCTCGGTTTCCTTCTGGTAA CTTTGTTCGGCTATCTGCTTACTTTTCTTAAAAGAGCAGCTTTGTTACGTTGATTTGGGTAAT GAATATCCGGTTCTTGTCAAGATTACTCTTGATGAAGGTCA

      TACACTACGCAATAATAACGGAATACCC AAAAGAACTGGCATGATTAAGACTCCTTATTACTAAGGGAACCGAACTGACCAACTTTGAAAG AGGACAGATGAACGGTGTACAGACCAGGCGCATAGGCTGGCTACACT      

CGTTTCTTTTATATGTTGCCACCTTTA TGTATGTATTTTCTACGTTTGCTAACATACTGCTGATTGACCGTCTGCGCCTCGTTCCGGCTA AGTAACATGGAGCAGGTCGCGGATTTCGACACAATT

      TACACTCAAAGACACCACGGAATAAGTTTATTT TGTCACAATCAATAGAAAATTCATATGGTTTACTTGACCCCCAGCGATTATACCAAGCGCGAA ACAAAGTACAACGGAGATTTGTATCATCGCCTGATATACACT      

TATTTACCTTCCCTCCCTCAAT CGGTTGAATGTCGCCCTTTTGTCTTTGGCGCTGAGATGAGTGTTTTAGTGTATTCTTTTGCCT CTTTCGTTTTAGGTTGGTGCCTTCGTAGTGGCATTACGTAT

      TACACTTTGACGGAAATTATTCATTAAA GGTGAATTATCACCGTCACCGACTTGAGCCATTGGTAGCAACGGCTACAGAGGCTTTGAGGAC TAAAGACTTTTTCATGAGGAAGTTTCCATTAAACGGGTAAATACACT      

CGTTTCCGGCCTTGCTAATGGTAATGG TGCTACTGGTGATTTTGCTGGCTCTAATTCCCACTCGTTCCGATGCTGTCTTTCGCTGCTGAG GGTGACGATCCCGCAAAAGCGGCCTTTAACTCCCTG

      TACACTTCACCAATGAAACCATCGATAGCAGCA CCGTAATCAGTAGCGACAGAATCAAGTTTGCCTAGTTGCGCCGACAATGACAACAACCATCGC CCACGCATAACCGATATATTCGGTCGCTGAGGCTTGTACACT      

ATAAGGGGGCTATGACCGAAAA TGCCGATGAAAACGCGCTACAGTCTGACGCTAAATCGGTATCAAGCTGTTTAAGAAATTCACC TCGAAAGCAAGCTGATAAACCGATACAATTAAAGGCTCCTT

      TACACTTAGCGTTTGCCATCTTTTCATA ATCAAAATCACCGGAACCAGAGCCACCACCGGAGAAAGGAACAACTAAAGGAATTGCGAATAA TAATTTTTTCACGTTGAAAATCTCCAAAAAAAAGGCTCCAATACACT      

TCTGAGGGTGGTGGCTCTGAGGGTGGC GGTTCTGAGGGTGGCGGCTCTGAGGGAGGCGGTTATTCTCACTCCGCTGAAACTGTTGAAAGT TGTTTAGCAAAATCCCATACAGAAAATTCATTTACT

      TACACTGCCGCCACCAGAACCACCACCAGAGCC GCCGCCAGCATTGACAGGAGGTTGAGGCAGGTCAGCATTCCACAGACAGCCCTCATAGTTAGC GTAACGATCTAAAGTTTTGTCGTCTTTCCAGACGTTTACACT      

CCATTCTGGCTTTAATGAGGAT TTATTTGTTTGTGAATATCAAGGCCAATCGTCTACAGGCGTTGTAGTTTGTACTGGTGACGAA ACTCAGTGTTACGGTACATGGGTTCCTATTGGGCTTGCTAT

      TACACTAAAGCGCAGTCTCTGAATTTAC CGTTCCAGTAAGCGTCATACATGGCTTTTGATGTAGTACCGCCACCCTCAGAACCGCCACCCT CAGAACCGCCACCCTCAGAGCCACCACCCTCATTTTCAGGGTACACT      

CGGGCACTGTTACTCAAGGCACTGACC CCGTTAAAACTTATTACCAGTACACTCCTGTATAACCTCCTGAGTACGGTGATACACCTATTC CGGGCTATACTTATATCAACCCTCTCGACGGCACTT

   TACACTTATAAACAGTTAATGCCCCCTGCCTAT TTCGGAACCTATTATTCTGAAACATGAAAGTATTAAGAGGCTGAGACTCCTCAAGAGAAGGAT TAGGATTAGCGGGGTTTTGCTCAGTACCAGGCGGATTACACT      

CTTAAATC       TACACTGGTATTCTAAGAACGCGAGGCGTT TTAGCGAACCTCCCGACTTGCGGGAGGTTTTGAAGC

AGCTCTAAATCGGGGGCTCCCTTTAGGGTT CCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTTGGGTGATGGTTCACGTAG TGGGCCATCGCCCTGATAGACGGTTTTTCGCCC

      TACACTTGACGGGGAAAGCCGGCGAACGTGGCGAGA AAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGT CCACTATTAAAGAACGTGGACTCCAACGTCAAATACACT      

GCGGCGGGTGTGGTGGTTACGCGC AGCGTGACCGCTACACTTGCCAGCGCCCTAGCTATCTCGGGCTATTCTTTTGATTTATAAGGG ATTTTGCCGATTTCGGAACCACCATCAAACAGGATTTTC

      TACACTGCTTAATGCGCCGCTACAGGGCGC GTACTATGGTTGCTTTGACGAGCACGTATAACTGATTGCCCTTCACCGCCTGGCCCTGAGAGA GTTGCAGCAAGCGGTCCACGCTGGTTTGCCCCAGCAGGCTACACT      

TAAAATCCCTTTAATCGGCCTCCTGTTTAG CTCCCGCTCTGATTCTAACGAGGAAAGCACGCTGTTGCCCGTCTCACTGGTGAAAAGAAAAAC CACCCTGGCGCCCAATACGCAAACCGCCTCTCC

      TACACTGACAGGAACGGTACGCCAGAATCCTGAGAA GTGTTTTTATAATCAGTGAGGCCACCGAGTAACTGCCCGCTTTCCAGTCGGGAAACCTGTCGT GCCAGCTGCATTAATGAATCGGCCAACGCGCGGTACACT      

ACTAATCAAAGAAGTATTGCTACA ACGGTTAATTTGCGTGATGGACAGACTCTTTGAGCGCAACGCAATTAATGTGAGTTAGCTCAC TCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGC

      TACACTAATAACATCACTTGCCTGAGTAGA AGAACTCAAACTATCGGCCTTGCTGGTAATAATTCGTAATCATGGTCATAGCTGTTTCCTGTG TGAAATTGTTATCCGCTCACAATTCCACACAACATACGATACACT      

ATGTAGGTATTTCCATGAGCGTTTTTCCTG TTGCAATGGCTGGCGGTAATATTGTTCTGGATCGAGCTCGGTACCCGGGGATCCTCAACTGTG AGGAGGCTCACGGACGCGAAGAACAGGCACGCG

      TACACTTTTGACGCTCAATCGTCTGAAATGGATTAT TTACATTGGCAGATTCACCAGTCACACGACCCTGTGGTGCTGCGGCCAGAATGCGGCGGGCCG TTTTCACGGTCATACCGGGGGTTTCTGCCAGCATACACT      

GCTTTCAGGTCAGAAGGGTTCTAT CTCTGTTGGCCAGAATGTCCCTTTTATTACTAGTGCACAGGCGCGCAGTGACACTGCGCTGGA TCGTCTGATGCAGGGGGCACCGGCACCGCTGGCTGCAGG

      TACACTGTAAGAATACGTGGCACAGACAAT ATTTTTGAATGGCTATTAGTCTTTAATGCGCCTTTGCTCGTCATAAACATCCCTTACACTGGT GTGTTCAGCAAATCGTTAACGGCATCAGATGCCGGGTTATACACT      

TCTTCTGCTGGTGGTTCGTTCGGTATT TTTAATGGCGATGTTTTAGGGCTATCAGTTCAAACCTTTACCCATTACCAGCCGCAGGGCAAC AGTGACCCGGCTCATACCGCAACCGCGCCCGGCGGA

      TACACTTAAAACAGAGGTGAGGCGGTCAGTATT AACACCGCCTGCAACAGTGCCACGCTGATCCCACGCAACCAGCTTACGGCTGGAGGTGTCCAG CATCAGCGGGGTCATTGCAGGCGCTTTCGCACTCAATACACT      

TTTGAGGTTCAGCAAGGTGATG CTTTAGATTTTTCATTTGCTGCTGGCTCTGGCACCACCGACGGTGCTGCCGTTGGCATTCTTG CGGTTGCTGCTGACCAGACCAGCACCACGCTGACGTTCTAC

      TACACTTATCAAACCCTCAATCAATATC TGGTCAGTTGGCAAATCCGTTCCGGCAAACGCGGTCCGTTTTTTCGTCTCGTCGCTGGCAGCC TCCGGCCAGAGCACATCCTCATAACGGAACGTGCCGGACTTTACACT      

CTAAAGATATTTTAGATAACCTTCCTC AATTCCTTTCAACTGTTGCAATCAGCATCGTTTAACTTTACCCTTCATCACTAAAGGCCGCCT GTGCGGCTTTTTTTACGGGATTTTTTTATGTCGATG

      TACACTGAGCACTAACAACTAATAGATTAGAGC CGTCAATAGATAATACATTTGAGGATTTAGAAGTATTAGAAACAGCGGATCAAACTTAAATTT CTGCTCATTTGCCGCCAGCAGTTGGGCGGTTGTGTATACACT      

TTTAAAATTAATAACGTTCGGG CAAAGGATTTAATACGAGTTGTCGAATTGTTTGTAAAGTCTGCGTCTCTTTTTCCGTGAGAGC TATCCCTTCACCACGGAGAAAGTCTATCTCTCACAAATTCC

      TACACTAGTTTGAGTAACATTATCATTT TGCGGAACAAAGAAACCAAGCTTTCAGAGGTGGAGCCGCCACGGGAACGGATAACCTCACCGG AAACAATCGGCGAAACGTACAGCGCCATGTTTACCAGTCCCTACACT      

CATCTGATAATCAGGAATATGATGATA ATTCCGCTCCTTCTGGTGGCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGC GTTACCCAACTTAATCGCCTTGCAGCACATCCCCCT

      TACACTATGGCAATTCATCAATATAATCCTGAT TGTTTGGATTATACTTCTGAATAATGGAAGGGTTAGAACGCGCAACTGTTGGGAAGGGCGATC GGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAATACACT      

CCTGAAAATCTACGCAATTTCT TTATTTCTGTTTTACGTGCAAATAATTTTGATATGGTAGAGCCTGAATGGCGAATGGCGCTTT GCCTGGTTTCCGGCACCAGAAGCGGTGCCGGAAAGCTGGCT

AAGTCCAATACTGCGGAAT CGTCATAAATATTCATTGAATCCCCCTCAAATGCTTTAATACACT      

TAGGCTCTGGAAAGACGCTCGTTAGCGTTG GTAAGATTCAGGATAAAATTGTAGCTGGGTGCAAAATAGCAACTAATCGCTATCCAGTCTAAA CATTTTACTATTACCCCCTCTGGCAAAACTTCT

      TACACTATTTGCCAGTTACAAAATAAACAGCCATAT TATTTATCCCAATCCAAATAAGAAAAGAGCAACACTATCATAACCCTCGTTTACCAGACGACG ATAAAAACCAAAATAGCGAGAGGCTTTTGCAAATACACT      

CTCTGTAAAGGCTGCTATTTTC ATTTTTGACGTTAAACAAAAAATCGTACTATGCCTCGTAATTCCTTTTGGCGTTATGTATCTG CATTAGTTGAATGTGGTATTCCTAAATCTCAACTGATGAAT

      TACACTAGAATAACATAAAAACAGGGAA GCGCATTAGACGGGAGAATTAACTGAACACCCTTCAGGACGTTGGGAAGAAAAATCTACGTTA ATAAAACGAACTAACGGAACAACATTATTACAGGTAGAAAGTACACT      

ACTCAATTCTTGTGGGTTATCTCTCTG ATATTAGCGCTCAATTACCCTCTGACTTTGTTCCTGGTATAATGAGCCAGTTCTTAAAATCGC ATAAGGTAATTCACAATGATTAAAGTTGAAATTAAA

      TACACTTAAGCCCAATAATAAGAGCAAGAAACA ATGAAATAGCAATAGCTATCTTACCGAAGCCCTATTCAGTGAATAAGGCTTGCCCTGACGAGA AACACCAGAACGAGTAGTAA

ACACGGTCGGTATTTCAAACCATT AAATTTAGGTCAGAAGATGAAATTAATTACAGGGTCATAATGTTTTTGGTACAACCGATTTAG CTTTATGCTCTGAGGCTTTATTGCTTAATTTTGCTAATT

      TACACTGATAAATAAGGCGTTAAATAAGAA TAAACACCGGAATCATAATTACTAGAAAAAGCCTGTTTAGTATCATAATTCTACTAATAGTAG TAGCATTAACATCCAATAAATCATACAGGCAAGGCAAAGTACACT      

TTGTTAAATATGGCGATTCTCAATTAAGCC CTACTGTTGAGCGTTGGCTTTATACTGGTAAGAATTTGTATAACGCATGATGCCACCTTTTCA GCTCGCGCCCCAAATGAAAATATAGCTAAACAG

      TACACTCGCCAACATGTAATTTAGGCAGAGGCATTT TCGAGCCAGTAATAAGAGAATATAAGTTGATTCCCAATTCTGCGAACGAGTAGATTTAGTTTG ACCATTAGATACATTTCGCAAATGGTCAATAACTACACT      

TGTTTATTGTCGTCGTCTGGACAG AATTACTTTACCTTTTGTCGGTACTTGTTATATGGAATGAAACTTCCAGACACCGTACTTTAG TTGCATATTTAAAACATGTTGAGCTACAGCATTATATTC

      TACACTACATGTTCAGCTAATGCAGAACGC GCCTGTTTATCAACAATAGATAAGTCCTGAACAAGAAAAATAATATCAATTGCTCCTTTTGAT AAGAGGTCATTTTTGCGGATGGCTTAGAGCTTAATTGCTTACACT      

TTAATACCCGTTCTTGGAATGATAAGGAAA GACAGCCGATTATTGATTGGTTTCTACATGCTCGTAAATTAGGATGGAAAGGTACTCTCTAAT CCTGACCTGTTGGAGTTTGCTTCCGGTCTGGTT

      TACACTACCAAGTACCGCACTCATCGAGAACAAGCA AGCCGTTTTTATTTTCATCGTAGGAATTGCATCAAAAAGATTAAGAGGAAGCCCGAAAGACTT CAAATATCGCGTTTTAATTCGAGCTTCAAAGCGTACACT      

GGATAAGCCTTCTATATCTGATTT GCTTGCTATTGGGCGCGGTAATGATCCGCTTTGCTTCTGACTATAATAGTCAGGGTAAAGACC TGATTTTTGATTTATGGTCATTCTCGTTTTCTGAACTGT
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Figure S4. Design template of the DNA origami tube structure with highlighted set 2 staple chains. Shown are the 
8064 nt scaffold (blue) and the different staples (other colors) including their sequences. Staples of the ligation chains 
4, 5 and 6 (set 2) are shown in dark green, dark red and dark purple, respectively (Table S2). Labels of the first staple 
of a particular ligation chain are marked with an aterisk.
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Figure S5. Analysis of the heat stability of non-ligated and chemically ligated DNA origami nanostructures using 
agarose gel electrophoresis (1 %). a) Analysis of the non-ligated DNA origami nanostructures before and after 
incubation for 10 min at the indicated temperatures. b) Analysis of the chemically ligated DNA origami 
nanostructures before and after incubation for 10 min at the indicated temperatures. Numbers next to bands of the 
DNA size marker (M3) indicate the corresponding DNA lengths. 
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Figure S6. Overview tSEM image of non-ligated DNA origami nanostructures incubated for 10 min at 60 °C. Red 
arrows indicate disordered structures, i.e. origami nanostructures that already disassembled (Figure 3, main text). 
The scale bar corresponds to 20 mm. 
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Figure S7. Overview tSEM image of the chemically ligated DNA origami nanostructures after incubation at 70 °C 
for 10 min. Red arrows indicate disordered structures, i.e. origami nanostructures that already disassembled 
(Figure 3, main text). The scale bar corresponds to 20 mm. 
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Figure S8. Enlarged views on the denaturing PAGE (8 %) analysis of the chain ligation (Figure 4, main text). Using 
different fluorescent labels for the first staple of a chain, chain ligations were probed in parallel in a single origami 
structure for chains 1-3 (set 1 origami, left side) as well as for chains 4-6 (set 2 origami, right side, see also main 
text incl. Figure 4 for further details). Gel images marked with numbers show the fluorescence emission of the first 
staple of the particular chain (Cy3 emission for chains 1 and 4, Cy5 emission for chains 2 and 5 and 6-FAM 
emission for chains 3 and 6). Gel images marked with O1 and O2 show false colour overlays of the emissions the 
chain starts of the particular origami structure. Gel images marked with E show the EtBr stained total DNA and the 
Cy5 emissions. Lane labels correspond to unmodified staples (unmod), non-ligated origami nanostructures (hyb) 
and chemically ligated origami structures (lig). Numbers next to the bands of the DNA size marker (M1) indicate the 
corresponding DNA lengths. 
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Figure S9. Identifying and ‘repairing’ design problems within an origami structure using chain ligation. (a) Enlarged 
view on the origami design containing oligonucleotides 9, 10 and 11 of chain 5 from set 2 origami (Figure S4 and 
Table S2) before (top) and after (bottom) the intended design repair. In the altered design two new staples (newO9 
and newO10) replaced the original staples 9, 10 and 11 (Table S3). Helix numbers of the design are shown on the 
right. b) Denaturing PAGE (8 %) analysis of the set 2 origami monitoring the terminal Cy5 label of chain 5 before 
and after the design repair (Figure 4, Figure S8). The chain ligation terminates with for the original design with high 
probability at staple 8 (see red arrow in right lane) indicating an assembly problem at this position. The altered 
design did not increase the ligation efficiency at this position (red arrow in left lane), such that the ‘repair’ was 
unsuccessful. c) Enlarged view on the origami design containing oligonucleotides 7, 8 and 9 of chain 5 from set 2 
origami (Figure S4, and Table S2) before (top) and after (bottom) another design repair. For this design alteration 
the new staples newO7 and newO8 replaced the original staples 7, 8 and 9 (Table S3). Helix numbers of the design 
are shown on the right. d) Denaturing PAGE (8 %) analysis of chain 5 of set 2 origami before and after the design 
repair with newO7 and newO8 (Figure 4, Figure S8). Also in this case the inefficient ligation at step 8 could not be 
alleviated (see red arrows in both lanes). 
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Table S1. Ligation chain details of the set 1 origami (Figure 4, main text and Figure S3). Lengths of the individual 
staples and resulting chain length for a successful chain ligation including the given staple. The staple number (No.) 
provides the order of the staple with respect to the 5' end of the chain. 

 

 chain 1 (Cy3) chain 2 (Cy5) chain 3 (6-FAM) 
No.  Staple 

length  
length of 
chain  

Staple 
length 

length of 
chain  

Staple 
length 

length of 
chain  

1 37 nta) 37 nt 41 nta) 41 nt 27 nta) 27 nt 
2 36 nt 73 nt 28 nt 69 nt 59 nt 86 nt 
3 28 nt 101 nt 33 nt 102 nt   
4 32 nt 133 nt 54 nt 156 nt   
5 35 nt 168 nt     
6 32 nt 200 nt     
7 56 nt 256 nt     
8 32 nt 288 nt     
9 32 nt 320 nt     
10 32 nt 352 nt     
11 40 nt 392 nt     
12 28 nt 420 nt     
13 32 nt 452 nt     
14 28 nt 480 nt     
15 32 nt 512 nt     
16 21 nt 533 nt     
17 32 nt 565 nt     
18 28 nt 593 nt     
19 32 nt 625 nt     
20 53 nt 678 nt     

         a) Indicates the first staples of a chain that carries the indicated fluorescent label on its 5' end 
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Table S2. Ligation chain details of the set 2 origami (Figure 4, main text and Figure S4). Lengths of the individual 
staples and resulting chain length for a successful chain ligation including the given staple. The staple number (No.) 
provides the order of the staple with respect to the 5' end of the chain. 

 
 chain 4 (Cy3) chain 5 (Cy5) chain 6 (6-FAM) 

No. Staple 
length  

length of 
chain  

Staple 
length  

length of chain  Staple 
length  

length of chain  

1 27 nta) 27 nt 48 nta) 48 nt 27 nta) 27 nt 
2 56 nt 83 nt 32 nt 80 nt 56 nt 83 nt 
3 64 nt 147 nt 28 nt 108 nt 64 nt 147 nt 
4 40 nt 187 nt 34 nt 142 nt 40 nt 187 nt 
5 60 nt  247 nt 30 nt 172 nt 28 nt 215 nt 
6 28 nt 275 nt 56 nt 228 nt 32 nt 247 nt 
7 32 nt 307 nt 32 nt 260 nt 49 nt 296 nt 
8 50 nt 357 nt 32 nt 292 nt 34 nt 330 nt 
9 43 nt 400 nt 40 nt 332 nt 30 nt 360 nt 
10 32 nt 432 nt 28 nt 360 nt 40 nt 400 nt 
11 32 nt 464 nt 32 nt 392 nt 32 nt 432 nt 
12 32 nt 496 nt 49 nt 441 nt 32 nt 464 nt 
13 32 nt 528 nt 32 nt 473 nt 56 nt 520 nt 
14 52 nt 580 nt 28 nt 501 nt 28 nt 548 nt 
15 32 nt 612 nt 57 nt 558 nt 32 nt 580 nt 
16 28 nt 640 nt   35 nt 615 nt 
17 39 nt 679 nt   32 nt 647 nt 
18 32 nt 711 nt   28 nt 675 nt 
19 31 nt 742 nt   56 nt 731 nt 
20 24 nt 766 nt   64 nt 795 nt 
21 50 nt 816 nt   67 nt 862 nt 
22 46 nt 862 nt     
23 32 nt 894 nt     
24 32 nt 926 nt     
25 32 nt 958 nt     
26 32 nt 990 nt     
27 37 nt 1,027 nt     
28 38 nt 1,065 nt     
29 26 nt 1,091 nt     
30 50 nt 1,141 nt     

         a) Indicates the first staples of a chain that carries the indicated fluorescent label on its 5' end 
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Table S3. Sequences of the staples that were changed upon design ‘repairs’ (Figure 5 and Figure S9) as well as 
the sequences of the staples of the new design. For the altered designs, three successive original staple sequences 
were fused and split into two new staple sequences. 

 
chain 1 of set 1 origami (Figure 5) 

Staple Sequence (5' to 3') nt 

O15 ACAATCAAAGCCGAACGAACTGGCGAGCGCTA 32 
O16 ATATCAGGAAGCGCAAATGAA 21 
O17 AATAGCAGAACAGCCACGCTAACGCGCGAGGC 32 
newO15 ACAATCAAAGCCGAACGAACTGGCGAGCGCTAATATCAGGAA 42 
newO16 GCGCAAATGAAAATAGCAGAACAGCCACGCTAACGCGCGAGGC 43 

 
chain 5 of set 2 origami (Figure S9) 

Staple Sequence (5' to 3') nt 

O7 CAGCCATTCTCAAACTCAAATTAATTTTATAA 32 
O8 TCAGTGAGGCAAGTGTCTTTGACGGCCGTAAA 32 
O9 GCACTAAAGAACCTATACAAACAACCAGTAAGACCCTCAG 40 
newO7 CAGCCATTCTCAAACTCAAATTAATTTTATAATCAGT 37 
newO8 GAGGCAAGTGTCTTTGACGGCCGTAAAGCACTAAAGAACCTATACAAACAA-

CCAGTAAGACCCTCAG 
67 

   
O9 GCACTAAAGAACCTATACAAACAACCAGTAAGACCCTCAG 40 
O10 AACCGCCATAATCAGGCATTTGCACCGT 28 
O11 AATCAGTAGACATTCAAATTATCAAAAATACA 32 
newO9 GCACTAAAGAACCTATACAAACAACCAGTAAGACCCTCAGAACCGCCATA 50 
newO10 ATCAGGCATTTGCACCGTAATCAGTAGACATTCAAATTATCAAAAATACA 50 
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