
 

 

 

 

 

 

 

 
 

Supplementary Figure 1 

Size comparison between BAR proteins and the designed BAR-mimicking DNA origami 

nanoscaffolds. (a) DNA origami L aims to mimic the shape of flat I-BAR domain proteins, 

such as PinkBAR; (b) origami Q aims to mimic the shape of moderately-curved F-BAR domain 

proteins, such as FBP17; and (c) origami H aims to mimic the shape of highly-curved BAR 

domain proteins, such as Arfaptin. When compared to BAR dimers, our DNA origami 

structures have at least a 5-fold increased length and 20-fold increased concave surface area. 

Scale bar: 10 nm. 

 



 

 

 
 

Supplementary Figure 2 

Cadnano design and oligonucleotide sequences of the non-curved DNA origami structure L. Top positions T0-T7 are colored in gold, while 

bottom positions B0-B7 are colored in dark orange. Lateral positions L0-L13 and R0-R13 are colored in green and blue, respectively. Edge positions 

E0-E19 and F0-F19 are colored in purple. Core staples are colored in black; M13 p7249 scaffold is colored in grey. List of DNA staples can be found 

in Supplementary Table 1. Additional list of functional staples utilized can be found in appendix (see Supplementary Notes). 
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GTTATACGTGCTCGTCAAAGCAACCATA GTCTAATACTTCTAAATCCTC TCAGGTAATTGAAATGAATAA CGGTATTTCAAACCATTAAAT CGTTCTTGGAATGATAAGGAA TCCCGTCTAATGCGCTTCCCT GTTGAATGTCGCCCTTTTGTC GGCGGCTCTGGTGGTGGTTCT GGTACTAAACCTCCTGAGTAC AGCTGTTTAAGAAATTCACCT CTCGTTCCGGCTAAGTAACAT AGTTGAATGTGGTATTCCTAA TCCTGACCTGTTGGAGTTTGC ATTACAGGGTCATAATGTTTT AAAATTTAATGCGAATTTTAA AGGGCAATCAGCTGTTGCCCGTCTCACTGGTGAAA

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

GTCTAAAATCCCTTTAATCGGCCTCCTGTTTAGCT TTGACGG AGTTGTCGAATTGT ATTTTGT TGTTTCATCATCTT GAAATTA ACGCCTTATTTATC TGATTGG TGCGGTACTTGGTT CTCTCTG TTCAGGGTGTTCAG ACCATAT TTACCTTCCCTCCC GGGTGGT CAACCTCCTGTCAA TCCGGGC GGTGGCGGTTCTGA TAAACCG TCGGCGCAACTATC ATTTCGA CTTATGATTGACCG ATCTTTC TTGGCGTTATGTAT GCTTTGA GCAATTAAAGGTAC TAGCTTT AAAGGCTTCTCCCG TTACAAT AAAAAATGAGCTGA CTCTCCCCGCGCGTTGGCCGATTCATTA

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

ATGGACAGACTCTTTTACTCGGTGGCCTCACTGAT AATCTAT TTAATAACGTTCGG TGGTATT TAAATGTAATTAAT AAATATA TAATTATGATTCCG TACATGC AAATAAAAACGGCT GGCTGCT GATATTAGCGCTCA TTTCTAT TTCACCTTTAATGA CTGAGGG TGAATATCAAGGCC CTTATAT GGGTGGTGGCTCTG AATTAAA GGTTATGCGTGGGC ATTTATC GTCCTCTTTCAAAG TGTAATA GTGTTGCTCTTACT CGAATTA CATCCGCAAAAATG TCTGAGG GTTCTAAAAATTTT ATATTTG CGAATTATTTTTGA GACTGGAAAGCGGGCAGTGAGCGCAACG

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

TTGAGTTCTTCTACTCAGGCAAGTGATGTTATTACTAA TAGT CAAAATGATAATGTTAC ATCA CCATTAAAAAAGGTAAT AAGT ACGCATATGATACTAAA TTAG CTATTGGGCGCGGTAAT TTTT GCTTAACTCAATTCTTG GACA CCCAAATGGCTCAAGTC TCTG ATTCTGGCTTTAATGAG CTCG TTCCTATTGGGCTTGCT TTTG CTCCCTGCAAGCCTCAG GATA CCTATGCGCCTGGTCTG TCCG TATCGTCGTCTGGTAAA ATAT CAGCATTATATTCAGCA GCTT TACTCAGGCATTGCATT AATC TGATGAAAGCTGGCTAC GGCACCCCAGGCTTTACACTTTATG

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

GTTTTTCCTGTTGCAATGGCTGGCGGTA AAGATATTTTAGAT TCTGGTG CCGTTATTGTTTCT ATATTGA CGTTCTTTGTCTTG ATACTGG TATTATTTTTCTTG CTTCTAT AAACAAAAAATCGT GTTTCTT CTTATTCCGTGGTG GTGATTT CGGCTCTGAGGGAG AATTCAG TTATCCGCCTGGTA CTCAGTG TTTTTTGGAGATTT TCCCGCA CCGTTGTACTTTGT CTCTTGA GTTTTATTAACGTA GCCTCTC CTTTCGGGCTTCCT TATTTAA CTAATTCTTTGCCT TTTGAAT TTTTGGGGCTTTTC TTACTCG TGAGCGGATAACAATTTCACACAGGAAACAGCTAT

G C G T C A A A A T G T A G G T A T T T C C A T G A G C A A C C T T C C T C A A T T C G C T C C T C C C G A T G T A A A A G G C T C A C A T C G A T T G G A T T T G C A T G G C T T T T T C A G G A C T T A T C T G A T A A G C T T C T T A T T T G G A T T T T T C A T T T C T T T G C G T T T C T T G C T A C T G G C G G T T C C G G T G G T A A C G G T A C T G A G C A A A A C C C C G A C G A A A T C A A C G T G A A A A A A G T G A C G A T T C G C G C T T G G T A T A A G A T T A G A T T T T T C T T C C C A T G C A A A A C T T A A T C T T T T T G A A G T T G C A T G C C T G T A T G A T T T T C A C C C T T G A T T A T C A A C C G G C G G G T T G G A C C A T G A T T A C G A A T T C G A G C T C G G T A C C C G G G G
TCTGCCAATGTAAATAATCCATTTCAGACGATTGA CCTTTCA TATGATGATAATTC TACTGTT AGCAAGGTTATTCA TCAGCAT CTACTGTTGAGCGT ATTGTTG TTCTTAGAATACCG GGGATAA GATAGCTATTGCTA TTATATG CTAATGGTAATGGT GGCTCTG ATGACGCTTACTGG GCTAATC TAGTTTGTACTGGT TTATTAT TTTCGCTGCTGAGG AATCGCT ATCCGGTTCTTGTC ACGTCCT GGCAAAACTTCTTT TGCAATC AGACACCGTACTTT ATTGGAT GTCTCCGGCCTTTC GGTACAT CACGGAGAATCCGA ATCCTCTAGAGTCGACCTGCAGGCATGC

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

GCTTTCAGGTCAGAAGGGTTCTATCTCTGTTGGCC TTGATTT TGATGAATTGCCAT TATATTC GGAAAATTAATTAA ATATAGT GTTGTTAAATATGG ACAGGCG CAAGTCGGGAGGTT TATGGCT TGCTTACTTTTCTT CACCTTT GATGGTTTCATTGG CGGTGAT CAGTACACTCCTGT TCCTTCT GAGGGCTGTCTGTG AATTCCT TAGCCGTTGCTACC GTCAAAG CAGCTTTGTTACGT GGTATAA CCAGTCTAAACATT TTGCTTC GGAATCAACTGTTA ATGCTAC GGTTGAATATCATA TTGACAT ATCCCATTACGGTC CAACGTCGTGACTGGGAAAACCCTGGCG

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

TTTTAGGGCTATCAGTTCGCGCATTAAAGACTAATAGC GACC AGAAGTATAATCCAAAC GTTA AAGCTATCGCTATGTTT CCCA GAAAATGCCTCTGCCTA CATT TAATCTTGATTTAAGGC TTGT GGTTTCCTTCTGGTAAC TATT TTCTGTCGCTACTGATT ATGA TCAAGGCACTGACCCCG AGTC CGACAAAACTTTAGATC TTCC ATGAAAAAGTCTTTAGT TTTT TCGTCAGGGCAAGCCTT GTTC TTTATGACGATTCCGCA AATA GTCAAACTAAATCTACT AGTA CCCTCTCCGGCATTAAT TTAC TACGATGCGCCCATCTA TCCCCCTTTCGCCAGCTGGCGTAAT

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

CTGACCGCCTCACCTCTGTTTTATCTTC GATTGAGGGTTTGA GTTCTAA AAATCTACGCAATT CTCTTCT CCGGAGGTTAAAAA ATATTCT CATGTTGTTTATTG AGCTGGG AAATTAGGCTCTGG CCGTTAT TTTGCTAACATACT TGACGCT GCAAACGCTAATAA TGTTTAT CTTAATACTTTCAT ATTTACT TCTCACTCCGCTGA CCGTTTA TCTTTTGCCTCTTT TACTACT CGCATAAGGTAATT TTGAGGG TAAAGACCTGATTT ATTTGCG TGCCACCTTTTCAG TAGATCT GTTCATCGATTCTC TCAAACT CCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGC

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

CAAGGTGATGCTTTAGATTTTTCATTTGCTGCTGGCTCTCAG TTACGTGCAAATAATTTTGAT CCTATGATTTTGATAAATTCA GAATTACTTTACCTTTTGTCG GCGTTGGTAAGATTCAGGATA CTTAATCATGCCAGTTCTTTT AAAATGCCGATGAAAACGCGC GGTTCCGAAATAGGCAGGGGG GTTTAGCAAAATCCCATACAG GCCTTCGTAGTGGCATTACGT TTGAAATTAAACCATCTCAAG TTCTCGTTTTCTGAACTGTTT GAAAATATAGCTAAACAGGTT CTCTCAGGCAATGACCTGATA AAGCTGGCTGGAGTGCGATCTTCCTGAGGCCGATACTGTCGT

GCTACAGGGCGCGTAC CTTAATGCGCC ACCCGCCGCG CGTAACCACCAC CACGCTGCG AGTGTAGCGGT GGCGCTGGCA GCGGGCGCTAG AGCGAAAGGA GAAGGGAAGAA GGCGAGAAAG CCGGCGAACGT ACGGGGAAAG AACCGTCTATC AAGGGCGAAA CTCCAACGTCA AGAACGTGGA TCCACTATTAA GGAACAAGAG TGTTCCAGTTT GGTTGAGTGT GCCCGAGATAG CAAAAGAATA CCCTTATAAAT TCGGCAAAAT TGGTTCCGAAA TGTTTGATGG GGCGAAAATCC TGCCCCAGCA CCACGCTGGTT AGCAAGCGGT GAGAGAGTTGC TCACCGCCTGGCCCT

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

TTAGAATCAGAGCGGG TTCCTCG TTGTGCT AATTTACAATAGATAATACAT AAGCAAAAGCGCGCAGAGGCG CTACCGTGTATCTTCTGACCT ACGGTATTAATAATCGGCTGT AAGAATTAAAATAACATAAAA CCCGATTGATTACCAGCGCCA CCGCCAGCATCAGAGCCGCCA CGGCCACCCATAGGTGTATCA CCTGATACCTCAGCTTGCTTT ATGCGCAGACCGCGACCTGCT AAAATGCAGTCATCAGTTGAG CATTAGAGAGAACCAGACCGG TGACTTTTGAATCGGTTGTAC CTTGTTAAAACGTTAATATTT GGCGCCAGGGTGGTTTTT GCGGTTTGCGTATTG

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

CCTGAGAAGTGTTTTTATA CCAGAAT TTTGCAGAGAGGAACGGTACG AACACTAGTAACATCAAGAAAACAAAAGTTCGTATTAAATCC GTAATTTTACTCATCGAGAACAAGCAGAAATAAATAAGAATA CGATTAGCCATATTGACGGAAATTATATTCCAAAGTCAGAGG CCATCGTATCTCAGAACCGCCACCCTTATAAGGCAGGTCAGA GGCATGGTAGGAACCGAACTGACCAATGTGCAATGACAACAA GGATAGCATTCCTTTTGATAAGAGGTAGCTAAGGAATTACGA CAGCTGCATAACCAATAGGAACGCCATTAAATTTCAACGCAA GGGAAACCTGTCGTGC

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

TGTAGCAATACTTCTTTGA TAACCGT CGCAAAT TTTGAACAACTACA TTAAAAG TTTGATGCTTTGTT AATTTCA GCCTGTTTCAAAAC AGAAAAA GAATCTTTACGACT ATCGTAG ACCCATGAAAATTC AGAGATA TCACCACAATCAAG ATCACCG AAATCACCGCCATT AACAAAT GGGATAGGGTTGCA ATTTTCA GGTCGAGGAGCCTC TATATTC GTGTAATCGCCTGA ATGAACG CCTCGACAACATAG TCATAAC TTAATCGCGTTTTA TTAGAGC TTTTAAATAAAGGC TCATATA TTCCTGTATAAGCC TCTGGCC TCACATTAATTGCG TAATGAGTGAGCTAAC

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

ATATCCAGAACAATAT ACTAGGAGCACTATCGGCCTTGCTGGTA AAATTCGCCCGGAACAAAGAA TACGAGAAAAAACAGTACATA ATTCCCATCTATACAAATTCT GCAACGTCACAAGCAAATCAG ATTTATTTCCAATAATAAGA CTCCACCCTAATTAGAGCCAGC AAGTGCCGTGGAAAGCGCAGT TTAAGGCTCCCCATGTACCGT CAAGATTTGTTAAAGGCCGCT GCGAACTAACTGGCTGACCTT TTACTTCAAAAAACCAAAATA AGCAAAATTTAGCTCAACATG AGACAGGAAATGTGTAGGTAA AGACATTAAATGTG ATACGAGCCGGA CAATTCCACACAAC

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

ACCTACATTTTGACGC TGGAAAT TTGCTCA GGAGGAGCGAATTGAGGAAGG CGATGTGAGCCTTTTACATCG AAAAAGCCATGCAAATCCAAT AAGCTTATCAGATAAGTCCTG GAAATGAAAAATCCAAATAAG GCCAGTAGCAAGAAACGCAAA AGTACCGTTACCACCGGAACC GATTTCGTCGGGGTTTTGCTC AATCGTCACTTTTTTCACGTT TCTAATCTTATACCAAGCGCG AGTTTTGCATGGGAAGAAAAA CATGCAACTTCAAAAAGATTA CAAGGGTGAAAATCATACAGG TCCAACCCGCCGGTTGATAAT ATCATGG ATTCGTA CCCCGGGTACCGAGCTCGA
T C A A T C G T C T G A A A T G G A T T A T T T A C A T T G G C A G A T G A A A G G G A A T T A T C A T C A T A A A C A G T A T G A A T A A C C T T G C T A T G C T G A A C G C T C A A C A G T A G C A A C A A T C G G T A T T C T A A G A A T T A T C C C T A G C A A T A G C T A T C C A T A T A A A C C A T T A C C A T T A G C A G A G C C C C A G T A A G C G T C A T G A T T A G C A C C A G T A C A A A C T A A T A A T A A C C T C A G C A G C G A A A A G C G A T T G A C A A G A A C C G G A T A G G A C G T A A A G A A G T T T T G C C G A T T G C A A A A G T A C G G T G T C T A T C C A A T G A A A G G C C G G A G A C A T G T A C C T C G G A T T C T C C G T G G C A T G C C T G C A G G T C G A C T C T A G A G G A T

GTAATAAAAGGGACATTCT ACGACCA AGATGCAGTTTCACCAGTCAC AATCGGTAATCTGTAAATCGTCGCTACAGTTTCCTGATTATC TTTTTTTATCGCGAGGCGTTTTAGCGTTATGGCTTAATTGAG ATGATGAACCAAGGCCGGAAACGTCAGCAATTACCGAAGCCC ACGAGGCGACAACGCCTGTAGCATTCTTAGACATGGCTTTTG AGTAAAGTCATTCATTACCCAAATCACCCCGACAGCATCGGA ATCAATAACGGAAGTTTCATTCCATAAGCGAGAGGGGGTAAT TTGGAACAAACGGCGGATTTCATAGTCAAATCACC GCCAAGC TAAAACGACGGCCAGT

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

CAGACAATATTTTTGAATG CGTGGCA AAGAATA TGATTAGTTGGCGT ATAATCC TAGAATCCTTGAGTCAGATAT TAATTTTATATACT CAACATG GGAGGTTTTGAACAGAACGGC ACAAAAATAAACCG TAGCCGA TAGCAGCACCGTCATACATGA TTTAAAATCAAAGA AATAAGT AGTTAGCGTAACCCTCAAGGT TGAGGCAACTAAAT GAGGCTT CATTCAGTGAATCACTCATCA AATACTGGCTCACT AGCGTCC ATTCTGCGAACGATAGTCAAT GATAAAATAGTACA TCTAGCT GTCACGTTGGTGAACTAGCGT TAAGTTGGGTAAAG TGTGCTGCAAGGCGAT

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

GAACGAACCACCAGCA TTGAATAATGGAAGGGAATATCTCATCGCCATTAAAAATACC CTGAGCCAGTAATAAGCTTAGGTAGATTAAGACGCTGTCAGG GAAGAGGAAACGCAATAGCCAGTTGTTGCTATTTTGCATTCAG TGAGTAACAGTGCCCGTCATCTTTTCAAGTTTGCCTTTCGTA ACTGAGGAAGTTTCCATATAGAAATCTTTCCAGACGTTAGGC GACTATTCATTGAATCCATTTTAAGAAACACCAGAACGATAC ATCTAGCTATTTTTGAGTCAATTCCATTAGATACATTTCCCT CTACCGTGCATCTGCCGGTA CGGGCCTCTTCG AAGGGCGATCGGTG

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

CTGCAACAGTGCCACG ACACCGC TATATTA GACTACCATCTGAACCTCAAA AAATAAA CCTCAATAGAACAG GAAAAGTACTCTGAGAGACTA AGACGAC TTACAATTTTGTCC GCAATACCCTAACGAGCGTCT TTATTAC CCGACTGTAACTCC ACGTTAATGCGGTCATAGCCC TTCTGAA TTGAATTTTTATTA CGGTAAAATAACTTTCAACAG CCTAAAA TGAATTGGGACCAA AAATGCTTTCTTTAATCATTG ATAAATC AGGGTCAATTGACC AACAAAGGCATTTGGGGCGCG AGCAAAC AAGGGGACGTCTGG CCAGGCA CCGGAAA TCCGGCACCGCTTCTGGTG
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Supplementary Figure 3 

Cadnano design and oligonucleotide sequences of the moderately-curved DNA origami structure Q. Top positions T0-T7 are colored in gold, 

while bottom positions B0-B7 are colored in dark orange. Lateral positions L0-L13 and R0-R13 are colored in green and blue, respectively. Edge 

positions E0-E19 and F0-F19 are colored in purple. Core staples are colored in black; M13 p7249 scaffold is colored in grey. List of DNA staples can 

be found in Supplementary Table 2. Additional list of functional staples utilized can be found in appendix (see Supplementary Notes). 
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G T C A A A G C A A C C A T A G T A C + G C C C T G T A G C G G C G C A T T A A + G C G G C G G G T G T G G T G G T T A C G C G C A G C G T G A C C G + A C A C T T G C C A G C G C C C T A G C G C C C G C T + T T T C G C T T T C T T C C C T T C C T + C T C G C C A C G T T C G C C G T G A T A G A C G G T T T T T C G 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 + 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 + G G G C T A T T C T T T T G A T T T A T + G G G A T T T T G C C G A + T C G G A A C C A C C A T C A A A C A G + T T T T C G C C T G C T G G G G C A A A C C A G C G T + A C C G C T T G C T G C A A C T C T C T + G G G C C A G G C G G T G A A G G G C A A T

CTAACGAG+AAGCACGTTATACGTGCTC AATTGTTTGTAAAGTCTAATA TCTTTTGCTCAGGTAATTGAA ACACGGTCGGTATTTCAAACC AATACCCGTTCTTGGAATGAT AATTCTCC+TCTAATGCGCTT AATCGGTTGAATGTCGCCCTT TGGCGGCGGCTCTGG+GTGGT GGCGGTACTAAACCTCCTGAG CTGTTTAAGAAATTCACCTCG GTTCCGGC+AGTAACATGGAG GAATGTGGTATTCCTAAATCT ACCTGTTGGAGTTT+TTCCGG GGGTCATAATGTTTTTGGTAC AATGCGAATTTTAACAAAATA CAGCTGTTGCCCGTCTCACTGG+AAAAGAAAAACC

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

TCTAAAATCCCTTTAATCG GGCGTACCGTTCCTG ATGTA A GATTTAATACGA G TCTGCGC GATGTTTGTTTC T AGAAGAT TTATTTAACGCCTT TTAT GA GATGAGTGCGGTAC ATTC TT CTTTGTTCAGGGTG GGTAAAC TATTTACCTTCC A CTGAGGG GCCTCAACCTCCTG TTCC TA GGGTGGCGGTTC A AACCGAT GGCGCAACTATCGG CGACA T ATGATTGACCGTCT TCTAC T TTATGTATCTGC G GAAGCTC AAGGTACTCTCT A TATGCTC TTCTCCCGCAAAAG AAAT TT GAGCTGATTTAACA GCAGC GCGCGTTGGCCGATTCATTAAT

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

ATGGACAGACTCTTTTACTCGG TTAATTTGCGTG CTATTGA ACTTTTAAAATTAA TTGTAAC AATTGTTAAATGTA TTAACTA TTTCTAGTAATTAT TGGTTTC GATGAAAATAAAAA TGTAAAG G TCTGATATTAGC TGAATTT TAATTCACCTTTAA CT GGCT TTTGTGAATATCAA TATACTT GGGTGGTGGCTCTG TTAAAGG TTATGCGTGGGCGA TTATCAG G CTTTCAAAGTTG AATAATG TCTTACTATGCCTC AC TAAA AAAAATGACCTCTT GCTTTAT AAAATTTTTATCCT GCTTATA TTTTGATGGCGTTC ACGCAATT AAAGCGGGCAGTGAGCGCA

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

GCAAGGCCGATAGTT+AGTTCTTCTACTCAGGCAAGTG AATC TCTTTGTTCCGCAAA+G TCAA A+GTTTCCATTAAAAAA TTTG TTGTATAACGCATATGA TCGT TGCTTGCTATTGGGC+G TTTT ATTGGGCTTAACTCA+T ATTG AA+CCCAAATGGCTCAA CGGT TTCCATTCTGGCTTTAA CCCT GTTCCTATTGGGCTT+T TGGA CCCTGCAAGCCTCAGCG TACA ATGCGCCTGGTCTGT+A GTTA T+TCTGGTAAACGAG+T TGAA T+ATTCAGCAATTAAGC TTTT GGCATTGCATTTAAAAT CCTG AGCTGGCTACAGGAA+C CCAGGCTTTACACTTTAT+TTCCGG

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

AGGTATTT+ATGAGCGTTTTTCCTGTTG GTTAGTGCTCCTAA ATTCCGC AGGCGAATCCGTTA ACTCACA TTTCTCGCGTTCTT TGGCTTT ATGGGATATTATTT ATAAGCC A+TTAAACAAAAAA TCATTGT ATAAACTTATTCCG TACTGGT GTGGCGG+CTGAGG GGTAAAT CACTTATCCGCCTG ACTCAGT TTTTGGAGATTTTC CCGCAAA T+TACTTTGTTTCG TTGATGA TATTAACGTAGATT CTCGCTA GGGCTTC+CTTAAT AAAACAT CTTTGCCTTGCCTG TCTTTAC GCTTTTCTGATTAT CTCACAT TAACAATTTCACACAGGAAACA+TATGACCATGAT

A T T T C A G A C G A T T G A G C G T C A A A A T G T A G A T A T T T T A G A T A G A T G A T A T T G T T T C T C C C G A T G T T A T T C T G T C T T G C G A T T G G T G A G C G T T T C T T G T T C A G G A C A T A C C G G T C G T T T C T T A T T T T G C T A T T T G G T G T C T T T G C G T A T G G T G C G A G G C G G T T C C G G C T G G A A C G T A C T G A G C A A A A C T G A C G A A A A C G T G A A A A A A T T G A C G A T C C G C T T G G T A T A A T A T T A C T C T T T C T T C C C A A C G T A A A G C C T C T T T T T G A T G C A A C A T A T T T T A T G A T T T A T T G G A T T T T G A A C A A C C G G G G T A C A T T T A C T C G T A C G A A T T C G A G C T C G G T A C C C G G G G A T C C T C T A
CTGCCAATGTAAATAATCC GTGTGACTGGTGAAT CCTTC A AATCAGGAATAT T GTAAAAG TACAGAAGCAAG T ATTTGCA TTAAGCCCTACTGT TATCT T CTCGCGTTCTTAGA GATTG G GGTAAGATAGCTAT TTCTTTT TTGCTAATGGTA C TGGTGGC ATGTATGACGCTTA CCGCT C AGTTTGTACTGG T ATTATTC TCGCTGCTGAGGGT GCTGG C CGGTTCTTGTCAAG CTGAC C ACTTCTTTTGCA A TCCGCTT GTACTTTAGTTG C TGTTAAT GGCCTTTCTCACCC TGATT A AATCCGACGGGTTG GCTTG GAGTCGACCTGCAGGCATGCAA

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

GCTTTCAGGTCAGAAGGGTTCT ACGTATTCTTAC ATTCCTT GATTATATTGATGA TGTTACT TCTAAGGGAAAATT CATTTAC TGTTGGCGTTGTTA TTGATAA TCCCGCAAGTCGGG AAATAAT T ATCTGCTTACTT GTTGCCA ATCGATGGTTTCAT CG GTTC TTACCAGTACACTC CTAATCC GGGCTGTCTGTGGA TTCCTTT GCCGTTGCTACCCT CAAAGAT T TTGTTACGTTGA ATAATGA AAACATTTTACTAT AC TCTG ACTGTTATATGGAA CTACTAT ATATCATATTGATG TGCTAGT ACGGTCAATCCGCC GCGTTACC CGTGACTGGGAAAACCCTG

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

TTTTAATGGCGATGT+TAGGGCTATCAGTTCGCGCATT TTGA CCATTATTCAGAAGT+A CATC T+ATCTAAGCTATCGCT TATA CTGGCTCGAAAATGCCT CGTT AGCAACTAATCTTGA+T TTTA TCCTCGGTTTCCTTC+G GTAT T+ATTCTGTCGCTACTG GATT TTACTCAAGGCACTGAC GAGG GACAAAACTTTAGAT+T CCTT GAAAAAGTCTTTAGTCC TTAG TCAGGGCAAGCCTTA+C CTTA G+GATTCCGCAGTAT+G TCAG C+AATCTACTCGTTCGC ATTG CCGGCATTAATTTATCA TTAC CGCCCATCTACACC+CG TTTCGCCAGCTGGCGTAAT+CGAAG

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

GCAGGCGG+TTAATACTGACCGCCTCAC CTGACCAGATATTG ATATGGT AAACCTGAAAATCT ACTATTG ACCTAAGCCGGAGG GTACTTT GCTGAACATGTTGT AATTGTA C+GCAAATTAGGCT GTATTCC CTACGTTTGCTAAC CAGTCTG GATGGCAA+GCTAA TAACTGT CCTCTTAATACTTT TTTACTA TCACTCCGCTGAAA GTTTAAT T+GCCTCTTTCGTT TACTCGT TAAGGTAATTCACA GGGGGAT ACCTGAT+TTGATT CGAAATG CTTTTCAGCTCGCG TCTCAAA GATTCTCTTGTTTG GGCAGAT TTGCGCAGCCTGAATGGCGAAT+CGCTTTGCCTGG

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

TGCTTTAGATTTTTCATTT TTTGAGGTTCAGCAAGGTGA A TTTACGTGCAAAT TTTCTGT CTATGATTTTGA TCTCAGAC GGACAGAATTACTTTACCT T GTTAGCGTTGGTAAGATTC C GGAGTCTTAATCATGCCAGTT TGCCGATGAAAA ACCGAAAA TAGGTTCCGAAATAGGCAG A ATCCCATACAGA TTAGCAAA TCGTAGTGGCATTACGTAT T ATTAAACCATCTCAAGCCC A GAACTGTTTAAAG GTTTTCT ACAGGTTATTGA ATAGCTAA CAATGACCTGATAGCCTTT G CGATACTGTCGTCGTCCCC TGGAGTGCGATCTTCCTGAGGC

CTATGGTTGCTTTGAC ACAGGGC+GTA ATGCGCCGCT CCCGCCGC+TTA ACCACCACA CGCTGCGCGTA TGT+CGGTCA GCGCTGGCAAG GGGCGCTAGG AGCGAAA+AGC AAGGGAAGAA TGGCGAG+AGG ACGGCGAACG AACCGTCTATC AAA+GCGAAA ACTCCAACGTC AAGAACGTGG AGTCCAC+TTA TTGGAACAAG GTTGTTCCAGT AGGGTTGAGT ATAGCCC+GAT AATCAAAAGA AAATCCC+ATA CGA+TCGGCA GATGGTGGTTC AAA+CTGTTT CCAGCAGGCGA CTGGTTTGCC AAGCGGT+ACG GAGTTGCAGC CTGGCCC+AGA ATTGCCCTTCACCGC

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

GAGCTAAACAGGAGGC CGG GAG AGAATCA ATCGACAACTGAGGATTTAGA ATAGATGATGGCGAATTATTC TTGATAAATGACCTAAATTTA GGAAACCAAGGCTGTCTTTCC ATAAAAACAG AAAACTGAAC GAGAGGGAGAGCGCCAAAGAC CCA TAGCATTGAAGCCGCCA TTACCCTCAGGTGTATCACCG TGCTTGATATATCAGCTTGCT ATCCGCGACC TGGAGGCGCA GAAACTAATAGATTCATCAGT ACCA TTCAGGATTAAAGCGA AATGTAATAAAGCTAAATCGG GTAAATTTTATTGTAAACGTT GGGCGCCAGG GCGTATT GGGGAGAGGCGGTTT

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

TTTATAATCAGTGAGGCCA GTT AGT AATAAAGAATCCTGAGA GTT TTGCCCGAAC GAAAACAAAATTAATAATCT GAATCTTTCA GATCAGAATAAACACCG GGAGAGAGAACAAGCAAGCC TGA GACGGAAATTATTCATATGTCAGAGGGTAAT TGGCCACCAT TGCCCAGGTCAGACGAT AGAACCGCCACCC AACCATTGTC AATTGGACAATGACAAC CACAGAAGGGAACCGAACTG TTA CCAAAAGGAA ATTGCTCCTTTTGATATTCG ACGCACTCAA GAAATGCCTTTATTTCA TGCCAATTTTTTAACCAATA TCG CCAGTCGGGAAACCTG

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

CTTTGATTAGTAATAACAT CAA+CTT GTTGTAG ATTATAGAGCCGCC GAGTAAC TTACCATACCAATT ATTTGAA TAGTATATATTTTC GCCTGTT ATTACGCATGTAAA AGGAATC CAC+GTAGCAGCGT GATAACC CCGACCAATAGAGA ACCGTCA CCTCACCAC+TCTC AATAAAT GGGATTTGATATCA ATTTTCA TCGGTAAAGGAGTC GATATAT GAA+GTCATCGCCC GACAGAT TCATAGGAACAAAG AACACTA TTAGAAATA+GCGC GGATGGC CATATTTAAGCAGC GAACCCT GTCTGAAGATTGTA AATTCGC GCT+CTCACATTAT GGTGCCTAATGAGTGA

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

TTACCGCCAGCCATTG GAA+TAATATGGTAATATCCAGAA+ATA TAGATTGCTAACCACCAGAAG ATACTTTTTA+TAAATCAATA AAC+AATTTATTCTTACCAGT AAC+AAATGAATCAGATATAG CTTTGTCAAATAAGAGCAAG GACCTCAGAAG+CCAGCAAAAT ACC+TCGAGAGCGCAGTCTCT CTAAAAGGCCCATGTACCGTA CTC+AGATTAGTTAAAGGCCG AAA+CGAACAGGCTGGCTGAC ACGAAAGACC+TAAAAACCAA AGAATTAGCA+CTGTAGCTCA AAC+AAAAATGAGTAATGTGT AGTTCATCAACATT CACACAAC+ACG TCCGCTCACAATTC

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

CTCAATCGTCTGAAAT ACG TTG CTACATT AATATCATCTATCTAAAATAT CAGAATAACATCGGGAGAAAC AAACGCTCACCAATCGCAAGA GACCGGTATGTCCTGAACAAG AATAAGAAAC CAAATAGCAA TCGCACCATACGCAAAGACAC CGCC ACGTTCCAGCCGGAAC TTTTCGTCAGTTTTGCTCAGT CGGATCGTCAATTTTTTCACG TTATACCAAG AAGAGTAATA AGAGGCTTTACGTTGGGAAGA AAAA TAAAATATGTTGCATC TGTTCAAAATCCAATAAATCA TACGAGTAAATGTACCCCGGT GAATTCG CTC GAG TAGAGGATCCCCGGGTACC
G G A T T A T T T A C A T T G G C A G A T T C A C C A G T C A C A C G A A G G T A T A T T C C T G A T T A C T T T T A C C T T G C T T C T G T A A T G C A A A T A C A G T A G G G C T T A A A G A T A A T C T A A G A A C G C G A G C A A T C C A T A G C T A T C T T A C C A A A A G A A T A C C A T T A G C A A G G C C A C C A T A A G C G T C A T A C A T A G C G G G C C A G T A C A A A C T A G A A T A A T A C C C T C A G C A G C G A C C A G C G C T T G A C A A G A A C C G G T C A G G T G C A A A A G A A G T T A A G C G G A C A A C T A A A G T A C G A T T A A C A G G G T G A G A A A G G C C A A T C A T C A A C C C G T C G G A T T C A A G C T T G C A T G C C T G C A G G T C G A C T C

CATTCTGGCCAACAGAGAT GGA AAG TTGAGGACCAGTAATAA CAA CAGATGATGG TCGTCGCTATTAATTGTACT ATATTCTGAA TCAATTTGAGAATCGCC AATCCGCGTTTTAGCGAACC AAG CCGGAAACGTCACCAATATGAAGCCCTTTTT TACAGCAGAG TGATTGGCTTTTGATGA AACGCCTGTAGCA GAACGTTGCC AACCCAAGACAGCATCG AACCAGATATTCATTACCCA GGT TGCCAGAGGG TGTCTGGAAGTTTCAAGCAT ATCACTAGCG CTGTCGGAGACAGTCAA GCCTCCGTGGGAACAAA AGT GCC ACGTTGTAAAACGACG

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

TGAATGGCTATTAGTCTTT AAT+TTT CACAGAC TGGATCAGTTGAGG GATTGTT CCTTGAAAACATAATATACCT GGCAGACTATATAT TAATTTA TTTTGAAGCCTTCGCCTGTTG AAG+ACAGCCATGG CCGAACA CAGCACCGTAATATAAAGGAG ACGGGAAAA+ACAG AGTTTTA ATAGTTAGCGTAAAGAGAATA TTTGAAACAACTTC CAGAGGC CTGCTCATTC+TAACACTCTA AGCGTAACTGGCAG ACTGGAT ATTCCCAATTCTCTAT+TAAG CTAGCTCTACTATG AACCGTT TGGGATAGGTCATCGTAAATC GGC+TTAAGTTGAA GGGGGATGTGCTGCAA

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

AGAAGATAAAACAGAG CAAAGGGTTAGAACCTT+GCAAAATACCGAACGAACCA+AGC AGTAATAAGAGAATATTGGGTTAG+GCTGAGAAGAGTAACGT TACAACGCAATAATAACT+CAAAAATTTTGCACCCAGCT+TGC ACTCAGTGCCCGTATAATTTTCATG+TGCCTTTAGCGTAAAA ACAATGAGGAAGTTTCCGAATAGAGTCTTTCCAGACGTC+AG ACCA+AATATTCATTGAT+GATTTCGAGAAACACCAGAA+AT ACGAGAGGGTAGCTATTGTGGCATT+GACCATTAGATACTTT CTCATCGTAACCGTGCG+GA GATCGGTG+GGC CTGTTGGGAAGGGC

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

GCTGAGAGCCAGCAGC CAC TGC ATAACAG GTCAAAATTATCAAACCCTCA AAATTGC AAGAATTTATAAAG AACGACAAAGACTACCTTTTT CGACAAT AGTTATCCTGACGA GCGTCTTTCC ATCCAAAAGA ACGCAGT TATAGCGCGTTATT CCT TGATGCCCCCATAGCCC TGAAACA AGTGAATTTTATTC AAGGGTAAAACAACTTTCAAC CCAACCT GCA ATGTAAATTG TATCAAATGTCAACTTTAATC ACCA TG GGCAAATGGGAGAA AGGATCTACATTTTCATTTGG AGTCTGG AAAGTTTGACTGAG TGCCGGA TGG TTC GCCAGCTTTCCGGCACCGC
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Supplementary Figure 4 

Cadnano design and oligonucleotide sequences of the highly-curved DNA origami structure H. Top positions T0-T7 are colored in gold, while 

bottom positions B0-B7 are colored in dark orange. Lateral positions L0-L13 and R0-R13 are colored in green and blue, respectively. Edge positions 

E0-E19 and F0-F19 are colored in purple. Core staples are colored in black; M13 p7249 scaffold is colored in grey. List of DNA staples can be found 

in Supplementary Table 3. Additional list of functional staples utilized can be found in appendix (see Supplementary Notes). 
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T A C G T G C T C G T C A A A G C A A + A T A G T A C G C G C C C + T A G C G G + C A T T A A G C G C G G C G G G T G T G + G G T T A C G C G C A G C + G A C C G C T A C A C T T G C C A G C G + C T A G C G + C G C T C C T T T C G C T + C T T C C C + C C T T T C T C G C C A C + T C T G A T A G A C G G T T T T T C G C + T T T G A C G T T G G A G T C C A C G T + T T T A A T + T G G A C T C T T G T T C + A A C T G G A A C A A C A C T C A A C C + A T C T C G + C T A T T C T T T T G A T + A T A A G G + T T T T G C C G A T T T C + A A C C A C C A T C A A A C A G G A T T + C G C C T G C T G G G G C A A A C C A G + T G G A C C + T T G C T G C A A C T C T + C A G G G C + G G C G G T G A A G G G C + T C A G C T G T

GCTCTGAT+TAACGAGGAAAGCACGTTA AGTTGTCGAATTGTTTGTAAA ATCATCTTCTTTTGC+AGGTA T+TTATCACACGGTCGGTATT TTGGTTTAATACCCGTTCTTG TCAGTTAA+CTCCCGTCTAAT CCCTCAATCGGTTGAATGTCG GCTGGCGGCGGCTCT+TGGTG GG+GTACTAAACCTCCTGAGT AAGCTGTTTAAGAAATTCACC TCGTTCCG+TAAGTAACATGG TGAATGTGGTATTCCTAAATC GACCTGTTGGAGTT+CTTCCG GG+ATAATGTTTTTGGTACAA GAATTTTAACAAAATATTAAC TGCCCGTCTCACTGGTGAAAAG+AAACCACCCTGG

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

CCGTTCCTGTCTAAAATCC GGATTCTGGCGTA A ATCCT A GGGCAAAGGATT C TCGC AT TTTTCTTGATGT G TTAGGTC TATTCTTATTTA T CAGC GA TTCTCGATGAGT G TATG TT CTGACTTTGTTC T GCGCTGG GTCAATATTTAC C TCTGA C GCCTCAACCTCC T TCCG AT GGTGGCGGTTCT G ATAAACC CGGCGCAACTAT T TTCGA T ATGATTGACCGT T TTCTA T GTTATGTATCTG C TGAAGCT AAAGGTACTCTC T CTCT TG CCCGCAAAAGTA T TTTG TA TTTAACAAAAAT A GGCAC CATTAATGCAGCT GGCCGATT

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

TTGCGTGATGGACAGACTCTTT ACAACGGTTAAT TGTATTA TTACTCAAACTTTT GA GCGC AAATGAAATTGTTA GATGAAA TTCTAGTA GCTTT TATTGAT CCTACGATGAAAAT TCTCTCT T TCTCTCTGATAT CCATATG GGTGATAATTCACC GC GGTG TTGTGAATATCAAG ATACTTA GGCTCTGA GTGGT CAATTAA GTTATGCGTGGGCG ATTTATC G CTTTCAAAGTTG TAATAAT CTCTTACTATGCCT AA TTAA CAAAAATGACCTCT CTTTATT CTTGCGT TTTATC TACAATC GGCGTTCCTATTGG ATTAATGT GGGCAGTGAGCGCAACGCA

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

T+TACCAGCAAGGCC+TAGTTTGAGTTCTTCTACTCAG ACGG TGGTGGTTTCTTTGT+C CTTG T+ATGTACTGTTTCC+T AAAT A+AATTTGTATAACGCA TACA CT+TTTGCTTGCTAT+G CTGC T+TTATTGGGCTTAA+C TATT GC+TAATTCCCAAATGG TGGC T+CATTCTGGCTTTAAT CCTC G+CCTATTGGGCTTG+A TTTT C+CCTGCAAGCCTCAGC GATA TA+CGCCTGGTCTGT+A CGTT G+GTCTGGTAAACGA+G TTGA T+TATTCAGCAATTAAG TTTG T+CATTTAAAATATATG TTTT C+CAGGAAGGCCAGA+C CTTTA+CTTTATGCTTCC+CTCGTA

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

TCAAAATG+GGTATTTCCATGAGCGTTT TATTAGTTGTTAGT TGATGAT AGCAATC+GCGAAT GTTATTC AAAAAGTTTTCTCG T+AGCGT AATTAGGATGGGAT ATACCGG T+TTGACGTTAAAC GCTATTT ACAAAATAAACTTA GGTGCTA AGGGTGG+GCTCTG CGGTAAA ACTTATCCGCCTGG A+CTCAG TTTTTTTGGAGATT ATCCCGC C+TGTACTTTGTTT TCTTGAT TTATTAACGTAGAT TCTCGCT CGGGCTT+TCTTAA TAAAACA TTTGCCTTGCCTGT TT+CCTA TCTGATTATCAACC ATTTAAT TTCACACAGGAAACAGCTATGA+ATGATTACGAAT

A A A T A A T C C A T T T C A G A C G A T T G A G C G G C T C C T A A A G A T A T A G G A A T A C C G T T A T T G T T T C A A G C A A G C G T T C T T T G T C T T G C T A C T G A T T A T T T T T C T T G T T C T T A G A A A A A A A T C G T T T C A G C T A T T T T C C G T G G T G T C T T T G G T A A T A G G G A G G C G G T T C A C T G G A A T A C T G A G C A A A A C C G T G A C G T T C A A C G T G A A A A A G G T G A C G C G C G C T T G G T A T A A G A T T A C T T T T C T T C C C A A C G A A A A G C C T C T T T T T G A T G C A G C A T A T T A T G A T T T A T T G G A T T G A A T C G G G G T A C A T A T G A T C G C T C A C T C G A G C T C G G T A C C C G G G G A T C C T C T A G A G T C G A
CTGGTGAATCTGCCAATGT ACTGGTCGTGTGA T TTAGA T CATCTGATAATC T CCCGA T GACGATTTACAG C CGATTGG CTCAATTAAGCC T CAGGA T AACGCCTCGCGT A TATTT T CTTCGGTAAGAT G TGCGTTT CGGCCTTGCTAA C GGTGG C TGTATGACGCTT A CGCTA C TAGTTTGTACTG G ATTATTA TTCGCTGCTGAG T TCGCT A CGGTTCTTGTCA C CCTGA T AACTTCTTTTGC A ATCCGCT CGTACTTTAGTT C TTAAT G TTCTCACCCTTT T GACAT T CGGGTTGTTACT A CACTG CATGCAAGCTTGG CCTGCAGG

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

TTCTTACGCTTTCAGGTCAGAA CTGTGCCACGTA CTTCCTC ACAATCAGGATTAT GT AAAG AAGGATTCTAAGGG GCATCAG GTTGGCGT TACAT TCTATTG AAACCTCCCGCAAG TGGGATA A GGCTATCTGCTT TATATGT CTGCTATCGATGGT GT TCTG ACCAGTACACTCCT TAATCCT GTCTGTGG GGGCT CAATTCC AGCCGTTGCTACCC GTCAAAG T TTGTTACGTTGA TATAATG TAAACATTTTACTA GA TTCT AACTGTTATATGGA CTACTAT GGTGATT ATTGAT GTTTTAC ATCCGCCGTTTGTT ACCCAACT CTGGGAAAACCCTGGCGTT

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

T+GGTATTTTTAATG+GATGTTTTAGGGCTATCAGTTC TTCA TAACCCTTCCATTAT+A TGTA C+CGTCTTAATCTAA+T ATAT C+ATTACTGGCTCGA+A ACAG C+AATAGCAACTAAT+T TGGC G+TTTCCTCGGTTTC+T TTTA C+ACTTGATTCTGTCGC TTTT T+TCAAGGCACTGACCC AGGA A+ACAAAACTTTAGA+G GTTC A+AAAAAGTCTTTAGTC TTTT G+AGGGCAAGCCTTA+C TCTT T+CGATTCCGCAGTA+G GTCA A+AAATCTACTCGTTCG ATTG A+AATTTATCAGCTAGA GTTC T+ACACCAACGTGA+TA CCAGC+GCGTAATAGCGAA+GGCCC

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

GGCACTGT+CAGGCGGTGTTAATACTGA TTTGCCAACTGACC TAATTTT TGACGTT+ACCTGA TAAATTC AACCCAACCTAAGC C+TTGTC TGCATTAGCTGAAC AGGATAA T+TAACTGGCAAAT TTTTGGG ATTTTCTACGTTTG CGCTACA AAAAGATG+AAACG TAACTGT CTCTTAATACTTTC T+ATTTA TTCTCACTCCGCTG CCCGTTT C+TTGCCTCTTTCG ACTACTC ATAAGGTAATTCAC AGGGGGA GACCTGA+TTTGAT GCGAAAT CTTTTCAGCTCGCG CA+AATA TCTTGTTTGCTCCA ATGCACG GCCTGAATGGCGAATGGCGCTT+CCTGGTTTCCGG

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

GCAAGGTGATGCTTTAGAT ATATTTGAGGTTCA GTTTG G ATTTCTGTTTTAC TCTTT T CTCAGACCTATG TAGTCT G TGGACAGAATTA GTCGTC C GTTAGCGTTGGT ACGCTC G GTCTTAATCATG AATAAGGA GAAAATGCCGAT ATGACC T CGAAATAGGCAG AGGTTC T AAAATCCCATAC TGTTTAGC AGTGGCATTACG CTTCGT C ACCATCTCAAGC AATTAA A TGAACTGTTTAAA CGTTTTC AACAGGTTATTG TAGCTA A ATAGCCTTTGTAG ACCTG G CGTCCCCTCAAA TGTCGT CTGAGGCCGATAC CGATCTTC

CTTTGACGAGCACGTA GTACTAT+TTG CTA+GGGCGC GCTTAATG+CCG ACCCGCCGC CGTAACC+CAC GTC+GCTGCG CAAGTGTAGCG TAG+CGCTGG AGGAGCG+CGC AAG+AGCGAA AGAAAGG+GGG AGA+GTGGCG AACCGTCTATC AAA+GCGAAA ACTCCAACGTC AAA+ACGTGG GAGTCCA+ATT GTT+GAACAA GTGTTGTTCCA GAT+GGTTGA AGAATAG+CGA TAT+ATCAAA GGCAAAA+CCT GTT+GAAATC GTTTGATGGTG GCG+AATCCT TGCCCCAGCAG CCA+CTGGTT GCAGCAA+GGT CTG+AGAGTT CACCGCC+GCC ACAGCTGA+GCCCTT

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

AGGAGGCCGATTAAAG AAC CTA ACGGGAG ATCGTATTATAGAAGTATTAG TCA GAGAAACAATATTCATT GGCGTATTTAATGGTTT TCA GCGTACCGCTTTCCTTATCAT ACAGGGAAGC GGACACCCTA ACAGGGAAGCAAAGACAAAAG AGA GTATTGACACCGCCACC CCTCAGGTGTATCACC GAAC CTGATACCGCAGCTTGCTTTC CCGCGACCTG GAGGCGCAGT ACACTAATGGATTCATCAGTT CCAG GGAGGATTAAAGCGAA GTAATAAAGCTAAATC ACCT CGGCATTAATTTAAATTGTAA GCGTATTGGG GCGGTTT AACGCGCGGGGAGAG

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

TCAGTGAGGCCACCGAGTA TAA TTA AGAAGTGTTT TTTTGG TTT ACGTTATTAA TAGAGA AAATTAATTACAT ATAATTTCTA CACCGGAATC TATCGA AGCAAGCCGTTTT TATAAA CGC GGTAATTGAG AAATTATTCATTAAATTTAG CACCCG TGG GTCAGACGAT CAGCCG CAGAACCGCCACC ACCATTATCT AATGACAACA ATGTGC GGGAACCGAACTG GCAGGA TAC CAAAAGGAAT TTGCTCCTTTTGATATTCGC ACCTCA TTC AAGCCTTTAT ATAAGG AGCTCATTTTTTA CTGTCC AAC CCAGTCGGGA GCTTT

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

TAGTAATAACATCACTTGC TCT+GAT CAATACT TTTGCCAATAGAAG TTATCAT TTTTTTTAC+AACA ATTACCT TCATATAGTTAAGA GTT+GTA CGCGCGAAACCACT TCATTAC AGA+TCCTTTACAA ACCCACA TTGAGGAAAATTTA CACCGAC TCCTCCCCT+GAGT AAATAAA AGGGAGTTGATAAC TCA+TTC CGGTCGGAGCCTCC ATATATT GAA+GATCGCCTCG GACAGAT CATAAGAACAACAG ACACTAT TAGAGATAT+CGCA GATGGCT ACCCTATTAAGCCG TTTT+GA AATTCACAGGAAAA CAAAAAT AGT+GCTAACTCAT CCTGGGGTGCCTAATG

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

GCCATTGCAACAGGAA TTG+TAGAGT+AGAACAATATTAC+CCA GTT+AATACGAAGGAGCGGAA CACAAATATT+ATATATGTGA ATT+GAGCAA+AGTATAAAGC TGT+AAATAAT+AGAAGGCTT GCACAATCG+CAAGAAACAA AACAGAACCCA+AAAATCACCA CAG+GTCGAA+GCAGTCTCTG TTAGGCTCCC+TGTACCGTAA TCG+ATTTGT+AAGGCCGCTT ATA+GAACTGG+GGCTGACCT CAAAAGACTG+AAAAACCAAA TGGAATTAGT+TGTAGCTCAA ACA+GCCCCT+CTGAGTAATG CAC+GCTTTCATCA CAATTCCA+CAA ATTGTTAT+GCTCA

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

CTGAAATGGATTATTT CGT AAT GCCGCTC GGTATTCCTATATCTTTAGGA TAAC CGCTTGCTTGAAACAA AGTAGCAAGACAAAGAA ATC TTTCTAAGAACAAGAAAAATA AAACGATTTT AAAATAGCTG CTATTACCAAAGACACCACGG CTCC TATTCCAGTGAACCGC GTCACGGTTTTGCTCAG AAC CGCGTCACCTTTTTCACGTTG ATACCAAGCG AAGTAATCTT GAGGCTTTTCGTTGGGAAGAA AAAA ATAATATGCTGCATCA TTCAATCCAATAAATC CCGA GAGTGAGCGATCATATGTACC CGAGCTC TAC GGG TCGACTCTAGAGGATCCCC
A C A T T G G C A G A T T C A C C A G T C A C A C G A C C A G T A T C T A A A G A T T A T C A G A T G A T C G G G A C T G T A A A T C G T C G C C A A T C G G G C T T A A T T G A G A T C C T G A A C G C G A G G C G T T T A A A T A A A T C T T A C C G A A G C A A A C G C A T T A G C A A G G C C G G C C A C C G A A G C G T C A T A C A T T A G C G G C A G T A C A A A C T A C T A A T A A T C T C A G C A G C G A A A A G C G A T T G A C A A G A A C C G G T C A G G A G C A A A A G A A G T T T A G C G G A T A A C T A A A G T A C G G A T T A A C A A A G G G T G A G A A A A T G T C A A G T A A C A A C C C G T C A G T G C C A A G C T T G C A T G C C T G C A G G

GCCAACAGAGATAGAACCC CTG ATT TAAAAGGGAC TGTTAA CAA GGCAATTCAT TTACAT TATTAATTAATTT TAACAAAATC TCGCCATATT ATAAGA AGCGAACCTCCCG GATCCT AAA CTTTTTAAGA AACGTCACCAATGAAAAAGC CGCCAA ATA GCTTTTGATG TGGATG ACGCCTGTAGCAT AACGACGAAA ACAGCATCGG ACCCCG TATTCATTACCCA ACCAGA GTA GCCAGAGGGG GTCTGGAAGTTTCATGCAAT ATAGCT GTC GCCGGAGACA GTAGCG GGATTCTCCGTGG GCC ACG ACG ACGTTGTAAA TCACG

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

CTATTAGTCTTTAATGCGC TTG+TGG AATATTT ACTTCAGGAATTAC GGATTAT AAACATAGCGATGTAA+GTTT AGGCAGTAAATGGA TTA+CAG AAGCCTTAAATCTTATCAAAT TAC+GTATTATTTG ACAAAGT CCGTAATCAGTAGGTGGCAGA TAACGTCAC+GACA TAAGTTT ATA+TAGCGTAACAAGAGAAA TTGAGAACTAAATC AGAGGCT CTGCTCATTC+TCACTCATAC GCGTCACTGGCTAG CTGGATA TTCCCAATTCTGTATT+AGGA ACCGTTCTACTAGA GATA+CA ACCGTAATGGGAGGTAATCAT TGC+GGCGATTATG CGAAAGGGGGATGTGC
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Supplementary Figure 5 

Characterization of folded DNA origami nanoscaffolds. (a) Assembly of the folded bare 

origami structures L, Q, H was initially assessed via agarose gel (2%) electrophoresis analysis. 

Lanes containing marker DNA ladder (1kb) and M13 single-stranded p7249 scaffold (Sc) were 

also included. (b) Structure of folded bare origami L, Q and H was further validated using negative-

stain transmission electron microscopy (TEM; scale bars: 100 nm) and atomic force microscopy 

(AFM; scale bars: 200nm).  
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Supplementary Figure 6 

Unspecific interaction of curved DNA origami with model lipid membranes, mediated by 

Mg2+. Binding of bare origami H (labeled with Alexa488, green) to the surface of DOPC GUVs 

and DOPC:DSPC:Chol (2:2:1 mol ratio) supported lipid bilayers (SLBs) in a 5 mM Tris-HCl, 1 

mM EDTA, pH 8.0 buffer containing (a) 20mM MgCl2 and no NaCl or (b) a buffer with no MgCl2 

and 150mM NaCl. DOPC GUVs were electroformed in sucrose solutions iso-osmolar to the 

buffers utilized ((a) 70 mOsm kg-1 and (b) 300 mOsm kg-1). For fluorescence detection, 

membranes were labeled with 0.1 % DiD (far-red fluorescent dye). As seen in panel (a), presence 

of a buffer containing 20 mM MgCl2 and no NaCl led to extensive binding of DNA origami 

(labeled with green fluorescent dye Alexa488) to DOPC GUVs and to the liquid-ordered phase of 

DOPC:DSPC:Chol SLBs (dark regions). On the other hand as seen in panel (b), in the presence of 

a buffer containing no MgCl2 and 150 mM NaCl, binding of DNA origami to the surface of 

membranes was not observed, as green fluorescence can be only found in solution and not at the 

membrane level. Scale bars:10 µm. 
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Supplementary Figure 7 

Distinct amounts of MgCl2 and NaCl in solution modulate the attachment of bare DNA 

origami to membranes. Varying amounts of MgCl2 and NaCl in solution allowed (a-b) or 

prevented (c) unspecific attachment of bare DNA origami H (labeled with Alexa488, green) to 

lipid bilayers (DOPC:DSPC:Chol (2:2:1) SLBs; labeled with DiD, red). Upon addition of MgCl2 

to the lipid bilayer displayed in panel (c), binding of bare origami H to the membrane could be 

triggered (d). Scale bar: 10 µm. 
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Supplementary Figure 8 

Specific attachment of curved origami H to lipid membranes via (a) high affinity polyvalent neutravidin-biotin interaction and (b) covalent 

attachment. (a) DOPC GUVs containing 2 mol% of biotin-modified DOPE molecules (DOPE-Cap-Biotin) were incubated with DNA nanostructures 

H containing 3’-TEG-biotin functionalized oligonucleotide staples at origami positions B0, B3 and B6. Upon addition of neutravidin (1 µM) and after 

less than 1h incubation, extensive binding of the curved nanostructure to the surface of GUVs was observed. (b) DOPC GUVs containing 10 mol% of 

maleimide-modified DOPE lipid molecules (MPB-DOPE) were incubated with DNA origami nanostructure H containing protected 3’-thiol-modified 

strands (3’-C3-SS at positions B0, B3 and B6). Upon addition of excess concentration of reducing agent (TCEP), which would cleave the protecting 

disulfide bonds, and after overnight incubation, the thiolated DNA origami nanostructure H was able to be crosslinked to GUVs, although not as 

efficiently as with the biotin-neutravidin strategy. For these experiments, GUVs were fluorescently-labeled with 0.05 mol% Atto655-DOPE (red) and 

the DNA origami nanostructures with Atto488-modified strands (green). Moreover, while for strategy (a) standard imaging buffer (5 mM Tris-HCl, 1 

mM EDTA, 5 mM MgCl2, 300 mM NaCl, pH 8.0) was utilized, in case of strategy (b) we utilized a 10 mM Hepes, 5 mM MgCl2, 300 mM NaCl, pH 

7.4 buffer, as the thiol-maleimide crosslinking requires a lower pH and a non-amine buffer. Scale bars: (a) 10 µm; (b) 5 µm. 



 

 

 
 

Supplementary Figure 9 

Side-specific attachment of origami H to GUVs through hybridization with TEG-chol 

modified oligonucleotides. Origami H nanostructures (labeled with Atto488, green) presenting 

18 nucleotide-long single-stranded overhangs (a-b) on the concave surface – origami H3ext 

(overhangs extending form the 3’-end of bottom positions B0, B3 and B6) or (c-d) on the convex 

surface – origami HI3ext (overhangs extending form the 3’-end of top positions T0, T3 and T6), 

were added to DOPC GUVs (labeled with Atto655-DOPE, red) previously pre-incubated with 2 

µM of 3’/5’-modified TEG-chol modified complementary oligonucleotide strands. Panels (a,c): 

when 3’-end TEG-chol functionalized oligonucleotides were used (proximal orientation), 

hybridization between the DNA overhangs on origami H and membrane-bound complementary 

strands will occur in tight proximity to lipid bilayer surface. Due to the bulkiness and curvature of 

this nanostructure, membrane attachment of structure H3ext via its concave surface, will be 

hindered (a). On the other hand, significant binding of structure HI3ext to membranes via its more 

accessible convex surface was still observed (c). Panels (b,d): when 5’-end TEG-chol 

functionalized oligonucleotides are used (distal orientation), hybridization between the DNA 

overhangs on origami H and membrane-bound complementary strands will be more accessible. 

Independently of the concave (H3ext; (b)) or convex (HI3ext; (d)) binding orientation, strong 

attachment of the curved origami H could be achieved. Scale bars: (a, b) 10 µm; (c, d) 5 µm.  

 

  



 

 

 
 

Supplementary Figure 10 

Attachment of origami H to GUVs through TEG-chol modified 18bps overhangs. 

Nanostructures H (labeled with Atto488, green) displaying 3’/5’-TEG-chol modified 18 

nucleotide-long DNA strands, now directly hybridized during origami folding with single-stranded 

overhangs at the bottom positions B0, B3 and B6, were used. (a) Proximal positioning of the three 

TEG-chol modifications on the concave surface (H3TC3; TEG-Chol at 3’-end) resulted in virtually 

no attachment of origami H to DOPC GUVs (labeled with Atto655-DOPE, red), even after longer 

incubation times (i.e. overnight). (b) On the other hand, by placing the three TEG-Chol moieties 

at the distal end of the 18 bps overhangs (H3TC5; TEG-Chol at 5’-end) strong membrane binding 

of origami H after 1h of incubation was observed. Hence, the increase of the linker length from ~2 

nm (length of the TEG moiety) to ~8 nm (combined length of the TEG moiety and the 18 bps 

overhang) rendered the cholesteryl moieties on the curved and bulky origami H nanostructures 

less sterically hindered and more accessible for binding macroscopically flat lipid membranes, 

such as GUVs. Scale bars: 5 µm. 

 

  



 

 

 
 

Supplementary Figure 11 

Side-specific attachment of origami Q to GUVs through TEG-chol modified 18bps 

overhangs. We further assessed binding to DOPC GUVs (labeled with Atto655-DOPE, red) of 

origami Q nanostructures (labeled with Atto488, green), previously functionalized with three 

TEG-chol moieties at the distal 5’ (TC5) and proximal 3’ (TC3) ends of 18 bps overhangs at the 

concave (bottom positions B0, B3 and B6; origami Q3TCX), convex (top positions T0, T3 and T6; 

origami QI3TCX) or lateral non-curved (right positions R0, R6 and R12; origami QR3TCX) origami 

surfaces. (a-c): Independently of the surface of the nanostructures carrying the modifications, 

distal positioning of the TEG-chol moieties (TC5) resulted in strong binding of the DNA origami 

Q nanostructures to GUVs. (d-f): When the TEG-chol moieties were positioned in close proximity 

to the DNA origami core (TC3), membrane binding of those nanostructures depended on which 

surface was carrying hydrophobic modifications. If the cholesteryl groups are localized on the 

concave surface of origami Q (origami Q3TC3, (d)), no significant binding to GUVs was reported. 

On the other hand, if the cholesteryl groups were localized on the convex surface of origami Q 

(QI3TC3, (e)) and mainly lateral surface with essentially zero curvature (QR3TC3, (f)), significant 

(yet weaker) membrane binding was observed. Scale bars: 10 µm. 

 

  



 

 

 
 

Supplementary Figure 12 

Dependence on the length of the TEG-chol modified linkers/overhangs, for attaching origami 

Q to GUVs. Independently of the origami surface on which the distal 5’-TEG-chol moieties 

localized, for structure Q3TC5 (cholesteryl anchors at the concave facet of origami Q) and QI3TC5 

(cholesteryl anchors at the convex facet of origami Q) with 18 bps overhangs (linker length ~8 

nm), a strong attachment to lipid membranes was observed ((a) and (c), respectively). However, 

shortening those overhangs to 9 bps (linker length ~5 nm) resulted in a strong reduction of the 

binding of curved nanostructures Q to the GUVs. For such linker length, weak binding to lipid 

membranes was still observed for structure QI3TC5 with hydrophobic anchors at the convex 

origami facet (d); yet no membrane binding of structure Q3TC5 with anchors at the concave origami 

surface (b) was reported. Overall, placing the TEG-chol moieties at the distal end of 18 bps 

overhangs provided an appropriate linker length for overcoming steric hindrance during the 

attachment of our nanostructures to GUVs. Scale bars: 5 µm. Green fluorescence: origami labeled 

with Atto488; red fluorescence: membranes labeled with Atto655-DOPE. 

 



 

 

 

Supplementary Figure 13 

Effect of the number and positioning of TC5 anchors on the binding of curved DNA origami nanostructures to freestanding lipid bilayers via 

their concave surface. TEG-chol moieties placed at the distal 5’-end of 18 bps overhangs (from here on called TC5) were used at the bottom concave 

origami positions. In the absence of TC5 anchors and using imaging buffer containing 5 mM MgCl2 and 300 mM NaCl, bare origami structures H0 

and Q0 did not attach to GUVs (a, g). Use of single TC5 anchors on structures H1 and Q1 did not promote efficient membrane binding of the 

nanostructures (b, c, h, i), unless the TC5 anchor was placed at the most accessible edge position B6 (d, j), indicating that steric hindrance clearly 

affected membrane binding. Strong binding to GUVs was however achieved upon incorporation of 3× TC5 anchors; independently of the anchors 

being localized at the central positions B2, B3 and B4 (H3center, (e); Q3center, (k)) or distributed across the concave facet at positions B0, B3 and B6 (H3, 

(f); Q3, (l)). Although membrane attachment did not greatly depend on the degree of curvature of our nanostructures, only in the presence of the 

moderately-curved structure Q3 a significant amount of GUVs (~ 18%) displayed tubular-like outwards deformations (arrows, (m)). Scale bars: 10 

µm. Green fluorescence: origami labeled with Atto488; red fluorescence: membranes labeled with DOPE-Atto655. 
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Supplementary Figure 14 

Membrane binding of curved DNA nanostructures with single TC5 anchors is dependent on 

the linker/overhang length. The use of a longer linker/overhang (27 bps, instead of the typical 

18 bps) did not improve membrane binding of nanostructures H1B3 and Q1B3 containing a single 

TC5 anchor at the central concave position B3 (a-d). On the other hand, shortening the 

linker/overhang from 18 to 9 bps for single TC5 anchors placed at the most accessible edge 

position B6, fully abolished the weak membrane binding observed for both DNA origami H1B6 

and Q1B6 nanostructures (e-h). Scale bars: 5 µm. Green fluorescence: origami labeled with 

Atto488; red fluorescence: membranes labeled with Atto655-DOPE. 

 



 

 

 
 

Supplementary Figure 15 

Dependence on DNA origami bulk concentration and degree of curvature of DNA nanostructures with concave membrane-binding interface, 

for triggering membrane tubulation upon hyperosmotic stress. Structures L3, Q3 and H3 (possessing 3× TC5 anchors at positions B0, B3 and B6) 

bound to DOPC GUVs were imagined after at least 1h incubation period. Osmotic stress was achieved by increasing outer osmolarity in 10%. For 

origami structure Q3 (moderate curvature; (c-e, k-m)), triggering the generation of outwards positively-curved membrane tubules on GUVs upon 

hyperosmotic stress was dependent on the overall bulk concentration of origami utilized (at least 5 nM bulk concentration was required; deformations 

marked with arrows). On the other hand, origami structures L3 (no curvature; (a-b, i-j)) and H3 (strong curvature; (f-h, n-p) were not able to 

significantly affect the shape of vesicles upon hyperosmotic stress. Note that even at increased bulk concentrations (10 nM), highly-curved origami H3 

was not able to trigger significant membrane deformation on GUVs, e.g. tubulation (panels (h, p)). Scale bars: 10 µm. Green fluorescence: origami 

labeled with Atto488; red fluorescence: membranes labeled with DOPE-Atto655. 
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Supplementary Figure 16 

Dependence on DNA origami bulk concentration and curvature of membrane anchoring origami facet, for triggering membrane deformations 

upon hyperosmotic stress with origami Q nanostructures. Data presented in this figure complements the previous data presented in Supplementary 

Fig. 15, being acquired under the same conditions. When compared with control vesicles in the absence of origami (a, h), no significant effect on 

vesicle shape was observed upon hyperosmotic stress when origami Q with no hydrophobic anchor (structure Q0) was present in solution, independently 

of the bulk concentration assayed (b-c, i-j). Regarding membrane-bound nanostructure Q variants with three TC5 anchors, for structure QR3 (displaying 

anchors at the non-curved origami lateral surface) no significant membrane deformations on GUVs were observed even at increased QR3 bulk 

concentrations (f-g, m-n). However, evagination/invagination-type of membranes deformations (marked with arrows) were observed for the membrane-

bound convex QI3 structure (d-e, k-l). Similarly to what was reported for the concave Q3 structure (Supplementary Fig. 15), we also observed a 

dependence on the total bulk concentration of QI3 required for triggering deformations upon vesicle deflation; as shape changes only significantly 

happened at higher concentrations (5 nM). Scale bars: 10 µm. Green fluorescence: origami labeled with Atto488; red fluorescence: membranes labeled 

with DOPE-Atto655. 
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Supplementary Figure 17 

Generation of membrane deformations upon hyperosmotic stress by concave nanostructures Q and H bearing increased number of TC5. Data 

presented in this figure complements previous data presented in Supplementary Fig. 15 and Supplementary Fig. 19, being acquired under the same 

conditions. The moderately-curved structure Q7 bearing 7× TC5 anchors required lower bulk concentrations for triggering membrane tubulation 

(marked with arrows) on GUVs (a-c, g-i), when compared with its counterpart bearing only 3× TC5 anchors (Supplementary Fig. 15c-e and k-m). For 

the highly curved DNA origami H7 bearing 7× TC5 anchors on their concave surface, on the other hand, despite the increase in the number of 

hydrophobic anchors resulting in a stronger membrane attachment, we were still not able to observe significant membrane deformations upon 

hyperosmotic stress (i.e. tubulation) on GUVs (d-f, j-l). Scale bars: 10 µm. Green fluorescence: origami labeled with Atto488; red fluorescence: 

membranes labeled with DOPE-Atto655. 
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Supplementary Figure 18 

Incorporation of polymerizing moieties and its effect on the ability of moderately-curved origami Q nanostructures to deform lipid vesicles. 

(a-e): Negative-stain TEM images of bare origami Q structure variants displaying different types and number of polymerizing moieties. Addition of 

polymerizing staples at the marked ends (in green; upper schemes) of monomeric structure Q (a) allowed for tip-to-tip blunt end stacking interactions 

(b-d). By varying the number of blunt ends from 5 to 7 and 13, it was possible to control the size of the resulting oligomers – dimers, trimers and even 

tetramers (marked as stars). Polymerization could also be triggered via lateral sticky interactions (e). Incorporation of 14 protrusions capable of 

hybridizing with their counterparts on each side of the origami Q, resulted in the formation of sheet like polymers of origami Q in solution (marked 

with asterisks). (f-j): Variants of structure Q3 (labeled with Atto488, green) with and without corresponding polymerizing moieties were pre-incubated 

at 3 nM with DOPC GUVs for at least 1h and generation of membrane tubulations was followed after hyperosmotic stress. Altogether, at such 

intermediate DNA origami bulk concentration, we could only report significant tubulation events (marked with arrows) on GUVs upon osmotic shock 

were for the membrane-bound variant Q3-S14 bearing lateral polymerization strands (j). Scale bars: (a-e) 100 nm; (f-j) 10 µm.  



 

 

 
 

Supplementary Figure 19 

Requirements for induction of membrane deformations by BAR-mimicking origami 

structure Q can be tuned via number of cholesteryl anchors or lateral polymerization. For 

structure Q3 (a-d), only at high bulk concentrations (5 nM) tubulation of almost all GUVs was 

triggered. For structure Q7 with additional cholesteryl anchors (i-j), the minimal bulk 

concentration required to trigger membrane tubulation was shifted to lower values (2 nM). 

Similarly for structure Q3-S14 displaying lateral sticky overhangs (e-h), lower total bulk 

concentration were necessary for triggering vesicle tubulation when compared to structure Q3 (a-

d). Representative confocal images at the equatorial plane of GUVs incubated for at least 1 h with 

varying concentrations of Atto488-labeled DNA nanostructures are shown after hyperosmotic 

stress. The red dotted line indicates the concentration regime (total bulk concentration of origami 

Q) required for triggering membrane tubulation on freestanding lipid bilayers. Scale bars: 5µm. 

 

 



 

 

 
 

Supplementary Figure 20 

Dependence on the total bulk concentration of linearly-polymerizing concave structure Q3-E13, for triggering membrane shape deformations 

upon hyperosmotic stress. Data presented in this figure was acquired under the same conditions as the one displayed in Supplementary Fig. 19 and 

Supplementary Fig. 15. (a) Schematic representations of the polymerization strategy based on tip-to-tip stacking interactions via 2× 13 blunt ends, 

based on the polymers observed by negative-stain TEM with bare structure Q-E13. (b-g) Similar to what we observed for the monomeric membrane-

bound structure Q3 (Supplementary Fig. 19 and Supplementary Fig. 15), membrane-bound structure Q3-E13 (labeled with Atto488, green) only 

triggered significant membrane deformations (i.e. tubulation) upon hyperosmotic stress at high bulk concentrations (5 nM). Scale bars: (a) 100 nm; (b-

g) 10 µm. 

 

 

 

 



 

 

 
 

Supplementary Figure 21 

GUV shape deformations triggered by membrane-bound convex variants of origami Q with 

lateral polymerization strands. Data presented in this figure complements previous data 

presented in Fig. 3 and Supplementary Fig. 16, being acquired under the same conditions. (a) 

Schematic representation of the formation of origami sheets by sticky interactions between 

neighboring origami structures displaying 2× 14 lateral TATATA overhangs, based on the 

observations by negative-stain TEM imaging of origami Q-S14. (b-g) For vesicles incubated with 

high DNA origami bulk concentrations (i.e. 5 nM) of convex polymerizing structure QI3-S14, 

stable evagination-like deformations were reported upon hypersosmotic (e, f). Additionally, a 

small percentage of vesicles (~15%) presented inwards tubules decorated with DNA origami 

(arrows), even in the absence of osmotic shock (d, g). Scale bars: (a) 100 nm; (b-g) 10 µm. Green 

fluorescence: origami labeled with Atto488; red fluorescence: membranes labeled with DOPE-

Atto655. 

  



 

 

 
 

Supplementary Figure 22 

Determination of DNA origami particle density at the surface of GUVs by point FCS and 

fluorescence intensity calibration. (a) Representative auto-correlation curve obtained for 

structure Q3 on the upper pole of a GUV at low (ρ = 0.06) surface densities. (b) Linear relationship 

(calibration curve in red) between fluorescence intensities (obtained via confocal microscopy) and 

surface densities (determined for ρ < 0.2, where the one-component two-dimensional diffusion 

model (equation 2) is valid) recovered for membrane-bound DNA origami on individual GUVs by 

FCS (open circles). 
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Supplementary Figure 23 

Attachment of origami structures L3 and H3 to GUVs upon overnight incubation. (a, c) 

Representative membrane binding curves obtained using a Langmuir isotherm fit (equation 1) for 

the flat origami structure L3 (a) and the highly-curved origami structure H3 (c). Each data point 

corresponds to the fluorescence intensity at the membrane level of DNA origami structures 

(labeled with 3× Atto-488 dyes) for single GUVs. (b, d) Shape variations observed for GUVs 

incubated overnight with structures L3 and H3. Even at high densities of membrane-bound DNA 

origami (≥ 100 particles per µm2, estimated from the fluorescence brightness via calibration curve 

of Supplementary Figure 22b), no tubulation events were observed for GUVs incubated with the 

flat structure L3 (b) or highly-curved structure H3 (d). Unlike the GUVs incubated with 

moderately-curved structure Q3 (Fig. 4c), GUVs with membrane-bound structures L3 and H3 

displayed, at best, increased flaccid membrane deformations. Scale bars: 10 µm. 
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Supplementary Figure 24 

Apparent dissociation constants (Kd) recovered from the analysis of membrane binding of 

different variants of curved DNA origami scaffolds. Affinity of various cholesteryl-modified 

BAR-mimicking DNA nanostructures to DOPC GUVs was determined after overnight incubation, 

from the analysis of the fluorescence intensity of membrane-bound DNA origami as a function of 

total bulk concentration. Representative binding curves obtained and respective Langmuir 

isotherm fits (equation 1) are depicted in Fig. 4a and Supplementary Fig. 23. Values correspond 

to the average Kd (± st. dev.): L3 (ntotal = 288 GUVs; n = 131-157 GUVs per fit, 2 repeats), Q3 

(ntotal = 277 GUVs; n = 83-100 GUVs per fit, 3 repeats), Q3-S14 (ntotal = 84 GUVs; n = 36-48 

GUVs per fit, 2 repeats), Q7 (ntotal = 117 GUVs; n = 53-64 GUVs per fit, 2 repeats), H3 (ntotal = 

106 GUVs; n = 48-58 GUVs per fit, 2 repeats) and H7 (ntotal = 103 GUVs; n = 47-56 GUVs per 

fit, 2 repeats). ΔGbinding was calculated via ΔG = RTlnKd. 
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Supplementary Figure 25 

Efficiencies of vesicle tubulation for origami structure Q3-S14 bearing lateral 

polymerization overhangs and origami structure Q7 possessing additional cholesteryl 

anchors. Percentages of GUVs with (closed bars) and without (open bars) outwards tubules 

observed after overnight incubation at different total bulk concentrations of DNA origami 

structures Q3-S14 (a; ntotal = 118 GUVs; n = 13-31 GUVs per origami concentration) and Q7 (b; 

ntotal = 297 GUVs; n = 55-64 GUVs per origami concentration). 
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Supplementary Table 1
List of DNA staples - Origami L

Start End Sequence Length Type Pos.

00[031] 03[027] CTTAATGCGCCAGCACGTTTCCTCGGATTAAA 32 #0_core

00[053] 06[049] CGTAACCACCACGAAGTATTAGACTTTTAAAAG 33 #0_core

00[073] 06[070] AGTGTAGCGGTTCAATTACCTGAATAATTTCA 32 #0_core

00[094] 06[091] GCGGGCGCTAGTTTGAAATACCGTTAGAAAAA 32 #0_core

00[115] 06[112] GAAGGGAAGAAATTCCAAGAACGAGATCGTAG 32 #0_core

00[136] 06[133] CCGGCGAACGTCATTAGACGGGAGAAGAGATA 32 #0_core

00[157] 06[154] AACCGTCTATCGCGACATTCAACAGATCACCG 32 #0_core

00[178] 06[175] CTCCAACGTCAACCAGAGCCGCCGTAACAAAT 32 #0_core

00[199] 06[196] TCCACTATTAAAGGTTTAGTACCAGATTTTCA 32 #0_core

00[220] 06[217] TGTTCCAGTTTTCTTAAACAGCTATTATATTC 32 #0_core

00[241] 06[238] GCCCGAGATAGAGCCGGAACGAGTTATGAACG 32 #0_core

00[262] 06[259] CCCTTATAAATCCACATTCAACTGCTCATAAC 32 #0_core

00[283] 06[280] TGGTTCCGAAAAACAGGTCAGGAAATTAGAGC 32 #0_core

00[304] 06[301] GGCGAAAATCCTGACCCTGTAATTTTCATATA 32 #0_core

00[325] 06[322] CCACGCTGGTTGCATTAAATTTTTTTCTGGCC 32 #0_core

00[346] 01[346] GAGAGAGTTGCTGAGACGGGCA 22 #0_core

02[034] 07[048] TTGTGCTATAACGACGCAAATAGAAGAACTCAAACTAGTAAC 42 #0_core

02[346] 02[329] GGCGCCAGGGTGGTTTTT 18 #0_core

03[028] 03[063] GGGATTTTAGACCCGTCAAACAATTCGACAACTACA 36 #0_core

03[064] 03[105] AAATAAGATGATGAAACATAATTTCGATAAATAAGGCGTCCA 42 #0_core

03[106] 03[147] ATCAAACCAAGTACCGCACAGAGAGCTGAACACCCTGAAATA 42 #0_core

03[148] 03[189] TGGTGGGAGGGAAGGTAAACCACCCTTGACAGGAGGTTGGCC 42 #0_core

03[190] 03[231] CGGATCAGAACCGCCACCCGGTTTAGATAGTTGCGCCGATCG 42 #0_core

03[232] 03[273] AAATCGGTCAATCATAAGGAAAGATATACATAACGCCAATCA 42 #0_core

03[274] 03[315] AAGCGTACCTTTAATTGCAAAGCTACGGGAGAAGCCTTTATT 42 #0_core

03[316] 03[346] GTAATCAGCTCATTTTTTTAATGAATCGGCC 31 #0_core

04[048] 10[028] TTTGCAGAGAGGAACGGTACGTCTGTCCTTGCTCA 35 #0_core

04[090] 04[049] AACACTAGTAACATCAAGAAAACAAAAGTTCGTATTAAATCC 42 #0_core

04[132] 04[091] GTAATTTTACTCATCGAGAACAAGCAGAAATAAATAAGAATA 42 #0_core

04[174] 04[133] CGATTAGCCATATTGACGGAAATTATATTCCAAAGTCAGAGG 42 #0_core

04[216] 04[175] CCATCGTATCTCAGAACCGCCACCCTTATAAGGCAGGTCAGA 42 #0_core

04[258] 04[217] GGCATGGTAGGAACCGAACTGACCAATGTGCAATGACAACAA 42 #0_core

04[300] 04[259] GGATAGCATTCCTTTTGATAAGAGGTAGCTAAGGAATTACGA 42 #0_core

04[342] 04[301] CAGCTGCATAACCAATAGGAACGCCATTAAATTTCAACGCAA 42 #0_core

05[049] 05[048] CGTTATTGGAGGAGCGAATTGAGGAAGGATATAGATTCCGAA 42 #0_core

05[070] 05[069] TTACATTCGATGTGAGCCTTTTACATCGAAAATACCAATTAA 42 #0_core

05[091] 05[090] TCATAATAAAAAGCCATGCAAATCCAATTATATATTTCGGAA 42 #0_core

05[112] 05[111] TTTTTATAAGCTTATCAGATAAGTCCTGTAGCATGTAAGCCG 42 #0_core

05[133] 05[132] GCTAATAGAAATGAAAAATCCAAATAAGTTAGCAGCCTGAGC 42 #0_core

05[154] 05[153] AAAGGTGGCCAGTAGCAAGAAACGCAAATCATAGAAATCATT 42 #0_core

05[175] 05[174] TGATATTAGTACCGTTACCACCGGAACCAACCCTCAGGGCCT 42 #0_core

05[196] 05[195] CCACCACGATTTCGTCGGGGTTTTGCTCCAATATAAGCAGAG 42 #0_core

05[217] 05[216] CGCATAAAATCGTCACTTTTTTCACGTTCCTTTAATTGCCCA 42 #0_core

05[238] 05[237] AAAGAGGTCTAATCTTATACCAAGCGCGCCGATAAATCTTTG 42 #0_core

05[259] 05[258] GAGCAACAGTTTTGCATGGGAAGAAAAAACTATTACAAGTAA 42 #0_core

05[280] 05[279] TTGCGGACATGCAACTTCAAAAAGATTAACTAATTCGCATTT 42 #0_core

05[301] 05[300] TTTTAGACAAGGGTGAAAATCATACAGGTGCCTCAGAAAAAT 42 #0_core

05[322] 05[321] AATAATTTCCAACCCGCCGGTTGATAATACCAAATATTCAAA 42 #0_core

06[048] 00[032] TTTGAACAACTACAGGATTTAACCCGCCGCG 31 #0_core

06[069] 00[054] TTTGATGCTTTGTTATTCATTCACGCTGCG 30 #0_core

06[090] 00[074] GCCTGTTTCAAAACTTAATGGGGCGCTGGCA 31 #0_core

06[111] 00[095] GAATCTTTACGACTCCTTATCAGCGAAAGGA 31 #0_core

06[132] 00[116] ACCCATGAAAATTCGGAAGCGGGCGAGAAAG 31 #0_core

06[153] 00[137] TCACCACAATCAAGCAAAAGGACGGGGAAAG 31 #0_core

06[174] 00[158] AAATCACCGCCATTAACCACCAAGGGCGAAA 31 #0_core

06[195] 00[179] GGGATAGGGTTGCAACTCAGGAGAACGTGGA 31 #0_core

06[216] 00[200] GGTCGAGGAGCCTCGTGAATTGGAACAAGAG 31 #0_core



06[237] 00[221] GTGTAATCGCCTGAGTTACTTGGTTGAGTGT 31 #0_core

06[258] 00[242] CCTCGACAACATAGAGGAATACAAAAGAATA 31 #0_core

06[279] 00[263] TTAATCGCGTTTTAAAACTCCTCGGCAAAAT 31 #0_core

06[300] 00[284] TTTTAAATAAAGGCAACATTATGTTTGATGG 31 #0_core

06[321] 00[305] TTCCTGTATAAGCCAAAATTCTGCCCCAGCA 31 #0_core

06[342] 00[326] TCACATTAATTGCGTCACCAGAGCAAGCGGT 31 #0_core

07[021] 04[021] CCTGAGTTAACCGTAAAAGAGCCAGAAT 28 #0_core

07[049] 07[090] ATTATCATTTTGTGATATTACCTTTTTTAATGGACTTTTTAG 42 #0_core

07[091] 07[132] TATCATATGCGTCTAAATTACCGCGCCCAATAGAAAACAAGA 42 #0_core

07[133] 07[174] ATTGAGTTAAGCTGTCGACTTGAGCCATTTGGGCAGACTCAT 42 #0_core

07[175] 07[216] TAAAGCCAGAATCGAGAGCAAGCCCAATAGGAACAAACTGAG 42 #0_core

07[217] 07[258] GCTTGCAGGGAGTATCCAGACCAGGCGCATAGGCGGATTTAC 42 #0_core

07[259] 07[300] CAGACGACGATAATATTGCTGAATATAATGCTGAAGCAATGC 42 #0_core

07[301] 07[342] AATGCCTGAGTAGATTGTAGCCAGCTTTCATCACATAAAGTG 42 #0_core

08[048] 08[021] ACTAGGAGCACTATCGGCCTTGCTGGTA 28 #0_core

08[090] 08[070] TACGAGAAAAAACAGTACATA 21 #0_core

08[132] 08[112] GCAACGTCACAAGCAAATCAG 21 #0_core

08[174] 08[153] CTCCACCCTAATTAGAGCCAGC 22 #0_core

08[216] 08[196] TTAAGGCTCCCCATGTACCGT 21 #0_core

08[258] 08[238] GCGAACTAACTGGCTGACCTT 21 #0_core

08[300] 08[280] AGCAAAATTTAGCTCAACATG 21 #0_core

08[347] 11[347] ATACGAGCCGGATCCTGTGATTCGTAATGCCTGCAGGT 38 #0_core

09[021] 15[048] AACAGGAAAAACATAAGAATAATAGCCCTAAAAGGTCGTTTG 42 #0_core

09[063] 09[062] AACGGTCAATATCATAGAATCCTTGAGTCAGATATAAACAAT 42 #0_core

09[105] 09[104] TAATAATAGAAGACGGAGGTTTTGAACAGAACGGCAGAAAAA 42 #0_core

09[147] 09[146] ATAAGAAATCACCTTAGCAGCACCGTCATACATGACCACGGA 42 #0_core

09[189] 09[188] GATAACACTGAGAAAGTTAGCGTAACCCTCAAGGTCCAGGCG 42 #0_core

09[231] 09[230] AACGGTCAAGAGTACATTCAGTGAATCACTCATCAAAAGTAC 42 #0_core

09[273] 09[272] GAAAGTTAAATAAGATTCTGCGAACGATAGTCAATGAAGCCC 42 #0_core

09[315] 09[314] CAAAACGAGTAAATGTCACGTTGGTGAACTAGCGTAAAGCCC 42 #0_core

10[027] 11[048] TGGAAATGATTATTTACATTGGCAGATGAAAGGGA 35 #0_core

11[070] 11[090] AATAACCTTGCTATGCTGAAC 21 #0_core

11[112] 11[132] GTATTCTAAGAATTATCCCTA 21 #0_core

11[154] 11[175] CATTACCATTAGCAGAGCCCCA 22 #0_core

11[196] 11[216] CAGTACAAACTAATAATAACC 21 #0_core

11[238] 11[258] CAAGAACCGGATAGGACGTAA 21 #0_core

11[280] 11[300] AGTACGGTGTCTATCCAATGA 21 #0_core

11[322] 05[342] GGATTCTCCGTGGCATCATGGCGCGTTGCGCTCAC 35 #0_core

12[048] 18[028] AGATGCAGTTTCACCAGTCACCCTGAAATATATTA 35 #0_core

12[090] 12[049] AATCGGTAATCTGTAAATCGTCGCTACAGTTTCCTGATTATC 42 #0_core

12[132] 12[091] TTTTTTTATCGCGAGGCGTTTTAGCGTTATGGCTTAATTGAG 42 #0_core

12[174] 12[133] ATGATGAACCAAGGCCGGAAACGTCAGCAATTACCGAAGCCC 42 #0_core

12[216] 12[175] ACGAGGCGACAACGCCTGTAGCATTCTTAGACATGGCTTTTG 42 #0_core

12[258] 12[217] AGTAAAGTCATTCATTACCCAAATCACCCCGACAGCATCGGA 42 #0_core

12[300] 12[259] ATCAATAACGGAAGTTTCATTCCATAAGCGAGAGGGGGTAAT 42 #0_core

12[335] 12[301] TTGGAACAAACGGCGGATTTCATAGTCAAATCACC 35 #0_core

13[049] 13[048] AATTCATGACTACCATCTGAACCTCAAAGCAAATCAAATGGC 42 #0_core

13[091] 13[090] TTTAACAGAAAAGTACTCTGAGAGACTACCACTATATCCATA 42 #0_core

13[133] 13[132] AAGTAAGGCAATACCCTAACGAGCGTCTTGAGCCATAAAGAA 42 #0_core

13[175] 13[174] AGTGTACACGTTAATGCGGTCATAGCCCTCATCACCGACAGG 42 #0_core

13[217] 13[216] CAACGGCCGGTAAAATAACTTTCAACAGTCAGGAATTGGTAG 42 #0_core

13[259] 13[258] TTAGACTAAATGCTTTCTTTAATCATTGTGTTATACCAATGT 42 #0_core

13[301] 13[300] TATTCAAAACAAAGGCATTTGGGGCGCGCCGTAGCATTATGA 42 #0_core

14[048] 14[049] TGATTAGTTGGCGTCTAAAATATCTTCACCAGAAGATAATCC 42 #0_core

14[090] 14[091] TAATTTTATATACTAGACAAAGAACGCCAGTATCACAACATG 42 #0_core

14[132] 14[133] ACAAAAATAAACCGGATTTTTTGTTTAAGAAACCATAGCCGA 42 #0_core

14[174] 14[175] TTTAAAATCAAAGACCCTCAGAGCCGCTGAATTTAAATAAGT 42 #0_core

14[216] 14[217] TGAGGCAACTAAATATCTCCAAAAAATGCGGGAACGAGGCTT 42 #0_core

14[258] 14[259] AATACTGGCTCACTCGTTAATAAAACGAGAGGCAGAGCGTCC 42 #0_core

14[300] 14[301] GATAAAATAGTACAGCAAAGAATTAGATTCAAAGATCTAGCT 42 #0_core

14[342] 08[322] TAAGTTGGGTAAAGAGCTGTTAGACATTAAATGTG 35 #0_core

15[021] 12[021] CGAACTGCGTGGCACTTCTGAACGACCA 28 #0_core

15[049] 15[090] GATTATACTTCTTAACAAACATAGCGATAGCTTTGGGTAGGC 42 #0_core

15[091] 15[132] AGAGGCATTTTCAATGGCCTTAAATCAAGATTAACAAGTTAC 42 #0_core



15[133] 15[174] CAGAAGGAAACCAATAAATCAGTAGCGACAGAATCATCGGGG 42 #0_core

15[175] 15[216] TCAGTGCCTTGAGACTGATCTAAAGTTTTGTCGGGAAACTAA 42 #0_core

15[217] 15[258] AGACTTTTTCATAAAAAAGGCTTGCCCTGACGAGAACTGCGG 42 #0_core

15[259] 15[300] AATCGTCATAAATATTAGTAGATTTAGTTTGACTACTATTAA 42 #0_core

15[301] 15[342] TGCCGGAGAGGGGTAATAGATGGGCGCATCGTAATTACGCCA 42 #0_core

16[062] 16[021] TTGAATAATGGAAGGGAATATCTCATCGCCATTAAAAATACC 42 #0_core

16[104] 16[063] CTGAGCCAGTAATAAGCTTAGGTAGATTAAGACGCTGTCAGG 42 #0_core

16[147] 16[105] GAAGAGGAAACGCAATAGCCAGTTGTTGCTATTTTGCATTCAG 43 #0_core

16[189] 16[148] TGAGTAACAGTGCCCGTCATCTTTTCAAGTTTGCCTTTCGTA 42 #0_core

16[231] 16[190] ACTGAGGAAGTTTCCATATAGAAATCTTTCCAGACGTTAGGC 42 #0_core

16[273] 16[232] GACTATTCATTGAATCCATTTTAAGAAACACCAGAACGATAC 42 #0_core

16[315] 16[274] ATCTAGCTATTTTTGAGTCAATTCCATTAGATACATTTCCCT 42 #0_core

16[347] 19[347] CGGGCCTCTTCGGCCATTCCCGGAAACAGGAAGATCGC 38 #0_core

17[021] 17[034] TGAGGCGGTCAGTC 14 #0_core

17[329] 16[316] GCCATTCCTACCGTGCATCTGCCGGTA 27 #0_core

18[027] 19[062] ACACCGCAATGAAAAATCTAAAGCATCACCTTGATCAAAATTATTTGCA 49 #0_core

18[062] 18[063] AAATAAACAGAATATATTAATTAATTTTCCTCAATAGAACAG 42 #0_core

18[104] 18[105] AGACGACACCGCCTGTAACCTCCCGACTTTACAATTTTGTCC 42 #0_core

18[146] 18[147] TTATTACCAAAAGGTGCCAATGAAACCACCGACTGTAACTCC 42 #0_core

18[188] 18[189] TTCTGAATGAGAAGGACACAGACAGCCCTTGAATTTTTATTA 42 #0_core

18[230] 18[231] CCTAAAATACTTTGACACGTAACAAAGCTGAATTGGGACCAA 42 #0_core

18[272] 18[273] ATAAATCGGGAAGCAATAACAGTTGATTAGGGTCAATTGACC 42 #0_core

18[314] 18[315] AGCAAACCCATGTCAAGACCGTAATGGGAAGGGGACGTCTGG 42 #0_core

19[063] 19[104] CGTAATGAATTTATCAAAATCATAGGCGACAAAAGGTAAAGT 42 #0_core

19[105] 19[146] AATTCTATCCTGAATCTTACCAACGCAAAAGAACTGGCATGA 42 #0_core

19[147] 19[188] TTAAGGCGCGTTTTCATCGGCATTTTCCCCCTGCCTATTTCG 42 #0_core

19[189] 19[230] GAACCCTGTATGGGATTTTGCTAAACACGTAATGCCACTACG 42 #0_core

19[231] 19[272] AAGGCCTTGAGATGGTTTAATTTCAAAAACAGTTCAGAAAAC 42 #0_core

19[273] 19[314] GAGAAAACCTGTTTAGCTATATTTTCTATCAGGTCATTGCCT 42 #0_core

19[315] 12[336] GAGAGACGACAGTATCGGCCTCCAGGCAATCGCCAGGGTTTTGCCAAGC 49 #0_core

11[049] 11[069] ATTATCATCATAAACAGTATG 21 #1_bottom B0

11[091] 11[111] GCTCAACAGTAGCAACAATCG 21 #1_bottom B1

11[133] 11[153] GCAATAGCTATCCATATAAAC 21 #1_bottom B2

11[176] 11[195] GTAAGCGTCATGATTAGCAC 20 #1_bottom B3

11[217] 11[237] TCAGCAGCGAAAAGCGATTGA 21 #1_bottom B4

11[259] 11[279] AGAAGTTTTGCCGATTGCAAA 21 #1_bottom B5

11[301] 11[321] AAGGCCGGAGACATGTACCTC 21 #1_bottom B6

08[069] 08[049] AAATTCGCCCGGAACAAAGAA 21 #2_top T0

08[111] 08[091] ATTCCCATCTATACAAATTCT 21 #2_top T1

08[152] 08[133] ATTTATTTCCAATAATAAGA 20 #2_top T2

08[195] 08[175] AAGTGCCGTGGAAAGCGCAGT 21 #2_top T3

08[237] 08[217] CAAGATTTGTTAAAGGCCGCT 21 #2_top T4

08[279] 08[259] TTACTTCAAAAAACCAAAATA 21 #2_top T5

08[321] 08[301] AGACAGGAAATGTGTAGGTAA 21 #2_top T6

02[055] 02[035] AATTTACAATAGATAATACAT 21 #3_left L0

02[076] 02[056] AAGCAAAAGCGCGCAGAGGCG 21 #3_left L1

02[097] 02[077] CTACCGTGTATCTTCTGACCT 21 #3_left L2

02[118] 02[098] ACGGTATTAATAATCGGCTGT 21 #3_left L3

02[139] 02[119] AAGAATTAAAATAACATAAAA 21 #3_left L4

02[160] 02[140] CCCGATTGATTACCAGCGCCA 21 #3_left L5

02[181] 02[161] CCGCCAGCATCAGAGCCGCCA 21 #3_left L6

02[202] 02[182] CGGCCACCCATAGGTGTATCA 21 #3_left L7

02[223] 02[203] CCTGATACCTCAGCTTGCTTT 21 #3_left L8

02[244] 02[224] ATGCGCAGACCGCGACCTGCT 21 #3_left L9

02[265] 02[245] AAAATGCAGTCATCAGTTGAG 21 #3_left L10

02[286] 02[266] CATTAGAGAGAACCAGACCGG 21 #3_left L11

02[307] 02[287] TGACTTTTGAATCGGTTGTAC 21 #3_left L12

02[328] 02[308] CTTGTTAAAACGTTAATATTT 21 #3_left L13

17[035] 17[055] AAACCCTCAATCTTAGAACAA 21 #4_right R0

17[056] 17[076] TTGCGTAGATTTAGAAGAGTT 21 #4_right R1

17[077] 17[097] TTTAACCTCCGGAGAATATCA 21 #4_right R2

17[098] 17[118] ATAAACAACATGCCCAGCTCC 21 #4_right R3

17[119] 17[139] AGAGCCTAATTTATAACGGAG 21 #4_right R4

17[140] 17[160] TATGTTAGCAAAAGCGTCATT 21 #4_right R5



17[161] 17[181] ATTAGCGTTTGCATAAACAAT 21 #4_right R6

17[182] 17[202] GAAAGTATTAAGAGTAAATTC 21 #4_right R7

17[203] 17[223] AGCGGAGTGAGATAAACGGAA 21 #4_right R8

17[224] 17[244] AGAGGCAAAAGAAGTAGTAAA 21 #4_right R9

17[245] 17[265] TTACCTTATGCGCCCTCAAAA 21 #4_right R10

17[266] 17[286] ATCAGGTCTTTACGCAAATCT 21 #4_right R11

17[287] 17[307] GAAAAGGTGGCAAGATCTAGA 21 #4_right R12

17[308] 17[328] GAATCGATGAACAGTTTGAGC 21 #4_right R13

00[020] 00[005] GCTACAGGGCGCGTAC 16 #5_ends E0

00[361] 00[347] TCACCGCCTGGCCCT 15 #5_ends F0

01[005] 01[020] TATGGTTGCTTTGACG 16 #5_ends E1

01[347] 01[361] ACAGCTGATTGCCCT 15 #5_ends F1

02[020] 02[005] TTAGAATCAGAGCGGG 16 #5_ends E2

02[361] 02[347] GCGGTTTGCGTATTG 15 #5_ends F2

03[005] 03[020] AGCTAAACAGGAGGCC 16 #5_ends E3

03[347] 03[361] AACGCGCGGGGAGAG 15 #5_ends F3

04[020] 04[002] CCTGAGAAGTGTTTTTATA 19 #5_ends E4

04[358] 04[343] GGGAAACCTGTCGTGC 16 #5_ends F4

05[002] 05[020] ATCAGTGAGGCCACCGAGT 19 #5_ends E5

05[343] 05[358] TGCCCGCTTTCCAGTC 16 #5_ends F5

06[020] 06[002] TGTAGCAATACTTCTTTGA 19 #5_ends E6

06[358] 06[343] TAATGAGTGAGCTAAC 16 #5_ends F6

07[002] 07[020] TTAGTAATAACATCACTTG 19 #5_ends E7

07[343] 07[358] TAAAGCCTGGGGTGCC 16 #5_ends F7

08[020] 08[005] ATATCCAGAACAATAT 16 #5_ends E8

08[361] 08[348] CAATTCCACACAAC 14 #5_ends F8

09[005] 09[020] TACCGCCAGCCATTGC 16 #5_ends E9

09[343] 09[361] TGAAATTGTTATCCGCTCA 19 #5_ends F9

10[020] 10[005] ACCTACATTTTGACGC 16 #5_ends E10

10[361] 10[343] CCCCGGGTACCGAGCTCGA 19 #5_ends F10

11[005] 11[020] TCAATCGTCTGAAATG 16 #5_ends E11

11[348] 11[361] CGACTCTAGAGGAT 14 #5_ends F11

12[020] 12[002] GTAATAAAAGGGACATTCT 19 #5_ends E12

12[358] 12[343] TAAAACGACGGCCAGT 16 #5_ends F12

13[002] 13[020] GGCCAACAGAGATAGAACC 19 #5_ends E13

13[343] 13[358] CCCAGTCACGACGTTG 16 #5_ends F13

14[020] 14[002] CAGACAATATTTTTGAATG 19 #5_ends E14

14[358] 14[343] TGTGCTGCAAGGCGAT 16 #5_ends F14

15[002] 15[020] GCTATTAGTCTTTAATGCG 19 #5_ends E15

15[343] 15[358] GCTGGCGAAAGGGGGA 16 #5_ends F15

16[020] 16[005] GAACGAACCACCAGCA 16 #5_ends E16

16[361] 16[348] AAGGGCGATCGGTG 14 #5_ends F16

17[005] 17[020] GAAGATAAAACAGAGG 16 #5_ends E17

17[343] 17[361] AGGCTGCGCAACTGTTGGG 19 #5_ends F17

18[020] 18[005] CTGCAACAGTGCCACG 16 #5_ends E18

18[361] 18[343] TCCGGCACCGCTTCTGGTG 19 #5_ends F18

19[005] 19[020] CTGAGAGCCAGCAGCA 16 #5_ends E19

19[348] 19[361] ACTCCAGCCAGCTT 14 #5_ends F19



Supplementary Table 2
List of DNA staples - Origami Q

Start End Sequence Length Type Pos.

00[031] 03[027] ACAGGGCGCGTACTTTCCTCGAGCGGAGACAG 32 #0_core

00[053] 06[049] CCCGCCGCGCTTATTACAAACAATTTTGAGTAAC 34 #0_core

00[073] 06[070] CGCTGCGCGTACTGAGCAAAAGAGGATTTGAA 32 #0_core

00[094] 06[091] GCGCTGGCAAGTACCGACCGTGTATGCCTGTT 32 #0_core

00[115] 06[112] AGCGAAAGGAGCAGAACGGGTATTAAAGGAATC 33 #0_core

00[136] 06[133] TGGCGAGAAAGGAGACGGGAGAATTAAGATAACC 34 #0_core

00[157] 06[154] AACCGTCTATCATTCAACCGATTACACCGTCA 32 #0_core

00[178] 06[175] ACTCCAACGTCGAGCCGCCGCCACTAATAAAT 32 #0_core

00[199] 06[196] AGTCCACTATTATTTAGTACCGCCCGATTTTCA 33 #0_core

00[220] 06[217] GTTGTTCCAGTTTTCTTAAACAGCTGATATAT 32 #0_core

00[241] 06[238] ATAGCCCGAGATACTTAGCCGGAACAGGACAGAT 34 #0_core

00[262] 06[259] AAATCCCTTATAAATACCACATTCCCAACACTA 33 #0_core

00[283] 06[280] GATGGTGGTTCACTCCAACAGGTGTGGATGGC 32 #0_core

00[304] 06[301] CCAGCAGGCGAACATTATGACCCTAGAACCCT 32 #0_core

00[325] 06[322] AAGCGGTCCACGAAAATTCGCATTGGAATTCGC 33 #0_core

00[346] 01[346] CTGGCCCTGAGATTTCACCAGTGA 24 #0_core

02[034] 07[048] AGAATCAGTTAGTAGTTGTAGTATCGGCCTTGCGATTCATTTT 43 #0_core

02[346] 02[329] GCGTATTGGGCGCCAGG 17 #0_core

03[028] 03[063] GAACGGTACGCCTACATTTCGTATTAAATCCGCG 34 #0_core

03[064] 03[105] CAGAGAAACAAACATCAATCTTCTAAGGCGTTAAATAAATA 41 #0_core

03[106] 03[147] ATCGTACCGCACTCATCGAATAACACCCTGAACAAAGGTT 40 #0_core

03[148] 03[189] TACCGGAAGGTAAATATCCCTCAGCAGGAGGTTGAGGCGGA 41 #0_core

03[190] 03[231] ATAGAACCGCCACCCTATCGGTTCCGATAGTTGCGCCTGT 40 #0_core

03[232] 03[273] CGAAGACGGTCAATCATGTAGAAGCAGATACATAACGAG 39 #0_core

03[274] 03[315] CTTCAGAGAGTACCTTTGAGCATACTTTTGCGGGAGAAATT 41 #0_core

03[316] 03[346] TAATGTTAAATCAGCTCGCTGCATTAATG 29 #0_core

04[048] 10[028] GTTAATAAAGAATCCTGAGAGCAAATTCTACATT 34 #0_core

04[090] 04[049] GAATCTTTCAGAAAACAAAATTAATAATCTTTGCCCGAAC 40 #0_core

04[132] 04[091] TGAGGAGAGAGAACAAGCAAGCCGATCAGAATAAACACCG 40 #0_core

04[174] 04[133] TGGCCACCATGACGGAAATTATTCATATGTCAGAGGGTAAT 41 #0_core

04[216] 04[175] AACCATTGTCAGAACCGCCACCCTGCCCAGGTCAGACGAT 40 #0_core

04[258] 04[217] TTACACAGAAGGGAACCGAACTGAATTGGACAATGACAAC 40 #0_core

04[300] 04[259] ACGCACTCAAATTGCTCCTTTTGATATTCGCCAAAAGGAA 40 #0_core

04[342] 04[301] TCGTGCCAATTTTTTAACCAATAGAAATGCCTTTATTTCA 40 #0_core

05[049] 05[048] TTTAAAAAATATCATCTATCTAAAATATAATCAATAGTTAAT 42 #0_core

05[070] 05[069] TTAACAACAGAATAACATCGGGAGAAACGTGTTACAATACAT 42 #0_core

05[091] 05[090] TACTAGAAAACGCTCACCAATCGCAAGATTTAGTTAAATAAT 42 #0_core

05[112] 05[111] ATTTTCAGACCGGTATGTCCTGAACAAGAAGAAACCATTTTT 42 #0_core

05[133] 05[132] AATATCACAAATAGCAAAATAAGAAACTCCTTTACACGCT 40 #0_core

05[154] 05[153] GGTGAATTCGCACCATACGCAAAGACACGAAAATTCATTAAA 42 #0_core

05[175] 05[174] ATTCACAACGTTCCAGCCGGAACCGCCTAAGAGCCTTGAT 40 #0_core

05[196] 05[195] CCACCACTTTTCGTCAGTTTTGCTCAGTAAAAGTATACAGAG 42 #0_core

05[217] 05[216] CACGCATCGGATCGTCAATTTTTTCACGCCCCTTTAATCGCC 42 #0_core

05[238] 05[237] CTTTGAAAAGAGTAATATTATACCAAGAACTGATAACCAA 40 #0_core

05[259] 05[258] ATAGTAAAGAGGCTTTACGTTGGGAAGAAGCATTATTGAGGC 42 #0_core

05[280] 05[279] GTCATTTTAAAATATGTTGCATCAAAAGAGTTTTAAAGAG 40 #0_core

05[301] 05[300] AAAAATTTGTTCAAAATCCAATAAATCATTATAAAGCAGGAT 42 #0_core

05[322] 05[321] CCATCAATACGAGTAAATGTACCCCGGTTTTATAAGCGAACG 42 #0_core

06[048] 00[032] ATTATAGAGCCGCCTTAGACTATGCGCCGCT 31 #0_core

06[069] 00[054] TTACCATACCAATTCAATTACACCACCACA 30 #0_core

06[090] 00[074] TAGTATATATTTTCTTTGAAATGTAGCGGTCA 32 #0_core

06[111] 00[095] ATTACGCATGTAAACATTCCAGGGCGCTAGG 31 #0_core

06[132] 00[116] CACAAGTAGCAGCGTGCGCATTAAGGGAAGAA 32 #0_core

06[153] 00[137] CCGACCAATAGAGAGGGCGACACGGCGAACG 31 #0_core

06[174] 00[158] CCTCACCACCCTCTCCACCACCAAAAGGGCGAAA 34 #0_core

06[195] 00[179] GGGATTTGATATCACAGGAGGAAGAACGTGG 31 #0_core

06[216] 00[200] TCGGTAAAGGAGTCAGGTGAATTGGAACAAG 31 #0_core



06[237] 00[221] GAACGGTCATCGCCCCCATGTTAGGGTTGAGT 32 #0_core

06[258] 00[242] TCATAGGAACAAAGATTTAGGAATCAAAAGA 31 #0_core

06[279] 00[263] TTAGAAATATCGCGCGGAAGCAACGAAATCGGCA 34 #0_core

06[300] 00[284] CATATTTAAGCAGCACCAAAAAAATCCTGTTT 32 #0_core

06[321] 00[305] GTCTGAAGATTGTATTTTGTTCTGGTTTGCC 31 #0_core

06[342] 00[326] GCTAACTCACATTATTTTTTCTGAGTTGCAGC 32 #0_core

07[021] 04[021] ACTCAAACCAATACTTCATCACAGTGTT 28 #0_core

07[049] 07[090] GCGGAACAAAGATTGATTTTTTAATGGAAACAGTCAAATCATA 43 #0_core

07[091] 07[132] TGCGTTATACAAACGACGCGCCCAATAGCAAGCAAAAAAATTGA 44 #0_core

07[133] 07[174] GTTAAGCCCAATCAATTTGAGCCATTTGGGAATTACCGTTAAA 43 #0_core

07[175] 07[216] GCCAGAATGGAAAGGGAGCAAGCCCAATAGGAACTCCACGCTG 43 #0_core

07[217] 07[258] AGGCTTGCAGGGTGTATGTACAGACCAGGCGCATTAACACCCTC 44 #0_core

07[259] 07[300] GTTTACCAGACGATTCAGCTTAATTGCTGAATATAAAAAATTTT 44 #0_core

07[301] 07[342] AAATGCAATGCCCAGGGCCTTCCTGTAGCCAGCTCCGGAAGCAT 44 #0_core

08[048] 08[021] GAAACTAATATGGTAATATCCAGAACAATA 30 #0_core

08[090] 08[070] ATACTTTTTACATAAATCAATA 22 #0_core

08[132] 08[112] AACAAAAATGAATCAGATATAG 22 #0_core

08[174] 08[153] GACCTCAGAAGAGCCAGCAAAAT 23 #0_core

08[216] 08[196] CTAAAAGGCCCATGTACCGTA 21 #0_core

08[258] 08[238] AAAAACGAACAGGCTGGCTGAC 22 #0_core

08[300] 08[280] AGAATTAGCATGCTGTAGCTCA 22 #0_core

08[347] 11[347] CACACAACATACGATAGCTGTGAGCTCAGCTTGCATGC 38 #0_core

09[021] 15[048] CATGGAAATACCTTTCACAGACTCGCCATTAAAATCAATATACT 44 #0_core

09[063] 09[062] CGCCTTGTGAGTAACCTTGAAAACATAATATACCTACGGATT 42 #0_core

09[105] 09[104] CCCATGGCTTATTTTTTTGAAGCCTTCGCCTGTTGATAATAT 42 #0_core

09[147] 09[146] TTTATACCAGTACCCAGCACCGTAATATAAAGGAGGAATAAG 42 #0_core

09[189] 09[188] AAGTGACTGAGTGAATAGTTAGCGTAAAGAGAATAGGCGGAT 42 #0_core

09[231] 09[230] GTACAATCATCAAAACTGCTCATTCAGTAACACTCTAAAACAAA 44 #0_core

09[273] 09[272] AGCCCATGTTTTCAATTCCCAATTCTCTATTATAAGTAAGAGGA 44 #0_core

09[315] 09[314] AAAGCATGTGAGATTGGGATAGGTCATCGTAAATCAATCAGA 42 #0_core

10[027] 11[048] TTGACGCAGATTCACCAGTCACACGAAGGTAT 32 #0_core

11[070] 11[090] TGCTTCTGTAATGCAAATAC 20 #0_core

11[112] 11[132] TAAGAACGCGAGCAATCCAT 20 #0_core

11[154] 11[175] CCATTAGCAAGGCCACCATAA 21 #0_core

11[196] 11[216] AGTACAAACTAGAATAATAC 20 #0_core

11[238] 11[258] TGACAAGAACCGGTCAGGTG 20 #0_core

11[280] 11[300] ACTAAAGTACGATTAACAGG 20 #0_core

11[322] 05[342] ACCCGTCGGATTCAGAATTCGAAAATTGCGTTGC 34 #0_core

12[048] 18[028] CAATTGAGGACCAGTAATAAAGAATACATAACAG 34 #0_core

12[090] 12[049] ATATTCTGAATCGTCGCTATTAATTGTACTCAGATGATGG 40 #0_core

12[132] 12[091] AAGAATCCGCGTTTTAGCGAACCTCAATTTGAGAATCGCC 40 #0_core

12[174] 12[133] TACAGCAGAGCCGGAAACGTCACCAATATGAAGCCCTTTTT 41 #0_core

12[216] 12[175] GAACGTTGCCAACGCCTGTAGCATGATTGGCTTTTGATGA 40 #0_core

12[258] 12[217] GGTAACCAGATATTCATTACCCAAACCCAAGACAGCATCG 40 #0_core

12[300] 12[259] ATCACTAGCGTGTCTGGAAGTTTCAAGCATTGCCAGAGGG 40 #0_core

12[335] 12[301] GCCTCCGTGGGAACAAACTGTCGGAGACAGTCAA 34 #0_core

13[049] 13[048] AATATAAGTCAAAATTATCAAACCCTCAGTAAGGAATTCATC 42 #0_core

13[091] 13[090] ACGCCAAAACGACAAAGACTACCTTTTTGAGTAAATGTAACA 42 #0_core

13[133] 13[132] TAAGCAGATCCAAAAGAGCGTCTTTCCGAATTATTTAAAG 40 #0_core

13[175] 13[174] TACTGGTTGATGCCCCCATAGCCCCCTATCGGAACGAGTG 40 #0_core

13[217] 13[216] AGCAACGAAGGGTAAAACAACTTTCAACCCAAAGGAAAGGGT 42 #0_core

13[259] 13[258] AAAATGTTATCAAATGTCAACTTTAATCAATCATTATATAGT 42 #0_core

13[301] 13[300] ATATGATAGGATCTACATTTTCATTTGGGTATAGTAGCATCA 42 #0_core

14[048] 14[049] TGGATCAGTTGAGGAGGAGCACTAACGCGGAATTAGATTGTT 42 #0_core

14[090] 14[091] GGCAGACTATATATGAACGCGAGAAAAAAGCCAAATAATTTA 42 #0_core

14[132] 14[133] AAGTTACAGCCATGGTTTTGTTTAACGTACAATGACGCCGAACA 44 #0_core

14[174] 14[175] ACGGGAAAATCACAGTCAGAGCCGCCACATTTACCCAAGTTTTA 44 #0_core

14[216] 14[217] TTTGAAACAACTTCAAATCTCCAAAATTTGCGGCGCAGAGGC 42 #0_core

14[258] 14[259] AGCGTAACTGGCAGTCTACGTTAATATAGCGAGATACTGGAT 42 #0_core

14[300] 14[301] CTAGCTCTACTATGGGCAAGGCAAAGGTAAAGAATAACCGTT 42 #0_core

14[342] 08[322] GGCGATTAAGTTGAACATGGTCAGTTCATCAACATT 36 #0_core

15[021] 12[021] CTAAAACAAATATTTTAGCGTAAAGGGA 28 #0_core

15[049] 15[090] TCTGAATAATGGGATGAGCGATAGCTTAGATTAATATAAGGCA 43 #0_core

15[091] 15[132] TTTTCGAGCCAGAACGAAATCAAGATTAGTTGCTTAAACCAGAA 44 #0_core



15[133] 15[174] GGAAACCGAGGAATACCAGTAGCGACAGAATCAAAATCGTCAG 43 #0_core

15[175] 15[216] TGCCTTGAGTAACCTCACGATCTAAAGTTTTGTCAAGGGGACT 43 #0_core

15[217] 15[258] AAAGACTTTTTCCTAAGAATAAGGCTTGCCCTGATAAGCCAATA 44 #0_core

15[259] 15[300] CTGCGGAATCGTCCTGAGCGAACGAGTAGATTTAGCAATTGATA 44 #0_core

15[301] 15[342] AATTAATGCCGGGTAACGTTGGTGTAGATGGGCGCTTCGCTATT 44 #0_core

16[062] 16[021] CAAAGGGTTAGAACCTTTGGCAAAATACCGAACGAACCACCAGC 44 #0_core

16[104] 16[063] AGTAATAAGAGAATATTGGGTTAGACGCTGAGAAGAGTAACGT 43 #0_core

16[147] 16[105] TACAACGCAATAATAACTTACAAAAATTTTGCACCCAGCTAATGC 45 #0_core

16[189] 16[148] ACTCAGTGCCCGTATAATTTTCATGTTTGCCTTTAGCGTAAAA 43 #0_core

16[231] 16[190] ACAATGAGGAAGTTTCCGAATAGAGTCTTTCCAGACGTCTGAG 43 #0_core

16[273] 16[232] ACCATAAATATTCATTGATGCGATTTCGAGAAACACCAGAAGAAT 45 #0_core

16[315] 16[274] ACGAGAGGGTAGCTATTGTGGCATTTTGACCATTAGATACTTT 43 #0_core

16[347] 19[347] GATCGGTGCGGGCGCGCCATTTTCTGGTCGGCCTCAGG 38 #0_core

17[021] 17[034] TAACACCGCCTGCCA 15 #0_core

17[329] 16[316] AGGCAAACTCATCGTAACCGTGCGATGA 28 #0_core

18[027] 19[062] TGCCACGCATCACCTTGCTGAACCTCAAATATTTGCACGTAAAAC 45 #0_core

18[062] 18[063] AAATTGCTCAGTAACAAATTTTCCCTTAAAGAATTTATAAAG 42 #0_core

18[104] 18[105] CGACAATCATTATCAACCCGACTTGCGGAGTTATCCTGACGA 42 #0_core

18[146] 18[147] ACGCAGTATTGGCAACATGAAACCATCGTATAGCGCGTTATT 42 #0_core

18[188] 18[189] TGAAACAAAGGATTAGTCCACAGACAGCAGTGAATTTTATTC 42 #0_core

18[230] 18[231] CCAACCTGCATCTTTGATCAACGTAACATGTAAATTGGCA 40 #0_core

18[272] 18[273] TGACCATTGTCAGATTCCATATAACAGGCAAATGGGAGAA 40 #0_core

18[314] 18[315] AGTCTGGATACTAGCAGGCGGATTGACCAAAGTTTGACTGAG 42 #0_core

19[063] 19[104] AGAAATCAAAATCATAGGTCTGAGAAGGTAAAGTAATTCTG 41 #0_core

19[105] 19[146] TCCAGAATCTTACCAACGCTAACGAACTGGCATGATTAAG 40 #0_core

19[147] 19[188] ACTCCTTTTCATCGGCATTTTCGGTCTGCCTATTTCGGAAC 41 #0_core

19[189] 19[230] CTATTCTGTATGGGATTTTGCTAAATACGTAATGCCACTA 40 #0_core

19[231] 19[272] CGAAGGGCTTGAGATGGTTTAATTCTTTAAACAGTTCAG 39 #0_core

19[273] 19[314] AAAACTCAATAACCTGTTTAGCTATAAAGGCTATCAGGTCA 41 #0_core

19[315] 12[336] TTGCGGGGACGACGACAGTATGCCGGAGTGGTAACGCCAGGCCAGT 46 #0_core

11[049] 11[069] ATTCCTGATTACTTTTACCT 20 #1_bottom B0

11[091] 11[111] AGTAGGGCTTAAAGATAATC 20 #1_bottom B1

11[133] 11[153] AGCTATCTTACCAAAAGAATA 21 #1_bottom B2

11[176] 11[195] GCGTCATACATAGCGGGCC 19 #1_bottom B3

11[217] 11[237] CCTCAGCAGCGACCAGCGCT 20 #1_bottom B4

11[259] 11[279] CAAAAGAAGTTAAGCGGACA 20 #1_bottom B5

11[301] 11[321] GTGAGAAAGGCCAATCATCA 20 #1_bottom B6

08[069] 08[049] TAGATTGCTAACCACCAGAAG 21 #2_top T0

08[111] 08[091] AACCTAATTTATTCTTACCAGT 22 #2_top T1

08[152] 08[133] CTTTGTCAAATAAGAGCAAG 20 #2_top T2

08[195] 08[175] ACCCGTCGAGAGCGCAGTCTCT 22 #2_top T3

08[237] 08[217] CTCGGAGATTAGTTAAAGGCCG 22 #2_top T4

08[279] 08[259] ACGAAAGACCGATAAAAACCAA 22 #2_top T5

08[321] 08[301] AACCCAAAAATGAGTAATGTGT 22 #2_top T6

02[055] 02[035] ATCGACAACTGAGGATTTAGA 21 #3_left L0

02[076] 02[056] ATAGATGATGGCGAATTATTC 21 #3_left L1

02[097] 02[077] TTGATAAATGACCTAAATTTA 21 #3_left L2

02[118] 02[098] GGAAACCAAGGCTGTCTTTCC 21 #3_left L3

02[139] 02[119] AAAACTGAACATAAAAACAG 20 #3_left L4

02[160] 02[140] GAGAGGGAGAGCGCCAAAGAC 21 #3_left L5

02[181] 02[161] TAGCATTGAAGCCGCCACCA 20 #3_left L6

02[202] 02[182] TTACCCTCAGGTGTATCACCG 21 #3_left L7

02[223] 02[203] TGCTTGATATATCAGCTTGCT 21 #3_left L8

02[244] 02[224] TGGAGGCGCAATCCGCGACC 20 #3_left L9

02[265] 02[245] GAAACTAATAGATTCATCAGT 21 #3_left L10

02[286] 02[266] TTCAGGATTAAAGCGAACCA 20 #3_left L11

02[307] 02[287] AATGTAATAAAGCTAAATCGG 21 #3_left L12

02[328] 02[308] GTAAATTTTATTGTAAACGTT 21 #3_left L13

17[035] 17[055] ATATCTGGTCAGACCATATAG 21 #4_right R0

17[056] 17[076] ATTTTCAGGTTTCAATAGTCC 21 #4_right R1

17[077] 17[097] TCCGGCTTAGGTAAAGTACAC 21 #4_right R2

17[098] 17[118] AACATGTTCAGCTACAATTAG 21 #4_right R3

17[119] 17[139] CCTAATTTGCCAGGGAATACGT 22 #4_right R4

17[140] 17[160] TAGCAAACGTAGCAGACTGTT 21 #4_right R5



17[161] 17[181] AGCGTTTGCCATCACAGTTAAA 22 #4_right R6

17[182] 17[202] AGTATTAAGAGGTAGTAAATT 21 #4_right R7

17[203] 17[223] TCAGCGGAGTGAATTAAACAA 21 #4_right R8

17[224] 17[244] CGAAAGAGGCAAAACGAGTATG 22 #4_right R9

17[245] 17[265] TGAATTACCTTAATCCCCCAA 21 #4_right R10

17[266] 17[286] TCAAAAATCAGGTCATTTCGCG 22 #4_right R11

17[287] 17[307] CGAGCTGAAAAGTTTGAGACA 21 #4_right R12

17[308] 17[328] AACAAGAGAATCATCTGCCCC 21 #4_right R13

00[020] 00[005] CTATGGTTGCTTTGAC 16 #5_ends E0

00[361] 00[347] ATTGCCCTTCACCGC 15 #5_ends F0

01[005] 01[020] GAGCACGTATAACGTG 16 #5_ends E1

01[347] 01[361] GACGGGCAACAGCTG 15 #5_ends F1

02[020] 02[005] GAGCTAAACAGGAGGC 16 #5_ends E2

02[361] 02[347] GGGGAGAGGCGGTTT 15 #5_ends F2

03[005] 03[020] CGATTAAAGGGATTTT 16 #5_ends E3

03[347] 03[361] AATCGGCCAACGCGC 15 #5_ends F3

04[020] 04[002] TTTATAATCAGTGAGGCCA 19 #5_ends E4

04[358] 04[343] CCAGTCGGGAAACCTG 16 #5_ends F4

05[002] 05[020] CCGAGTAAAAGAGTCTGTC 19 #5_ends E5

05[343] 05[358] GCTCACTGCCCGCTTT 16 #5_ends F5

06[020] 06[002] CTTTGATTAGTAATAACAT 19 #5_ends E6

06[358] 06[343] GGTGCCTAATGAGTGA 16 #5_ends F6

07[002] 07[020] CACTTGCCTGAGTAGAAGA 19 #5_ends E7

07[343] 07[358] AAAGTGTAAAGCCTGG 16 #5_ends F7

08[020] 08[005] TTACCGCCAGCCATTG 16 #5_ends E8

08[361] 08[348] TCCGCTCACAATTC 14 #5_ends F8

09[005] 09[020] CAACAGGAAAAACGCT 16 #5_ends E9

09[343] 09[361] TTCCTGTGTGAAATTGTTA 19 #5_ends F9

10[020] 10[005] CTCAATCGTCTGAAAT 16 #5_ends E10

10[361] 10[343] TAGAGGATCCCCGGGTACC 19 #5_ends F10

11[005] 11[020] GGATTATTTACATTGG 16 #5_ends E11

11[348] 11[361] CTGCAGGTCGACTC 14 #5_ends F11

12[020] 12[002] CATTCTGGCCAACAGAGAT 19 #5_ends E12

12[358] 12[343] ACGTTGTAAAACGACG 16 #5_ends F12

13[002] 13[020] AGAACCCTTCTGACCTGAA 19 #5_ends E13

13[343] 13[358] GGTTTTCCCAGTCACG 16 #5_ends F13

14[020] 14[002] TGAATGGCTATTAGTCTTT 19 #5_ends E14

14[358] 14[343] GGGGGATGTGCTGCAA 16 #5_ends F14

15[002] 15[020] AATGCGCGAACTGATAGCC 19 #5_ends E15

15[343] 15[358] ACGCCAGCTGGCGAAA 16 #5_ends F15

16[020] 16[005] AGAAGATAAAACAGAG 16 #5_ends E16

16[361] 16[348] CTGTTGGGAAGGGC 14 #5_ends F16

17[005] 17[020] GTGAGGCGGTCAGTAT 16 #5_ends E17

17[343] 17[361] CGCCATTCAGGCTGCGCAA 19 #5_ends F17

18[020] 18[005] GCTGAGAGCCAGCAGC 16 #5_ends E18

18[361] 18[343] GCCAGCTTTCCGGCACCGC 19 #5_ends F18

19[005] 19[020] AAATGAAAAATCTAAA 16 #5_ends E19

19[348] 19[361] AAGATCGCACTCCA 14 #5_ends F19



Supplementary Table 3
List of DNA staples - Origami H

Start End Sequence Length Type Pos.

00[031] 03[027] GTACTATGGTTGTTAGAATCCTAAACCGGTAC 32 #0_core

00[053] 06[049] GCTTAATGCGCCGAATTCGACAACTTATTATCAT 34 #0_core

00[073] 06[070] CGTAACCACCACAAAGAAGATGATAAATTACCT 33 #0_core

00[094] 06[091] CAAGTGTAGCGCGTGTGATAAATACAGTTTAGTA 34 #0_core

00[115] 06[112] AGGAGCGGGCGCGTATTAAACCAAATTCATTAC 33 #0_core

00[136] 06[133] AGAAAGGAAGGGGAGAATTAACTGACGACCCACA 34 #0_core

00[157] 06[154] AACCGTCTATCACCGATTGAGGGCACACCGAC 32 #0_core

00[178] 06[175] ACTCCAACGTCGCCGCCGCCAGCACAAATAAA 32 #0_core

00[199] 06[196] GAGTCCACTATTGTTTAGTACCGCCGGTCATTTTC 35 #0_core

00[220] 06[217] GTGTTGTTCCACTTAAACAGCTTCCATATATT 32 #0_core

00[241] 06[238] AGAATAGCCCGATTAGCCGGAACGAGAGACAGAT 34 #0_core

00[262] 06[259] GGCAAAATCCCTATACCACATTCACGACACTAT 33 #0_core

00[283] 06[280] GTTTGATGGTGCTCCAACAGGTCTTGATGGCT 32 #0_core

00[304] 06[301] TGCCCCAGCAGAAACATTATGACCGTTTTTTAGA 34 #0_core

00[325] 06[322] GCAGCAAGCGGTTTGTTAAAATTCCCCAAAAAT 33 #0_core

00[346] 01[346] CACCGCCTGGCCTTTTTCTTTTCA 24 #0_core

02[034] 07[048] ACGGGAGAGAGCTTCAATACTCTTGCTGGTAATACCGTGGAACA 44 #0_core

02[346] 02[329] GCGGTTTGCGTATTGGG 17 #0_core

03[028] 03[063] GCCAGAATCCTAGGATTAATCCTTTGCCCGGCG 33 #0_core

03[064] 03[105] AATACATCAAGAAAACGACCTAATAAATAAGAATAAGCT 39 #0_core

03[106] 03[147] GTCACTCATCGAGAACCATAAAGAACAAAGTCAGACCA 38 #0_core

03[148] 03[189] GCGCGTAAATATTGACGTCAGAGGGAGGTTGAGGCACGG 39 #0_core

03[190] 03[231] AATAGAACCGCCACCCGGTTTATATAGTTGCGCCGATCG 39 #0_core

03[232] 03[273] AAAACGGTCAATCATATAGAAACAGATACATAACGAGC 38 #0_core

03[274] 03[315] TTCAGAGAGTACCTTTAAGAGCATACTTTTGCGGGACAA 39 #0_core

03[316] 03[346] ATAATTTTTGTTAAATGTGCCAGCTGCA 28 #0_core

04[048] 10[028] TTTTTTTGGAGAAGTGTTTAACCGTTGCCGCTC 33 #0_core

04[090] 04[049] ATAATTTCTAAAATTAATTACATTAGAGAACGTTATTAA 39 #0_core

04[132] 04[091] CGCTATAAAAGCAAGCCGTTTTTATCGACACCGGAATC 38 #0_core

04[174] 04[133] TGGCACCCGAAATTATTCATTAAATTTAGGGTAATTGAG 39 #0_core

04[216] 04[175] ACCATTATCTCAGAACCGCCACCCAGCCGGTCAGACGAT 39 #0_core

04[258] 04[217] TACGCAGGAGGGAACCGAACTGATGTGCAATGACAACA 38 #0_core

04[300] 04[259] TTCACCTCATTGCTCCTTTTGATATTCGCCAAAAGGAAT 39 #0_core

04[342] 04[301] AACCTGTCCAGCTCATTTTTTAATAAGGAAGCCTTTAT 38 #0_core

05[049] 05[048] TTTGAGTGGTATTCCTATATCTTTAGGAGTTAATACAAAAAG 42 #0_core

05[070] 05[069] ATTTCATCGCTTGCTTGAAACAATAACAATCGCGCTAACA 40 #0_core

05[091] 05[090] GAAAAAATCAGTAGCAAGACAAAGAATTTTTCATCTACTA 40 #0_core

05[112] 05[111] CATCGTATTTCTAAGAACAAGAAAAATAGCATCAATAATTTT 42 #0_core

05[133] 05[132] TCAGAGAAAAATAGCTGAAACGATTTTGGAGAGAGAAATA 40 #0_core

05[154] 05[153] ATTATCACTATTACCAAAGACACCACGGGACATATGGGGTGA 42 #0_core

05[175] 05[174] TATTCACTATTCCAGTGAACCGCCTCCCCGCCACCCTTGA 40 #0_core

05[196] 05[195] GCCACCAACGTCACGGTTTTGCTCAGAATAAGTATTCAGA 40 #0_core

05[217] 05[216] ACGCATACGCGTCACCTTTTTCACGTTGACTTAATTGCGCCC 42 #0_core

05[238] 05[237] CTTTGAAAAGTAATCTTATACCAAGCGACGATAAATCCAA 40 #0_core

05[259] 05[258] TAGTAAGGAGGCTTTTCGTTGGGAAGAAAGATTATTAAGGCA 42 #0_core

05[280] 05[279] TCATTTTATAATATGCTGCATCAAAAAAGTTTTAAAGAGG 40 #0_core

05[301] 05[300] AGGATACCGATTCAATCCAATAAATCTGAATAAAGACGCA 40 #0_core

05[322] 05[321] AGGAACGGAGTGAGCGATCATATGTACCAAGATTGTACCAAT 42 #0_core

06[048] 00[032] TTTGCCAATAGAAGTACAAACCTACAGGGCGC 32 #0_core

06[069] 00[054] TTTTTTTACAAAACACCTGAGCAACCCGCCGC 32 #0_core

06[090] 00[074] TCATATAGTTAAGATACCGACGTCACGCTGCG 32 #0_core

06[111] 00[095] CGCGCGAAACCACTAGAACGGTAGGGCGCTGG 32 #0_core

06[132] 00[116] AGAATTCCTTTACAATAGACGGAAGAAAGCGAA 33 #0_core

06[153] 00[137] TTGAGGAAAATTTAACATTCAAGAACGTGGCG 32 #0_core

06[174] 00[158] TCCTCCCCTCAGAGTCCACCAGAAAAGGGCGAAA 34 #0_core

06[195] 00[179] AGGGAGTTGATAACTCAGGAGAAAGAACGTGG 32 #0_core

06[216] 00[200] CGGTCGGAGCCTCCTGAATTTGTTTGGAACAA 32 #0_core



06[237] 00[221] GAACGGATCGCCTCGATGTTACGATAGGGTTGA 33 #0_core

06[258] 00[242] CATAAGAACAACAGTTTAGGATATAAATCAAA 32 #0_core

06[279] 00[263] TAGAGATATCGCGCAGAAGCAAAGTTCCGAAATC 34 #0_core

06[300] 00[284] ACCCTATTAAGCCGGTACCAAGCGAAAATCCT 32 #0_core

06[321] 00[305] AATTCACAGGAAAATAATATTCCACGCTGGTT 32 #0_core

06[342] 00[326] AGTGAGCTAACTCATAGGGTGGCTGAGAGAGTT 33 #0_core

07[021] 04[021] CTATCGGCTCTTTGATCAAATTTTATAA 28 #0_core

07[049] 07[090] AAGAAACCACCACAAGAATGGAAACAGTACATAAAATTTTGCGT 44 #0_core

07[091] 07[132] TATACAAATTCTTTGTACCAATAGCAAGCAAATCAGGCAGGAGTTA 46 #0_core

07[133] 07[174] AGCCCAATAATAAAATACCATTTGGGAATTAGAGCGCCAATTAA 44 #0_core

07[175] 07[216] AGCCAGAATGGAAGAGGTAGCAAGCCCAATAGGAACAAAAGCTGA 45 #0_core

07[217] 07[258] GGCTTGCAGGGAGTATCTGTACAGACCAGGCGCATAAACGCCCTCG 46 #0_core

07[259] 07[300] TTTACCAGACGACTCAACTTAATTGCTGAATATAACAAACATAT 44 #0_core

07[301] 07[342] ATTTTAAATGCAAAAAAGCGTCTGGCCTTCCTGTAGTACGAGCCGG 46 #0_core

08[048] 08[021] TTGATTAGAGTCCAGAACAATATTACCGCCA 31 #0_core

08[090] 08[070] CACAAATATTCAATATATGTGA 22 #0_core

08[132] 08[112] TGTGAAAATAATATAGAAGGCTT 23 #0_core

08[174] 08[153] AACAGAACCCAGCAAAATCACCA 23 #0_core

08[216] 08[196] TTAGGCTCCCCATGTACCGTAA 22 #0_core

08[258] 08[238] ATAACGAACTGGCTGGCTGACCT 23 #0_core

08[300] 08[280] TGGAATTAGTGCTGTAGCTCAA 22 #0_core

08[347] 11[347] CAATTCCACACAACATGGTCAGGGTACGTGCCAAGCTT 38 #0_core

09[021] 15[048] ACCTACATTTTGAACAATATTTTAAAAATACCGAATGAATGAATA 45 #0_core

09[063] 09[062] TTGCTGAATAACCGAAACATAGCGATGTAACAGTTTTCGCCTGA 44 #0_core

09[105] 09[104] TAATTCCGGTATGTAAGCCTTAAATCTTATCAAATCCCATCC 42 #0_core

09[147] 09[146] TTTGTTAGCACCCACCGTAATCAGTAGGTGGCAGAAGTTTAT 42 #0_core

09[189] 09[188] TAAGTCTGAGTTTAAATAGTTAGCGTAACAAGAGAAAAGGCGGA 44 #0_core

09[231] 09[230] ACAACGATCAAGAATCTGCTCATTCAGTCACTCATACACAAAGT 44 #0_core

09[273] 09[272] GCCCGTGTTTTAACTTCCCAATTCTGTATTATAGGAAAGAGGAA 44 #0_core

09[315] 09[314] TCAGAATTAAATATACCGTAATGGGAGGTAATCATTTGATAA 42 #0_core

10[027] 11[048] AATCGTCAGTCACACGACCAGTATCTAAAGA 31 #0_core

11[070] 11[090] GTAAATCGTCGCCAATCGGG 20 #0_core

11[112] 11[132] GCGAGGCGTTTAAATAAAT 19 #0_core

11[154] 11[175] AGCAAGGCCGGCCACCGAAG 20 #0_core

11[196] 11[216] GTACAAACTACTAATAATCT 20 #0_core

11[238] 11[258] ACAAGAACCGGTCAGGAGC 19 #0_core

11[280] 11[300] CTAAAGTACGGATTAACAA 19 #0_core

11[322] 05[342] TAACAACCCGTCACGAGCTCCCACATTAATTGC 33 #0_core

12[048] 18[028] CAATGTTAATAAAAGGGACGTGGCACCTACGCT 33 #0_core

12[090] 12[049] TAACAAAATCTATTAATTAATTTTTACATGGCAATTCAT 39 #0_core

12[132] 12[091] AAAGATCCTAGCGAACCTCCCGATAAGATCGCCATATT 38 #0_core

12[174] 12[133] ATACGCCAAAACGTCACCAATGAAAAAGCCTTTTTAAGA 39 #0_core

12[216] 12[175] AACGACGAAAACGCCTGTAGCATTGGATGGCTTTTGATG 39 #0_core

12[258] 12[217] GTAACCAGATATTCATTACCCAACCCCGACAGCATCGG 38 #0_core

12[300] 12[259] GTCATAGCTGTCTGGAAGTTTCATGCAATGCCAGAGGGG 39 #0_core

12[335] 12[301] GCCGGATTCTCCGTGGGTAGCGGCCGGAGACA 32 #0_core

13[049] 13[048] CCTGATTTTTTTGCACCTCAATCAATATAGGAGGAAGATAAT 42 #0_core

13[091] 13[090] AACATGATGTAAAGCTTTTTAACCTCTTCTGATGCACGCC 40 #0_core

13[133] 13[132] CAGATAGAGGAACTGGTTTCCAGAGCCTTTATCCCATAAG 40 #0_core

13[175] 13[174] TGTACTGATATGCCCCGCCCCCTTATTAGACCAGAAGGAG 40 #0_core

13[217] 13[216] GCAACGGAATAAAATAACTTTCAACAGTCCGGAATTGGGGTA 42 #0_core

13[259] 13[258] AAATGTTAACAAATGCCAACTTTAATCAAACATTATATAGTA 42 #0_core

13[301] 13[300] CCATCATCAGAGATATTTTCATTTGGTTATAGTAGAATCA 40 #0_core

14[048] 14[049] ACTTCAGGAATTACTAACAACTAATAATCATCAATGGATTAT 42 #0_core

14[090] 14[091] AGGCAGTAAATGGAAGAAAACTTTTTACGCTCAAATTTAGGCAG 44 #0_core

14[132] 14[133] TACCAGTATTATTTGTTAACGTCAAAAAAAATAGCTAACAAAGT 44 #0_core

14[174] 14[175] TAACGTCACCGGACAGAGCCGCCACCCTTTTACCGCCTAAGTTT 44 #0_core

14[216] 14[217] TTGAGAACTAAATCTCTCCAAAAAAAGCGGGATAAAGAGGCT 42 #0_core

14[258] 14[259] GCGTCACTGGCTAGCTACGTTAATAAAGCGAGATTCTGGATA 42 #0_core

14[300] 14[301] ACCGTTCTACTAGAAGGCAAGGCAAATAGGTAAAGGGATATTCA 44 #0_core

14[342] 08[322] TGCAAGGCGATTATGTCGTAATCACCAGCTTTCATCA 37 #0_core

15[021] 12[021] ATCGCCATTTGAATGGGAATACATTCTG 28 #0_core

15[049] 15[090] ATGGAAGGGTTATACAAGCTTAGATTAAGACGCTGATATTTTTCG 45 #0_core

15[091] 15[132] AGCCAGTAATAAGCTGTAAGATTAGTTGCTATTTTGGCCAAAGGAA 46 #0_core



15[133] 15[174] ACCGAGGAAACGCTAAAGCGACAGAATCAAGTTTGAAAAGGGTC 44 #0_core

15[175] 15[216] AGTGCCTTGAGTATCCTCGATCTAAAGTTTTGTCGTGAACGACTA 45 #0_core

15[217] 15[258] AAGACTTTTTCATAAAAGAATAAGGCTTGCCCTGACAAGACAATAC 46 #0_core

15[259] 15[300] TGCGGAATCGTCATGACCGAACGAGTAGATTTAGTCAATTCTAG 44 #0_core

15[301] 15[342] CTGATAAATTAATGAACTAGGTCACGTTGGTGTAGAGGGCCTCTTC 46 #0_core

16[062] 16[021] TAGAACCTACCATATCTCAACAGTCGAACCACCAGCAGAAGATAA 45 #0_core

16[104] 16[063] GCAGAATATAAAGTACCATATAACTAGAAGAGTCAATAGTGATGAA 46 #0_core

16[147] 16[105] ACAAATAATAACGGAATAAATAAACACACCCAGCTACAATTGAACGC 47 #0_core

16[189] 16[148] GACACAGTGCCCGTATAACATAATCCCTTTAGCGTCAGACACAT 44 #0_core

16[231] 16[190] ACTGAGGAAGTTTCCATTTAGAAAGCTTTCCAGACGTTAGGCTGA 45 #0_core

16[273] 16[232] CCCTAAATATTCATTGAAGCGATTTTGAGAAACACCAGAACAATAC 46 #0_core

16[315] 16[274] GATGCCGGAGAGGGTAGCGTGGCATTTGACCATTAGATACTTTA 44 #0_core

16[347] 19[347] AAGGGCGATCGGTAGGCAAAGGCACCGACAGTATCGGC 38 #0_core

17[021] 17[034] CTGCAACAGTGCCGG 15 #0_core

17[329] 16[316] GGAAACCGCTGGGCGCATCGTAACGAATC 29 #0_core

18[027] 19[062] GAGAGCTGCTGAACCTCAAATATCAAACCGTAAAACAGAAATAA 44 #0_core

18[062] 18[063] GTAGATGTACCTTTCCCTTAGAATCCCGTCAAAATATTGC 40 #0_core

18[104] 18[105] AAACAACTACAATAGACTTGCGGGAGGTTAGAATCTTACAAT 42 #0_core

18[146] 18[147] GTATGTTCCACATATAACCATCGATAGCAGCGTTTTCACGCA 42 #0_core

18[188] 18[189] CTGAAACGTAGGATTACCACAGACAGCTTTTTTCTTTATT 40 #0_core

18[230] 18[231] AACCTAACTCTTTGACATCAACGTAACTTAAATTGGCACC 40 #0_core

18[272] 18[273] GACCATTATCAGAATCCATATAACAGGGAAATGGTAGAAT 40 #0_core

18[314] 18[315] CTGAGAGATGTAAAACAACAAACGGCGGTGCTGCCAGATTGC 42 #0_core

19[063] 19[104] AGAACATAGGTCTGAGAGACTACTAATTCTGTCCAGAC 38 #0_core

19[105] 19[146] GACGACCAACGCTAACGAGCGTCCATGATTAAGACTCC 38 #0_core

19[147] 19[188] TTATTATCGGCATTTTCGGTCATACTGCCTATTTCGGAA 39 #0_core

19[189] 19[230] CCTAGTATGGGATTTTGCTAAACACGTAATGCCACTACG 39 #0_core

19[231] 19[272] AAGGGCTTGAGATGGTTTAATTTTTTAAACAGTTCAGA 38 #0_core

19[273] 19[314] AAACGCAATAACCTGTTTAGCTATCTACAAAGGCTATCA 39 #0_core

19[315] 12[336] GGTCTTTGAGGGGACGACGCTTCTGGATAGTTGGGTAACACGACG 45 #0_core

11[049] 11[069] TTATCAGATGATCGGGACT 19 #1_bottom B0

11[091] 11[111] CTTAATTGAGATCCTGAAC 19 #1_bottom B1

11[133] 11[153] CTTACCGAAGCAAACGCATT 20 #1_bottom B2

11[176] 11[195] CGTCATACATTAGCGGCA 18 #1_bottom B3

11[217] 11[237] CAGCAGCGAAAAGCGATTG 19 #1_bottom B4

11[259] 11[279] AAAAGAAGTTTAGCGGATAA 20 #1_bottom B5

11[301] 11[321] AGGGTGAGAAAATGTCAAG 19 #1_bottom B6

08[069] 08[049] GTTTGAATACGAAGGAGCGGAA 22 #2_top T0

08[111] 08[091] ATTACGAGCAACCAGTATAAAGC 23 #2_top T1

08[152] 08[133] GCACAATCGAGCAAGAAACAA 21 #2_top T2

08[195] 08[175] CAGCCGTCGAAGCGCAGTCTCTG 23 #2_top T3

08[237] 08[217] TCGAGATTTGTTAAAGGCCGCTT 23 #2_top T4

08[279] 08[259] CAAAAGACTGATAAAAACCAAA 22 #2_top T5

08[321] 08[301] ACAAAGCCCCTGCCTGAGTAATG 23 #2_top T6

02[055] 02[035] ATCGTATTATAGAAGTATTAG 21 #3_left L0

02[076] 02[056] GAGAAACAATATTCATTTCA 20 #3_left L1

02[097] 02[077] TCAGGCGTATTTAATGGTTT 20 #3_left L2

02[118] 02[098] GCGTACCGCTTTCCTTATCAT 21 #3_left L3

02[139] 02[119] GGACACCCTAACAGGGAAGC 20 #3_left L4

02[160] 02[140] ACAGGGAAGCAAAGACAAAAG 21 #3_left L5

02[181] 02[161] GTATTGACACCGCCACCAGA 20 #3_left L6

02[202] 02[182] GAACCCTCAGGTGTATCACC 20 #3_left L7

02[223] 02[203] CTGATACCGCAGCTTGCTTTC 21 #3_left L8

02[244] 02[224] GAGGCGCAGTCCGCGACCTG 20 #3_left L9

02[265] 02[245] ACACTAATGGATTCATCAGTT 21 #3_left L10

02[286] 02[266] GGAGGATTAAAGCGAACCAG 20 #3_left L11

02[307] 02[287] ACCTGTAATAAAGCTAAATC 20 #3_left L12

02[328] 02[308] CGGCATTAATTTAAATTGTAA 21 #3_left L13

17[035] 17[055] TCAGTTGGCAAAAAAATTATC 21 #4_right R0

17[056] 17[076] AGGTTTAACGTCAGAATTTAGC 22 #4_right R1

17[077] 17[097] TTAGGTTGGGTTGACAAAAGGT 22 #4_right R2

17[098] 17[118] TCAGCTAATGCATTATCCTAT 21 #4_right R3

17[119] 17[139] TTGCCAGTTACAACCCAAAACA 22 #4_right R4

17[140] 17[160] AACGTAGAAAATTGTAGCGCG 21 #4_right R5



17[161] 17[181] TTTGCCATCTTTTACAGTTAGA 22 #4_right R6

17[182] 17[202] AAGTATTAAGAGTAAATGAACA 22 #4_right R7

17[203] 17[223] GCGGAGTGAGAAAAACGGGCG 21 #4_right R8

17[224] 17[244] AAAGAGGCAAAAGGAGTAGTGT 22 #4_right R9

17[245] 17[265] GAATTACCTTATTCCCCCTAT 21 #4_right R10

17[266] 17[286] CAAAAATCAGGTCATTTCGCCG 22 #4_right R11

17[287] 17[307] CGAGCTGAAAAGTATTTTTGTG 22 #4_right R12

17[308] 17[328] GAGCAAACAAGACGTGCATCC 21 #4_right R13

00[020] 00[005] CTTTGACGAGCACGTA 16 #5_ends E0

00[361] 00[347] ACAGCTGATTGCCCTT 16 #5_ends F0

01[005] 01[020] TAACGTGCTTTCCTCG 16 #5_ends E1

01[347] 01[361] CCAGTGAGACGGGCA 15 #5_ends F1

02[020] 02[005] AGGAGGCCGATTAAAG 16 #5_ends E2

02[361] 02[347] AACGCGCGGGGAGAG 15 #5_ends F2

03[005] 03[020] GGATTTTAGACAGGAA 16 #5_ends E3

03[347] 03[361] TTAATGAATCGGCC 14 #5_ends F3

04[020] 04[002] TCAGTGAGGCCACCGAGTA 19 #5_ends E4

04[358] 04[343] GCTTTCCAGTCGGGA 15 #5_ends F4

05[002] 05[020] AAAGAGTCTGTCCATCACG 19 #5_ends E5

05[343] 05[358] GTTGCGCTCACTGCCC 16 #5_ends F5

06[020] 06[002] TAGTAATAACATCACTTGC 19 #5_ends E6

06[358] 06[343] CCTGGGGTGCCTAATG 16 #5_ends F6

07[002] 07[020] CTGAGTAGAAGAACTCAAA 19 #5_ends E7

07[343] 07[358] AAGCATAAAGTGTAAAG 17 #5_ends F7

08[020] 08[005] GCCATTGCAACAGGAA 16 #5_ends E8

08[361] 08[348] ATTGTTATCCGCTCA 15 #5_ends F8

09[005] 09[020] AAACGCTCATGGAAAT 16 #5_ends E9

09[343] 09[361] TAGCTGTTTCCTGTGTGAA 19 #5_ends F9

10[020] 10[005] CTGAAATGGATTATTT 16 #5_ends E10

10[361] 10[343] TCGACTCTAGAGGATCCCC 19 #5_ends F10

11[005] 11[020] ACATTGGCAGATTCAC 16 #5_ends E11

11[348] 11[361] GCATGCCTGCAGG 13 #5_ends F11

12[020] 12[002] GCCAACAGAGATAGAACCC 19 #5_ends E12

12[358] 12[343] TCACGACGTTGTAAA 15 #5_ends F12

13[002] 13[020] TTCTGACCTGAAAGCGTAA 19 #5_ends E13

13[343] 13[358] GCCAGGGTTTTCCCAG 16 #5_ends F13

14[020] 14[002] CTATTAGTCTTTAATGCGC 19 #5_ends E14

14[358] 14[343] CGAAAGGGGGATGTGC 16 #5_ends F14

15[002] 15[020] GAACTGATAGCCCTAAAAC 19 #5_ends E15

15[343] 15[358] GCTATTACGCCAGCTGG 17 #5_ends F15

16[020] 16[005] AACAGAGGTGAGGCGG 16 #5_ends E16

16[361] 16[348] TGCGCAACTGTTGGG 15 #5_ends F16

17[005] 17[020] TCAGTATTAACACCGC 16 #5_ends E17

17[343] 17[361] CGCCATTCGCCATTCAGGC 19 #5_ends F17

18[020] 18[005] CAGCAGCAAATGAAAA 16 #5_ends E18

18[361] 18[343] CACTCCAGCCAGCTTTCCG 19 #5_ends F18

19[005] 19[020] ATCTAAAGCATCACCT 16 #5_ends E19

19[348] 19[361] CTCAGGAAGATCG 13 #5_ends F19



Supplementary Notes – List of functional DNA staples 

1. Functional staples for Origami H

Bottom positions 

oligoname Sequence Description Partner staples

B_00 TTATCAGATGATCGGGACT unmodified staples

B_01 CTTAATTGAGATCCTGAAC

B_02 CTTACCGAAGCAAACGCATT

B_03 CGTCATACATTAGCGGCA

B_04 CAGCAGCGAAAAGCGATTG

B_05 AAAAGAAGTTTAGCGGATAA

B_06 AGGGTGAGAAAATGTCAAG

B18_00 TTATCAGATGATCGGGACTGCTATGGGTGGTCTGGTT staples with extension for TEG-Chol(18) 5'-Chol-TEG- AACCAGACCACCCATAGC

B18_01 CTTAATTGAGATCCTGAACGCTATGGGTGGTCTGGTT

B18_02 CTTACCGAAGCAAACGCATTGCTATGGGTGGTCTGGTT

B18_03 CGTCATACATTAGCGGCAGCTATGGGTGGTCTGGTT AACCAGACCACCCATAGC-TEG-Chol-3'

B18_04 CAGCAGCGAAAAGCGATTGGCTATGGGTGGTCTGGTT

B18_05 AAAAGAAGTTTAGCGGATAAGCTATGGGTGGTCTGGTT

B18_06 AGGGTGAGAAAATGTCAAGGCTATGGGTGGTCTGGTT

B09_06 AGGGTGAGAAAATGTCAAGGGTCTGGTT staples with extension for TEG-Chol(9) 5'-Chol-TEG- AACCAGACC

B27_03 CGTCATACATTAGCGGCAGCTATGGGTGGTCTGGTTGGGATTGGC staple with extension for TEG-Chol(27) 5'-Chol-TEG- GCCAATCCCAACCAGACCACCCATAGC

BD_00 TTATCAGATGATCGGGACTAAAAAACACCAAACCC staples with extension for Atto488 dye 5'-Atto488- GGGTTTGGTGTTTTTT

BD_01 CTTAATTGAGATCCTGAACAAAAAACACCAAACCC

BD_02 CTTACCGAAGCAAACGCATTAAAAAACACCAAACCC

BD_03 CGTCATACATTAGCGGCAAAAAAACACCAAACCC

BD_04 CAGCAGCGAAAAGCGATTGAAAAAACACCAAACCC

BD_05 AAAAGAAGTTTAGCGGATAAAAAAAACACCAAACCC

BD_06 AGGGTGAGAAAATGTCAAGAAAAAACACCAAACCC

B_00_Biot TTATCAGATGATCGGGACT-TEG-Biotin-3' biotinylated staples

B_03_Biot CGTCATACATTAGCGGCA-TEG-Biotin-3'

B_06_Biot AGGGTGAGAAAATGTCAAG-TEG-Biotin-3'

B_00_Thio TTATCAGATGATCGGGACT-C3-SS-3' thiolated staples

B_03_Thio CGTCATACATTAGCGGCA-C3-SS-3'

B_06_Thio AGGGTGAGAAAATGTCAAG-C3-SS-3'



 

 

 

 

Top positions 

 

 

 

 

 

 

Edge positions 

 

 

 

  

oligoname Sequence Description Partner staples

T_00 GTTTGAATACGAAGGAGCGGAA unmodified staples

T_01 ATTACGAGCAACCAGTATAAAGC

T_02 GCACAATCGAGCAAGAAACAA

T_03 CAGCCGTCGAAGCGCAGTCTCTG

T_04 TCGAGATTTGTTAAAGGCCGCTT

T_05 CAAAAGACTGATAAAAACCAAA

T_06 ACAAAGCCCCTGCCTGAGTAATG

TD_00 GTTTGAATACGAAGGAGCGGAAAAAAAACACCAAACCC staples with extension for At488 dye 5'-Atto488- GGGTTTGGTGTTTTTT

TD_01 ATTACGAGCAACCAGTATAAAGCAAAAAACACCAAACCC

TD_02 GCACAATCGAGCAAGAAACAAAAAAAACACCAAACCC

TD_03 CAGCCGTCGAAGCGCAGTCTCTGAAAAAACACCAAACCC

TD_04 TCGAGATTTGTTAAAGGCCGCTTAAAAAACACCAAACCC

TD_05 CAAAAGACTGATAAAAACCAAAAAAAAACACCAAACCC

TD_06 ACAAAGCCCCTGCCTGAGTAATGAAAAAACACCAAACCC

T18_00 GTTTGAATACGAAGGAGCGGAAGCTATGGGTGGTCTGGTT staples with extension for TEG-Chol(18) 5'-Chol-TEG- AACCAGACCACCCATAGC

T18_03 CAGCCGTCGAAGCGCAGTCTCTGGCTATGGGTGGTCTGGTT AACCAGACCACCCATAGC-TEG-Chol-3'

T18_06 ACAAAGCCCCTGCCTGAGTAATGGCTATGGGTGGTCTGGTT

oligoname Sequence Description Partner staples

E_06 TAGTAATAACATCACTTGCAAAAAACACCAAACCC staples with extension for Al488 dye 5'-Alexa488- GGGTTTGGTGTTTTTT

E_13 CCCAAACCACAAAAAATTCTGACCTGAAAGCGTAA TTTTTTGTGGTTTGGG-Alexa488-3'

F_06 CCCAAACCACAAAAAACCTGGGGTGCCTAATG

F_13 GCCAGGGTTTTCCCAGAAAAAACACCAAACCC



 

 

 

 

2. Functional staples for Origami Q 

 

Bottom positions 

 

 

 

  

oligoname Sequence Description Partner staples

B_00 ATTCCTGATTACTTTTACCT unmodified staples

B_01 AGTAGGGCTTAAAGATAATC

B_02 AGCTATCTTACCAAAAGAATA

B_03 GCGTCATACATAGCGGGCC

B_04 CCTCAGCAGCGACCAGCGCT

B_05 CAAAAGAAGTTAAGCGGACA

B_06 GTGAGAAAGGCCAATCATCA

B18_00 ATTCCTGATTACTTTTACCTGCTATGGGTGGTCTGGTT staples with extension for TEG-Chol(18) 5'-Chol-TEG- AACCAGACCACCCATAGC

B18_01 AGTAGGGCTTAAAGATAATCGCTATGGGTGGTCTGGTT AACCAGACCACCCATAGC-TEG-Chol-3'

B18_02 AGCTATCTTACCAAAAGAATAGCTATGGGTGGTCTGGTT

B18_03 GCGTCATACATAGCGGGCCGCTATGGGTGGTCTGGTT

B18_04 CCTCAGCAGCGACCAGCGCTGCTATGGGTGGTCTGGTT

B18_05 CAAAAGAAGTTAAGCGGACAGCTATGGGTGGTCTGGTT

B18_06 GTGAGAAAGGCCAATCATCAGCTATGGGTGGTCTGGTT

B09_00 ATTCCTGATTACTTTTACCTGGTCTGGTT staples with extension for TEG-Chol(9) 5'-Chol-TEG- AACCAGACC

B09_03 GCGTCATACATAGCGGGCCGGTCTGGTT

B09_06 GTGAGAAAGGCCAATCATCAGGTCTGGTT

B27_03 GCGTCATACATAGCGGGCCGCTATGGGTGGTCTGGTTGGGATTGGC staple with extension for TEG-Chol(27) 5'-Chol-TEG- GCCAATCCCAACCAGACCACCCATAGC

BD_00 ATTCCTGATTACTTTTACCTAAAAAACACCAAACCC staples with extension for Atto488 dye 5'-Atto488- GGGTTTGGTGTTTTTT

BD_01 AGTAGGGCTTAAAGATAATCAAAAAACACCAAACCC

BD_02 AGCTATCTTACCAAAAGAATAAAAAAACACCAAACCC

BD_03 GCGTCATACATAGCGGGCCAAAAAACACCAAACCC

BD_04 CCTCAGCAGCGACCAGCGCTAAAAAACACCAAACCC

BD_05 CAAAAGAAGTTAAGCGGACAAAAAAACACCAAACCC

BD_06 GTGAGAAAGGCCAATCATCAAAAAAACACCAAACCC



 

 

 

 

Top positions 

 

 

 

  

oligoname Sequence Description Partner staples

T_00 TAGATTGCTAACCACCAGAAG unmodified staples

T_01 AACCTAATTTATTCTTACCAGT

T_02 CTTTGTCAAATAAGAGCAAG

T_03 ACCCGTCGAGAGCGCAGTCTCT

T_04 CTCGGAGATTAGTTAAAGGCCG

T_05 ACGAAAGACCGATAAAAACCAA

T_06 AACCCAAAAATGAGTAATGTGT

TD_00 TAGATTGCTAACCACCAGAAGAAAAAACACCAAACCC staples with extension for At488 dye 5'-Atto488- GGGTTTGGTGTTTTTT

TD_01 AACCTAATTTATTCTTACCAGTAAAAAACACCAAACCC

TD_02 CTTTGTCAAATAAGAGCAAGAAAAAACACCAAACCC

TD_03 ACCCGTCGAGAGCGCAGTCTCTAAAAAACACCAAACCC

TD_04 CTCGGAGATTAGTTAAAGGCCGAAAAAACACCAAACCC

TD_05 ACGAAAGACCGATAAAAACCAAAAAAAACACCAAACCC

TD_06 AACCCAAAAATGAGTAATGTGTAAAAAACACCAAACCC

T18_00 TAGATTGCTAACCACCAGAAGGCTATGGGTGGTCTGGTT staples with extension for TEG-Chol(18) 5'-Chol-TEG- AACCAGACCACCCATAGC

T18_03 ACCCGTCGAGAGCGCAGTCTCTGCTATGGGTGGTCTGGTT AACCAGACCACCCATAGC-TEG-Chol-3'

T18_06 AACCCAAAAATGAGTAATGTGTGCTATGGGTGGTCTGGTT

T09_00 TAGATTGCTAACCACCAGAAGGGTCTGGTT staples with extension for TEG-Chol(9) 5'-Chol-TEG- AACCAGACC

T09_03 ACCCGTCGAGAGCGCAGTCTCTGGTCTGGTT

T09_06 AACCCAAAAATGAGTAATGTGTGGTCTGGTT



 

 

 

 

Lateral positions (left side) 

 

 

 

  

oligoname Sequence Description Partner staples

L_00 ATCGACAACTGAGGATTTAGA unmodified staples

L_01 ATAGATGATGGCGAATTATTC

L_02 TTGATAAATGACCTAAATTTA

L_03 GGAAACCAAGGCTGTCTTTCC

L_04 AAAACTGAACATAAAAACAG

L_05 GAGAGGGAGAGCGCCAAAGAC

L_06 TAGCATTGAAGCCGCCACCA

L_07 TTACCCTCAGGTGTATCACCG

L_08 TGCTTGATATATCAGCTTGCT

L_09 TGGAGGCGCAATCCGCGACC

L_10 GAAACTAATAGATTCATCAGT

L_11 TTCAGGATTAAAGCGAACCA

L_12 AATGTAATAAAGCTAAATCGG

L_13 GTAAATTTTATTGTAAACGTT

LS_00 TATATATTTATCGACAACTGAGGATTTAGA staples for lateral oligomerization

LS_01 TATATATTTATAGATGATGGCGAATTATTC

LS_02 TATATATTTTTGATAAATGACCTAAATTTA

LS_03 TATATATTTGGAAACCAAGGCTGTCTTTCC

LS_04 TATATATTTAAAACTGAACATAAAAACAG

LS_05 TATATATTTGAGAGGGAGAGCGCCAAAGAC

LS_06 TATATATTTTAGCATTGAAGCCGCCACCA

LS_07 TATATATTTTTACCCTCAGGTGTATCACCG

LS_08 TATATATTTTGCTTGATATATCAGCTTGCT

LS_09 TATATATTTTGGAGGCGCAATCCGCGACC

LS_10 TATATATTTGAAACTAATAGATTCATCAGT

LS_11 TATATATTTTTCAGGATTAAAGCGAACCA

LS_12 TATATATTTAATGTAATAAAGCTAAATCGG

LS_13 TATATATTTGTAAATTTTATTGTAAACGTT



 

 

 

 

Lateral positions (right side) 

 

 

 

  

oligoname Sequence Description Partner staples

R_00 ATATCTGGTCAGACCATATAG unmodified staples

R_01 ATTTTCAGGTTTCAATAGTCC

R_02 TCCGGCTTAGGTAAAGTACAC

R_03 AACATGTTCAGCTACAATTAG

R_04 CCTAATTTGCCAGGGAATACGT

R_05 TAGCAAACGTAGCAGACTGTT

R_06 AGCGTTTGCCATCACAGTTAAA

R_07 AGTATTAAGAGGTAGTAAATT

R_08 TCAGCGGAGTGAATTAAACAA

R_09 CGAAAGAGGCAAAACGAGTATG

R_10 TGAATTACCTTAATCCCCCAA

R_11 TCAAAAATCAGGTCATTTCGCG

R_12 CGAGCTGAAAAGTTTGAGACA

R_13 AACAAGAGAATCATCTGCCCC

RS_00 TATATATTTATATCTGGTCAGACCATATAG staples for lateral oligomerization

RS_01 TATATATTTATTTTCAGGTTTCAATAGTCC

RS_02 TATATATTTTCCGGCTTAGGTAAAGTACAC

RS_03 TATATATTTAACATGTTCAGCTACAATTAG

RS_04 TATATATTTCCTAATTTGCCAGGGAATACGT

RS_05 TATATATTTTAGCAAACGTAGCAGACTGTT

RS_06 TATATATTTAGCGTTTGCCATCACAGTTAAA

RS_07 TATATATTTAGTATTAAGAGGTAGTAAATT

RS_08 TATATATTTTCAGCGGAGTGAATTAAACAA

RS_09 TATATATTTCGAAAGAGGCAAAACGAGTATG

RS_10 TATATATTTTGAATTACCTTAATCCCCCAA

RS_11 TATATATTTTCAAAAATCAGGTCATTTCGCG

RS_12 TATATATTTCGAGCTGAAAAGTTTGAGACA

RS_13 TATATATTTAACAAGAGAATCATCTGCCCC

R18_00 ATATCTGGTCAGACCATATAGGCTATGGGTGGTCTGGTT staples with extension for TEG-Chol(18) 5'-Chol-TEG- AACCAGACCACCCATAGC

R18_06 AGCGTTTGCCATCACAGTTAAAGCTATGGGTGGTCTGGTT AACCAGACCACCCATAGC-TEG-Chol-3'

R18_12 CGAGCTGAAAAGTTTGAGACAGCTATGGGTGGTCTGGTT



 

 

 

 

Edge positions 

 

 

 

  

oligoname Sequence Description Partner staples

E_08 TTACCGCCAGCCATTG staples for tip-to-tip interactions:

E_09 CAACAGGAAAAACGCT - Q-E5 structures (10 of 10)

E_10 CTCAATCGTCTGAAAT - Q-E7 structures (10 of 14)

E_14 TGAATGGCTATTAGTCTTT - Q-E13 structures (10 of 26)

E_18 GCTGAGAGCCAGCAGC

F_08 TCCGCTCACAATTC

F_09 TTCCTGTGTGAAATTGTTA

F_10 TAGAGGATCCCCGGGTACC

F_14 GGGGGATGTGCTGCAA

F_18 GCCAGCTTTCCGGCACCGC

E_04 TTTATAATCAGTGAGGCCA additional staples:

E_19 AAATGAAAAATCTAAA - Q-E7 structures (4 of 14)

F_04 CCAGTCGGGAAACCTG - Q-E13 structures (4 of 26)

F_19 AAGATCGCACTCCA

E_03 CGATTAAAGGGATTTT additional staples:

E_05 CCGAGTAAAAGAGTCTGTC - Q-E13 structures (12 of 26)

E_06 CTTTGATTAGTAATAACAT

E_07 CACTTGCCTGAGTAGAAGA

E_11 GGATTATTTACATTGG

E_15 AATGCGCGAACTGATAGCC

F_03 AATCGGCCAACGCGC

F_05 GCTCACTGCCCGCTTT

F_06 GGTGCCTAATGAGTGA

F_07 AAAGTGTAAAGCCTGG

F_11 CTGCAGGTCGACTC

F_15 ACGCCAGCTGGCGAAA



 

 

 

 

3. Functional staples for Origami L 

 

Bottom positions 

 

 

 

 

 

 

Top positions 

 

 

 

 

oligoname Sequence Description Partner staples

B_00 ATTATCATCATAAACAGTATG unmodified staples

B_01 GCTCAACAGTAGCAACAATCG

B_02 GCAATAGCTATCCATATAAAC

B_03 GTAAGCGTCATGATTAGCAC

B_04 TCAGCAGCGAAAAGCGATTGA

B_05 AGAAGTTTTGCCGATTGCAAA

B_06 AAGGCCGGAGACATGTACCTC

B18_00 ATTATCATCATAAACAGTATGGCTATGGGTGGTCTGGTT staples with extension for TEG-Chol(18) 5'-Chol-TEG- AACCAGACCACCCATAGC

B18_03 GTAAGCGTCATGATTAGCACGCTATGGGTGGTCTGGTT

B18_06 AAGGCCGGAGACATGTACCTCGCTATGGGTGGTCTGGTT

oligoname Sequence Description Partner staples

T_00 AAATTCGCCCGGAACAAAGAA unmodified staples

T_01 ATTCCCATCTATACAAATTCT

T_02 ATTTATTTCCAATAATAAGA

T_03 AAGTGCCGTGGAAAGCGCAGT

T_04 CAAGATTTGTTAAAGGCCGCT

T_05 TTACTTCAAAAAACCAAAATA

T_06 AGACAGGAAATGTGTAGGTAA

TD_00 AAATTCGCCCGGAACAAAGAAAAAAAACACCAAACCC staples with extension for At488 dye 5'-Atto488- GGGTTTGGTGTTTTTT

TD_01 ATTCCCATCTATACAAATTCTAAAAAACACCAAACCC

TD_02 ATTTATTTCCAATAATAAGAAAAAAACACCAAACCC

TD_03 AAGTGCCGTGGAAAGCGCAGTAAAAAACACCAAACCC

TD_04 CAAGATTTGTTAAAGGCCGCTAAAAAACACCAAACCC

TD_05 TTACTTCAAAAAACCAAAATAAAAAAACACCAAACCC

TD_06 AGACAGGAAATGTGTAGGTAAAAAAAACACCAAACCC




