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a) AFM: folded from commercially available λ DNA:

b) AFM: folded directly from bacteriophage λ
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c) TEM: folded directly from bacteriophage λ
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Design of the 2D Rectangle

Figure S10:
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Design of the 6 Helix Bundle

Figure S11:
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Figure S12:



Design of the 3 Layer Block

Figure S13:
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C G G C T T T C C C C G T C A A G C T C T A A A T C G G G G G C T C C C T T G A T A G A C G G T T T T T C G C C C T T  T G A C G T T G G A G T C C A C G T T C T T T A A T A G T G G A C T C T T G T T C C A A A C T G G A A C A A C A C T C A A C C C T A T C T C G  G G C T A T T C T T T T G A T T T A T A A G G G A T T T T G C C G A T T T C G G A A C C A C C A T C A A A C A G G A T T

CCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTT GCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGC TTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGG TGAAGGGC

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

TTGAGTTCTTCTACTCAGGCAAGTGATGTTATTACTAATCAAAGAAGTATTGCTACA ACGGTTAATTTGCGTGATGGACAGACTCTTTTACTCGGTGGCCTCACTGATTATAAAAACAC CTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACT GGAAAGCGGGCAGT

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

CATTCAAAAATATTGTCTGTGCCACGTATTCTTACGCTTTCAGGTCAGAAGGGTTCT ATCTCTGTTGGCCAGAATGTCCCTTTTATTACTGGTCGTGTGACTGGTGAATCTGC GCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGG AAACAGCTATGACCATGATTACGAATTCGA

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

CAACTGTTGATTTGCCAACTGACCAGATATTGATTGAGGGTTTGATATTTGAGGTTCAGCAAG GTGATGCTTTAGATTTTTCATTTGCTGCTGGCTCTCAGCGTGGCACTGTTGCAGGCGGT TGACCGTGAAAACGGCCCGCCGCATTCTGGCCGCAGCACCACAGAGTGCACAGGCGCGCA GTGACACT

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

TCTGATAATCAGGAATATGATGATAATTCCGCTCCTTCTGGTGGTTTCTTTGTTCCG CAAAATGATAATGTTACTCAAACTTTTAAAATTAATAACGTTCGGGCAAAGGATTTAATACG CGTTAACGATTTGCTGAACACACCAGTGTAAGGGATGTTTATGACGAGCAAAGAAAC CTTTACCCATTACC

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

CCTCTGCGCGATTTTGTAACTTGGTATTCAAAGCAATCAGGCGAATCCGTTATTGTT TCTCCCGATGTAAAAGGTACTGTTACTGTATATTCATCTGACGTTAAACCTGAAAA CAATGACCCCGCTGATGCTGGACACCTCCAGCCGTAAGCTGGTTGC GTGGGATGGCACCACCGACGGTGCTGCCGTT

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

TTCTCAGCGTCTTAATCTAAGCTATCGCTATGTTTTCAAGGATTCTAAGGGAAAATTAATTAA TAGCGACGATTTACAGAAGCAAGGTTATTCACTCACATATATTGATTTATGTACTGTTT TCTGGCCGGAGGCTGCCAGCGACGAGACGAAAAAACGGACCGCGTTTGCCGGAACGGCAA TCAGCATC

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

ATTATGATTCCGGTGTTTATTCTTATTTAACGCCTTATTTATCACACGGTCGGTATT TCAAACCATTAAATTTAGGTCAGAAGATGAAATTAACTAAAATATATTTGAAAAAGTTTTCT CGATGTACACAACCGCCCAACTGCTGGCGGCAAATGAGCAGAAATTTAAGTTTGATC CGCTGTTTCTGCGT

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

CGCGTTCTGCATTAGCTGAACATGTTGTTTATTGTCGTCGTCTGGACAGAATTACTT TACCTTTTGTCGGTACTTTATATTCTCTTATTACTGGCTCGAAAATGCCTCTGCCT AACATGGCGCTGTACGTTTCGCCGATTGTTTCCGGTGAGGTTATCCG TTCCCGTGGCGGCTCCACCTCTGAAAGCTT
G G A A T G A T A A G G A A A G A C A G C C G A T T A T T G A T T G G T T T C T A C A T G C T C G T A A A T T A G G A  T G G G A T A T T A T T T T T C T T G T T C A G G A C T T A T C T A T T G T T G A T A A A C A G G 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 C G T G A C T G G G A A A A C C C T G G C G T T A C C C A A C T T A A T C G C C T T G C A G C A C A T C C C C C T

ACCGGATAAGCCTTCTATATCTGATTTGCTTGCTATTGGGCGCGGTAATGATTCCTACGATGA AAATAAAAACGGCTTGCTTGTTCTCGATGAGTGCGGTACTTGGTTTAATACCCGTTCTT TTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGC AGCCTGAA

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

TGTAAAGGCTGCTATTTTCATTTTTGACGTTAAACAAAAAATCGTTTCTTATTTGGA TTGGGATAAATAATATGGCTGTTTATTTTGTAACTGGCAAATTAGGCTCTGGAAAGACGCTC ATCTTCCTGAGGCCGATACTGTCGTCGTCCCCTCAAACTGGCAGATGCACGGTTACG ATGCGCCCATCTAC

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

TTTCCTCGGTTTCCTTCTGGTAACTTTGTTCGGCTATCTGCTTACTTTTCTTAAAAA GGGCTTCGGTAAGATAGCTATTGCTATTTCATTGTTTCTTGCTCTTATTATTGGGC TCGCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAAGGCCAGA CGCGAATTATTTTTGATGGCGTTCCTATTGG

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

ATATTTACCTTCCCTCCCTCAATCGGTTGAATGTCGCCCTTTTGTCTTTGGCGCTGGTAAACC ATATGAATTTTCTATTGATTGTGACAAAATAAACTTATTCCGTGGTGTCTTTGCGTTTC CAATCTTCCTGTTTTTGGGGCTTTTCTGATTATCAACCGGGGTACATATGATTGACATGC TAGTTTTA

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

AGATGGCAAACGCTAATAAGGGGGCTATGACCGAAAATGCCGATGAAAACGCGCTAC AGTCTGACGCTAAAGGCAAACTTGATTCTGTCGCTACTGATTACGGTGCTGCTATCGATGGT AGATCTCTCAAAAATAGCTACCCTCTCCGGCATTAATTTATCAGCTAGAACGGTTGA ATATCATATTGATG

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

AATTCAGAGACTGCGCTTTCCATTCTGGCTTTAATGAGGATTTATTTGTTTGTGAAT ATCAAGGCCAATCGTCTGACCTGCCTCAACCTCCTGTCAATGCTGGCGGCGGCTCT TTAAAATATATGAGGGTTCTAAAAATTTTTATCCTTGCGTTGAAAT AAAGGCTTCTCCCGCAAAAGTATTACAGGGT

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

CGGCACTTATCCGCCTGGTACTGAGCAAAACCCCGCTAATCCTAATCCTTCTCTTGAGGAGTC TCAGCCTCTTAATACTTTCATGTTTCAGAATAATAGGTTCCGAAATAGGCAGGGGGCAT ATGATTTATTGGATGTTAATGCTACTACTATTAGTAGAATTGATGCCACCTTTTCAGCTC GCGCCCCA

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

CTTTAGATCGTTACGCTAACTATGAGGGCTGTCTGTGGAATGCTACAGGCGTTGTAG TTTGTACTGGTGACGAAACTCAGTGTTACGGTACATGGGTTCCTATTGGGCTTGCTATCCCT TACTCGTTCGCAGAATTGGGAATCAACTGTTATATGGAATGAAACTTCCAGACACCG TACTTTAGTTGCAT

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

AACTATCGGTATCAAGCTGTTTAAGAAATTCACCTCGAAAGCAAGCTGATAAACCGA TACAATTAAAGGCTCCTTTTGGAGCCTTTTTTTTGGAGATTTTCAACGTGAAAAAA CTTATCAAAAGGAGCAATTAAAGGTACTCTCTAATCCTGACCTGTT GGAGTTTGCTTCCGGTCTGGTTCGCTTTGAA

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

AGGTTGGTGCCTTCGTAGTGGCATTACGTATTTTACCCGTTTAATGGAAACTTCCTCATGAAA AAGTCTTTAGTCCTCAAAGCCTCTGTAGCCGTTGCTACCCTCGTTCCGATGCTGTCTTT ATAGTCAGGGTAAAGACCTGATTTTTGATTTATGGTCATTCTCGTTTTCTGAACTGTTTA AAGCATTT

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

AGCCAGCCTATGCGCCTGGTCTGTACACCGTTCATCTGTCCTCTTTCAAAGTTGGTC AGTTCGGTTCCCTTATGATTGACCGTCTGCGCCTCGTTCCGGCTAAGTAACATGGAGCAGGT TACTATTACCCCCTCTGGCAAAACTTCTTTTGCAAAAGCCTCTCGCTATTTTGGTTT TTATCGTCGTCTGG

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

TAGTTGAATGTGGTATTCCTAAATCTCAACTGATGAATCTTTCTACCTGTAATAA TGTTGTTCCGTTAGTTCGTTTTATTAACGTAGATTTTTCTTCCCAACGTCCTGACTGGTATAATGAGCCAGTTCTTAAA ATCGCATAAGGTAATTCACAATGATTAAAGTTGAAATTAAACCATCTCAAGCCCAA

TTGACGGG TTTAGAGC GCCCCCGA ACCGTCTATCAAGGGA GGCGAAAA AAG GTCA GAACGTGGACTCCAAC CTATTAAA AGAGTCCA GTTCCAGTTTGGAACA TGAGTGTT CGAGATAGGGT AGCC AAAAGAAT TATAAATC AAATCCCT GGTTCCGAAATCGGCA

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

AGGAACGGTACGCCAG TTTTAGAC AGGCCGATTAAAGGGA AGG AAAC CGGGAGCT CTCGTTAGAATCAGAG GTGCTTTC CGTATAAC GACGAGCA GTACTATGGTTGCTTT AGCTGATTCGC GAGACGGGCAAC TCACCAGT TTTTCTTT TGGGCGCCAGGGTGGT

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

TGAAATGG CGTC CAAT TTGACGCT CCTACATT TGGAAATA TCA ACGC CAGGAAAA CATTGCAA CCGCCAGC CAATATTA ATCCAGAA CTGGTAAT CGGCCTTG CTCACTAT GCGTTGCG ATT ATTA TAACTCAC GAGTGAGC TGCCTAAT GCCTGGGG AGTGTAAA

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

GGCGGTCA AGAGGTGA GATAAAAC CAGCAGAA CGAACCAC ATACCGAA AAA ATTA ACATCGCC GCCCTAAA AACTGATA AATGCGCG AGCGCTATTAGTCTTT GGGTACCG GGATCCCC TGA CAGT CCTCCTCA TCCGTGAG TCTTCGCG GTGCCTGT CAGCACGC

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

TACAAACA TTAGACTT TAGAAGTA TGAGGATT AATACATT GAT AATA GAGCCGTC ATAGATTA AACAACTA GGAGCACT TATCTTTA ATCTAAAA GGAAGGTT GGAATTGA TCCAGCGCAAA ACGA TGCATCAG GTGCCCCC CGGTGCCG GCAGCCAG GGTTACCT

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

TAAA GAAA GTAAAACA ATTTGCAC TCAAAATT CTACCATA AAC TTAG TGGAAGGG CTGAATAA TTATACTT TGTTTGGA ATCCTGAT TCAATATA GCAATTCA GCTTGATG GCCCTGCG GTT CACT AGCCGGGT GCGGTATG GCGCGGTT TCCGCCGG GCACTCAA

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

TTACCTTT CATTTGAA AACAATTT TTACATTT AAAATTAA AAGAAAAC ATC AAAC GATGAAAC AAGAAGAT CTGAGCAA TCAATTAC TATTCATT GCCCGAAT GCAAGAAT CAGCAACC CAG TGGT TGCTGGTC CAGCGTGG TAGAACGT CGGACTTG GAACGTGC

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

TCGCAAGA AAATCCAA GCTGATGC ATGTAAAT ATAACTAT TAT GGGT CTTAGGTT ACCTCCGG CCTTTTTA AGAGACTA TAGGTCTG CAAAATCA ATTTAT TCAATAGTGA AGTTAAACGAG GTAA GATGAAGG CCTTTAGT ACAGGCGG AAAGCCGC CCGTAAAA

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

AACAACGC CCATATTT GAGAATCG GCTTAATT ACAGTAGG TCA ACGC TAAAGCCA TACCAGTA CAAATTCT GCGTTATA TATCATAT CTGTTTAG GAAAAAGC GAGTACTA CGGAAAAA TCA GCTC AAGGGATA CCGTGGTG GACTTTCT GAGAGATA GAATTTGT

T T C G A G C C A G T A A T A A G A G A A T A T A A A G T A C C G A C A A A A G G T A A A G T A A T T C T G T C C A G A C G A C G A C A A T A A A C A A C A T G T T C A G C T A A T G C A G A A C G C G A A G C T T T C A G A G G T G G A G C C G C C A C G G G A A C G G A T A A C C T C A C C G G A A A C A A T C G G C G A A A C G T A C
CTTTCCTT TCGGCTGT ATCAATAA AGAAACCA GAGCATGT TAATTTAC TCC CCCA AATAATAT ACAAGAAA AGTCCTGA AATAGATA TTATCAAC GCCCCTGT CGGCCAGT TAAAACGA TTG GACG CCAGTCAC GGGTTTTC TAACGCCA AAGTTGGG AGGCGATT

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

GAATCTTA TTTATCCT GCTACAAT TGCACCCA TGCTATTT AGT GATT TAAATCAA TGAAGCCT GGAGGTTT GACTTGCG AACCTCCC TTTTAGCG GCGAGGCG CTAAGAAC ATTCGCCAATT CGCC AGGCAAAG CGGAAACC TCTGGTGC GCACCGCT GCTTTCCG

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

AACCCACA AGAGAGAT CTAATATC ATTGAGCG AGAGGGTA ACAAAGTC TGA ACCC AACTGAAC GGAGAATT ATTAGACG GGAAGCGC AAAAACAG AATAACAT GGTGAGAG GTCACGTT TAG GGGA ACCGTAAT GCGGATTG AACAAACG TCCGTGGG TCGGATTC

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

GTGGCAAC ACATAAAG AAATACAT AACGTAGA TGTTAGCA ACGCAGTA ATT CCTT TTAAGACT TGGCATGA AAAAGAAC GAATACCC TAATAACG TAACGCAA TCATTTTT AAATCAGC GTT TTTT CATTAAAT AAAATTCG ATTTTGTT ACGTTAAT AATTGTAA

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

CGGAAACG AGCAAGGC TTACCATT TAGCACCA ATCACCAG AAA CAGC ATTAGAGC ATTTGGGA CTTGAGCC GTCACCGA TTATCACC AAGGTGAA ATTCATTA CGGAAATT GGTAATCGTGA GAAC GAATCGAT AAACAAGA TCTGGAGC CCTGAGAG GGTCATTG

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

GCCGCCAC CCCTCAGA AGCCACCA ACCCTCAG GAACCGCC TCA ACCC GAGCCGCC CTCCCTCA GGAACCGC CCACCACC AACCAGAG ATCACCGG TAATCAAA CACTTTCA AGTCAAAT GAC CGGA AGAAAGGC AAAGGGTG AAGATTCA TGTAGGTA GAGTAATG

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

CCCGTATA TAACAGTG GCCTTGAG GGGTCAGT TTTTAACG GTAATAAG CTG TGTA TACAGGAG TTTGATGA ACATGGCT AGCGTCAT TTCCAGTA ATGTACCG AAAACATT TTGTACCA CGG AAAT ATAAAGCT CTCAGAGC AATAAAGC AATTAAGC ATTAGCAA

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

AGCCACCA ACCCTCAG GAACCGCC CACCCTCA AGAACCGC CTC CACC AGTACCGC GGAGGTTT CGTACTCA TGTATCAC GGAATAGG TATAGCCC GATATAAG AGAGGGTT TTTTCATTTCG TATA TGTTTAGC CAATAACC CAAATGGT ACATTTCG CATTAGAT

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

TAAAGGAA GGAACAAC AATAGAAA GGAGTGAG GTTTCAGC ACA TTCA AAACAACT ATTTTGCT TGTATGGG GAATTTTC TAGTAAAT CCAGACGT TCGTCTTT AATTTTTG ATGTTTTA AAC GCTC ATGCTGTA TGAATATA TTAATTGC CTTAGAGC GCGGATGG

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

GTCACCCT GCGGGATC CCGCTTTT GTTAAAGG TGCAGGGA CTGAGGCT TCG TCGG CGATATAT CGCATAAC ATCGCCCA CAACAACC GACAATGA AGCGCGCC TTAATTCG ATCGCGTT AAT TTCA CGAAAGAC AGGAAGCC AGATTAAG CATCAAAA GCGGATTG

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

AATTGTGT GCCTGATA GTATCATC GGAGATTT AGTACAAC CAA GAAA CCAAGCGC CGATTATA ACCCCCAG CATCTTTG AAAACACT AATACACT GGCAAAAG ACGAAAGA TCCCCCTCAAA TGAA ATATTCAT CGTCATAA TGCGGAAT TCCAATAC GGATAGCG

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

AACACCAG GCTTGCCCTGACGAGA TGAATAAG TCATTCAG AACAAAGCTGC ACGT CCAAATCA TTCATTAC TGACAAGAACCGGATA AGTAATCT TCATCAAG CGTTTAGACCT CCCT TATCATAA AGCAACAC TACGAGGCATAGTAAG AAAGGAAT TAACGCCA

G G T T T A A T T T C A A C T T T A A T C A T T G T G A A T T A C C T T A T G C G A T T T T A A G A A C T G G C T C A T T A T A C C A G T C A G G A C G T T G G G A A G A A A A A T C T A C G T T A A T A A A A C G A A C T A A C G G A A C A A C A T T A T T A C A G G T A G A A A G A T T C A T C A G T T G A G A T T T A G G A A T A C C
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Figure S14: Design of the λ DNA Origami Structure
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�Figure S15: Truncated λ DNA Origami Design 

The caDNAno file generated by the python script (Appendix S1) 
is to big to be opened with the caDNAno software. This trunca-
ted design with only 12 double helices instead of 154 was gene-
rated to check if the design as well as the computed sequences 
are correct.
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Figure S16: Entire Design Schematics of the λ DNA Origami Structure 



#!/usr/bin/env python
# encoding: utf-8

'''
Coded by B. Hogberg

Draws the design for the lambda double-rectangle, saves a caDNAno-compatible file and
computes the staple sequences.

For a 12 helices tall rectangle, the staples generated by caDNAno and this script matches 
perfectly.  
'''

# Python standard libraries
import string
import os
import sys

import caDNAnoFileHandlerClass as caDNAno

def caDNAnifyScaffold(fragments,VirtStrands):
    # Describing each fragment like this:
    # [ [at this helix,at this base], [coming from helix,base], [at this helix,go to this 
base],[continued by this helix, this base] ]
    #
    # So a list of fragments will be:
    # [ [[helix1,base1], [fromHelix1,fromBase1], [goToHelix1,goToBase1], [toHelix1, 
toBase1] ],  
    #   [[helix2,base2], [fromHelix2,fromBase2], [goToHelix2,goToBase2], [toHelix2, 
toBase2] ] ]
    #
    for frag in fragments:
        currStrandIndex=frag[0][0]
        nextStrandIndex=frag[2][0]
        prevStrandIndex=frag[1][0]
        if currStrandIndex%2==0:
            evenStrand=True
        else:
            evenStrand=False
        currBpIndex=frag[0][1]
        if evenStrand:
            nextBpIndex=frag[0][1]+1
        else:
            nextBpIndex=frag[0][1]-1
        prevBpIndex=frag[1][1]
        # Defining indecies to loop through if even strand left to right
        # if odd strand right to left.
        if evenStrand:
            indecies=range(frag[0][1],frag[2][1])
        else:
            indecies=range(frag[2][1],frag[0][1])[::-1]
        for bp in indecies:
            VirtStrands[currStrandIndex]
[currBpIndex]=[prevStrandIndex,prevBpIndex,nextStrandIndex,nextBpIndex]
            prevStrandIndex=currStrandIndex
            prevBpIndex=currBpIndex
            currBpIndex=nextBpIndex
            if evenStrand:
                nextBpIndex=currBpIndex+1
            else:
                nextBpIndex=currBpIndex-1
        # Last bp:
        VirtStrands[frag[2][0]][frag[2][1]]=[prevStrandIndex,prevBpIndex,frag[3]
[0],frag[3][1]]

def caDNAnifyStaples(fragments,VirtStrands,printOut=False):
    # 
    # 
    # Same as above but with changed directions of odd and even strands
    # 
    # 
    # 
    #
    for frag in fragments:
        currStrandIndex=frag[0][0]
        nextStrandIndex=frag[2][0]
        prevStrandIndex=frag[1][0]
        if currStrandIndex%2==0:
            evenStrand=True
            if not frag[0][1]>frag[2][1]:
                print 'Strand in wrong direction!'
                return
        else:
            evenStrand=False
            if not frag[0][1]<frag[2][1]:
                print 'Strand in wrong direction!'
                return
        currBpIndex=frag[0][1]
        if evenStrand:
            nextBpIndex=frag[0][1]-1
        else:
            nextBpIndex=frag[0][1]+1
        prevBpIndex=frag[1][1]
        # Defining indecies to loop through if even strand left to right
        # if odd strand right to left.
        if evenStrand:
            indecies=range(frag[2][1],frag[0][1])[::-1]
        else:
            indecies=range(frag[0][1],frag[2][1])
        for bp in indecies:
            VirtStrands[currStrandIndex]
[currBpIndex]=[prevStrandIndex,prevBpIndex,nextStrandIndex,nextBpIndex]
            if printOut:
                print [prevStrandIndex,prevBpIndex,nextStrandIndex,nextBpIndex]
                print VirtStrands[currStrandIndex][currBpIndex]
            prevStrandIndex=currStrandIndex
            prevBpIndex=currBpIndex
            currBpIndex=nextBpIndex
            if evenStrand:
                nextBpIndex=currBpIndex-1
            else:
                nextBpIndex=currBpIndex+1
        # Last bp:
        VirtStrands[frag[2][0]][frag[2][1]]=[prevStrandIndex,prevBpIndex,frag[3]
[0],frag[3][1]]
        if printOut:
            print VirtStrands[currStrandIndex][currBpIndex]

###############
#
#   Variables
# 
################
lastBpIndex=671
lastStrandIndex=155
lftBrPt=[0,168] # 5'-end of strand is at [helix, base]
rghtBrPt=[lastStrandIndex,487]

##########################
#

# Some Initialization...
#
##########################
obj=caDNAno.caDNAnoFileHandler()
obj.initializeEmpty()
# Make empty virtual scaffold strands:
scaffVirtStrands=[[[-1,-1,-1,-1] for i in range(lastBpIndex+1)] for s in 
range(lastStrandIndex+1)]
# Make empty virtual staple strands:
stapVirtStrands=[[[-1,-1,-1,-1] for i in range(lastBpIndex+1)] for s in 
range(lastStrandIndex+1)]

######################################################
#
# Scaffold Routing
#
######################################################

# Make a list of deletion positions
bp=-1
deletions=[]
while bp+5*16 < lastBpIndex:
    insertedDeletions=0
    for i in range(5):
        bp=bp+16
        if i%2==0 and insertedDeletions<2:
            deletions.append(bp)
            insertedDeletions+=1
skipMaster=[0 for i in range(lastBpIndex+1)]
for deletion in deletions:
    skipMaster[deletion]=1
skipVirtStrands=[skipMaster for i in range(lastStrandIndex+1)]

# First two strand fragments:
firstStrandFragments0=[[  [0,88],  [1,88],   [0,322],[1,322]],
                      [[0,408],[1,408],   [0,631],[1,631]]]
caDNAnifyScaffold(firstStrandFragments0,scaffVirtStrands)
firstStrandFragments1=[[[1,631],[0,631], [1,488], [2,488]],  

   [[1,487],[2,487], [1,408], [0,408]],
   [[1,322],[0,322], [1,168], [2,168]],

                       [[1,167],[2,167], [1,88],  [0,88]]]
caDNAnifyScaffold(firstStrandFragments1,scaffVirtStrands)

# Last strand fragments:
lastStrandFragments=[[[lastStrandIndex,642],[lastStrandIndex-1,642], [lastStrandIndex,
323],[lastStrandIndex-1,323]],
                     [[lastStrandIndex,322],[lastStrandIndex-1,322], [lastStrandIndex,3],
[lastStrandIndex-1,3]]]

caDNAnifyScaffold(lastStrandFragments,scaffVirtStrands)

# All the other strands
for s in range(2,lastStrandIndex):
    if s%2==0:  
        # Even strands
        betweenFragments=[
                          [[s,3],   [s+1,3],   [s,167], [s-1,167]],
                          [[s,168], [s-1,168], [s,322], [s+1,322]],
                          [[s,323], [s+1,323], [s,487], [s-1,487]],
                          [[s,488], [s-1,488], [s,642], [s+1,642]]
                         ]
    else:   # Odd strands

        betweenFragments=[
                          [[s,642], [s-1,642], [s,488], [s+1,488]],
                          [[s,487], [s+1,487], [s,323], [s-1,323]],
                          [[s,322], [s-1,322], [s,168], [s+1,168]],
                          [[s,167], [s+1,167], [s,3],   [s-1,3]]
                         ]
    caDNAnifyScaffold(betweenFragments,scaffVirtStrands)

# Insert breakpoints
scaffVirtStrands[lftBrPt[0]][lftBrPt[1]][0]=-1
scaffVirtStrands[lftBrPt[0]][lftBrPt[1]][1]=-1
if lftBrPt[0]%2==0:
    mod=-1
else:
    mod=+1
scaffVirtStrands[lftBrPt[0]][lftBrPt[1]+mod][2]=-1
scaffVirtStrands[lftBrPt[0]][lftBrPt[1]+mod][3]=-1

scaffVirtStrands[rghtBrPt[0]][rghtBrPt[1]][0]=-1
scaffVirtStrands[rghtBrPt[0]][rghtBrPt[1]][1]=-1
if rghtBrPt[0]%2==0:
    mod=-1
else:
    mod=+1
scaffVirtStrands[rghtBrPt[0]][rghtBrPt[1]+mod][2]=-1
scaffVirtStrands[rghtBrPt[0]][rghtBrPt[1]+mod][3]=-1

######################################################
#
# Staple strands
#
######################################################

# Regular ones:
regularStartBases=[5*8,9*8,13*8,25*8,29*8,33*8,45*8,49*8,53*8,65*8,69*8,73*8]
for startBase in regularStartBases:
    n=startBase
    
    topStaple=[
                [[0,n+23],[-1,-1],[0,n],[1,n]],
                [[1,n],[0,n],[1,n+7],[-1,-1]]
                ]
    caDNAnifyStaples(topStaple,stapVirtStrands)
    
    bottomStaple=[
                  [[lastStrandIndex,n+8],[-1,-1],[lastStrandIndex,n+31],
[lastStrandIndex-1,n+31]],
                  [[lastStrandIndex-1,n+31],[lastStrandIndex,n+31],[lastStrandIndex-1,n
+24],[-1,-1]]
                 ]
    caDNAnifyStaples(bottomStaple,stapVirtStrands)
    
    for y in range(2,lastStrandIndex,2):
        n=startBase
        staple1=[
                 [[y,n+23],   [-1,-1],    [y,n+16],    [y-1,n+16]],
                 [[y-1,n+16], [y,n+16],   [y-1,n+31],  [y-2,n+31]],
                 [[y-2,n+31], [y-1,n+31], [y-2,n+24],  [-1,-1]]
                 ]
        caDNAnifyStaples(staple1,stapVirtStrands)
        
        staple2=[
                 [[y-1,n+8],[-1,-1],    [y-1,n+15],   [y,n+15]],
                 [[y,n+15], [y-1,n+15], [y,n],        [y+1,n]],
                 [[y+1,n],  [y,n],      [y+1,n+7],    [-1,-1]]
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                ]
        caDNAnifyStaples(staple2,stapVirtStrands)

# Left edge
topLeftCorner=[[[2,31],[-1,-1],[2,3],[-1,-1]]]
caDNAnifyStaples(topLeftCorner,stapVirtStrands)

botLeftCorner=[
              [[lastStrandIndex,3],[-1,-1],[lastStrandIndex,39],[lastStrandIndex-1,39]],
              [[lastStrandIndex-1,39],[lastStrandIndex,39],[lastStrandIndex-1,32],
[-1,-1]]
              ]
caDNAnifyStaples(botLeftCorner,stapVirtStrands)

for y in range(4,lastStrandIndex,2):
    n=8
    snakeStaple=[
             [[y,n+23],   [-1,-1],    [y,n+16],    [y-1,n+16]],
             [[y-1,n+16], [y,n+16],   [y-1,n+31],  [y-2,n+31]],
             [[y-2,n+31], [y-1,n+31], [y-2,n+24],  [-1,-1]]
             ]
    caDNAnifyStaples(snakeStaple,stapVirtStrands)
    
    stapleStaple=[
                  [[y-1,3],  [-1,-1],  [y-1,23], [y,23]],
                  [[y,23],   [y-1,23], [y,3],  [-1,-1]]
                  ]
    caDNAnifyStaples(stapleStaple,stapVirtStrands)

# At seams
seamPositions=[168,488]
for n in seamPositions:
    
    top1 = [ [[0,n+23],[-1,-1],[0,n-8],[-1,-1]] ]
    caDNAnifyStaples(top1,stapVirtStrands)
    
    top2 = [
            [[0,n-9],[-1,-1],[0,n-32],[1,n-32]],
            [[1,n-32],[0,n-32],[1,n-25],[-1,-1]]
           ]
    caDNAnifyStaples(top2,stapVirtStrands)
    
    bot1 = [ [[lastStrandIndex,n-24],[-1,-1],[lastStrandIndex,n+7],[-1,-1]] ]
    caDNAnifyStaples(bot1,stapVirtStrands)
    
    bot2 = [ 
            [[lastStrandIndex,n+8],[-1,-1],[lastStrandIndex,n+31],[lastStrandIndex-1,n
+31]],
            [[lastStrandIndex-1,n+31],[lastStrandIndex,n+31],[lastStrandIndex-1,n+24],
[-1,-1]] 
           ]
    caDNAnifyStaples(bot2,stapVirtStrands)
    
    for y in range(2,lastStrandIndex,2):
        leftSnake=[
                 [[y-1,n-24], [-1,-1],      [y-1,n-17],   [y,n-17]],
                 [[y,n-17],   [y-1,n-17],   [y,n-32],     [y+1,n-32]],
                 [[y+1,n-32], [y,n-32],     [y+1,n-25],   [-1,-1]]
                ]
        caDNAnifyStaples(leftSnake,stapVirtStrands)
        
        leftRound=[
                   [[y, n+7],    [-1, -1],   [y, n-16],   [y-1, n-16]],
                   [[y-1, n-16], [y, n-16],  [y-1, n-9],  [-1, -1]]
                  ]
        caDNAnifyStaples(leftRound,stapVirtStrands)

        
        rightRound=[
                    [[y-1,n-8],[-1,-1],[y-1,n+15],[y,n+15]],
                    [[y,n+15],[y-1,n+15],[y,n+8],[-1,-1]]
                    ]
        caDNAnifyStaples(rightRound,stapVirtStrands)
        
        rightSnake=[
                 [[y,n+23],   [-1,-1],    [y,n+16],    [y-1,n+16]],
                 [[y-1,n+16], [y,n+16],   [y-1,n+31],  [y-2,n+31]],
                 [[y-2,n+31], [y-1,n+31], [y-2,n+24],  [-1,-1]]
                 ]
        caDNAnifyStaples(rightSnake,stapVirtStrands)

# Stitch
n=328

top1 = [ [[0,n+23],[-1,-1],[0,n-8],[-1,-1]] ]
caDNAnifyStaples(top1,stapVirtStrands)

top2 = [
        [[0,n-9],[-1,-1],[0,n-32],[1,n-32]],
        [[1,n-32],[0,n-32],[1,n-25],[-1,-1]]
       ]
caDNAnifyStaples(top2,stapVirtStrands)

bot1 = [ [[lastStrandIndex,n-24],[-1,-1],[lastStrandIndex,n+7],[-1,-1]] ]
caDNAnifyStaples(bot1,stapVirtStrands)

bot2 = [ 
        [[lastStrandIndex,n+8],[-1,-1],[lastStrandIndex,n+31],[lastStrandIndex-1,n+31]],
        [[lastStrandIndex-1,n+31],[lastStrandIndex,n+31],[lastStrandIndex-1,n+24],
[-1,-1]] 
       ]
caDNAnifyStaples(bot2,stapVirtStrands)
for y in range(2,lastStrandIndex,2):
    leftSnake=[
             [[y-1,n-24], [-1,-1],      [y-1,n-17],   [y,n-17]],
             [[y,n-17],   [y-1,n-17],   [y,n-32],     [y+1,n-32]],
             [[y+1,n-32], [y,n-32],     [y+1,n-25],   [-1,-1]]
            ]
    caDNAnifyStaples(leftSnake,stapVirtStrands)
    
    leftRound=[
               [[y, n-1],    [-1, -1],   [y, n-16],   [y-1, n-16]],
               [[y-1, n-16], [y, n-16],  [y-1, n-1],  [-1, -1]]
              ]
    caDNAnifyStaples(leftRound,stapVirtStrands)
    
    rightRound=[
                [[y-1,n],[-1,-1],[y-1,n+15],[y,n+15]],
                [[y,n+15],[y-1,n+15],[y,n],[-1,-1]]
                ]
    caDNAnifyStaples(rightRound,stapVirtStrands)
    
    rightSnake=[
             [[y,n+23],   [-1,-1],    [y,n+16],    [y-1,n+16]],
             [[y-1,n+16], [y,n+16],   [y-1,n+31],  [y-2,n+31]],
             [[y-2,n+31], [y-1,n+31], [y-2,n+24],  [-1,-1]]
             ]
    caDNAnifyStaples(rightSnake,stapVirtStrands)
    
# Right edge

topRightCorner=[
                [[0,642],[-1,-1],[0,616],[1,616]],

                [[1,616],[0,616],[1,623],[-1,-1]]
                ]
caDNAnifyStaples(topRightCorner,stapVirtStrands)

botRightCorner=[ [[lastStrandIndex,624],[-1,-1],[lastStrandIndex,642],[-1,-1]] ]
caDNAnifyStaples(botRightCorner,stapVirtStrands)

for y in range(2,lastStrandIndex,2):
    n=616
    snake=[
             [[y-1,n+8],[-1,-1],    [y-1,n+15],   [y,n+15]],
             [[y,n+15], [y-1,n+15], [y,n],        [y+1,n]],
             [[y+1,n],  [y,n],      [y+1,n+7],    [-1,-1]]
            ]
    caDNAnifyStaples(snake,stapVirtStrands)
    
    stapleStaple=[
                  [[y,642],[-1,-1],[y,632],[y-1,632]],
                  [[y-1,632],[y,632],[y-1,642],[-1,-1]]
                    ]
    caDNAnifyStaples(stapleStaple,stapVirtStrands)
    
# Erase staples at top to make room for notches.
# Then edit the bases that needs change.
for i in range(88):

stapVirtStrands[0][i]=[-1,-1,-1,-1]
stapVirtStrands[1][i]=[-1,-1,-1,-1]

for i in range(323,408):
stapVirtStrands[0][i]=[-1,-1,-1,-1]
stapVirtStrands[1][i]=[-1,-1,-1,-1]

# A
notchChangeA=[ [[2,63],[-1,-1],[2,55],[2,54]] ]
caDNAnifyStaples(notchChangeA,stapVirtStrands)
# B
stapVirtStrands[2][87]=[-1,-1,2,86]
# C
notchChangeB=[ [[0,103],[1,103],[0,88],[-1,-1]] ]
caDNAnifyStaples(notchChangeB,stapVirtStrands)
# D
notchChangeD=[ [[0,322],[-1,-1],[0,296],[1,296]] ]
caDNAnifyStaples(notchChangeD,stapVirtStrands)
# E
notchChangeE=[ [[1,312],[2,312],[1,322],[-1,-1]] ]
caDNAnifyStaples(notchChangeE,stapVirtStrands)
# F
notchChangeF=[ [[2,351],[-1,-1],[2,328],[-1,-1]] ]
caDNAnifyStaples(notchChangeF,stapVirtStrands)
# G
notchChangeG=[ [[2,407],[-1,-1],[2,392],[3,392]] ]
caDNAnifyStaples(notchChangeG,stapVirtStrands)
# H
notchChangeH=[ [[0,423],[1,423],[0,408],[-1,-1]] ]
caDNAnifyStaples(notchChangeH,stapVirtStrands)
# I
notchChangeI=[ [[2,383],[-1,-1],[2,360],[3,360]] ]
caDNAnifyStaples(notchChangeI,stapVirtStrands)

# J - scaffold
for i in range(13):

scaffVirtStrands[2][i]=[-1,-1,-1,-1]
scaffVirtStrands[3][i]=[-1,-1,-1,-1]

scaffVirtStrands[2][13]=[3,13,2,14]
scaffVirtStrands[3][13]=[3,12,2,13]
# J - staples

for i in range(13):
    stapVirtStrands[2][i]=[-1,-1,-1,-1]
    stapVirtStrands[3][i]=[-1,-1,-1,-1]
stapVirtStrands[2][13]=[2,12,-1,-1]
stapVirtStrands[3][13]=[-1,-1,3,14]

# K - scaffold
for i in range(632,643):

scaffVirtStrands[0][i]=[-1,-1,-1,-1]
scaffVirtStrands[1][i]=[-1,-1,-1,-1]

scaffVirtStrands[0][631]=[0,630,1,631]
scaffVirtStrands[1][631]=[0,631,1,630]
# K - staples
for i in range(632,643):
    stapVirtStrands[0][i]=[-1,-1,-1,-1]
    stapVirtStrands[1][i]=[-1,-1,-1,-1]
stapVirtStrands[0][631]=[-1,-1,0,630]
stapVirtStrands[2][632]=[2,633,-1,-1]

######################################################
#
# Writing caDNAno compatible file
#
######################################################
for i in range(lastStrandIndex+1):
    
obj.appendStrand(num=i,scaf=scaffVirtStrands[i],stap=stapVirtStrands[i],skip=skipVirtStra
nds[i],row=i,col=1)

#obj.printBasicData()
obj.writeCaDNAnoFile('lambdaRectangle.json')

######################################################
#
#  Printing out the staple sequences
#
######################################################
def reverse(sequence):
    """Returns the bases in reverse order"""
    return sequence[::-1]

def complement_to(sequence):
    """Returns the wc-complement to the sequence"""
    comp = {'a':'T', 'A':'T', 'c':'G', 'C':'G', 'g':'C', 'G':'C', 't':'A', 'T':'A', 
'D':'D', '?':'?'}
    temp_complement = ''
    for letter in sequence:
        if letter in comp:
            temp_complement = temp_complement + comp[letter]
    return reverse(temp_complement)

def stripped_seq(raw_sequence):
"""Clean the input sequence from unnecessary characters 
    and makes the bases uppercase"""
uppercase = {'a':'A', 'A':'A', 'c':'C', 'C':'C', 'g':'G', 'G':'G', 't':'T', 'T':'T'}
temp_seq_ra = ''
for letter in raw_sequence:

if letter in uppercase:
temp_seq_ra = temp_seq_ra + uppercase[letter]

return temp_seq_ra

# First populate the virtual scaffol strands:



# make an empty (='?') set of virtual strands
wSequVirtStrs=[['?' for i in range(lastBpIndex+1)] for s in range(lastStrandIndex+1)]

input_file = file('LambdaForwardStrand.txt', 'r')
scaffoldLeftStr  = stripped_seq(input_file.read())
input_file.close()
input_file2 = file('LambdaReverseStrand.txt','r')
scaffoldRightStr = stripped_seq(input_file2.read())
input_file2.close()

scaffoldLeft=list(scaffoldLeftStr)
scaffoldRight=list(scaffoldRightStr)

# Left Part:
lenBefore=len(scaffoldLeft)
currBase=scaffVirtStrands[lftBrPt[0]][lftBrPt[1]]
currBaseIn=lftBrPt[1]
currStrIn=lftBrPt[0]
lastPointAdded=False
while not lastPointAdded:
    if skipVirtStrands[currStrIn][currBaseIn]==1:
        # Here a deletion should be added, marked by 'D'
        wSequVirtStrs[currStrIn][currBaseIn]='D'
    else:
        wSequVirtStrs[currStrIn][currBaseIn]=scaffoldLeft.pop(0)
    currBaseIn=currBase[3]
    currStrIn=currBase[2]
    if currBaseIn==-1 and currStrIn==-1:
        lastPointAdded=True
    else:
        currBase=scaffVirtStrands[currStrIn][currBaseIn]
lenAfter=len(scaffoldLeft)
print 'In left part '+str(lenBefore-lenAfter)+' bases were added and '+str(lenAfter)+' 
bases are left over'

# Right Part:
lenBefore=len(scaffoldRight)
currBase=scaffVirtStrands[rghtBrPt[0]][rghtBrPt[1]]
currBaseIn=rghtBrPt[1]
currStrIn=rghtBrPt[0]
lastPointAdded=False
while not lastPointAdded:
    if skipVirtStrands[currStrIn][currBaseIn]==1:
        # Here a deletion should be added, marked by 'D'
        wSequVirtStrs[currStrIn][currBaseIn]='D'
    else:
        wSequVirtStrs[currStrIn][currBaseIn]=scaffoldRight.pop(0)
    currBaseIn=currBase[3]
    currStrIn=currBase[2]
    if currBaseIn==-1 and currStrIn==-1:
        lastPointAdded=True
    else:
        currBase=scaffVirtStrands[currStrIn][currBaseIn]
lenAfter=len(scaffoldRight)
print 'In right part '+str(lenBefore-lenAfter)+' bases were added and '+str(lenAfter)+' 
bases are left over'

######################################################################
#       OUTPUT STAPLE STRANDS
# Go through the virtual staple strands and look for 
# staple startpoints. Horizontally, through each of the two
# sub-structures.
######################################################################
stapBcount=0

stapCount=0
output=[]
strippedOut=[]
rows=['A','B','C','D','E','F','G','H']
plateNum=774
for subStructure in range(2):
    if subStructure==0:
        print 'Forward strand staples starting w. index '+str(stapCount)
        output.append(',,Forward Strand\n')
        strtBase=0
        endBase=323
    else:
        print 'Reverse strand staples starting w. index '+str(stapCount)
        output.append(',,Reverse Strand\n')
        strtBase=328
        endBase=643
    plateNum+=1
    r=-1
    for sI in range(lastStrandIndex+1):
        r+=1
        if r==8: # Reset row numbering and start new plate
            plateNum+=1
            r=0
        c=1  # Reset column numbering
        for bI in range(strtBase,endBase):
            if stapVirtStrands[sI][bI][0]==-1 and stapVirtStrands[sI][bI][1]==-1 and 
stapVirtStrands[sI][bI][2]>-1:
                # A staple start point
                stapleSeq=[]
                currBase=stapVirtStrands[sI][bI]
                currBaseIn=bI
                currStrIn=sI
                lastPointAdded=False
                while not lastPointAdded:
                    if skipVirtStrands[currStrIn][currBaseIn]==0: # only add bases if no 
deletion
                        stapleSeq.append( complement_to(wSequVirtStrs[currStrIn]
[currBaseIn]) )
                        stapBcount+=1
                    currBaseIn=currBase[3]
                    currStrIn=currBase[2]
                    if currBaseIn==-1 and currStrIn==-1:
                        lastPointAdded=True
                    else:
                        currBase=stapVirtStrands[currStrIn][currBaseIn]
                stringoligo=''.join(stapleSeq)
                output.append(str(plateNum)+','+rows[r]+str(c)+','+stringoligo+'\n')
                strippedOut.append(stringoligo+'\n')
                stapCount+=1
                c+=1
                if c==14:
                    print 'Warning, col number was too high in plate '+str(plateNum)
        while c<13:
            # fill all columns
            output.append(str(plateNum)+','+rows[r]+str(c)+','+'\n')
            c+=1

# Connector staples
print 'Connector staples starting w. index '+str(stapCount)
plateNum+=1
r=0
c=0
output.append(',,Connector staples\n')
for sI in range(lastStrandIndex+1):
    if stapVirtStrands[sI][327][0]==-1 and stapVirtStrands[sI][327][1]==-1 and 
stapVirtStrands[sI][327][2]>-1:

        # A staple start point
        c+=1
        if c==13:
            c=1
            r+=1
        stapleSeq=[]
        currBase=stapVirtStrands[sI][327]
        currBaseIn=327
        currStrIn=sI
        lastPointAdded=False
        while not lastPointAdded:
            if skipVirtStrands[currStrIn][currBaseIn]==0: # only add bases if no deletion
                stapleSeq.append( complement_to(wSequVirtStrs[currStrIn][currBaseIn]) )
                stapBcount+=1
            currBaseIn=currBase[3]
            currStrIn=currBase[2]
            if currBaseIn==-1 and currStrIn==-1:
                lastPointAdded=True
            else:
                currBase=stapVirtStrands[currStrIn][currBaseIn]
        stringoligo=''.join(stapleSeq)
        output.append(str(plateNum)+','+rows[r]+str(c)+','+stringoligo+'\n')
        strippedOut.append(stringoligo+'\n')
        stapCount+=1

print 'The total number of staple bases calculated is '+str(stapBcount)+' on a total of 
'+str(stapCount)+' staple strands.'

output_file=file('./LambdaStaples.cvs','w')
output_file.write(''.join(output))
output_file.close()

output_file2=file('./strippedLambdaStaples.txt','w')
output_file2.write(''.join(strippedOut))
output_file2.close()


