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Materials and Methods

Materials. M13mp18, lambda DNA, and streptavidin-coated magnetic beads were purchased
from New England Biolabs. Staple strands for DNA origami folding were purchased from
Sigma-Aldrich or Operon and diluted to ~100 uM in TE buffer. PCR primers were purchased
from Sigma-Aldrich or Operon. PCR purification kits were obtained from Qiagen. DNA
polymerase and PCR buffers were acquired from Invitrogen.

Generation of PCR-based scaffolds. PCR was performed (Techne TC-3000 thermal cycler)
with 1 ug of each primer and between 20-80 ng of template DNA (either M13mp18 or lambda
DNA). Platinum Pfx polymerase (2.5 units) was added to the solution containing primers,
template, 1x Pfx amplification buffer, 2 mM MgSOQO,, and a mixture of dNTPs (500 nM each) in a
100 uL volume. The following program was used: 95 °C for 2.5 min, 30 cycles of 95 °C for 45 s,
58-60 °C for 45 s, 68 °C for 1-5 min, and a final extension at 68 °C for 4-6 min. The annealing
temperature was chosen to be 1-2 °C below the melting point of the primers. The PCR product
was purified with a QIAquick PCR purification kit (Qiagen). The product was also run on a 0.7%
agarose gel, and if multiple bands were present, the desired band was separated from the rest
through gel purification.

Single-stranded scaffold separation and purification. Streptavidin-coated magnetic beads
(800 ng) were rinsed 3 times (by mixing with solution, pelleting the beads with a magnet, and
removing the supernatant) with 200 uL bead buffer (20 mM Tris-HCI1, 1 mM EDTA, 0.2 M
NaCl), and then combined with 200 uL bead buffer and 20-50 uL purified PCR product. The
samples were gently mixed 15-30 min (depending on the length of the scaffold) to bind the DNA
to the beads. The beads were pelleted, the supernatant (which contained all unbound DNA) was
removed, and the beads were rinsed 2-3 times with 200 pL bead buffer. NaOH (0.2 M, 150 uL)
was added to the pelleted beads, and the sample was gently mixed 6 min to denature the DNA.
The supernatant (containing the desired ssDNA) was collected and combined with 100 puL of 5
M ammonium acetate (pH 7.6) to neutralize the pH. The product was purified either with a spin
column (QIAquick PCR purification kit) or by ethanol precipitation. DNA concentration was
measured with a Nanodrop ND-1000 spectrophotometer using 260 nm extinction coefficients of
50 ng-cm/puL for dsSDNA and 33 ng-cm/puL for ssDNA.

Origami Folding. Purified single-stranded scaffold was mixed with staple strands in a 1:100
molar ratio in 1x TAE—Mg2+ buffer (40 mM Tris, 20 mM acetic acid, 1 mM EDTA, 12.5 mM
magnesium acetate). Each design was folded by denaturing (95 °C for 3 min) and slowly
annealing from 75 °C to 4 °C in 70 min for the rectangular origami and 95 °C to 4 °C in 90 min
for the branched shapes.

AFM imaging. DNA origami samples were deposited onto freshly-cleaved mica, rinsed with
water, and dried using compressed air or nitrogen. The samples were imaged in air using tapping



mode on a Digital Instruments Nanoscope IIla MultiMode AFM (Veeco) with silicon force
modulation AFM tips (Vistaprobes, 3 N/m, 60 kHz).

Design Program. The DNA origami folding program developed at BYU is available upon
request from dna_origami@byu.edu.

Branched structure flexibility
The flexibility of the thin, branched structures presented here may affect their range of uses. The
following figures (Figure S1 and Figure S2) demonstrate some flexibility in the top of the ‘T’
shape, which is three helices wide, compared to the shorter base, which is four helices wide.
They also demonstrate some flexibility in the square junction.

Figure S1. AFM images of the ‘T’ design, showing some flexibility in the top arms. In (A), one
‘T’ is bent considerably, while the other is straight. In (B), two different ‘T’s show flexibility in
the top arm. The scale bar in each image is 200 nm.

Figure S2. AFM images of the ‘T’ design, showing flexibility in the square junction; (A) shows
several structures with nearly axisymmetric junctions (circled), while (B) shows a “T” with
straight arms, but having the base connecting at an obtuse angle. Both scale bars are 200 nm.
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Scaffold and staple strand sequences for the origami designs
(All sequences are given 5’ to 3”)

Lambda rectangle

Scaffold:
Lambda phage DNA, bases 2868-3623, 756 bp

PCR Primers:
GGTGCT GACACGGAAG AAAC
[BioTEG]ATCATCAGCAGATTGTTCTTTATTC

Staple sequences:
TTTTATTCTGAACTAATTCCGTGTCAGCACC
TCATAACGTCCGGTTTCAACGTCACAACGTCTC
TTCACATCGTGTTAGTTTACTGAGAGCAT
TTTGATAATTCATTACTAAAAACGATAACACCGTG
TAAATTCTCAAGAACGATGGGTTACAA
TGCTAAAGCAGGAGTTTTCACACGCATCTTATAGAAA
GTGAAAACATTCCTAATATTTGATAGGTTGAAATCAAGAGAA
CGTCCTATGACATAAA

TTGAAACGATAAGGTTGTAAATGT
TTAATAAAAGGACTTAAAAAAAACGATAATGCAAACTACG
GGCTCAGGTTGCACAGATAATA
ACATTATATTTACTATCTAGCCCATTTTTAAAGAAATATTCG
ATCATCAGCAGATTGTTTAGACTGTGAATTG
ATCAAGTGCGAAAAGATTCTTTATTCATTTTGT
AAAATATTACTTCAAAAGGTTTTACCAAT
CGCCCTCGTATCACATGGATCTTTCTGTATGAAGA
GTTGTATTTCCCTCAGGTCAGACCAGA
TCATCAACAAAACACAAGGCAGAATGCCAGCAGGACC
CGCTCCATGCGCTTGCTCTTCATCTAGCGGTT
TTTGAGCACGTTGGCCTTACATACATCTGTCG
GCACTTTGTTACGCAACCAATACTATTAA
ATCACATTTCAGCAATACAGGGAAAATCT
ATATCCATGAACATAAAAGATATTACTATACC
TCAGAACACTACACAAATCTTTCCACGCTAAA
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M13 rectangle

Scaffold:
M13mp18, bases 5870-6625, 756 bp

PCR Primers:
CCACCATCAAACAGGATTTTCGCC
[BioTEG]TTCTCCGTGGGAACAAACGGC

Staple sequences:
GGTACCGAGCTCGAATCCTGTTTGATGGTGG
CCCCAGCAGGCGAAAATTCGTAATCATGGTCAT
ACAATTCCACACAACCCGCCTGGCCCTGA
ACAGCTGATTGCCCTTCAATACGAGCCGGAAGCAT
GCTAACTCACATTATATTGGGCGCCAG
CGGGGAGAGGCGGTTTGCGATTGCGTTGCGCTCACTG
TTCAGGCTGCGCAACTGTTGGCCAGTCGGGAAACCTGTCGTG
CCCGCTTTGAAGGGCG
TGGCGAAAGGGGCCTAATGAGTGA
AAAGTGTAAAGCCTGGGGTGGATGTGCTGCAAGGCGATTA
ACGTTGTAAAAGTTATCCGCTC
AGCTGTTTCCTGTGTGAAATTCGACGGCCAGTGCCAAGCTTG
TTCTCCGTGGGAACAATCTAGAGGATCCCCG
CATGCCTGCAGGTCGACACGGCGGATTGACCGT
CATCGTAACCGTGCATTTTCCCAGTCACG
AGTTGGGTAACGCCAGGGTCTGCCAGTTTGAGGGG
CTCCAGCCAGCTTTCTATTACGCCAGC
ATCGGTGCGGGCCTCTTCGCCGGCACCGCTTCTGGTG
AATGGGATAGGTCACGTTGGTGTAGATGGGCG
ACGACGACAGTATCGGCCTCAGGAAGATCGCA
CCGGAAACCAGGCAAAGCGCCATTCGCCA
CCAGCTGCATTAATGAATCGGCCAACGCG
GGTGGTTTTTCTTTTCACCAGTGAGACGGGCA
GAGAGTTGCAGCAAGCGGTCCACGCTGGTTTG
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T Design

Scaffold:
M13mp18, bases 5734-1442, 2958 bp

PCR Primers:
CTGATAGACGGTTTTTCGCCC
[BioTEG]JCATAACCGATATATTCGGTCGC

Staple sequences:

GCATCAATTCTACTAATA
GGTAGAAAGTCTATCAG
TACCACATACGTGGACTCCAACGTCAAAGGGC
CAAAAGGATCCAGTTTGGAACAAGAGTCCACT
ACTATCATAAAGAATAGCCCGAGATAGGGTTG
AAAAACCAGTTCCGAAATCGGCAAAATCCCTT
GAAGTTTTGCCCCAGCAGGCGAAAATCCTGTT
TTTAGACTAGAGAGTTGCAGCAAGCGGTCCAC
CGTCATAAAACAGCTGATTGCCCTTCACCGCC
GCTTTAAAGGGTGGTTTTTCTTTTCACCAGTG
TAAATCAAGCGGGGAGAGGCGGTTTGCGTATT
TATAGTCACGTGCCAGCTGCATTAATGAATCG
TCGCGTTTGCCGGAGAGGGTAGCTATTTTTGA
GACCGGAATGATATTCAACCGTTCTAGCTGAT
GAGAGTACAAAGGCCGGAGACAGTCAAATCAC
GGTCATTTGTAATGTGTAGGTAAAGATTCAAA
GCTGAATAGAACCCTCATATATTTTAAATGCA
AAATATGCCCTTTATTTCAACGCAAGGATAAA
TTCATTCCATTATGACCCTGTAATACTTTTGC
GCGAACGAGAGCATAAAGCTAAATCGGTTGTA
ACATTTCGAAGAATTAGCAAAATTAAGCAATA
TATATTTTATTAACATCCAATAAATCATACAG
GGAACAACATTATTACA
AAGAAAAATCTACGTTAATAAAACTTTAGGAA
AACTGGCTCATTATACCAGTCAGGCATAACGC
AATCATTGTGAATTACCTTATGCGAGAGCAAC
AATTGGGCTTGAGATGGTTTAATTACGACGAT
TGCCCTGACGAGAAACACCAGAACTTGCAAAA
GTAACAAAGCTGCTCATTCAGTGAGTAAAATG
ACAAGAACCGGATATTCATTACCCTGCGGAAT
AGGCTGGCTGACCTTCATCAAGAGCCTCAAAT
GGACAGATGAACGGTGTACAGACCAATGACCA
ATAAGGGAACCGAACTGACCAACTCTGACTAT
ACTTAGCCGGAACGAGGCGCAGACCATCAAAA
ATTGTGTCGAAATCCGCGACCTGCTTCAAATA
GTACAACGGAGATTTGTATCATCGGCGAACCA
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ACCCCCAGCGATTATACCAAGCGCCAGGATTA
GGCAAAAGAATACACTAAAACACTTGATAAGA
CCACTACGAAGGCACCAACCTAAAGCTTAATT
AAGTTTCCATTAAACGGGTAAAATCATGTTTT
AGGCTTTGAGGACTAAAGACTTTTCTGGAAGT
CAGCATCGGAACGAGGGTAGCAACCCAATTCT
TTTGCGGGATCGTCACCCTCAGCACATTAGAT
TCGCTGAGGCTTGCAGGGAGTTAATGTTTAGC
CATAACCGATTGAAAAGGTG
GAAAAACCGATTCATCAGTTGAGAGAACTAAC
ATTAAAGATCAACTAATGCAGATAACGTTGGG
AGTGTTGTATTACGAGGCATAGTAATTTTAAG
ATAAATCAAACCCTCGTTTACCAGTCAACTTT
TGATGGTGAAATAGCGAGAGGCTTGAGTAGTA
GCTGGTTTGCCAGAGGGGGTAATAATAAGGCT
TGGCCCTGGGATAGCGTCCAATACAAATCAAC
AGACGGGCATATTCATTGAATCCCTAATCTTG
GGGCGCCACAGTTCAGAAAACGAGAGGCGCAT
GCCAACGCAAATCAGGTCTTTACCTTGAAAGA
AAACCTGTGAAGCAAAGCGGATTGGGTCAATC
AAATTAATTAATTCGAGCTTCAAACCTGATAA
CATCAATAGCAAACTCCAACAGGTGAAACAAA
AGGGTGAGCTTTAATTGCTCCTTTCATCTTTG
ATGCCTGATTGCGGATGGCTTAGAACGAAAGA
AATTTTTATAATGCTGTAGCTCAAACGTAATG
GGGAGAAGAACTAAAGTACGGTGTTCATGAGG
CCAAAAACATATAACAGTTGATTCGGCTACAG
AAGCCTCAGTAGATTTAGTTTGACGCGAAAGA
GCAAGGCACAAATGGTCAATAACCAGGCCGCT
GTAGTAGCCATTTGGGGCGCGAGCATATTCGG
AGATTAAGAGGAAGCCCGAAAGACTCCATGTT
AGATCGCACCAGTCGGG
TTCTGGTGACATTAATTGCGTTGCGCTCACTG
CGCCATTCAAGCCTGGGGTGCCTAATGAGTGA
CGATCGGTACACAACATACGAGCCGGAAGCAT
GCTGGCGACCTGTGTGAAATTGTTATCCGCTC
TAAGTTGGGCTCGAATTCGTAATCATGGTCAT
CGACGTTGCAGGTCGACTCTAGAGGATCCCCG
GAGATCTAGCCTCAGGA
AGAGTCTGTCTGCCAGTTTGAGGGGGCACCGC
GGTAATCGGTTGGTGTAGATGGGCGCGCCATT
TACCCCGGAACGGCGGATTGACCGGGGAAGGG
ACAGGAAGAGTAACAACCCGTCGGTTACGCCA
GTAAACGTTAGCCAGCTTTCATCAAAGGCGAT
AAATTTTTCCATCAAAAATAATTCCCCAGTCA

CCAAGCTTGCATGCCTGTAAAACGACGGCCAGTG
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CCCGCTTTCTCCAGCCAGCTTTCCGACGACGA
GCTAACTCCCGGAAACCAGGCAAAGCATCGTA
AAAGTGTAAGGCTGCGCAACTGTTTAATGGGA
ACAATTCCGCGGGCCTCTTCGCTAATTCTCCG
AGCTGTTTAAGGGGGATGTGCTGCACATTAAA
GGTACCGAGTAACGCCAGGGTTTTGCGTCTGG
TTTAACCAATAGGAACGGTTAAATCAGCTCATTT
CAGTATCGCAAAGGCTATCAGGTCATTGCCTG
ACCGTGCAGAGCAAACAAGAGAATCGATGAAC
TAGGTCACTAAAACTAGCATGTCAATCATATG
TGGGAACATTGATAATCAGAAAAGCCCCAAAA
TGTGAGCGATTGTATAAGCAAATATTTAAATT
CCTTCCTGTAATATTTTGTTAAAATTCGCATT

S7



U Design

Scaffold:
Lambda phage DNA, bases 37501-41340, 3840 bp

PCR Primers:
TCAACCTCAAGCCAGAATGC
[BioTEG]CGCGTCTGAATATCCTTTGG

Staple sequences:
TAAGCTGCGGTTGCGTTTCTGGCTTGAGGTTGA
GCCAGTGATTCTGCATCCTGAATGGTTACTA
TGTACTGCGTGAATAGAGGTAACTTTGTAAT
TCATTGCACCGTTTGACCGTTTTGCTGATGTGC
TGACTTCCCTCTCCCGCCTTGCTGCTTGA
ATTTGGTCCAAACATGCCCCAAATAAAAAGGCCTG
ATGTAGATGGTCATGGATTTTCCCTCG
TTTTATCCCTCGTTTTAGGCTTTTAACTCCATATACC
GGCGACACTCCTTAAAACTTCCCTGGTAG
ATCTTTCCTTCCCGTTACCAGGTTCGTGCTC
CCACTTAACGCCACGCTCTGTCCCGTTTCATCGCGGCACTCT
GCCAATAACCGAAT
GCCTACACGCATCCATTAGCTCAGTA
CGATTACCAGCAGGCCTGTTTGCTGGTTGACTGGCCTA
ACAACATCCTGCTTAGTTTTTTCA
TGGAGATCGAATTTCAAAGGTGCTTTAATGCTGCGGTAAA
GACCATGCCATTGAAGGATTTGC
CGATTGGTTTGGTTGGGTCTGCAACCTGACGAGAGACGTCA
CGCGTCTGAATATCCTTTCTTCCTGTTTTGGTC
CCTAAGCAGGCCCATAGGGTTCCCATACCGT
TATCAACCTGCAATACGTGCATCCAGCCAGC
CACACACTTCCAGCTTTCGTGAGCGGTATATCC
TGTCATTGGATGTTCAGGCAAGGTTAGGA
TTACCACAAAGCCATTCCCCAACCTGTATCCATGA
TTTTGCTCCATTAGCCTCCGCAAATTC
GCCTGTATAAGCTCTAATAGCAGAGCAAATATGCTGA
TCATGCAGCCCTGTTCTCGCTTCGTCTGA
TTCCACTCCAGAGCCAGCTCCCCATCTCGCT
ATAACCATTTGGCTGTCCAAGCTCCGGGTTGA
CAGAACTTCACAACTTCCCTGACAAACCGATA
AAACGTAATGCACGTCTTTACCTGCCCGTCGC
CGTCCTGCCACCGGAGAAACTAACGACATTTA
TTTTGAGGGATGCACCATTCTGAGATGTTTTT
TAATATTCATTCTGACGAGTTCTAACTTGGCT
TGTTACTCGGGAAGGAGCACAACCAAAAAA
ATGCGGAGAGATGGGTAGCTTTACCTCTTCCGCA

S8



AATCTTTCGGCCTGCAGGCAGGGATGTT
CCTGTTTTTTCTCATGTTCATGAATGGCCTTGTTGA
GTCTTGGTTTGCCGAAGCGGTTAGTA
AGAAATCTACGAGATGTATCAAAGCGCATTGCATAATC
CTTAGTACATGCATTCTCAAAGTT
ACGCCGCATTGCTTGCAAAAAACCATTATCACCGCCAGAG
TTATCCCTTGCGTTGGTGCTTT
ATGGGGATGGGGCAGTCAGGCGGTGATAGATTTAACGTATGA
GAGCAGCTTGAGGACGAAAAATGAAC
AATTTATGAAAAAAAGCACGTCGCCTTAAAGC
CATTCAAGAACAGCAAGCAAAAAGAAACCATTAACACAA
GCACAAGCATTGA
TGATCTGCGACTTATCACGGTGTTAGATAT
GTAAAATAGTCAACACGCAACGCCCACAGCTTCC
GTTAAGCAACGCATCCATACAACCTC
TTTCAGGGTTATGCGTTGTCTCTCGATTCGTAGAGCCT
TATTTCCTTAGAAGATCTTTAGCT
TCGCGCTTTGATATACGCCGTAACAATTGATTGAATGTAT
AATTTGATGCCATAGTTAAAAA
TAAACGCTTCCATCAGCGTTTCTTTTTCAGGGCTGGAATGTG
CTCGCTAAGTTGAGATATGCTGTTGTTTTTT
TAAGAGCGGGGTTATTATCGGTGATTCTGTCCA
ATGGCAAGCAGCACCCATAGGTGTGGTTT
GCAAATAAATGCATACATTTAAACTGTCGCTTGGT
TATTTGATAGTCTGAACCATATGTAAG
CGTTGCGTTTGTTTGCACGGCGTAACCATCATCGAGA
ACCTCTGCCGAAGCATTGCGATTTT
GCTGTCTTCTCAGTTCCAAGTTGAGTATTTTTGCTGTAT
AATGACCTCAGATCTTCCACCTGC
GAACTTTGGAATCCAGTCCCACTCCATCTGGATTTGTTCA
GGTGAGAATCCGTCGTCAACGACCCCC
CCAATCGAGCCATGTGCAGCAACTTGTCGCG
TTGGTTTATTCCACCCATAGGTTTTACGCAGA
CAGATCTGCGCCCGAATAAGCCTCAAGCAGCA
TCTGCCACATTACGCTCCTGTCCGGCAAAGTT
TTGTCATAATGACTCCTGTTGATAGATCCAGT
GAACGCTCGGTTGCCGCCGGGCGTTTTTTATT
TTGGCTTATCCCAGGAATCTGTCGCAGACAAG
ATTTAATGGCATCAATGCATTAAATGCTTATA
AGCGTTGAAGAATTTAGCCCTTCAATCGCCAG
TGCAGCCGTCACTTAGAAGTGAGTATGAGTAC
CTCACCTGAGCTTAGAACCTTTACCAAAGGTG
CTTCGTTCTGGTCACCCAATTTGAGGGATG
TGAGGGATAGCAATCCCGGTTAGCCAGGCTCGCC
GTTGATGATCTGCGCTTTTCTTTTTTCT
AATTCTCTGACGAATAATCTACCTGCTGTACCTGCG
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GCGATCCGACGCATCACCACAGAAAG
TGAATTGCAGCATCCGGTTTCTGCTCACGGTCAAAGTT
CACCCCGTAAATCTGCGGCGGTCA
CACCATGTCAAACATCCACTCCAGTCTGTGTTTGTCAGGT
TGTTGCTTGTTACCCAGCAAAA
TCAGGCGGATATCGTTAGCCCACGGTTGATTTCGAGTTGGGT
TCAGCACGTTACCGGAGCACACACAT
CATGCCCAGCGGAACACCAGAAGTTGTCCTGG
ATTGGCCCGCATGTTCTGAATCGCGGAGTTTGGCCGGGC
CCACTTTACAGGT
CACGGATAAGACTCCGCTGTCACGCCTGCC
CGAGTTTTGGTTTGCTGGCATCCGGATACAGGCC
CCAGCTCGCTGACTTTTTCATAGATC
AACCATCTGTGCGGCGATGGTTTGGCAGTCCGGCGGTA
CTGCCCGGGTGAGGCATGTTGTTG
GCTTTTCGTCGTACTGTTCCTGGCAGAAATGGTCGATTCT
TGTTCCATCGTCTGAACACACC
GGGAAAGTTGCCAGTAACTGGGGTGATCCCGTTTTCCCGAAA
CAAACCGGTAATACACGACGGATTTCGTTCA
AGCCAGAACCCACTGGCCGTTCGCCAGACCTTA
TTTAGCCGCGGCCTATTCCTGCGTTAACC
GCCGACGGGCTACGCGCGATTTATGCTGGTTACTG
CAGAAGCTATTATCACCATGCAACAAA
ACGGATGCTTCTTCCCGGGCGTCCCCAGGTAATGAAT
TTTCAGTCCGAATAAACCATATCAA
TCGCTTCCGGCAATACTCGCTTAGCTTTGATTTCTGCGA
CTACCGCCCATGGCGTTTGATTTC
TGGTAACCAGCCAGTAGTGCACAGGAAGTTGTTTTACTGG
CAGTCATATGTCCGCATCAGTTCAGCA
GCCTTACGGCGTAATGACAAGCTCATCTGCG
CCTTCGATAACCAGAAGACCTGCCCGTGCCAT
TTGCGCCTGTTAGCGCGGCAACGTCCGGCGCA
AATTGCCTCTTTGCCCGTCATACACTTGCTCC
TCTTCGCCAGAGCCTGTGCACGATTTAGAGGT
TTCAGGGATCGCCTCACCACGGTTAATTCTCG
GTCGCGGTGGTTACGTCCGTCACGTTCACGCA
TTCGGTTTTCTGGCTGATGGTGCGATAGTCTT
GGTCTTCTGCTGTCCCCCACTTGCTGCCGCTC
GTCGTTTTCTGGCTGGTCAGAGGATTCGCCAG
TTTGTAATAGTGTCTTTTGTGTCCCCCTGTTT
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B design

Scaffold:
Lambda phage DNA, bases 37501-42308, 4808 base pairs long

PCR Primers:
TCAACCTCAAGCCAGAATGC
[BioTEG]JCGACGCTTTCTTGTTCG

Staple sequences:
AAGATATCTGATTCCAGGCTTCCCCCACTTGCTGCCGCTCTG
TCTTCTGCTGTTGGCTTTAGCC
GTGGTGTAATTCCCTCGCCCGATGGTGCGATAGTCTTCA
CGGTTTTCTGGCTGAAATGGTCATC
GCTTCGGTTCATCAGCTCTGATGCCAATCCAC
ACAGTATTTGGTGAAGGGAACGAGTTTTAAGCGGATATCGTTAGCCCACCCAGCAA
AATT

CCATGTCAAACATCCACTCTGCGGCGGTCAGG
TCGCATCATGCAGAACCTTTAC
GGGATGTTCTCACCTGAGCTTAGCTTCCCTCCCGAAGTCGAA
CAGAACAAGAGCCGGTATCGCCGTCACTTAGAAGTGAGT
GGTTAGTATGCAGAATCTTTTAGCT
ATTTTCTGAATACATTTTCGGAAGAATTTAGCCCTTCA
TCAAAGTTAGCGTTCGATACCGTCCA
GGCGTTTCCCGATGTCCGTGGCATCAATGCATTAAA
GGTGCTTTATTTAATCACGCACATGGGA
ATCCCTCCTCATCTTTGCTCCCAGGAATCTGTCG
AAATGAACTTGGCTTAAGGCAAGTCCGATT
GTTACCGAGATGTTCCGCAGCTTGAGGACGCA
AACCATTAACACAAGAGGTATTTGCAAATCGA
TCCTTCTCAAAGTCTGATTTATCCCTTGCG
ACGGTGTTAGATACAGTTCAGC
ATCAAGCTGCCCTCCAAATATTTCGCATGACT
CGTACCATGTCCTGATACAGGGCTTGATAATC
GCGACATTCTTCCTCGGTACATAATCTCCTTT
TCCCGTGATGACCTCATTAAAAACACGCTGCA
TTTTGCGTTGATTTTTTAATGCAGAATATGCA
ATGGTTGTTGCTTCCACCATGCGAGGATATCT
GTGATAGATTTAACGTATGAGCACAAAAAAGA
CGTCGCCTTAAAGCAATTTATGAAAAAAAGAA
CAGACAAGATGGGGATGGGGCAGTCAGGCGTT
TGCTTATAACGCCGCATTGCTTGCAAAAATTC
ATCGCCAGAGAAATCTACGAGATGTATGAAGC
ATGAGTACCCTGTTTTTTCTCATGTTCAGGCA
AATTGCAGCATAGTCAACACGC
TATCACCGCCAGAGGTAAAATCCGGTTTCACCACAGAAAGGT
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TTCTCTGACGAATAATCTTTCTTTCAGGGTTATGCGTTG
CGCATTGCATAATTCTTTTTTCTTT
AGGGATAGCAATCCCCCAATTCGCGCTTTGATATACGC
AATGGCCTTGTTGATTGAGGGATGTT
TTGAGGGATGCACCATTCTAAACGCTTCCATCAGCG
TTACCTCTTCCGCATGAGATGTTTTTAT
ATATTCATTCTGACGAGTAGAGCGGGGTTATTTA
AGGGCTGGAATGTGTATCTAACTTGGCTTC
CGCTAAGTTGAGAATCGAATAAATGCATACAC
TTGATTGAATGTATGCAGTGATTCTGTCCATT
GGCAAGCAGCACTTTAGCGTTTGTTTGCAC
TAGAGCCTCGTTAACTGTCGCT
CGTTTTCTGGCTGGTCAGAGGATTCGCCAGAA
TGTAATAGTGTCTTTTGTGTCCCCCTGTTTTG
TTATCCCTCGTTTTAGGGGATTTTCCCTCGTT
TTGGTCCAAACATGCCGCCTTGCTGCTTGATA
ATTGCACCGTTTGACAGGTAACTTTGTAATCT
GGTTTATTCCACCCATAGGTTTTACGCAGAAT
GAACCATATGTAAGTATTTCCTTAGATAACAA
CATAGGTGTGGTTTAATTTGATGCCCTTTTTC
TGCTGTTGTTTTTTTGTTACTCGGGAAGGGCT
TTTATAGTTAAAAAAATCTTTCGGCCTGCATG
CGAGATCTTTAGCTGTCTTGGTTTGCCCAAAG
TTCCATACAACCTCCTTAGTACATGCAACCAT
TTATCAACGCCCACAGCTTCCGCTGTCTT
GATTTTGGGCCAGTGATTCTGCATTCTGGCTTGAGGTTGA
GACGTCTTATGCGGAGAGATGGGTAAGCACAA
GCCGTGTACGATAACA
TTTTGGGAGGAAGCGGTTATCTTCTTTGCATT
GTTTCGTTACACCATCGATTCCAGTAAGGTTG
ATTATGTCAACACCCCTGTTGGTGTTCTTTCA
GTATATCCCCCATACCGTATAACCATTTGGCT
AACCGATAAACAGGCATTCGCGTCTGAATATC
ATCCATGATATTTCTTTACCATATCGATAAAT
CCCGTCGCTGCAGAACGCGCCGCCGACGTATG
TATGCTGACGCATCAG
GACATTTAACATGTCGCGGTGGTTACGTCCGT
TCCACCCCGTTGTCCTGGCATGCCCAGCGGAA
GTCGAGTTTTGGCCGGGCTCAGCACGTTACCG
TTGATAGACTGCCGAAGTTGAGTATTTTTGCT
TCTGGATTCCACATTACGCTCCTGTCCGGCAA
GGGCGTTTTGATAGTCTGGCGTAACCATCATC
TTGTCGCGTCTGCGCCCGAATAAGCCTCAAGC
CGACCCCCTCGATTCG
GAGAACTTCAAGCATTGCGATTTTGTTAAGCA
ATGGCAGAAATGGTCGATTCTTTCCACCTGCTGATCTGCGAC
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CAGGCCTGGGTTAGTTTTTTCATGGTAACTTC
TCATCTTTTTTTGCTGATGTGCTGCCTCGCAC
GTTTCATCCTGGAAGGATTTGCTGACAGGTGA
AAAACCAGCTGAATGGTTACTACGTCAGATTC
TTCTTCCCTTCCTGTTTTGGTCTATCTGGTGC
TTCGCCAGGACGAGAGACGTCACCTTTCGCAG
CCTGCCCGTGCATCCAGCCAGCGATGTCTCGC
TATGCTGGAATGCTGCGGTAAACAGGTGAGCG
CAACGTCCCGGCAAGGTTAGGAACCCCTGACA
CCCAGGTAGGTTGACTGGCCTATTCAACCTGT
CATACACTAGCTCCGCAAATTCGCTTTACCTG
TTTGATTTGCTCTGTACCGAATGCAGAGCAAA
CACGATTTCAGTCTCGCTTCGTCTAAACTAAC
AGTTGTTTATGTTTTTCATTCTCGCTTTCCAC
ACGGTTAAGCTCACGGTCAAAGTTTTTGTCAG
CATCTGCGTTCCGGCATGTTGTTGCACGCCTG
GTAAGCGCACCTGCTGTACCTGCGGACTCCTG
GTTGGTAAACTGGCTGAACACACCGAACTCCA
TCCACGGAGTTAGCCAGGCTCGCCTTGCCGCC
CCTCGCTTCGACGGATTTCGTTCAGCAGCAAC
AACCAGCTTCCCGTTTTCCCGAAAGTCGTCAA
TAACGGATCATTCCTGCGTTAACCGCAGCATT
GTCCAAGCTCCGGACGTCCTCCTTTTCCTGCG
GTAACGGTTGATTTCGAGTTGGGTCCACTTAT
CCAAAAAATCAATCACCTTGTTTTGAGATCGA
CAAAGGTGAGCCACCGGATATCCCTACTGCGT
CACCGCACGTTGAAGGTTTTTACGATTGGTTT
ATTTGGTCTTGGCTTGGGTTTATTAGCTGCGG
CACCGGAGGGAAGGTATTTGCAGTTAAGCAGG
GTAGTGGTGGTGATACTTCGTCGCCCATGCCA
CTTTGGTTCAGAACTTCACAACTTAACATCCT
GGCTTCAGTGTCATTGGATGTTCAACCACAAA
GAGTGCCAAAACGTAATGCACGTCCTACACGC
TCTGTCAGTTTTGCTCCATTAGCCCTGTATAA
CACGTTCACGTCCTGCCACCGGAGGACCACTT
CAGCACACTCATGCAGCCCTGTCTCCCCAAGA
GACCAGAAGTAAATCCAGTCTGTGAACCATCT
CGCGGAGTTTGGTTTGCTGGCTGTGCGATCCG
AGTTACCTTCCAGTAATGACCTCAGTTGATGA
GAGATCTGTGTTCAGAACGCTCGGGGGAAAGT
AGCATATTTTTATTGGTGAGAATCCTTCGTTC
TGGTCAGACCAATCGAGCCATGTCAGCCAGAA
ACGCACTCCATTCAAGAACAGCAATGTTCCAT
CTCAGTTCTGGAATCCAGTCCCTCGCCGACGG
CGACGCTTTCTTGTTCACTTCCCTCTCCCCCA
CACGTTGATATCAACCTGCAATACCACACTTC
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CCTGTTGCTTGTTTTTGTCATAATGCTTTTCG
ATTTCAAATTATTAGCTCAGTAATGTAGATGG
GAATAGCGTAACTCCATATACCGCCAATACCC
GGTTGGGTGCGGCACTCTGGCGACACTCCTTA
TTGCGTTCGTTCGTGCTCATCTTTCCTTCCCG
CCCATAGCTGGTAGCAAACCGGTAATACACCG
TTCAACCTACCTTACCTTCGATAACCAGAAGA
CAGCTTTCTGCCATTTTAGCCGCGGCCTGATT
GCTGCTTTTTACTGTTGCGCCTGTTAGCGCGG
GCCATTCCGGCGCACAGAAGCTATTATGCGTC
ATCCTGCTATGAATAATTGCCTCTTTGCCCGT
GCTCTAATTGCTCCTTTCAGTCCGAACTTAGC
AACGCCACCTGCGATCTTCGCCAGAGCCTGTG
TCCAGAGCAGAGGTCTACCGCCCATGACAGGA
GTGCGGCGTACTGGTTCAGGGATCGCCTCACC
ACGCATCTTTCTCGCAGTCATATGGACAAGCT
TCGTACTGGCCTTACGGCGTAATTCCGCATCA
TCTGCGCTATTGGCCCGCATGTTCTGATACAG
TGCCAGTACCAGCCAGTAGTGCGCGTTTGATT
TGGTCACGTAAGACTCCGCATCCGGATACAGG
CCCACTGGCCGGCAATACTCGTAAACCATATC
CGTGGTGACGCTGACGTTTGGCAGTCCGGCGG
GCTACGCGGCTTCTTCCCGGCACCATGCAACAAACTGCCCGGGTG
AATAAAAAGGCCTGCGATTACCAG
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