Abstract

DNA Pen can be used to draw objects at nanoscale. The software
generates error free DNA sequences which can be used in the wet
lab to create the designed object at the nanoscale. With the help of
DNA Pen we have drawn several objects and alphabets using the two
different molecular canvases available in the software.
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Self Assembling DNA Tiles

DNA self-assembly is the process by which DNA strands adopt a de-
fined arrangement without guidance or management from an outside
source.

DNA Pen works on the process of self-assembly of its individual

molecular pixels forming a molecular canvas. Each molecular pixel
1s denoted by a Single Stranded Tile (SST).
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Types of SSTs

o Full Tile Sequences: Standard DNA sequences having a chain of

42 nucleotides.

e Half Tile Sequences: DNA sequences having a chain of 21 nu-

cleotides, used to seal the shape from top and bottom.

e Impervious Full Tile Sequences: Full tile DNA sequences on the

side borders of the structure consisting of T sequences of length 10
or 11.
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Orange- Half Tile Sequences
Blue- Full Tile Sequences
Blue-Green- Impervious Full Tile Sequences

Molecular Canvas

e Freehand Molecular Canvas: It enables the user to draw any shape

on the molecular canvas using the mouse as a paint brush. When
the user starts drawing on this canvas, sequences of DNA bricks
are added to the output file, which is then available to the user by
calling the appropriate save function.
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e Digitized Molecular Canvas: The Digitized Molecular Canvas al-

lows the user to only draw along the horizontal and vertical lines
unlike the free drawing property of the Free Hand Molecular can-
vas. The user 1n this case can draw only digitized objects.
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e Detailed DNA Data
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Cordinate Y Cordinate Domain 1 Domain 2 Domain 3 Domain 4 B

Coordinate: 6 Y Coordinate: 0 d1 TCTATAGCTT  d2 TTGGTGCTCGT d3 TGACACGCGTG |d4 ACCAGTGAGA
inate: Y Coordinate: 1 |d1 CGTGAATCAGT |d2 AGGTGTTCCT  |d3 CAGCCGGAGT  d4 ACGAGCACCAA
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X Coordinate: 5 'Y Coordinate: 2 |d1 TGCGGCAGAG  |d2 TGAGCTCTCAT |d3 CTTCGCGTCAG  d4 AATGCTTGCA
X Coordinate: 6 'Y Coordinate: 2 |d1 GAAGAGCAAG |d? TACCAGACGGT d3 ACTGATTCACG |d4 ATGCATTCCG
X Coordinate: 7 Y Coordinate: 2 |d1 TCCAACTGCA  |d2 GGTACGAGAAT d3 GTACATCGATG  d4 AGGAACACCT
X Coordinate: 8 Y Coordinate: 2 | d1 AGGTTCCGCA  |d2 GGAACCGGCTT d3 ACTGTCCAGCG |d4 AGGCAGTGCG
X Coordinate: 9 Y Coordinate: 0 |d1 CGATTATGTG ~ |d2 TATGTACCTTT |d3 ACATCTGTATG |d4 GAAGCTTGCA
X Coordinate: 8 Y Coordinate: 1 |d1 CGCTGGACAGT |d2 TGGTCAACAT  |d3 CACATAATCG  d4 ACACATGAACC
X Coordinate: 4 'Y Coordinate: 3 |d1 CGAAGATCTCT |d2 CTCATGGTAT  d3 CTCTGCCGCA  |dd4 AAACACCTGTA
X Coordinate: 5 'Y Coordinate: 3 |d1 CGAGCTCTCGT |d2 TGTCCAGATT  |d3 CTTGCTCTTC  d4 ATGAGAGCTCA
X Coordinate: 6 'Y Coordinate: 3 |d1 CCAATATTCGT |d2 CACTCGATCT | d3 TGCAGTTGGA  |dd ACCGTCTGGTA
X Coordinate: 7 Y Coordinate: 3 d1 CGAGAGATCGC |d2 TAATACATTT  d3 TGCGGAACCT  |d4 ATTCTCGTACC
i Y Coordinate: 3 |d1 CCTCATCACGT d2 CTGATGTATT  d3 CGATTATGTG  d4 AAGCCGGTTCC
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Y Coordinate: 4 |d1 TAGCTGACCT  |d2 GTGTCCTGAGT |d3 ACGAGAGCTCG d4 ATACCATGAG
ordinate: Y Coordinate: 6 |d1 TACTTGAGGC  d2 GTGAGCAATTT d3 AGCAGCCGGAG d4 ACCTATGAAC

X Coordinate: 7 Y Coordinate: 11 |d1 CTAAGCGGAGA d2 GATGCTCTGT  |d3 TTGACATGGC  d4 AAACCGGTTGA

X Coordinate: 10 'Y Coordinate: 10 |d1 CACATCTGGA  |d2 GTGATCGTAGT d3 ACGTCATAGTG | d4 AGCACGTGCT

X Coordinate: 10 'Y Coordinate: 21 |d1 CACGTCTCACT |d2 GTCTCGAGCT  |d3 GAATTCCAGC  d4 ATGAGCTGAGA

X Coordinate: 10 'Y Coordinate: 18 d1 CTCACTTCTC |2 TGCCATATGGT |d3 AGTCGTCTGCG d4 AATCATTGAC

X Coordinate: 10 'Y Coordinate: 16 d1 CTCTGCGCTA  |d2 GACTAAGCTCT d3 GACTACTCCTG  |d4 ATCGATTCAT

X Coordinate: 7 Y Coordinate: 21 |d1 CACATGTGAAG d2 TATCTCGTGT  |d3 TCTCGTGAAC  d4 ATGAATGCTAG

X Coordinate: 3 'Y Coordinate: 14 |d1 GCTAACATTC  |d2 TGCGTTGTCAT |d3 GTGTACTGTGG d4 ACGTTGTCCT
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ordinate: Y Coordinate: 14 |d1 GTGCTCTGCG  |d2 ACATAATCGAT d3 CGAGTCGTGTG d4 AATCTACGCG
X Coordinate: 0 'Y Coordinate: 17 |d1 CCAGCGTGAGT d2 CGTAGCTATT  d3 TAGACGATGT  d4 ATTCGAGTCAT
X Coordinate: 4 Y Coordinate: 0 |d1 ATACTAGTTC ~ d2 GTCTCCTGCTT |d3 TTTTTTTITIT d4 CTGTTACTTA
X Coordinate: 6 Y Coordinate: 0 |d1 CACGCGTGTCA d2 TACTTCCGTG  d3 a4
X Coordinate: 7 Y Coordinate: 0 |d1 ACTCCGGCTG  |d2 TTTTTTTITTT d3 TTTTTITTT0T d4 CACGGAAGTA
X Coordinate: 4 'Y Coordinate: 1 |d1 TTITTTTTTTTT  d2 TGCAAGCATT  d3 TTTTTTTITT d4 AAGCAGGAGAC
30 X Coordinate: 5 Y Coordinate: 2 d1 CTGACGCGAAG d2 CGGAATGCAT d3 a4
_ 3 |XCoordinate: 6 Y Coordinate: 2 |d1 CGTGAATCAGT d2 AGGTGTTCCT  d3 a4
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e DNA Pen I EX File

DNA Pen Data Sheet-Digital Grid

Description Value

Project Name Om
Total number of Tiles |
Number of Half-Tiles 22
Number of Full-Tiles [E1)
Dimension of Molecular Canvas {Brick-Wall) | 69 x 345nms?

[ Seq ID [ X-Coordinate | Y-Coordinate | DNA Sequence Generat ed
6 B TCTATAGCTTTTGGTGOTCG TTGACACGOGTGACCAGTGAGA

CETCGAATCAGTAGCTCTTCCTCAGCCGGAGTACCAGCACCAA
TGCGGCAGAGTCAGCTCTCATCTTCGCGTCAGAATGCTTGCA
GAAGAGCAAGTACCAGACGGTACTGATTCACGATGCATTCCG
TCCAACTGCAGCTACGAGAATCTACATCGATCGAGGAACACCT
AGGTTCCOCAGCGAACCGGCTTACTGTCCAGCCGAGGCAGTGCG
CGATTATGTGTATGTACCTTTACATCTGTATGGAAGCTTGCA
CGCTGGACAGTTGGTCAACATCACATAATCGACACATGAACC
CCAAGATCTCTCTCATGGTATCTCTGCCGCAAAACACCTGTA
CGAGCTCTCGTTGTCCAGATTCTTGCTCTTCATGAGAGCTCA

]
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CCAATATTCGTCACTCGATCTTGCAGTTGGAACCGTCTGGTA
CCAGAGATCGCTAATACATTTTGCGGAACCTATTCTCGTACC
CCTCATCACCTCTGATGTATTCCGATTATGTGAACCCGETTCC
TAGCTCGACCTGTGTCCTGAGTACGAGAGCTCGATACCATGAG
TACTTGAGGOGTGAGCAATTTAGCAGCCGGAGACCTATGAAC
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13
14
15
16 T T CTAAGCGCACACATCCTCTOTTTCACATCGOCAAACCCGOTTCA
17 10 10 CACATCTCCAGTCATCGTACTACCTCATAGTGAGCACGTCCT

1 2 o

18 10 10 CACGTCTCACTGTCTCGAGCTGAATTCCAGCATGAGCTGAGA
19 10 10 CTCACTTCTCTGCCATATGGTAGTCGTCTGCGAATCATTGAC
20 10 10 CTCTGOGCTAGACTAAGCTCTGACTACTCCTGATCGATTCAT
2 T 7 CACATGTGAAGTATCTCGTGTTCTCGTGAACATGAATGUTAG
3 3 GCTAACATTCTGCGTTGTCATGTGTACTGTGGACGTTGTCCT
2 2 GCTGCTCTGCGACATAATCGATCGAGTCGTGTGAATCTACGCG
0 0 CCAGCGTCAGTCGTAGCTATTTAGACGATGTATTCGAGTCAT
4 4 ATACTAGTTCGTCTCCTGCTTTTTTTTTTTTTCTGTTACTTA
Tahble 1: DNA Data
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e DNA Sequences: A complete list of full and half tile sequences
depicting the shape drawn, which is generated by the software.

e Draw Data PDF': A PDF file which contains all the full and half
tile sequences alongwith a uniquely 1dentifiable barcode.

e Tile Draw Image: A complete list of full and half tile sequences
depicting the shape drawn, which 1s generated by the software.

Edit Dimensions

The Freehand Molecular Canvas can have different dimensions- vary-
ing from 1050nm X 699nm to 112nm x 75nm. DNA Pen allows you
to vary the size of the canvas, thus altering the max size of the shape
that can be drawn.
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Select a dimension for the Brick Wall
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Estimator Function

It calculates the cost of experiment (USD).

F A
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