DimSUM: Dimension and Scale Unifying Map for
Visual Abstraction of DNA Origami Structures
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DimSUM: Dimension and Scale Unifying Map for ot
Visual Abstraction of DNA Origami Structures "t
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DimSUM: Dimension and Scale Unifying Map for
Visual Abstraction of DNA Origami Structures
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DNA Origami Method

Scaffold Strand
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Modified from openwetware.org

In Silico Design

Haichao Miao et al.

CCAGTACATTGAGGAGCGACACCCGGAACCAT
AGAACCGCCACGCATAACTTAAAGGCCGCTTTGCCAAGC
GCCATGCTGGTGCGCGTACAGAGCGCARATCAAAATCGGAACCCTA
ACAGGGACTGAACATTAGTTGCGAGCGTGTAATAATTTAGGCAGA
GTACCGCCACCCTTGAGGACTAAAGCAACGGCT
AGGTCATTGCCTGAGGATCTACCCGGAGARATTCGTAAAGCTGAT
AGGTGTATCACCAACCGCCACCC,
TATCAAAACRAT
TGGATTAATTACTACCCACCCTCAGAG
ARTTAATGARAGGCTAT
GCCCTGGGGTCTCCTCGGGARCGGCAGTGAG
GATTCCACTAATAAGGCAMTTGCAGCATCC
ACTTTACCAGCAGAGCCCCAGTATAATCATAT
GARCGTGGACTCCTTGATGGGTCATAACAGTTCATGCGATT
AATCAAARATCGACTACCTTTTTAACCAGCCTTGCTT
CTTAGAAATCGRATTGCGTTATCTARA
TGCAAAAGAAGTTGGGTAAT
GTGAGTAACAGTGCCCGAACGGGGTTTGTATCATTCAG
GGAAGTTTCATAGARAGGAGCTTGCACG
TTGATTTATAATTACGCCAGAATCCTAACGTGCTT
CAGAGGTCCGTAATGGGGGGTTTTGCTCAGTACCA
ACATGTAAAGTACTTACCATTAAGCAGAGAGA
TCGETTATGAATTTTCTGTAACGATCTAARGTTTGTCACCA
TTAACGTATAACATTAGAAGGTTGCGGGCAATAGAAATGCAG
TTGATACGCCCACCCCT

TTGGGTAACG
GTTGTTAAGARATAAGTAAAATTTACC
TATCTAATTGCGGTCAGTATTAACACCG
TTTGARATACCTTCCTCCG
GAAAGCGTAAGAATAC
ATAATAAGACGTTATCCTGAATCCGACAATATTTAACA
GCGGATTTAATTGAATGGTC
CATCAAAGAGAGTATGCAACGCGAACG
ATAGGCGATCGGTGCGGGCAGCTTTGGTTTTCCCAGT
AARAGCGATATTCGCCGCGATTGGCCTTGATATTCA
GCCTGGTTTTCTTCACRATTTARAGCC

GTAACGTCA

AGATGGCCAGAACG

CCTGAGGAAGGTAGATTTT

DNA Sequence Export

DNA strands




DNA Origami | Conceptual Foundation m
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Phosphate- » °\,Z;
deoxyribos€ 7N o
backbone ~ k@ q
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5" end
By Madeleine Price Ball Mao 2004 Douglas et al. 2009
Chemical Structure Crossovers Lattice Arrangement .
Haichao Miao et al. 5 ﬁ




DNA Origami | Conceptual Foundation m

Thymine

Adenine

Cytosine
Guanine

By Madeleine Price Ball Mao 2004 Douglas et al. 2009

Chemical Structure Lattice Arrangement
5

Haichao Miao et al.
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State-of-the-art Method & Tool
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Start End Sequence Length
15[2] 2[2] TCCGCTCACAATTCCACCATCCGATCGGTGCGGGCCTC 38
1[5] 12[5] ACAT a4
2[74] 9[36] ACAAACGGCGGATTGACCGGTATCGGGGCACCGCTTCTGGAAACC 98
10[36] 1[78] AATCAAAAGAATAGTCGGCAAAATCCCTTAGATGGTGCATCTGCTC 172
11[5] 0[5] CGGGTACCGAGCTCTCGACTCTAGAGGATCCTTGCATGGCTGCGC 46
16[32] 16[2] CCCTGAGAGAGTTGACAACATACGAGCCGGA 31
- 4[81] 3[74] CCAATAGGAACGCCATCAATTCTCCGTGGGA 31
9[5] 10[5] AGCC 4
12[36] 11[36] TTTA 4
19[2] 19[32] AATGAGTGAGCTAACTCACATTAACCAGTGA 31
14[32] 14[2] CGCTGGTTTGCCCCCCTGTGTGAAATTGTTA 31
21[9] 4[9] CCCG CCAGTCGGGTTTCAGGGGGATGTGCTGCAA 38
22[39] 22[9] AGGCGGTTTGCGTAAAACCTGTCGTGCCAGC 31
13[5] 8[5] GGTCATAGCTGTTTAGAAGAATTCGTAATCTGTTGGGAAGGGGTC( 74
8[36] 21[39] GAGTGTTGTTCCAGAAGGCCCGAGATAGGGCAAAGCGACTCCAAC 63
17[2] 17(32] AGCATAAAGTGTAATGCCCTTCACCGCCTGG 31
18[32] 15[32] GACGGGCAACAGCTGATAGCCAGCTGGCGAAATGGGCGCAGCAAC 52
23[9] 6[9] TGCATTAATGAATCGGCCAGTACGCCAGGG CCCA 38
0[78] 5[81] CTCCAGCCACTCATTTTTTAA 21
5[9] 13[36] GGCGATTAAGTTGGGTAGGCCATTCGAACCGTGGTTCCGACAGGC 56
3[2] 18[2] TTCGCTATTACGCCTGGGGTGCCT 24
20[39]  20[9] GGTTTTTCTTTTCATTGCGTTGCGCTCACTG 31
6[39] 23[39] CTATTAAAGAACACGCGCGGGGAG 24
7[9] 7[39] GTCACGACGTTGTATTTGGAACAAGAGTCCA 31

Rothemund 2006

caDNAnNo by Douglas et al. 2009

Haichao Miao et al. 6




2D | Schematics and Modeling

Haichao Miao et al.

Douglas et al
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2D | Schematics and Modeling

+ Schematics for easy interaction
+ Good overview
i - High clutter
- Require knowledge of rules
- Little spatiality

Haichao Miao et al. 7



Haichao Miao et al.

2D | Schematics and Modeling
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+ Schematics for easy interactio

+ Good overview
- High clutter

- Require knowledge of rules

- Little spatiality
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3D | Spatial Features & Distances m

Douglas et al. 2009

Haichao Miao et al. 8



3D | Spatial Features & Distances m

+ Realistic spatial arrangement
- Visual occlusion
i - Hard to examine individual strands

Haichao Miao et al. 8



| Sequences

Start End Sequence Length

15[2] 2[2] TCCGCTCACAATTCCACCATCCGATCGGTGCGGGCCTC 38
1[5] 12[5] ACAT 4
2[74] 9[36] ACAAACGGCGGATTGACCGGTATCGGGGCACCGCTTCTGGAAACC 98
10[36] 1[78] AATCAAAAGAATAGTCGGCAAAATCCCTTAGATGGTGCATCTGCTC 172
11[5] 0[5] CGGGTACCGAGCTCTCGACTCTAGAGGATCCTTGCATGGCTGCGC, 46
16[32] 16[2] CCCTGAGAGAGTTGACAACATACGAGCCGGA 31
4[81] 3[74] CCAATAGGAACGCCATCAATTCTCCGTGGGA 31
9[5] 10[5] AGCC 4
12[36]  11[36] TTTA 4
19[2] 19[32] AATGAGTGAGCTAACTCACATTAACCAGTGA 31
14[32] 14[2] CGCTGGTTTGCCCCCCTGTGTGAAATTGTTA 31
21[9] 4[9] CCCGCTTTCCAGTCGGGTTTCAGGGGGATGTGCTGCAA 38
22[39] 22[9] AGGCGGTTTGCGTAAAACCTGTCGTGCCAGC 31
13[5] 8[5] GGTCATAGCTGTTTAGAAGAATTCGTAATCTGTTGGGAAGGGGTC( 74
8[36] 21[39] GAGTGTTGTTCCAGAAGGCCCGAGATAGGGCAAAGCGACTCCAALC B3
17[2] 17[32] AGCATAAAGTGTAATGCCCTTCACCGCCTGG 31
18[32] 15[32] GACGGGCAACAGCTGATAGCCAGCTGGCGAAATGGGCGCAGCAAL 52
23[9] 6[9] TGCATTAATGAATCGGCCAGTACGCCAGGGTTTTCCCA 38
0[78] 5[81] CTCCAGCCACTCATTTTTTAA 21
5[9] 13[36] GGCGATTAAGTTGGGTAGGCCATTCGAACCGTGGTTCCGACAGGC 56
3[2] 18[2] TTCGCTATTACGCCTGGGGTGCCT 24
20[39] 20[9] GGTTTTTCTTTTCATTGCGTTGCGCTCACTG 31
6[39] 23[39] CTATTAAAGAACACGCGCGGGGAG 24
7[9] 7[39] GTCACGACGTTGTATTTGGAACAAGAGTCCA 31

Haichao Miao et al. 9 M. RA




1D | Sequences m

+ Clean-arrangement of strands
+ Sorting of strands

i - No spatiality

Haichao Miao et al. 9



Modeling and Inspection

: :A 77': 1 ‘;77: —j i g ’;7_? Start End Sequence Length
s | [t =) v A - 1521 202] TCCGCTCACAATTCCACCATCCGATCGGTGCGGGCCTC 38
T =il 1 l f‘ :' [ 1[5] 12[5] ACAT 4
$ 3 AR EEE] I ]A N | L 2[74]  9[36]  ACAAACGGCGGATTGACCGGTATCEGGGCACCGCTTCTGGAAACC 98
4 3 ‘ j[ 1,{ 4—1 =1t T 10[36]  1[78]  AATCAAAAGAATAGTCGGCAAAATCCCTTAGATGGTGCATCTGCTE 172
8 ?_?";‘ 3 [ "} 3 *' T $ 11[5] 0[5 CGGGTACCGAGCTCTCGACTCTAGAGGATCCTTGCATGGCTGCGE 16
G P S ""71 l e 16[32] 16[2]  CCCTGAGAGAGTTGACAACATACGAGCCGGA 31
7 L S R Ta SR 4/81]  3[74]  CCAATAGGAACGCCATCAATTCTCCGTGGGA 31
s e e A * L 9[5] 10[5]  AGCC 4
3 T L) - 12[36]  11[36]  TTTA 4
. 8! L LA 3 19[2]  19[32]  AATGAGTGAGCTAACTCACATTAACCAGTGA 31
P &1 1 ug 1} 14[32] 14[2]  CGCTGGTTTGCCCCCCTGTGTGAAATTGTTA 31
- p | [ 11 21091 4[9] CCCGCTTTCCAGTCGGGTTTCAGGGGGATGTGCTGCAA 38
v I Ly T ] 22[39]  22[9]  AGGCGGTTTGCGTAAAACCTGTCGTGCCAGC 31
i [ et 13[s] 8] GGTCATAGCTGTTTAGAAGAATTCGTAATCTGTTGGGAAGGGGTCL 74
8 ¢ 5 i 8[36]  21[39]  GAGTGTTGTTCCAGAAGGCCCGAGATAGGGCAAAGCGACTCCAAC 63
& 17[2]  17[32]  AGCATAAAGTGTAATGCCCTTCACCGCCTGG 31
LI - ' 18[32]  15[32]  GACGGGCAACAGCTGATAGCCAGCTGGCGAAATGGGCGCAGCAAC 52
o1 23[9]  6[9] TGCATTAATGAATCGGCCAGTACGCCAGGGTTTTCCCA 38
1@ Hfod 0[78]  5[81]  CTCCAGCCACTCATTTTTTAA 21
S — - = 5[9] 13[36]  GGCGATTAAGTTGGGTAGGCCATTCGAACCGTGGTTCCGACAGGC 56
20 — ] 5 S 3[2] 18[2]  TTCGCTATTACGCCTGGGGTGCCT 24
2 T| — 20[39]  20[9]  GGTTTTTCTTTTCATTGCGTTGCGCTCACTG 31
P : /N 3 6[39]  23[39]  CTATTAAAGAACACGCGCGGGGAG 2
5 “ - . 719] 7[39]  GTCACGACGTTGTATTTGGAACAAGAGTCCA 31

2D 1D

Haichao Miao et al. 10




Modeling and Inspection m

Modeling

i Inspection

3D 2D 1D

Modeling Modeling
“ Inspection “ Inspection

Haichao Miao et al. 10



Modeling and Inspection m

MMg Modeling M}dﬁg
i Inspection * Inspection )0 Inspection

3D 2D 1D

Haichao Miao et al. 10



10 Scales

Miao et al.
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Dimension and Scale
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Dimension and Scale Unifying Map (DimSUM)

ey

Haichao Miao et al. 13



Dimension and Scale Unifying Map (DimSUM)

et .
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1
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fstor 0 seavence Length RS ———— = . ]

5] 202)  TCCGCTCACAATTCCACCATCCGATCGGTGCGRGCCTC E

s 1] ACAT 4 S 1.3 *

20741 9[36]  ACAAACGGCGGATTGACCGGTATCGGGGCACCGCTTCTGGARACC 98 ’ — .

- 10[36]  1[78] CTT! 172! . ol 4 »

= 8 8 1[5]  0S]  CGGGTACCGAGCTCTCGACTCTAGAGGATCCTTGCATGGCTGCGE, 46 » 2k )

Y ¢ ¢ I | 1632)  162]  CCCTGAGAGAGTTGACAACATACGAGCCGGA 31 . 3 Y
£ H ; i 481 374 CCANTAGGAACGCCATCAATICTCCGTGGGA 31, .

& 3 151 1005]  AGCC 4

£ 7 1236] 1136 TTTA 4 | esss——— o9

F T 19021 19[32]  AATGAGTGAGCTAACTCACATTAACCAGTGA 31 - . i -

T 14(32]  14[2]  CGCTGGTTTGCCCCCCTGTGTGAAATTGTTA 31 f =
3E 3 3 2105]  4[9]  CCCGCTTTCCAGTCGGGTTTCAGGGGGATGTGCTGCAA 38, £ - 2
2y A% W AN \ 2039 2209 AGGCGGTTTGCGTAAAACCTGTCGTGCCAGE 31 |

13(5]  8[5]  GGTCATAGCTGTTTAGAAGAATICGTANTCTGTTGGGAAGGGGTCC 74

8(36]  21(39]  GAGTGTTGTTCCAGAAGGCCCGAGATAGGGCAAAGCGACTCCAAC 6 ® [ | S |
17[2]  17032)  AGCATAAAGTGTAATGCCCTTCACCGCCTGG 31 - IRk r
1832]  15[32]  GACGGGCAACAGCTGATAL GCAGCAA 52

23091 69 TGCATTAATGAATCGGCCAGTACGCCAGGGTTTTCCCA 38 - 4 ‘& + - 3
0[78]  5[81]  CTCCAGCCACTCATTTTTTAA 2n L 2 -
Si9  13(36]  GGCGATTAAGTTGGGTAGGCCATICGAACCGTGGTTCCGACAGEE 56

32 18[2]  TICGCTATTACGCCTGGGGTGCCT 2, ® l . +
20039 2009]  GGTTTTTCITITCATIGETTGCGCTCACTS 31, —

61391 23(39]  CTATTAMGAACACGCGCGGGGAG u . =
719] 73] GICACGACGTTGTATTTGGAACARGAGTCCA 31

State-of-the-art by Douglas et al. 2009

Haichao Miao et al. 13
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Dimension and Scale Unifying Map (DimSUM)
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Cross Dimension and Scale Highlighting

1 Ademita

Preprocezing | Visuskatien | Modeing | Data | Debug and Tetting:
Dinpilay Opticm

i

L:pﬁu Sn?uv?'mpﬂlm

Strand 0 o N

Multisrale Visalization

—2)
=0
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Haichao Miao et al. 15



Automated Feature Highlighting and Sorting

Haichao Miao et al. 16




Abstraction-adaptive Modifications

M L
j ;‘fnl

selecting strands endings in 3D after connecting in 3D showung sequence in Scale 5

Task 1: Removing Short Staple Strands Task 2: Adding Bridging Strands

Haichao Miao et al. 17 ﬁ




Haichao Miao et al.

Sort by strand Iength'
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Haichao Miao et al.

Dimensions

DimSUM - Interaction Panel

Scales

20




DimSUM - Interaction Panel m

Heatmap: Time user
spent at this locations Viewpoint thumbnails

1T T s /saved by user
\ﬂ.

-

O ——_———

Dimensions
= |

Axes snappin Scales
PpPINg Current location in

abstraction map

Haichao Miao et al. 20



Loading user session
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Case Studies

o

« H m Casestudy1
s Domain scientist 1

o) ] ! . .

N = s Structural motif design
s Transition 3D to 2D

o

- Scales

(9) | )

m Casestudy 2

A s Domain scientist 2

~ e .
s Surface strand analysis
s 3D scales most interesting

o

-~ Scales

Haichao Miao et al. 22




Limitations & Future Work

m No simulation data for structural predictions (4D?)

m Camera is not smart (how to keep focus?)

m Transitions from 2D to 1D (two-step interpolation?)

m Navigation in DimSUM panel not guided (guided navigation?)

0.3 msesss m 1.2 nm /

ey

~F -
-+
I
\J

— A

Our approach Castro et al. 2011 !i

Haichao Miao et al. 23




m Novel and existing
representations for DNA
origami structures

m Using visual abstraction

m Integration into a dimension
and scale unifying map

Dimensions

m Interaction techniques for
exploring the DimSUM

Scales
m Abstraction-adaptive

modification

Haichao Miao et al. 24



Thank you for your attention! i

LLIF

Der Wissenschaftsfonds.




