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Order or Chaos?!

File Genomes View Tracks

Human hgl8

chr22

|

chr22:20,000,000-20,100,000

| = RRTNARRY TR

q12.3

»0 kb

99 kb
20 050 kb
|

20 060 kb 20 070 kb

NEME
DATATYPE

RefSeq genes

HG00273
HG00274
HG00275
HG00276
HG00277
HG00278
HG00280
HG00281
HG00282
HG00284
HG00285
HG00306
HG00309
HG00310
HG00311
HG00312
HG00313
HG00315
HG00318
HG00319
HG00320
HG00321
HG00323
HG00324
HG00325
HG00326
HG00327
HG00328
HG00329
HG00330
HG00331
HG00332
HG00334
HG00335
HG00336
HG00337
HG00338
HG00339
HG00341
HG00342
HG00343
HG00344
HG00345
HG00346
HG00349
HG00350
HG00351
HG00353

i T i
Il LI
I [RER N
1] LEI
I (L]
[ R R
I LB BT L 1]
| L |
] IUT B m
| II [
Il (R R ]
I | |
10 A O
1l I mrr
| 10 ]
| T T
|
| | |
1 L O
[l IUEErrrin m
| | |
| LI T W
1 0 A
[ 1]
|
|
|

| e
1Y S Y T T |

q13.32
201
L El
TR
IREAR=
1}
il BIE)
o
i Wl
[
i
I
I
(&
1
TRENT
|
ST
Il
11
TR
I
|
ol
(T
|
It
NN
1
I I
o
| mnmsng §
|
[
o
| L
|
nm
I
ni
1

3 tracks

chr22:20 063 347

|[p2sM of 1 Toim |




Possible Data Structure Solution:
Genome Variation Graphs ~2017

e Population Reference Graph(Pithey etal. 2015]
o HLAand MHC data, Mapping only

° GraphTyper[Eggertson et al. 2017]
o population scale genotyping, Mapping
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https://github.com/AlexanderDilthey/MHC-PRG
https://github.com/DecodeGenetics/graphtyper

Overview Visualization Tools ~2017

e Graphviz

° ABySS_EXp|Orer[Nielsen et al. 2009]

e BANDAGEMWick etal. 2015]

e Sequence Tube Maps

No interactive genome browser solution available.


https://github.com/rrwick/Bandage
https://github.com/vgteam/sequenceTubeMap

The Graph Data Structure + Visualization Layout

mm= Genome 1: ACTACAGTA CTGG ... Path: 1 2 Genomes are paths through nodes.

Genome 2: ACTACAGTA .. Path: 1 Direction: from left to right.

Path Genome 1 2
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Node: Path Genome 2
e Contains sequence
e Width reflects
sequence length



Master Thesis 2017 - Prototype Implementation
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Master Thesis 2017 - Prototype Implementation
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Master Thesis 2017 - Prototype Implementation
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Master Thesis 2017 - Prototype Implementation
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Master Thesis 2017 - Prototype Implementation

Genome Variation Graph VIZ View ~ Zoom Level~ Download ~ test@test.com ~
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Variation Graph Haplotype Blocks

Jump to gene:
2 MT_350@NC_012920.1: 350 bp
genel x v Starting Position: 1 -- Ending Position: 36 3
I ] #paths crossing node:
1 2 36 bp > 1 9
e 1 J 35 20 31 NC_012920.1
gene2 (tcaca) (G) (GT) (cma) @ () (A) () () (€] (TA) (TTaaccac (cac) (¢ s
= Q) _phase
gene3 >4 _phase0_0
gene4 b B J = ] _phasel
— @)
_phasel 0
_phase2
_phase2_0
4 < _phase3
@ @ _phase3_0
—/ — - — \ </ </ </ U/ - | o/ - Y
1 9 15 20 31 6

Hover over a track to highlight.
Left-click on a track to move it to the top and rearrange the visualization according to the clicked track's sequence and update the sequence positions accordingly.

H: The header of the page. 1: The jump to gene chart. 2: The genome overview chart. 3: the heatmap
chart. 4: The meta annotation chart. 5: The graph chart. 6: The meta path chart.



Master Thesis 2017 - Jump to Gene Position

Jump to gene:
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Master Thesis 2017 - Thousands of Individuals?!
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Visualization concept to visualize variants of thousands of individuals!
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Prototype Limitations

e No sophisticated zooming levels

e High implementation effort due to C++ bindings

e Project not further pursued until 2019
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Current Visualization Approaches - Static:

e vg view + Graphviz

o neato
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Current Visualization Approaches - Interactive 1:

° ABYSS-Explorer[Nie|Se” et al. 2009]

e BAN DAGE[Wick et al. 2015]

° GfaViZ[Gonnella et al. 2018]
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https://github.com/rrwick/Bandage
https://github.com/ggonnella/gfaviz

Current Visualization Approaches - Interactive 2:

e Assembly Graph BrowserMikheenko etal. 2019]

e Sequence Tube Maps!Beyeretal- 2019]

e MoM |_G[Yokoyama et al. 2019]

MCompare between genomes
MVisualize nested SVs
MNavigate for every SV
glnspect the authority of SV



https://github.com/almiheenko/AGB
https://github.com/vgteam/sequenceTubeMap
https://github.com/MoMI-G/MoMI-G

Graph Genome Browser - Major Challenges

e Zooming: graph summarization steps
e Display complex variations in a human readable way
e Server-Client communication logic

e Efficiency:
o Client side: browse fluently, must work on tablet
o Feasibility for large genomes with abundant complex variants
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Graph Genome Browser - Possible Architecture
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Next Steps

e WIP: Graph summarization steps as zoom levels
o Discuss file format for Haplotype Blocks?

e Extend frontend to allow continuous browsing of graphs
e Replace SequenceTubeMap Node.js backend with Django backend

e Biohackathon as opening event for project and concept discussions
— Prototype implementation
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Thank you!

EBERHARD KARLS
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Graph Genome Browser Consortium

Group developing a browser to scale to 1,000 genomes and zoom to chromosome scale.

B4 j.seaman@kew.org

Supervisors: Josiah Seaman
Sven Nahnsen Toshiyuki Yokoyama
Michael Krone Torsten Pook
Oliver Kohlbacher Erik Garrison
éﬁj CQmDUTOmK)S@ https://qithub.com/graph-genome/vgbrowser
molecular data analysis

Sebastian Schultheiss
Bjorn Geigle

Jorg Hagmann 20


https://github.com/graph-genome/vgbrowser
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