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Design study

e Real users, real tasks, real data

* Find out what users are doing

* Support with visualization tool

* Reflect and present guidelines

Tool

ssssss




The Design Process



Collaborated with analysts at the
Genome Sciences Centre

* Study genetic basis of leukemia

A

* Needed help interpreting their data

* Major problems:

— What do we show!
— How do we show it?




Design cycle

Interview




Design cycle

Interview

Data and Tasks




Design cycle

Interview

Data and Tasks

Gene Query (RefSeq/RefGene ID): [Nw_001213

Exome Forward Reads Exome Reverse Reads Forward + Reverse)/(Total)
i R 9 Lo allllan..1,
Range: 3 - 1441 reads. Range: 219 - 1580 reads
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Variant Recurrence at Transcript Positions

Transcript: MuC4 H | ‘ ‘ ”

AA. Chain [ Ir i T 1
Cleaved Ch. [ | T

Cleaved Ch. i 1
Domain T

Region

Protein: Act,

Bindings
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Create Data Sketch




Design cycle

nterview

Data and Tasks

Gene Query (RefSeq/RefGene ID): [Nw_001213 Submit

Exome Forward Reads Exome Reverse Reads (Forward + Reverse)/(Total)

- . L o
Range: 3 - 1441 reads Range: 219 - 1580 reads Range: 10 - 100 %

W Non-Synonymous [l Frame Shift [l Codon Deletion ll Codon Insertion [llCodon Change + Codon Insertion

Variant Recurrence at Transcript Positions 100%
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Design cycle

nterview

Data and Tasks

Gene Query (RefSeq/RefGene ID): [Nw_001213

Submit

Exome Forward Reads Exome Reverse Reads (Forward + Reverse)/(Total)

Range: 3 - 1441 reads

W Non-Synonymous [l Frame Shift [l Codon Deletion ll Codon Insertion [llCodon Change + Codon Insertion

Variant Recurrence at Transcript Positions 100%

REPEAT | T

Transcript: MuC4 I H ‘ ‘
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Region | |

Act. €
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Data sketches

Gene Model:  RUNX1  mefemmee}

* Alternative to paper prototyping
* | oad and show real data

* Beneficial when the data is complex

Protein Model:

[Lloyd and Dykes, InfoVis 201 1]

LS
ply
Query (RefSeq/RefGene ID): 'NW 018406 | | submit
L s

T cript: C4 ”

ccccc |

aaaaaa I
Protein:  Region I ‘\ ]

n |

\\\\\\\\

Lipids

CCCCCCCC

Signals

I | [ CLLOLET T L
LI}

Recurrence:
Clust Locati
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Can identify features of interest in data

Emphasize
some
features over
others

Gene Model: RUNX1 L l . !
LI I I LI
Protein Model: 1L |
Gene Model: RUNX1 1 T ] T
Protein M
Gene Model:  RUNX1 TTIIT
Protein Model:
° ° ®
eeeeeeeeeeeeee | I I
1o1-64 B N 1= guumsim s Baman ! - s e — :
Protein Model: Region
10223 =] 0 DO0MOoD oo ooy
102-88 =} m oo o oo o o
I fl
s: 2 cations
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Can identify designh dead ends early

¥ dbSNP Presence
 Cosmic Presence
Non Synonymous
¥ Nonsense
 Truncating

v Splicing
 In-frame INDELS
Apply Filters: | apply

Transcript:

Gene Query (RefSeq/RefGene ID): (W 018406 |

MuCc4

Submit

Protein:

Bindings
Lipids
Carbohyd.
Signals.

Recurrence:

Cluster Subtype

Sample Variant Locations

Gene Query (RefSeq/RefGene ID): [NM_018406 Submit

HQ Depth Total

Transcript:

Protein:

MuC4

A.A. Chain
Cieaved Ch
Cleaved Ch
Domain
Region

Bindings
Lipids
Carbohyd,
Signals

Topo.

Variant Counts at Transcript Positions

(TN T

1]

Gene Query (RefSeq/RefGene ID): Nm_o01213 Submit

Exome Forward Reads Exome Reverse Reads (Forward + Reverse)/(Total)

- 0
3- 1441 reads Range: 219 - 1580 reads Range: 10 - 100 %
W Non-! us [l Frame Shift [l Codon Deletion [ll Codon Insertion [llCodon Change + Codon Insertio;
Variant Recurrence at Transcript Positions 100%

- i”].‘dl i | 0%

Transcript:  Muc4

AA. Chain
Cleaved Ch. :
Cleaved Ch.

Domain ML g 8] 5]

Region |

Protein:

arbohyd. | |l
Signals
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Methods and durations

Semi-structured interviews
— 7/ months
— Once per week

— One hour in duration

Presented data sketches

— 8 deployed over 5 months
— Implemented with D3 toolkit
[Bostock et al., InfoVis 201 | ]

mmmmmmwm

PRECONDITION CORE ANALYSIS

personal validation inward-facing validation outward-facing validation

Design study methodology [Sedimair et al,, 2012]




Problem characterization:
Data

14



The data

* Data are sequence variants

— Difference between reference
genome and a given genome

15



The data

* Data are sequence variants

— Difference between reference
genome and a given genome

Reference Genome DNA: ATATGATCA ACA CTT

Sample | Genome DNA: ATAT@:@W
Sample 2 Genome DNA: ATATG@CA@

16




The data

* Data are sequence variants

— Difference between reference
genome and a given genome

Reference Genome DNA:  ATATGATCA ACA CTT

Sample | Genome DNA: ATAT@:A@‘W Harmful?

Sample 2 Genome DNA: ATATG@CA Harmless!?
|

17




Multi-scale data

Genome

Gene

Exon

Region

DNA of the organism

~3 billion nucleotides

~10,000 nucleotides

~100 nucleotides

~50 amino acids




Multi-scale data

| Genome N L\:II:A.A. _.,A|AA4_.:AAA
Genes are functional units

Gene ~10,000 nucleotides

Exon ~100 nucleotides

Region ~50 amino acids



Multi-scale data

| Genome ~3 billion nucleotides

Gene 1N NNN rmisAalantiA

Exons code for proteins

2SS

Exon ~100 nucleotides

Region ~50 amino acids



Multi-scale data

| Genome ~3 billion nucleotides

Gene ~10,000 nucleotides

Ex¢ Regions within proteins perform
activities

Region ~50 amino acids



Related work:
Genome scale

22



Ensembl genome browser

* Explore genome and
variant data
[Chen et al., BMC Genomics 2010]
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198 20 Mb

Genome scale shown at the top
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User data is stacked in horizontal tracks
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User data is stacked in horizontal tracks

3312 kb Forward strand jem—
16826 Mb 19826 Mb 168 27 Mb 168 28 Mb 168 28 Mb 168 28 Mb 16820 Mb 198 20 Mb
cr bands, 1 |
MY_VARIANTS
|
] 1 - 1 1 1l
Genes (Merged Ens r : - I
3 r},es:(M,e.ged Ens... !
o0 o.0 L%} oo O
<SF3B1-007 <SF3B1-011 <SF361-013 <SF3B61-008 <SF3B1-010 <SF3B1-003 a
retained intron retained intron processed transcript retained intron retained intron  nonsense
o o ery 1iexiole tramewor
<SF3B81-012 <SF3B1-002
pretein coding retained intron
—8A
<SF3B1-004
L o d i L N I | | _ pratein coding _
CCDS set 14400 | ] t 4
1 |
I t
Reg. Feats
|
PAPTN TT UNWATTY W A AT g, AT L AW WATVT VY TLA VIN ¥ U WYY AR AR T WV S U T WUSA W (AT
16826 Mb 12826 Mb 16827 Mb 16828 Mb 16828 Mb 19828 Mb 12820 Mb 19820 Mb
Variation Legend Splice donor variant Splice acceptor variant Splice region variant
Synonymous variant B |ntron variant
Gene Legend W protein coding I processed transcript
merged EnsemblHavana N RNA gene
CCDS set
Reg. Features Legend mml Gene Nen-gene asscciated
N Pollll associated Il Promoter associated
Unclassified
There are currently 457 tracks turned off.
Ensembl Homo sapiens version 71.37 (GRCh37) Chromosome 2 198 256 698 - 198,299 815 2 6




Problem with the genome scale
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Problem with the genome scale

Variant
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Problem with the genome scale

* [eatures of interest
become small
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Analysts must pan and zoom

Variation Legend.

Gene Legend

Req.
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Analysts must pan and zoom

* Heavy Interaction costs with zooming




Analysts must pan and zoom

* Heavy Interaction costs with zooming

Variant

MY _VARIANTS

e —

Must know where to look




Raw variant data
(What they looked at before)



Raw data variant=centric

e Jabular data format




Raw data variant=centric

Variant row |

e Jabular data format /




Raw data variant=centric

e Jabular data format

Variant row 2




Raw data variant=centric

e Jabular data format

/ Variant row 2

* Difficult to reason about variants without their biological context




Multiple biological levels/scales
What to show!?

38



Many biological levels and scales

Genome |
Exons
Gene | | | | | | |
Transcript| I | |
Translation¢
ProtenCL_1T_T_ T T T

Protein Regions



Only some levels and scales
are beneficial for variant analysis

Genome |
Exons
Gene | | | | | | |
Transcript| I | |
Translation¢
ProtenCL_1T_T_ T T T

Protein Regions



Filter out whole genome; keep genes
Genome JS[__ IS8 S SRR SRR <X

Exons
Gene | | | | | | |
Transcript| | | |
Translation¢
ProtenCL_1T_T_ T T T

Protein Regions



Filter out non-exon regions
Genome JS[__ IS8 S SRR SRR <X

Exons

Gene XTI T Sc T T S T T > )
Transcript| | | |
Translation¢
Protein(IL_T_T T T T

Protein Regions



Left with a filtered scope
Genome JEEf—IsE SR R R e

Exons

Gene XTI T Sc T T S T T > )
Transcript| | | |
Translation¢
Protein(IL_T_T T T T

Protein Regions



Related work:
Filtered scope
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The Ensembl Variation Image

Genome Coordinate Space
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First filtering step: per-gene view

/ One gene shown
Genome Coordinate Space

B 96.20 Kb -
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Second filtering step:
partial removal inter-exon regions

Genome Coordinate Space

el 96.20 Kb -
e e e e e e e — e e — — — — —— — — — — — ]
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Emphasized Exons

[Chen et al.,, BMC Genomics 201 0]




Problem: Extends multiple screens
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Problem: Extends multiple screens
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Problem: Extends multiple screens
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Problem: Features of interest small

Exon regions small

Color coding
difficult to see

[Chen et al., BMC Genomics 201 0]
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Our Goal:
Show attributes necessary for variant analysis

52



Use information-dense visual encoding
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Use information-dense visual encoding

Reference AA /

— < n W eo
> o
- »nEO




Use information-dense visual encoding
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Reference AA
Variant AA




Use information-dense visual encoding

— < n W eo
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Reference AA
Variant AA

AA Chemical Class Colours:
Charged

Uncharged B
Hydrophobic




Use information-dense visual encoding

Variant Type
e
R Stop

L
S'S'S V] Indel
Reference AA TAL =| Deletion
_ 4| Insertion
Variant AA %] Splice
AA Chemical Class Colours: i Frameshift
Charged | | [0 Nonsynonym
Special e \/griant

Uncharged

Hydrophobic




Use information-dense visual encoding
Known Database S o %Vargtrngype

L
O Known Harmless SE(E V! Indel
@ Known Cancer = :
TA L = | Deletion
Reference AA +| Insertion
Variant AA x| Splice
2 Frameshift
AA Chemical Class Colours: | | ] Nonsynonym
Special
Uncharged
Hydrophobic




Use information-dense visual encoding

Known Database variant Type
9 (O JN®) . StOp
O Known Harmless [S' [S' [S' V1 Indel
@ Known Cancer = :
TA L = | Deletion
Reference AA +| Insertion
Variant AA *| Splice
2 Frameshift
AA Chemical Class Colours: | | ] Nonsynonym
Special Transcript/Region Colours:
Uncharged - Transcript
: AA Chain
Hydrophobic All Other Regions
Non-Intersected Regions




The tool:
Variant View
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Variant View

Gene Search: Submit

Alternative Transcripts: gene-anon (trans-anon

Variants

M

) o { ]
»n Type o0 OO OO0
e AAs GD AAEEE

VY SV QGD

Transcript

Protein

Variant Data

Patient 1D Chr. Coor Var Base




Variant View

Gene Search: Submit

Alternative Transcripts:

Variants

Type

o [ ]
o0 ooeon
GD AAEEE
VY SV QGD

Transcript

Information-dense single gene view

Protein

Variant Data




Variant View

Gene Search:

Variants 8 8
Mutation Type OO0 Oooom

Transcript

Alternative Transcripts: gene-anon (trans-anor

GD AAEEE
VY SV QGD

Submit

Information-dense single gene view

Protein

Variant Data

atient ID >hr. Coord. Ref Base Var Base

need for pan and zoom




Variant View

Sorting metrics guide gene Navigation [

Alternative Transcripts: gene-anon (trans-anor

Variants 8 8
Mutation Type om oO0moo
A GD AAEEE

VY SV QGD




Variant View

Sorting metrics guide gene Navigation [

ranscri

\ariant Nata

Control what shows up here




Variant View

Gene Search: Submit

Alternative Transcripts: gene-s

Variants

) o [ ]
o0 ooeon
GD AAEEE
VY SV QGD

Peripheral supporting data




Related work:
Targeted for variant analysis
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MusSIC variant visualization plot
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Side-by-side comparison
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Side-by-side comparison

Protein regions can overlap
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Side-by-side comparison
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Driving biological tasks



Task |: Discover genes

* Tool originally designed to discover genes
<7 with harmful variants

__ 4

— Sorting metrics guide single gene navigation

— Uncover new genes affected by variants in leukemia |

* Want to see If VariantView exposed known
genes In leukemia
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Discover Task




Sorting by derived metric revealed

known leukemia genes
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Highly scored gene by sorting metric
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Visual inspection
variants

reveals collocation of
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Several functional protein regions

affected
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Highly scored by metric and not

known
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Protein chemical

class change evident
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In contrast, low scoring gene
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No collocation of variants
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Mostly unaffected protein regions
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Variant tasks

gL Started with the main task of discover gene

* Shared tool with analysts

e |dentified two more tasks!
— Patient compare

— Debug pipeline




Task 2: Patient compare

* Clinical setting application

|
| o . .
\  Compare patient data to known harmful variants

T

* The challenge
— Similarity is loosely understood rather than fully characterized

— What constitutes a match requires visual inspection

N
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Adapted Variant View with minimal changes

Select Patient: _Patient 1 ¢ Submit
Patient Genes: genearon ¢ | Submit
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Select Patient: Patient1 :
Patient Genes: genearon &

Alternative Transcripts: gene-anon (rans-anon
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Patient data emphasized with arrows

Select Patient: Patient1 :  Submit
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Select Patient: _Patient 1 ¢ Submit

Patient Genes: genearon : Submit

Alternative Transcripts:

gena-anon (rans-anon)

gena-anon (irans-anon)
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Patient has same harmful L to P mutation

89



These variants probably do not match

Select Patient: »Panentl s Submit
Patient Genes: genearon ¢ | Submit
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Task 3: Debug pipeline

= F Debug data generation pipeline

— Remove errors from data before analysis takes place

* Analysts originally did not think they needed this support

91
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Tool revealed errors in the data
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The tool exposed artifacts in the data that slid past at least two
rounds of quality metric filtering ... this type of problem would not
have been caught by our previous, automated methods.

- Analyst 3




Conclusions

(DDDDD)D

* Designed, implemented, and deployed tool for visual variant impact YY®@vvv
assessment

* Oiriginally designed for Discover Genes task

— Adapted to two others with minimal changes

e Methods

— What to show
* Filtering data scope

— How to show it
e Carefully selected visual encodings

* Goals
— Navigation-free main overview at gene level
— Reveal genes of interest; accomplished by sorting by new, derived metrics




Future work: Other use contexts

* Scaling up beyond the current design target

— ~50 variants at once

U

* Possibly integrate Variant View with MedSavant
— Tool by Fiume et al,, BioVis Posters 2012

— Focus on interactive filtering

W e
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