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Enabling Scientific Discovery through
Interactive Visual Data Analysis
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visualization
The purpose of computing is insight, not numbers.

- Richard Wesley Hamming
- Card, Mackinlay, Shneiderman
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Good Data Visualization

... makes data accessible

... combines strengths of
humans and computers

... enables insight

....communicates



Open Exploration
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Purpose of Visualization
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Research Approach

Problem Driven

Solving a domain problem of
collaborator

Technique Driven

Solving a general visual analysis
problem

Broad application Complex, targeted systems

General questions Help answer important questions
How to visualize many sets? What characterizes a cancer subtype?

How to make rankings interactive? Which drug works for these patients?

Visualization Method Visualization Application
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Goal

Intuitive
Interactive
Multi-Attribute

Ranking Visualization

To Create
Refine
Explore







Support Multiple Attributes



Score = f(A, B, C)
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MIT, USA




Combiner functions: f(A,B,C)

(Weighted) sum

—>Serial
Score=w,A+w,B+w_C
Maximum
Score = max(A. B, C) —> Parallel
Product
NeSting COmplex

Combiners



Serial Combiner (as Stacked Bar)

w, A + w,B + w.C

e I
--I-

MIT, USA B R




Serial Combiner (as Stacked Bar)

w, A + w,B + w.C
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Serial Combiner (as Stacked Bar)
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Flexible Mapping of
Attributes to Scores
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UpSet

InfoVis'14
InfoVis 14 Visualizing Intersecting Sets
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[Neale et al., BMC Genome Biology, 2014}
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[Wiles et al., BMC Systems Biology]
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Set Vis Goals

1. Efficient visual encoding

2. Creating complex
slices of a dataset

3. Visualize attributes

|___

]

I.___

]
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[Movie Lens Dataset] Attribute Details

Visualizing Intersections Visualizing Properties Element List & Queries



Visualizing
Intersections

4.4



Universal Set
A
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Plotting Attributes
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How surprising is the size of an intersection?

V{f;ﬁ'he dispAbMYIARA EMts >
attributein an intersection?

Deviation Attributes
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— | ——A
— | —
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Set Selection
0-9
Batch Add Sets
Sort Sets

First, aggregate by
Don't Aggregate v
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* Degree
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Collapse All
Expand All
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Row Height
Large v

Data
Min Degree:
0

Max Deqgree:
5

__/Hide Empty
Intersections

118

Dataset Information

Name: Movies
Genres

# Sets: 17

# Attributes: 6

# Elements: 3883

Author: grouplens
Description:

Movielens ratings
dataset, curated and
filtered by Alsallakh.
Source:
hitp://grouplens._org/d..
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Sorting

o1



Which is the biggest intersection?
Sort By: Cardinality




Which is the most ‘surprising’ intersection?
Sort By: Deviation
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What are the properties of the

intersections involving ‘A’?
Sort By: Set
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First, aggregate by Set Selection

Don't Aggregate v 0-9 g
Batch Add Sets &
Then, aggregate by Sort Sets
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Aggregation



Are many items shared between

two sets?
Aggregate By: Degree

O

QD




Afefc

i Degree O
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 Aggregate By: Degree
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How are the elements of ‘B’ distributed?
Aggregate By: Set

Afefc

iDegree 0
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. @ | @@
Degree 3 J

00
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How are the elements of ‘B’ distributed?
Aggregate By: Set
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How are the elements of ‘B’ distributed?
Aggregate By: Set




First, aggregate by Set Selection
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Queries
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Set Selection
0-7
Batch Add Sets
Sort Sets

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*+ | Scatterplot v € 2 &S O

No queries. Click 4 button fo add a new query.

Query Filters
No active query.

Query Results

No active query.
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Elements &
Attributes
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Applications



enetics

conomics

harmacology
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A
B

[Alsallakh 2013]

Deviation Measure

Expected if A and B independent
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Two Problems - Two Solutions

1. Large Partitioned Network
2. Many Node Attributes
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Approaches

Whole Network

Connected Pathways

[Kono2009] [Klukas2006]



Step I: Finding Related Pathways
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Step 2: Managing Display Space
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Step 3: Visualizing Relationships
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Step 3: Visualizing Relationships
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Visualizing
Many Node Attributes




Cannot account for variation found in
Experi- real-world data

mental Branches can be dueto
Data and mutation,
P athway S changed gene expression,

modulation due to drug treatment,
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Good Old Color Coding
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Challenge: Data Scale & Heterogeneity

Large number of experiments

Large datasets have more than 500 experiments
Multiple groups/conditions

Different types of data



Challenge: Supporting Multiple Tasks

X B '
Two central tasks: A

Explore topology of pathway

Explore the attributes of the nodes
(experimental data) =

Need to support both!

1.1 0.4
0.5 1.2
0.2 0.5
0.5 0.7
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Case Study: CCLE Data

e

Selected Path

Pathway
e Paa s - veast [ breast [
<None> 1 I -~ K E
ErbB signaling pathw — 1 e Y A PIK3RS ‘ N ‘ y
Endometrial cancer [l R —1 a7t Re2 — M AKT3
Acute myeloid leukem [ i [ Pacras -2 l*ﬂ J- _J- Lapatinib
Melanoma - ( Calcium signaling ) ER. " I : | sost FOXO3
Chronic myeloid leuk [l S O {CAh — — Colliar et : : " Ting rrers ) ERBB2 EhH-
PLCy I b I o HRAS r ERBB2 ¥
mall B o > G | 7 h“.—‘w—r ERBB2
IL-5 sngnalmg pathwa m ExbB. | IS O IR e, i N ARAF
Focal adhesion ] TGFa P < P ubiquitylation I +p l l | Er-—-l — -
VEGF signaling path |l AR Y] \\\ P p{sTaTs] i »0 Survival MAP2K1
Prostate cancer L] EwbB- 3 * l %—-—%-
GnRH signaling path = \\ ~ Sk 3pP LEAK m——— =% Mgraton i MAPK1 *5 SHC2 el wlals
] BTC EtbB- N L Angiogenesis i : LHE“M-
Bladder cancer [ T " (e <) I S I ey B l D=l conoi] 58
Renal cell carcinoma | A L Ek | DNa B I E_"__'_F,-
Chemokine signaling B N o&m‘;%’;%&iim ngmhng) : . - = R
Alpha 6 Beta 4 signal [ T —— e N Nt —» No signaling e [ Adhesion | Glioma f — GRB2 ‘_—*—'—L—«v-*—‘-‘ GRB2
Proteoglycans in canc |l | el 2
e e i R DR e =
Insulin signaling path |l NROL EbB- 24 w2 P l Migration / Invasion SOSt
Kit receptor signaling . T EbB- STA CALML I I E—h—‘--
Prolactin Signaling P |l +p [ \ _‘ il Il
Estrogen signaling pa [ e v — ——% Prominsynthesis B Jcam \| e HRAS “-—l—LLr-—ﬂ NRAS
Fc epsilon Rl signali | Eib . I Different —
corvmce B || o B e o = e
Neurotrophin signalin |} NRG4 __ PI3K = i - — A
Oncostatin M Signali [l EbB- il ; I L pikars & Firs
Dorso-ventral axis for | £ sigaatng :a'lgmy) p21 5 > otren ( ey ) I R o
Prolactin signaling pa |l K I :
Pancreatic cancer |
B cell receptor signal | (©) Kanehiss Laboraoris SEGE
T cell receptor signal | * "
Gap junction [] MTOR



=

m
;

j

DNA

Adheson

S A k.---..m,. _

alw |




http://entourage.caleydo.org






Visualizations from Subsets
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Caleydo is an open source visual analysis framework targeted at biomolecular data. The biggest
strength of Caleydo is the visualization of interdependencies between multiple datasets. Caleydo can
load tabular data and groupings/clusterings. You can explore relationships between multiple groupings,
between different datasets and see how your data maps onto pathways. Caleydo has been successfully
used to analyze mRNA, miRNA, methylation, copy number variation, mutation status and clinical data
as well as other datset types.
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Interacting with Data
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The Future of Data Analy5|s
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Can we make creating interactive vis
systems easier?

Right now: prerogative of skilled software developers

Goal: democratize the creation of visualizations
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How can we scale to increasingly big datasets?

No local copies of datasets

No in-memory processing

Approach:
Automatic slicing into subsets
Query or explore ranked subsets

Pull in relationships for subset
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Some problems too specific for
general methods

High impact when solving them

Inspiration for research
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Fingerprints

Solve Important Domain Problems
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Therapeutic Group
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Treatment of Hyp
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Enabling Scientific Discovery through
Interactive Visual Data Analysis
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