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Visual Data Analysis for
Biology & Pharmacology
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visualization

The purpose of computing is insight, not numbers.
- Richard Wesley Hamming, 1962






Good Data Visualization

... makes data accessible

... combines strengths of
humans and computers

... enables insight

... communicates




Purpose of Visualization
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Visualization for Pattern Discovery

clusters



I 11 III IV
Y X y
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Anscombe’s Quartett

Mean x: 9y: 7.50
Variance x: 11y:4.122
Correlation x - y: 0.816
Linear regression: y = 3.00 + 0.500x




The Ability Matrix

Data Storage

Insight is generated by the human

— not the computer!

Numerical
Calculations
Searching/Finding Planning
| Diagnosis
-08ic Prediction

Cognition

Performance of a Computer

Common Knowledge
Creativity

Performance of a Human
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Who am 17

alexander-lex.com
Y @alexander_lex

PostDoc & Lecturer @ Harvard,
Visual Computing Group,
Pl: Hanspeter Pfister

Associated PostDoc @ Novartis
Institute of BioMedical Research,
Scientific Data Analysis,

How it looks like at home )\ Pl: Mark Borowsky
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Heterogeneous Datasets
Cancer Subtype Analysis

Multivariate Networks

Pathway Analysis




Subset Visualization
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Sequence Visualization . ... ..
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Multi-Attribute Rankings

LineUp: Visual Analysis of
Multi-Attribute Rankings
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InfoVis'14 Visualizing Intersecting Sets
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Plotting Attributes
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ot

Deviation Attributes
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Sorting
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Which is the biggest intersection?

Sort By: Cardinality




Which is the most ‘surprising’ intersection?
Sort By: Deviation
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intersections involving ‘A’?
Sort By: Set

What are the properties of the
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Are most elements in only one set?
Aggregate By: Degree
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How are the elementsof ‘B’ distributed?
Aggregate By: Set
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How are the items of ‘B’ distributed?
Aggregate By: Set
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How are the items of ‘B’ distributed?
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Queries



Which Simpsons characters are either male but not evil and don’t have blue hair,
or are female and have blue hair?

Answer with Queries
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Exploring Attributes
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Pathway A
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Whole Network Connected Pathways
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Visualizing Relationships
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Visualizing Relationships
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How to visualize
experimental data on pathways?




Experi-
mental

Data and
Pathways

enRoute

[Partl, BioVis ‘12]

Cannot account for variation found in
real-world data

Branches can be (in)activated due to
mutation,
changed gene expression,
modulation due to drug treatment,

etc.



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, require different visualization
techniques




Challenge: Supporting Multiple Tasks

Two central tasks: Al T |
Explore topology of pathway f |
Explore the attributes of the nodes | |
(experimental data) T

Need to support both!
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File Data Window VYiew Help
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More Information:

http://entourage.caleydo.org



http://entourage.caleydo.org/

[Lex, EuroVis ‘12]

[Streit, Nature Methods ‘14]
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Heterogeneous Data

Glioma

EGFR

Cancer Subtypes

Clinical .
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Cancer is not homogeneous
Cancer different histology

different molecular alterations

Subtypes

Subtypes have serious implications

different treatment for subtypes

prognosis varies between subtypes




expression

The Cancer Genome Atlas @ S

microRNA
expression

clinical MRNA
parameters expression

methylation mutation
levels status



... the relationships between multiple
heterogeneous datasets

... the data within the datasets

... alternative clusterings & groupings

visualizes...

... the effect of groupings on
clinical parameters & biological
processes




Stratifying Patients

Subtypes are identified
by stratifying datasets, e.g.,

Cluster Al

Cluster A2

based on an expression pattern
a mutation status

a copy number alteration

a combination of these
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Comparing Stratifications

Bil
Cluster Al

Cluster A2

Tabular Categorical,
e.g., mMRNA e.g., mutation status



Comparing Stratifications

Bil
Cluster Al

Cluster A2

Tabular Categorical,

e.g., mMRNA e.g., mutation status
5 5 [Parallel Sets, Kosaral
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Other Data - Same Stratification

Cluster Al

Cluster A2

Tabular Categorical, Dependent Data,
e.g., MRNA e.g., mutation status e.g. clinical data
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Knowledge Driven Approach

$

Data Driven Approach




Finding Relevant Stratifications

~ 10 datasets

~ 15 clusterings per matrix

~ 15,000 stratifications for copy number & mutations
~ 500 pathways

~ 20 clinical variables

Calculate scores for matches

Rank the resulits
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File Data Window View Help

‘ Tool Bar =0 gﬂg Data-View Integrator

&) Dataset Info 52 =0
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More Information:

http://stratomex.caleydo.org



http://enroute.caleydo.org/
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