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What is Caleydo?

Software for visualizing biomolecular data

tabular data
numerical & categorical

e.g., mMRNA, microRNA, copy number variation, methylation,
mutation status, etc.

clinical data

pathways
KEGG, WikiPathways

CALEYDO



Caleydo Core Features
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What is Caleydo?

Software for doingesearch in visualization
developed in academic setting

platform for trying out radically new visualization
iIdeas

Quest for compromise betweemcademic
prototypingandready-to-use software

CALEYDO



What is Caleydo?

Open source platforrfor developing
visualization and data analysis techniques

easilyextendibledue to plugin architecture
you can create your own views

you can plugn your own algorithms
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DATA FORMAT &
LOADING
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Data Example

Commaseparated text files

various types of separators

Al

Column Identifiers (Samples)

r =

B | D
Header ==
2 1500 490

3 |MName Description TCGA.02.0001.01C 01R 0177.01 TCGA.02.0003.014 01F 0177.01

4 |LTF LTF — w—
5 |POSTH POSTH 0.982 0.9933333333
6 |TMSLE TMSLE 0.0686666667 0.1046666667
7 |RP11-35M6.1 FP11-35M6.1 0.062 0.0593333333
8 |HLA-DQA1 HLA-DQAL 0.234 09986666667
9 [STMNZ STMNZ 0.1246666667 0.0526666667
10 |DCX DCX 0.166 00886666667
Row ldentifiers (Genes)—-)(_wmz L13RAZ 0.098 0.1593333333
12 |SLN SLN 0.1306666667 0.114
13 |AGXTZL1 AGXT2L1 0.122 0.0513333333
14 |MEOX2 MEQX2 0.1386666667 0.3253333333
15 |COL11A1 COL1141 0.8793333333 0.4953333333
16 |CXCL14 CXCL14 0.0753333333 0.2553333333
17 |NNMT MMMT 0.7946666667 0.744
18 F13A1 F13A1 06186666667 0.948
MEBF MEF 0.2173333333 0.1393333333
I I GAEFEL GAERB1L 01586666667 0.0546666667
Irre evant CO Umn _ﬁw 0.022 0.0093333333
SLFI SLPI 08266666667 0.9893333333
23 PLA2G5 PLA2GE 0.2013333333 0.1506666667
24 |KCNJ1G KLCII16 0.09 01006666667
25 |KCNDZ KCND2 0.2373333333 0.136
D ata w 0.996 0.9973333333
* 27 [MOXD1 MOXD 1 05986666667 0678
;| 28 |AQP1 AQP1 0.072 0614
. 29 [JARDID JARIDID 0,682 01966666667
Marc Streit & Alexander Lex 30 |PROM1 FROM1 0.1213333333 03233333333
31 |PT3 FTX3 0.0646666667 0.0453333333
32 |CHI3LZ CHIAL2 0.1226666667 0.1226B666ET



Data Format

€ o
Load Dataset

Specify the dataset youwant to load,

Data Import Wizard

Input

File

Dataset Mame

D

CALCYDO

Open Daka File

Row ID Class

fhome/falexsb/Desktop/mrna.gct

Row Configuration

>

v

Separated by (delimiter)

wTAE! UJU‘U'UEMCEUN“'—

[ ] ‘

| New |

|New | | Define Parsing |

mr

na

Column 1D Class

Column Configuration

|| Columns use same Scale

| SAMPLE w |

Column ID Type | SAMPLE v |
N el
Row with Column IDs 1 W

| Mew |

| Mew | | Define Parsing |

Column Selection

| Select All| | Select None |

Use column

LTF
POSTM
TrsLE
RP11-35M6.1
HLA-DQAT
STMMZ
DX
IL13RAZ

- ey

0,332
0,982
0.06BEREE6666E
0.062
0.234
0124666666666
0166
0.098

4 o e o e

0957333333333
0993333333333
010466666666E
0.059333333333
099866666666
0.05266666666E

0.0BBEGOO66666E

0159333333333

a4 oA

0.985333333333
0.994
0.477333333333
0.00266666666E
0.966
0.06133333333%3

0.00933333333:2

0.96

[P——

011
0,138
0.266

(o] EEEIEIEEEIEE
0.25666666666E
0.14066666666E

e e

0.089333333333
0.061333333333

0075333333333
099266666666
0047333333333
0.07Z66666666E
0.9BB60666666E
0149333333333
0.091333333333
005266666666

o

0.5
0.11266666666E
0.523333333333
0.0684
0.381333333333
0.104

0.21933333333:2

0.82

.~ 4 oA A

0079333333333
0.068
0138
011066666666
0,332
0.176E66666666E
0.24933333333:2
0.14666666666E

e

0.002
0,996
0.973333333333333
0.528
0.714
1
0.7B266666666666T

i

0.0033333333333333

[ —

&




Data Format

Multiple heterogeneous tables
Matching based on IDs

-l Sample 1 | “=mple 2 | Sample 3

— | ‘
Gene 1 gl
Gene 2 .

I Sene 3 ll. 0.2 05

oene 87 | Gene 2

Sample & e 0.2 0.5

CEHERS 0.3
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Data Format

Caleydo has manyenetic identifiers builin

ID Classegroup ID types

ID types in a class are different but can be
mapped

e.g., RefSeq ID maps to gene short name

Marc Streit & Alexander Lex 12



Data Format

{ "N
Load Dataset

Specify the dataset you want ko load,

Data Impork Wizard

Input File

Cratasek Mame

CALEYDO

Open Data File

Jhome/alexsb/Desktop/mrna.gck

Row Configuraktion

Row ID Class | GENE

> |

Row ID Type | GENE_SYMBOL

™|

Column with Rew IDs

Separated by (delimiter)

[ ] ‘

L=} TAB I\Jl‘l Lo )L SPACE L) Other

| New |
lo)

| New | |Define Parsing

mrna

Column 1D Class
Column ID Type

Row with Column IDs

Column Configuration

v

v

| New |
alo)

|Mew | | Define Parsi

Column Selection

| select All| | select M

Use column v 2

4 LTF 0.332
& POSTM 0.982
& THASLE 0.06B66666666E
7 RP11-35M6.1 0.062
HLA-D QAT 0.234
9 STMMZ 0.12466666666€
10 DX 0.166

0957333333333
0,993333333333
0.10466666666E
0.0593333333332
0.99866666666E
0.05266666666E
0.0BB66066666E

0985333333333
0.994

0.477333333333
0.00266666666E
0.966

0.061333333333
0.009333333333

0.089333333333
0.061333333333
0.11

0.138

0.266
0.231333333333
0.25666666666€E

0075333333333
0.992660666666E
0.047333333333
0.07266666666E
0.98866666666E
0.149333333333
0.091333333333

0.5
0.11266666666E
0.523333333333
0.064
0.381333333333
0.104
0.219333333333

0.079333333333
0.068
0.138
0.11066666666E
0.332
0.17666666666E
0.249333333333

0.00333333333333
0.002
0.996
0.97333333333333
0.526
0.714

iy



Transformations

How to transform your data to
make sense for visualization?

Marc Streit & Alexander Lex



Scale Transformation
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Scale Transformation- LOG

Cirr 01 Cirr 02 Cirr 03 Cirr 04 Cirr 05 Cirr 06 Cirr 07 H3B_Ort H3B_Ort H38_Ort H3B_SC_H3B_SC_H38_TC_H3B_TC_HCC_O01 HCC_03 HCC_04 HCC_05 HCC_06 HCC_07 HCC_0B HCC_09 HCC_10 HCC_11 HCC_12 HCC_13 HCC_14 HCC_15 HUH7_O HUH7_S HUH7_S HUH7_S HUH7_T HUH7_T NNL_O1 NNL_02 NNL_03 NNL_O& NNL_0S
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Scale Transformation

[‘ﬁ' N Daka lmport Wizard

Transform Data

Specify the data transfFormations to be performed.

I Daka Scale

Specify the way every data point should be scaled.

Scaling Method Mone
[vore ]
Logi0 Dakta Clipping

Log2
Specify Ehe value : asek, Every data point " xceeding this range will be clipped to Ehe lower and upper limil

Ivlax

Aim

Daka Transposition

Caleydo assumes a limited number of dimensions and a lok of records, You Eypically want to observe a variation in record
example points in time, and records expression values of genes, Dimensions do nok necessarely map ko columns ina sou
in your File, IFyou seleckt this option you choose to show Ehe rows in the file as dimensions and the columns in the File as

Swap Rows and Columins

I Actention: the large number of columns (491) may lead to an impaired visualization quality in some views

Attention: Inyour dakasek the choice of dimensions is nok obvious, Please choose whether you wank to keep tEhe coll

Marc Strelt & A|exand( ! whekther you wankt to use the rows as dimensions,

MNaks TaskFar



Switch Columns with Rows

Transpose data

- Sample 1 | Sample 2 | Sample 3

Gene 1 11 0.4

Gene 2 0.5 1.2
Gene 3 N 0.2 0.5
Gene 4 R 0.5 0.7

Marc Streit & Alexander Lex 18



Columns & Rows as In Source

Cirr 01 Cirr 02 Cirr 03 Cirr 04 Cirr 05 Cirr 06 Cirr 07 H3B_Ort H3B_Ort H38_Ort H3B_SC_H3B_SC_H38_TC_H3B_TC_HCC_O01 HCC_03 HCC_04 HCC_05 HCC_06 HCC_07 HCC_0B HCC_09 HCC_10 HCC_11 HCC_12 HCC_13 HCC_14 HCC_15 HUH7_O HUH7_S HUH7_S HUH7_S HUH7_T HUH7_T NNL_O1 NNL_02 NNL_03 NNL_O& NNL_0S
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Columns & Rows Switched

Marc Streit & Alexander Lex 20



Switch Columns with Rows
_

Genes = Rows
Samples = Columns

Genes = Columns
Samples = Rows

Marc Streit & Alexander Lex



Switch Columns with Rows

€ Data Import Wizard ) o) (X

Transform Data

Specify the data kransformations to be performed.

CALEYDO

Data Scale

Specify the way every data point should be scaled.

Scaling Method Mone w

Data Clipping
Specify the value range For the dataset. Every data point exceeding this range will be clipped ko the lower and upper limits respectively.

| Max

Min

Data Transposition

Caleydo assumes a limited number of dimensions and a lot of records. You typically wank to observe a variation in records over dimensions, where dimensions would be, For example
points in time, and records expression values of genes. Dimensions do nok necessarely map to columns in a source File and equally records musk nok be Ehe rows in your File, IFyou
: . . . : : lurmnns in £he File as records.

+| Swap Rows and Columns

1 Attention: the large number of columns (1503) may lead to an impaired visuall skion qualiky in some views

Diaka Center

The data centeris a balue that, if set, determines a neutral center point of the data, A common example is that 0 is the neutral value, lower values are in the negative and larger
values are in the posiktive range. IF the data centeris sek it is assumed that Ehe extend into bokh, positive and negative direckion is the same, For example, For a dakasek [-0.5, 0.7]
with a center set at 0, the value range will be set ko -0.7 ko 0.7,

Igl Use data cenker 0

Marc Streit & | 22



Data Center

ata not centered
hite-red color map

Imd ¥ SORCRRIARNT Y i | TN O B

a

ata centered (at 0)
luewhite-red color map

Marc Streit & Alexander Lex




Switch Columns with Rows

& Data Import Wizard )\ K

Transform Data

Specify the data kransformations to be performed.

CALEYDO

Data Scale

Specify the way every data point should be scaled.

Scaling Method Mone w

Data Clipping
Specify the value range For the dataset. Every data point exceeding this range will be clipped ko the lower and upper limits respectively.

Ivlax

Min

Data Transposition

Caleydo assumes a limited number of dimensions and a lot of records. You typically wank to observe a variation in records over dimensions, where dimensions would be, For example
points in time, and records expression values of genes. Dimensions do nok necessarely map to columns in a source File and equally records musk nok be Ehe rows inyour File, IFyou
seleck this option you choose ko show the rows in the File as dimensions and the columns in the File as records.

| Swap Rows and Columns

1 Attention: the large number of columns (1503) may lead to an impaired visualizakion quality in some views

Diaka Center

The data centeris a balue that, if set, determines a neutral center point of the data, A common example is that 0 is the neutral value, lower values are in the negative and larger
values are in the positive ranage. IF Fhe datba centeris sek it is assumed that Ehe extend into bokh, positive and negative direckion is the same, For example, For a dakasek [-0.5, 0.7]

IEI Use data cenker

Marc Streit & | 24



Data Successfully loade

A

200 Caleydo ™
@Tool Bar 232 = 8 ;fJ;J Data-View Integrator 2 | & StratomeX Layout: (e)Bipartite () Spring-Based | | Show Data Connections | = a
=
bl - |
General

.' Selection Info 32| = O

i=| Dataset Info 23 = d
=

Name: mRNA

Genes: 1500

Tecga_samples: 529

Hlsgg ram A

_ -

-_— - g

-7.88 0 7.88 5
| Colormap | mRNA Pathway Data

25

Marc Streit & Alexander Lex



Startexploringyour data

Loadanother dataset

Save aproject

Marc Streit & Alexander Lex

What 0s

26



Scripted Data Loading

private DataSetDescription setUpMRMADatal) {
DataSetDescription mrnaData = new DataSetDescription(ECreateDefaultProperties NUMERICAL) ;

. ‘" "1 "
G U I' mrnabata.setDataSet Name( " mRMNA ad IO US

mrnalData.setDataSourcePath( MANA ) ;
mrnabData.setMumberOfHeaderLines( 3);

ParsingRule parsingRule = new ParsingRulel():

( u rl parsingRule.setFromColumn( 2) ;
parsingRule.setParselUntilEnditrue) ;
parsingRule.setColumnDescriptoninew ColumnDescription());
mrnaData.addParsingRulelparsingRule) ;
mrnalData.setTransposeMatrix(true) ;

l \Ite IDSpecification genelDSpecification = new IDSpecificationi);
genelDSpecification.setI0TypeGene(true) ;|

genelDSpecification, setIdTypel "GENE_SYMBOL")
mrnaData.setRowIDSpecification(genellbSpecification) ;

use mrnabData.setColumnIDSpecification(samplelDspecification); ' m any

GroupingParseSpecification firehoseClustering = new GroupingParseSpecificationd

| MANA _GROUPING)
at| firehoseClustering.setContainsColumnIDsi false) ;

firehoseClustering.setRowIDSpecification(sampleIDSpecification);
mrnaData.addColumnGroupingSpecificationl firehoseClustering) ;

DataProcessingDescription dataProcessingDescription = new DataProcessingDescriptioni):
ClusterConfiguration clusterConfiguration = new ClusterConfiguration():
clusterConfiguration.setDistanceMeasure(EDistanceMeasure  EUCLIDEAN DISTANCE)
KMeansClusterConfiguration kMeansAlgo = new KMeansClusterConfigurationi);
kMeansAlgo.setMumberOfClusters(5);
clusterConfiguration.setClusterAlgorithmConfiguration(kMeansAlgo) ;
dataProcessingDescription. addRowClusterConfiguration(clusterConfiguration) ;
mrnalData.setDataProcessingDescription(dataProcessingDescription)

return mrnaData:

Marc Streit & Alexander Lex 27



Projects contain

the datayou loaded

the viewsyou opened

your clusteringresults and filters
your colorcodes

etc.,

Storedin .calfiles

Marc Streit & Alexander Lex 28



2 sample dataset:

complexglioblaston

datasets and c
simplemRNA ¢

and other cond

Marc Streit & Alexander Lex

UStE

atas
ition

 y Caleydo - Choose Data Source

Project Wizard

What data do you want to load?

CALCYDO

Try Caleydo | Load Genetic Data | Load Other Data || Load Projeck

. Load sample projeck

This sample project loads Five linked datasets From Ehe TCGA GBW dakasek made
available by the Broad Instituke's Genome Daka Analysis Center (CDAC),

The datasets are mRMNA expression data, microRMNA expression, mekhylakion and
copy-number data. Additionally some clinical data is available, The projeckt conkains
300-550 samples For each dataset, The expression datasets contain abouk 1,500 pre-
selected values, copy number status is availiabe For about 5,000 genes.

The ideal choice if you want o try ouk multi-dataset analysis in Calyeda,

Start with sample gene expression data

This opkion loads a single sample mRMNA expression dataset with samples For
hepatocellular carcinoma (about 4000 genes and 39 experiments) Ehrough Ehe
standard loading dialog. The dataset is made available by the Inskitute of Pathology at
the Medical University of Graz,

Datasek: htkp:/fwww.ncbi.nlm.nib.gov/pubmed/1 7241 883

Einish Cancel




HANDING OVERTO MARC
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DATA ASSIGNMENT,
CLUSTERING

Marc Streit & Alexander Lex



Data-View Integrator

Challenge 1

Managecomplex setup of
multiple datasets
multiple stratifications &
multiple views

Challenge 2

Visualize complex
Interdependencies
betweenmultiple,
heterogeneous, large
datasets

StratomeX 52




MRNADataset:
Dataassignment heatmap+ color

mapping

GETTING STARTED

33



Selection Info &2 Ii

g Dataset Info &3 = 0

Name: mRMNA
Genes: 1500
Tcga_samples: 529

_J

||
-7.88 0 7.88
[ Colormap J

9;49 Data-View Integrator &3 | & StratomeX Layout: (e)Bipartite () Spring-Based | [ | Show Data Connections | (2} = O

=

—

Loaded data at the bottont available views on the top

34



Selectiun Info 52 = O

Q Dataset Info &3 = O

Mame: mRNA
GCenes: 1500
Tcga_samples: 529

L

|
-7.88 0 7.88
[ Colormap ]

zf&g Data-View Integrator 2% | & StratomeX

Layout: (®) Bipartite () Spring-Based | [_| Show Data Connections | (2 = O

-

______

Use dragand-drop to add data toStratomeXview

35



@Selection Info x| = 8

H Dataset Info 53 = 8

Name: mRNA
Genes: 1500
Tcga_samples: 529

I

7.88 0 7.88
( Colormap |

Switch toStratomeXview: heatmaprows = samples, columns = genes



J{J Data-View Integrator «# StratomeX 32

@Selecﬂon Info x| = O

g Dataset Info 52 = B8

Name: mRNA
Genes: 1500
Tcga_samples: 529

Use interactive histogram to update color mapping .



Cancer

Cancer types are not homogeneous

They are divided int&ubtypes
different histology
different molecular alterations
Subtypes have serious implications

different treatment for subtypes

prognosisvaries between subtypes

38



Cancer Subtype Analysis

Done usingnany different types of data
for large numbers of patients.

39



The Cancer Genome Atlas ( vnaerstanaing genomics

0 improve cancer care

Largescale project to catalogue genetic
mutations responsible for cancer

20 tumor types

500 patient samples each

Extensive molecular profiling for each patient



The Cancer Genome Atlas € 4o TCGA Data

sequencing microRNA
data expression

clinical MRNA
parameters expression

methylation mutation
levels status

oe]0)Y
number

status

41



Our goal Is to support
tumor subtype characterization

through integrative
visual analysiof cancer genomics data sets

42



Subtype ldentification
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Subtypeldentification Process
Stepl: Determinecandidatesubtypes

Step2: Findsupportingevidence



EtiGciiagn

N

=== Candidate Subtypes

/

Genes, Proteins, etc.



tratification of a Single Dataset

Cluster A1

Proneural Neural Classical Mesenchymal

TP53  mut
IDH1 mut

ge
PDGFRA cn

mut

ge

ClusterA2 EOPR

mut

ge
NF1 cn

mut

ge
CDKN2A
cn

hS]
o
N

WT mut

Copy Number

Gene Expression Mutaton  TP53LOH  EGFRuIII high level amplification
low level amplification

normal copy number
hemizygous deletion
homozygous deletion

46



Subtypeldentification Process
Stepl: Determinecandidatesubtypes

Step2: Findsupportingevidence



Stratification of Multiple Datasets

Cluster A1

= I

Evaluatewvhether stratifications support eaabther

Tabular Categorical,
e.g., mMRNA e.g., mutation status 45



Stratification of Multiple Datasets

Cluster A1

ClusterA2

Tabular Categorical,
e.g., mMRNA e.g., mutation status 49



Stratification of Multiple Datasets

Bl
Cluster A1

Dep C1

Review effect of stratificatiop

Tabular Categorical, Dependent Data,
e.g., mMRNA e.g., mutation status e.g. clinical data -,
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ratified by
Clustering

52



Columns = Genes

Patient

53



Survival

mber Status

way

Glioma Path

54



MRNADataset:
Stratificationloading/ clustering/ heatmap

comparison

LIVE DEMO

55



EERT
% B
~ Gemeral

Selection Info 2| = O

=/ Dataset Info & = B

Mame: mRMNA
GCenes: 1500
Tega_samples: 529

A

-7.88 0 7.88
[ Colormap J

g’% Data-View Integrator 2 | & StratomeX Layout: (#)Bipartite () Spring-Based | [_| Show Data Connections | (2 = O

Rename Dataset
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Rightclick on data set box to cluster genes
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Components of the StratomeXview



