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¥Visualization history and introduction 

¥Biological Visualizations 

¥Numerical Visualizations 

¥Adding your own visualizations
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Why Visualize?
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Why Visualize?

¥Quick check: did it work? 
!

¥Exploration and hypothesis generation 
!

¥Sharing/publishing
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AnscombeÕs Quartet
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http://en.wikipedia.org/wiki/Anscombe's_quartet



Timeline of Visualization 
in Galaxy
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1st visualization paper 
published
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Display applications 
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2005 20142010

1st Galaxy paper published Visualization development started

2011

1st visualization paper 
published

2008

Display applications 

1. visualization in Galaxy is nascent 
2. you will be working with awesome new features 
3. there may be bugs Ñ help us ! x them!



Workshop Goals

¥Participants : learn about how to visualize 
your data in Galaxy 

! biological visualizations 
! numerical visualizations 
! what Galaxy is doing underneath the covers 

!

¥Instructors : feedback from you about what 
you like, donÕt like, and where to go next
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Galaxy Visualizations

¥Visualizations are ! rst-class objects in Galaxy, just like tools 
!

¥A visualization can be added to Galaxy via a con ! guration 
! le that speci ! es: 

! datasets that can be used 
! location of visualization code (client-side or on server) 

!
¥Galaxy handles visualization integration and data 
management, so users can focus on analyzing data (and 
developers can focus on creating visualizations)
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Visualizations are 1st class 
Galaxy objects

¥Can be saved and versioned for reproducibility 
!

¥Have a human-readable URL for sharing a fully 
interactive visualization: !
http://usegalaxy.org/u/jgoecks/v/tumor-mutations  

!

¥Can embed interactive visualizations in online 
supplementary materials via Galaxy Pages
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Visualization Visual Analysis



Visualization Architecture
¥Client-server architecture 

!

!

!

!

¥Lots of moving pieces 
! prepare/process data on server 
! send to client 
! render on client
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¥Analysis goal : what similarities and 
di" erences can be found in cancer cell 
lines using exome and transcriptome 
sequencing?
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Sequencing and Analysis

¥Pro! led 3 pancreatic cancer cell lines using a 26-
gene panel targeting known oncogenic driver 
mutations 

! MiaPaCa2, HPAC, and PANC-1 
!

¥Data available:  
! exome: mapped reads, removed dups, called 

variants 
! transcriptome: mapped reads, assembled 

transcripts, computed expression
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Display Applications
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Display Applications
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Display Applications

¥Advantages 
! use tool that is familiar to you 
! easy to view your data alongside public datasets 

!

¥Disadvantages 
! cannot save/share/version visualization 
! many more visualizations than display applications 

in Galaxy 
! no data processing or visual analysis, only 

visualization
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TracksterÑGalaxyÕs Genome Browser
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¥Genome browsers remain a (the most?) powerful genome 
visualization 

! foundational tool 
!

¥Trackster is for the high-throughput sequencing era 
! very large datasets, numerous simultaneous tracks 
! maximum #exibility for customization (e.g. rainbow tracks) 
! 2-3 indices per dataset for fast visualization 

!
¥SAM/BAM, BED, GFF/GTF, VCF, Wiggle, BigWig, BigBed, 
BedGraph
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TracksterÑGalaxyÕs Genome Browser



LetÕs visualize our data in 
Trackster

¥1. Create visualization 

¥2. Add gene annotation (RefSeq) 

¥3. Save visualization 

¥4. Exit 

¥5. Reopen visualization
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LetÕs visualize our data in 
Trackster

¥1. Create visualization 

!

!

!
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LetÕs visualize our data in 
Trackster

¥1. Create visualization 

¥2. Add gene annotation (RefSeq) 

!

!
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LetÕs visualize our data in 
Trackster

¥1. Create visualization 

¥2. Add gene annotation (RefSeq) 

¥3. Save visualization 
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LetÕs visualize our data in 
Trackster

¥1. Create visualization 

¥2. Add gene annotation (RefSeq) 

¥3. Save visualization 

¥4. Exit 
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LetÕs visualize our data in 
Trackster

¥1. Create visualization 

¥2. Add gene annotation (RefSeq) 

¥3. Save visualization 

¥4. Exit 

¥5. Reopen visualization

26



Behind the Scenes

¥Galaxy is indexing datasets for 
! viewing large genomic regions (coverage plots) 
! viewing small genomic regions (getting 

individual data points) 
! feature names and locations 

!

¥Indexes is the primary way that big datasets 
are visualized quickly
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Modes and Searching

¥Tracks can be displayed di " erently 
! coverage 
! individual features 

!

¥LetÕs try di" erent modes 
! this is fast because data is sent from Galaxy 

server and rendered in your Web browser 
!

¥LetÕs try searching for a gene: ERBB2 
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LetÕs Call Variants

¥VarScan 
! Sample names: MiaPaCa2, PANC1, HPAC 
! Run 

¥Rename output: ÒCell line variantsÓ
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LetÕs Assemble Transcripts

¥Cu$ inks 
! input dataset is #7 
! run 

!

¥Rename output: ÒMiaPaCa2 
Assembled TranscriptsÓ
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LetÕs add data to Trackster

¥Add exome data for all cell linesÉ 

¥Ébut where is our data?
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Circster 

¥Interactive Circos 
plot 

!

¥Whole genome 
view with structural 
variation
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LetÕs view our data in 
Circster

¥Double-click or use trackpad to zoom 
in 

!

¥change track min/max 
!

¥what do we see?
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LetÕs add data to Circster 
and adjust options

¥1. Add transcriptome coverage data 

!

!

!

!
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LetÕs add data to Circster 
and adjust options

¥1. Add transcriptome coverage data 
!

¥2. Change arc dataset height 

!

!

!

35



LetÕs add data to Circster 
and adjust options

¥1. Add transcriptome coverage data 
!

¥2. Change arc dataset height 
!

¥3. Change max for tracks 
!
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LetÕs add data to Circster 
and adjust options

¥1. Add transcriptome coverage data 
!

¥2. Change arc dataset height 
!

¥3. Change max for tracks 
!

¥4. Save visualization
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Back to Trackster: Rainbow 
Track for Coverage

¥1. Navigate to ERBB2 gene 

¥2. Create group 

¥3. Add transcriptome coverage tracks to group 

¥4. Create composite track 

¥5. Adjust max 

¥6. what do we see?
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Add More Data!

¥Add RNA-seq mapped reads, variants, and assembled 
transcripts 

!
¥Look at ERBB2 

! bookmark! 
!

¥Look at STK11 
! bookmark! 

!
¥Look at KRAS Ñ> LYRM5 

! bookmark!

39



Visual Analysis

¥KRAS and Variants
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Sweepster

41



Topics

!

!

¥Visualization history and introduction 

¥Biological Visualizations 

¥Numerical Visualizations 

¥Adding your own visualizations

42



!"#$%#&'$()*$"&+#,)*%, -.,)$*./#&0.%1&2$*$34!"#$%&'5,#&2$*$34

61$%&.,&2$*$34&!1$"%,7



89:;"%&<$%$&=.*#,

!"#$%&'(&>1$"#<&?$%$&)(*&+,",$-&?$%$&@.("$".#,.&/)0#1)-,&-'&-2,&!1$"%&"#34)45&)(*&#67'4-&#-&
#(-'&5'84&2#+-'45&9!"#"$%&'&%&()&*$+##,*--!(".)/.012.&!2-#%&&/"",$"(!$0")#&%345&.4%6:.

A
B

C

D



E$F#&$&G#0&H1$"%&IB&;=&DJ

;)#-&<'4&-2,&87"')*&-'&$'67",-,.&=,",$-&5'84&?$%$,#%&)(*&$"#$%&'(&-2,&-.,)$*./$%.;G&8H;G&-2,(&
+,",$-&!1$"%,.

C

A

B



2.K#&4;)"&H1$"%&$&G$9#

/)6,&5'84&$2)4-&5GH*),%#"#<&L#$%9$:.



>#*#H%&$&H1$"%&%4:#

>'83",&$"#$%&'(&-2,&L#$%9$:&#$'(.



>#*#H%&<$%$&H;*)9G,

?-&<#4+-&$"#$%&'(&+;0&*$(#*,&)(*&+,",$-&!;*)9G&A.&@2,(A&$"#$%&'(&?"$0 .

B

A



5GH*),%#"#<&L#$%9$:



E$F#&$&G#0&H1$"%&IA&;=&DJ

=,",$-&5'84&?$%$,#%&)(*&$"#$%&'(&-2,&-.,)$*./$%.;G&8H;G&-2,(&+,",$-&!1$"%,.

C

A

B



2.K#&4;)"&H1$"%&$&G$9#

/)6,&5'84&$2)4-&!*),%#"#<&L#$%9$:.



>#*#H%&$&G#0&H1$"%&%4:#

>'83",&$"#$%&'(&-2,&!*),%#"#<&L#$%9$:&#$'(.



>#*#H%&<$%$&H;*)9G,

?-&<#4+-&$"#$%&'(&+;0&*$(#*,&)(*&+,",$-&!;*)9G&A.&@2,(A&$"#$%&'(&?"$0 .

B

A



!*),%#"#<&L#$%9$:

B+,&-2,&9;),#&01##*&;"&4;)"&%;)H1&:$<&-'&C''6&#(-'&-2,&1.M1*.M1%#<&$"#$.



NG*$"M#<&K.#0

';;*%.:, &7'787&#<&5'8&6'0,&-2,&6'8+,&7'#(-,4&'0,4&)&3'D.&E,4,&-2,&#(-,4)$-#'(&3,-F,,(&
ODBDC&)(*&OCAPQ&#+&2#12"#12-,*.&!"#$%&'(&N<.%;"&)1)#(&-'&<84-2,4&$8+-'6#C,&-2#+&$2)4-.



!1$"%&H;G=.M)"$%.;G

G'&-'&-2,&!;G=.M)"$%.;G&-)3.



!1$"%&,#%%.GM,

E,)-6)7&+7,$#<#$&'7-#'(+&)4,&1.M1*.M1%#<.&H,,"&<4,,&-'&+,-&$3.,&*$(#*,&'4&'-2,4&'7-#'(+.&



?#=.G#&$&5+@&%#9:*$%#

I)+-,&)&<$%$($,#&5+@&#(-'&-2,&-,67")-,&BJK&<#,"*&)(*&)**&-2,&RR@SON@RR&-)1.&L'8&6)5&8+,&
1%%:TUU000VGH(.VG*9VG.1VM;K&'4&)(5&'-2,4&*)-)3)+,.&!"#$%&'(&?"$0 &-'&4,*4)F&-2,&$2)4-.



?$%$&:;.G%,&*.GF#<&%;&0#(&,;)"H#,

>'83",& $"#$%& '(& )&(;3 & )(*& -2,&
34'F+,4& F#""& '7,(& -F'& (,F& -)3+&
8+#(1& -2,& 74,0#'8+"5& *,<#(,*&5+@&
%#9:*$%#.



!*),%#"&,#*#H%.;G&$G<&$G$*4,.,

=,",$-&'(,&,",6,(-&<4'6&,)$2&1.M1*.M1%#<&";0.&;2)-&)4,&-2,&$'44,+7'(*#(1&:";%#.G&
=)GH%.;G,7



8<#G%.=.#<&:";%#.G&H$%#M;".#,

!1#9;%$3.,

+WS&X;*49#"$,#

!1$:#";G#

Y*$M#**$

I",)+,&4,-84(&-'&-2,&N<.%;".



E$F#&$&G#0&H1$"%&IC&;=&DJ

=,",$-&5'84&?$%$,#%&)(*&$"#$%&'(&-2,&-.,)$*./$%.;G&8H;G&-2,(&+,",$-&!1$"%,.

C

A

B



2.K#&4;)"&H1$"%&$&G$9#

/)6,&5'84&$2)4-&>H;"#&L.,%;M"$9.



SG$*4/#&%1#&,H;"#&<.,%".()%.;G

>'83",&$"#$%&'(&-2,&L.,%;M"$9&#$'(&)(*&$"#$%&'(&?"$0 .



2.K#&4;)"&H1$"%&$&G$9#

!"#$%&'(&?"$0 .



N3:;"%&$,&XW2

!"#$%&'(&>H"##G,1;%&)(*&+,",$-&>$K#&$,&XW2.&H#()""5A&4,-84(&-'&-2,&N<.%;"&)1)#(.

A

B



E$F#&$&G#0&H1$"%&ID&;=&DJ

=,",$-&5'84&?$%$,#%&)(*&$"#$%&'(&-2,&-.,)$*./$%.;G&8H;G&-2,(&+,",$-&!1$"%,.

C

A

B



2.K#&4;)"&H1$"%&$&G$9#

/)6,&5'84&$2)4-&?.,H"#%#&L.,%;M"$9.



SG$*4/#&%1#&:";%#.G&<.,%".()%.;G

>'83",&$"#$%&'(&-2,&?.,H"#%#&L.,%;M"$9&#$'(.



S<<&9;"#&<$%$

!"#$%&'(&S<<&?$%$.



>#*#H%&$&,#H;G<&<$%$&M";):

?-&<#4+-&$"#$%&'(&Z(,#"K$%.;G,&)(*&+,",$-&!;*)9G&A.&@2,(A&$"#$%&'(&?"$0 .

B

A



61.H1&:";%#.G,&1$K#&9;,%&.G%#"$H%.;G,7

!1$:#";G#

+WS&X;*49#"$,#

?;G#&F#-2&I)4-&M.



>H"$%H1(;;F



SH%.K$%#&%1#&>H"$%H1(;;F

?$-#0)-,&-2,&>H"$%H1(;;F&35&$"#$%#(1&'(&-2,&)3'0,&#$'(.



SH%.K$%#&%1#&>H"$%H1(;;F

!"#$%&'(&>$K#<&-.,)$*./$%.;G,.



SH%.K$%#&%1#&>H"$%H1(;;F

=,",$-&)&N#+8)"#C)-#'(&)(*&4,7,)-&-2,&74'$,++&35&+,",$-#(1&>$K#<&-.,)$*./$%.;G,&)1)#(.



>H"$%H1(;;F&=;"&9)*%.:*#&H1$"%,

J,+#C,&)""&0#+8)"#C)-#'(+&+'&-2,5&<#-&#(-'&-2,&+$4,,(.



E;"#&N3$9:*#,



!"#$%#&$&:.#&H1$"%

=,",$-&-2,&#67'4-,*&*)-)+,-+A&$4,)-,&)&(,F&$2)4-&)(*&+,",$-&X.#&H1$"%.&@2,(A&$"#$%&'(&S<<&
<$%$.



S<<&=.",%&<$%$&M";):

!'(<#184,&-2,&L#*.3&="#[)#GH4&$'"86(.



S<<&,#H;G<&<$%$&M";):

!'(<#184,&-2,&O#%$&="#[)#GH4&$'"86(.



!;G=.M)"#&%1#&:.#&H1$"%

!'(<#184,&-2,&X.#&H1$"%&)+&+2'F(&)3'0,.&@2,(A&$"#$%&'(&?"$0 .



!;G=.M)"#&%1#&:.#&H1$"%

2*)%$9.H&$H.<,&+,,6&-'&<#-&68$2&3,--,4&#(-'&1#*.H#,&-2)(&(#%$&,1##%,.&M(&'-2,4&F'4*+A&
O?+7)4-#$&)(*&G"8-)6#$&?$#*+&)4,&M67'4-)(-&<'4&?"72)P2,"#D&H'"*#(1QA&RS=>&TUUV.



!"#$%#&$&($"&<.$M"$9

!4,)-,&*)-)&14'87+&<'4&-2,&<'""'F#(1&<,)-84,+W&L4<";:1;(.H.%4A&E#9("$G#&="#[)#GH4A&
Y*#3.(.*.%4A&L#*.3&="#[)#GH4&)(*&O#%$&="#[)#GH4.



O$"&<.$M"$9&;=&$9.G;&$H.<&=#$%)"#,

B+,&-2,&%;;*%.:,&-'&#*,(-#<5&-2,&)6#('&)$#*+&F2#$2&)4,&"#%,"5&-'&3,&<'8(*&F#-2#(&6,634)(,&
74'-,#(+.

E#%1.;G.G#
@#)H.G#



Topics

!

!

¥Visualization history and introduction 

¥Biological Visualizations 

¥Numerical Visualizations 

¥Adding your own visualizations

86



G'&-'&H;G=.MU:*)M.G,UK.,)$*./$%.;G,UH1$"%,&
!
!4,)-,&)&*#4,$-'45&#(W&H1$"%,U;%1#",U\Z5+-8]WSEN&
!
?**&-24,,&<#",+&-'&-2#+&*#4,$-'45W&
!
K'1'&9"'1'.7(1:&
!'(<#184)-#'(&9$'(<#1.X+:&
;4)77,4&9F4)77,4.X+:&
!
?**&5'84&0#+8)"#C)-#'(&-'&-2,&"#+-&#(W&H1$"%,U%4:#,V^,&
!
J,38#"*&35&-57#(1&Y(76&#(+-)""Z&)(*&Y148(-Z

S<<.GM&4;)"&;0G&-.,)$*./$%.;G,


