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background



functional genomics

how do genes work together to perform
different functions in a cell?



functional genomics data

gene expression
molecular pathways



gene expressioni s ...

... the measured level of how
much a gene is on or off

... a single quantitative value
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gene expressioni s ...

... the measured level of how
much a gene is on or off

... a single quantitative value

biologists measure it ..

.. for many genes
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gene expressioni s ...

... the measured level of how
much a gene is on or off

... a single quantitative value

biologists measure it ..

.. for many genes

... iIn many samples (time points,
tissue types, species)

visualized with heatmaps

[Wilkinson09][Saldanha04][Seo02][Eisen98]
[Gehlenborg | 0][Weinstein08]

encode value with color




gene expressioni s ...

... the measured level of how
much a gene is on or off

... a single quantitative value

it is measured ...

.. for many genes

... iIn many samples (time points,
tissue types, species)

visualized with heatmaps

[Wilkinson09] [Saldanha04] [Seo02] [Eisen98]
[Gehlenborg| 0] [Weinstein08]

encode value with color

augmented with clustering

[Eisen98]



the functioning of a cell is controlled by
many interrelated chemical reactions
performed by genes

input output / input output

O EEE— ‘ EE— ‘ = cell function
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functional genomics

how do genes work together to perform
different functions in a cell?

comparative functional genomics

how do the gene interactions vary across
different species?



\_

collaborators: Regev Lab at the Broad Institute

biology: metabolism in yeast

data: multiple genes

mu
mu
mu

problem: existing tools can only look at a subset of this data

tl
ti
ti

ble time points
ble related species

ble pathways

J

comparative functional genomics

how do the gene interactions vary across
different species?



contributions

Pathline

first interactive tool for visualizing multiple
genes, time points, species, and pathways

linearized pathway representation
for comparing quantitative data along a pathway

curvemap
visual encoding of temporal gene expression

validation

case studies describing efficiency gains and new
biological findings



data & tasks



s6 —
® 11 12
metabolic - I
ene expression . 0B E
pathways & P LT
== I . o ——
5 t1 12 13 t4 t5 t6
2 [ [ [ [ [
- 10 to 50 pathways 6000 genes and Hop ot ow o5 ®
. . =] I
Of INterest | 40 metabOllteS H t2 1B t4 t5 t6 [1O
. . . gli{o2|0o4|10|10]|10]| 10 0.8
*Inputs/outputs *6 time points 110 00] 00|00 | 20 08| Jo
called metabolites - g2|-07|08|10|10|08|02]| fo02
* | 4 species of yeast
m2| 1.0/ 0.0| 0205|1002 -0.5
g3(-0.5|08|0.5|-0.3|-05|-0.5 0.8
m3|-0.7(0.5|0.8 [-07[-1.0| 0.5 -1.0

similarity scores fora gene/metabolite

-aggregate time series

over species

S1 t1 t2 t3 t4 t5 t6 N N N 1
IEEOEEE L *similarity of expression
s2 tHH t2 t3 t4 t5 16 .
aggregate ‘ L =083 dCross Species
s3 H o2 3 t4 t5 16
g1{02|04]|10]|10|10|10 y ¢ . y
aocoregate: Pearson

Spearman, others

phylogeny

SSSSS

memememe

mmmmm



tasks

4. comparison of multiple similarity scores



Pathline
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Pathline

design decisions



encode quantitative values with spatial position

[Cleveland84] [LamO07]



encode quantitative values with spatial position

[Cleveland84] [Lam07]

instead of a ..
topological layout linearized pathway
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encode quantitative values with spatial position

[Cleveland84] [LamO07]
instead of a ..

curvemap

g4 g8 glé gl7 gl8 g19 g20 g21 g22 Qg

sl
S2
s3
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s/
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s9

courtesy of M. Styczynski from JavaTreeview
jtreeview.sourceforge.net/

s10



linearized pathway representation
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linearized pathway
representation e
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linearized pathway

representation

common axes to compare
similarity scores

*bars and circles
-visual layer for attenuation
»color-code gene direction

*multiple similarity scores

pathway

similarity score

0.0 0

1.
+1 O
& O

O



linearized pathway
representation

common axes to compare
similarity scores

*bars and circles
-visual layer for attenuation
»color-code gene direction

*multiple similarity scores

*multiple pathways




unroll from pathway to
ordered list of nodes
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linearized pathway
representation

putting it together...

» use spatial position for similarity
scores instead of topology

- topology is secondary



Pathline

curvemap



curvemap

inspired by heatmaps

- base visual unit is a curve



curvemap

inspired by heatmaps
*base visual unit is a curve

filled, framed line charts to
enhance shape perception



curvemap

inspired by heatmaps
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PATHLINE

A TOOL FOR COMPARATIVE FUNCTIONAL GENOMICS
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conclusions

» Pathline: first interactive tool for comparative
functional genomics
» multiple: genes, time points, species, and pathways

* two new visual encodings
» curvemap for expression data with multiple
dimensions
» linearized pathway representation for comparing
quantitative data

- case studies: efficiency gains and new discoveries



future work

- automate pathway selection and linearization
- continue with Regev Lab: more data types

- apply ideas to other biological systems
* Pathline

» linearized pathway representation
* curvemaps

* beyond biology: curvemap vs heatmap



www.pathline.org

questions!
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