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Challenges in Describing Signaling Networks




How Do You Study Morphological Variability
in Cellular Processes?
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Understanding how Signaling Networks that Regulate Morphology are Organized and
How Information Flows through these Networks
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Cell Morphology = Signaling State
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Acquiring Morphological Signatures from Complex Images
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Data Summary

273
treatment
conditions

12K single
cells

145
geometric
features

4787
treatment
conditions

1.9M single
cells

101
geometric
features



| 145 phenotypic features |

Raw Morphological Data is Not Interpretable: Dimensionality Reduction
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Back to Single-Cell Populations: Measuring Morphological Variability



Computation of PCs

* Principal components calculation
— Number of dimensions: d ~ 100
— Number of samples: n ~ 2,000,000
« Covariance matrix method
— Eigenvalue decomposition of covariance matrix
— O(d3+d?n)
* Fixed-point algorithm method

— Sharma & Paliwal, Pattern Recognition Letters 2007
— O(d?hL+d?n)



Genetic Tuning of Morphological Variability



Noise propagation in networks as measured by transcription — same result
for morphology?

Pedraza & van Oudenaarden, Science 2005



Studying Variability in a Cellular Process: Septin Ring Formation in Yeast

Versele &Thorner,
Trends Cell Bio. 2005

Longtine et al., Mol.
and Cell. Bio. 2000



Studying Variability in a Cellular Process: Septin Ring Formation in Yeast

Hypothesis Gene Knockout Variability
1 Cdc42, Cdc24 Lethal/high
2 Septins Lethal/high
3 Cla4, Gin4, Bni5, EIm1 High
‘ 4 Hsl1, Hsl7 High
5 Swel Low
6 Cdc42 GAPs Low
7 Cdc28 Lethal/high

Longtine et al., Mol.
and Cell. Bio. 2000



Studying Variability in a Cellular Process: Septin Ring Formation in Yeast



How Do You Study Morphological Variability
in Cellular Processes?
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Challenges in Describing Signaling Networks




Future Directions: Expanding to More Genes
Local Networks of Kinases and Phosphatases That Regulate Cell Shape
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Integration with Other High-throughput Data Sources

Morphological data
from genetic screen

Biological validation
and further
experimentation for
identified genes of
interest

Measurement of
morphological
phenotypes

Identification of
differential expression
and gene set
enrichment between TC
groups

Definition of class
distinction and
assignment to TC
Sroups

Transcriptional data
from genetic screen
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GO Term

P value for enrichment

Yeast genes

Chromosome organization

2.42e-07

RAD52 CYC8 DEF1 CTF8 BUD32
SPT10 CTF4 NPL6 SPC72 RTT109
RAD54 SCP160 HTL1 EST1 CIK1
RAD50 DCC1

Response to DNA damage stimulus

3.18e-07

RAD27 RADS2 RNRI1 DEF1 SAC3
CTF8 SPT10 CTF4 NPL6 RTT109
RADS54 HTL1 HOF1 RAD50 DCC1

Cellular component organization

2.39e-03

BEM1 RPB4 RAD52 CYC8 EDC3
DEF1 SAC3 SHE4 CTF8 BUD32
IRC25 CDC10 SPT10 CTF4 NPL6
SPC72 RTT109 RAD54 SCP160
HTL1 EST1 CHC1 CLA4 CIKl1
BEM2 RADS50 DCCI

Nucleobase, nucleoside, nucleotide and
nucleic acid metabolic process

2.44e-03

CTK2 RPB4 RNR4 RAD27 RADS52
CYC8 RPA12 SWI4 EDC3 ADHI1
RNR1 DEF1 SAC3 SQS1 SHE4
BUD32 IRC25 SPT10 CTF4 NPL6
RTT109 RAD54 SCP160 HTL1 ESTI1
ANP1 RADS0

Anatomical structure homeostasis /
telomere maintenance / telomere
organization

4.23e-03

RADS52 DEF1 BUD32 RAD54 ESTI1
RADS50

Organelle organization

5.71e-03

RADS52 CYC8 DEF1 SAC3 SHE4
CTF8 BUD32 SPT10 CTF4 NPL6
SPC72 RTT109 RAD54 SCP160
HTL1 EST1 CLA4 CIK1 BEM?2
RAD50 DCC1

Cell cycle

7.79e-03

SAC3 CTF8 CTF4 SPC72 CLA4
CIK1 DCCI

Mitosis / nuclear division / phase of
mitotic cell cycle

9.52e-03

SAC3 CTF8 CTF4 SPC72 CLA4
CIK1 DCCI

GO Term

P value for enrichment

Yeast genes

Mitochondrial translation

3.32e-03

ISM1 MSW1 MRPS12 MRPL23
NAM2 RSM25 RSM18 MRPLII
IFM1 RTC6 RSM19 MRPL32
MRPS8 MRPL10 MRPL16 MRPL7
MRP10 SWS2 MRPL13 RSM27
MSE1 GRS1 MSR1 PET112







Septin Knockouts
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Regulation of Septin Assembly

®  Control

® CLAM
ELM1
GINg
NAP1

PC2

PC1



SWE1 Regulation
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Method 1PC 2 PCs 3 PCs 5 PCs 10 PCs NNs
1PC
- 3.15E-12 6.74E-10 6.74E-10 3.15E-12 1.75E-04

2 PCs

3.15E-12 - 3.15E-12 6.74E-10 6.74E-10 1.75E-04
3 PCs

6.74E-10 3.15E-12 - 3.15E-12 3.15E-12 1.75E-04
5 PCs

6.74E-10 6.74E-10 3.15E-12 - 2.50E-13 1.75E-04
10 PCs

3.15E-12 6.74E-10 3.15E-12 2.50E-13 - 1.75E-04
NNs

1.75E-04 1.75E-04 1.75E-04 1.75E-04 1.75E-04 -




