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1  Connectivity !

2  Flow of Signaling Information!

3   Variability of Response to 
Signaling Information!

Challenges in Describing Signaling Networks!



1.! New kind of data 

 morphology = signaling state 

How Do You Study Morphological Variability!
in Cellular Processes?!

2. How to measure 

morphological variability 

from this data 

Outline 

3. Understanding 

variability in the context 

of signaling network 
architecture 
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MT regulators!

Lipid 
Regulators!

Transmembrane 
Receptors!

Polarity Complexes!

Adhesion!
Structures!G!
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Understanding how Signaling Networks that Regulate Morphology are Organized and 
How Information Flows through these Networks!
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Active Rac  

Morphological Signature  

= F1, F2, F3,…Fn 

Active Cdc42 

Morphological Signature  

= F1, F2, F3,…Fn 

Active Rho  

Morphological Signature  

= F1, F2, F3,…Fn normal!

Rac!

“stress fibers” 

Rho Activation Rho!
GTP!

“ruffles/

lammelipodia” 

Rac Activation 

GTP!

“spiky” 

Cdc42 Activation Cdc42!

GTP!

Cell Morphology = Signaling State!



GFP 

2. Image Acquisition (GFP) 
3. CellSegmenter 

1. Cell Culturing 
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Acquiring Morphological Signatures from Complex Images!



Data Summary!

D. 
melanogaster 
BG-2 cell line 

273 
treatment 
conditions 

12k single 
cells 

145 
geometric 
features 

S. cerevisiae  

4787 
treatment 
conditions 

1.9M single 
cells 

101 
geometric 
features 



145 phenotypic features 
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Raw Morphological Data is Not Interpretable: Dimensionality Reduction!
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GFP/wild-type cluster (24) 

Cdc42, Cdc42 Y32A overex., CG3799, CG3799 
overex, RhoV14 overex,  

 #NSif overex + Rac1 dsRNA 

Rac1 cluster (4)  

GEF64C overex, Rac1, Rac1/Rac2/MTL  

MT capture (3) 

Apc, Apc2, Dia 

Rho1 cluster (19) 

Rho1, RhoGAP1A, RhoGAP 5A, RhoGAP93B, 
RhoGEF2, RhoGEF4 

Adhesion disassembly/Cortical Tension (74) 

Actinin, Arc-p34, CenB1A (ArfGAP), CenG1A 
(ArfGAP), CG16728 (ArfGAP), Cta, G$%65A , 

Gelsolin, Loco, Paxillin, Pebble, RacGAP50C, Sep5, 
Moesin,  

Adhesion complex formation  

Actin filament nucleation 

Cytokinesis 

RapGEFs, RapGAPs 

Pbl,RacGAP50C 

Actin 

polymerization 

SCAR, Sop2 

Twinstar,Capt, Arc-p20, GEF64C 

Adhesion 

disassembly 

Paxillin, ARFGAPs, actinin 

Cortical Tension 

Cta, G$%65A 

Tail Retraction 

Rho1, RhoGEF2, RhoGEF4 

Protrusion/Adhesion formation (37)  

Arm, C3G (RapGEF) , Gef26 (RapGEF), 
RapGap1, p190RhoGAP #N-RhoGEF3, RhoGEF3, 

SCAR, Sop2, Merlin, G$%65A overex  

Lamellipodia formation(25) 

Arc-p20, GEF64C, Trio, Twinstar, Kelch, Rab26, 
Rab35, Rab3-GAP 

Clustering Average Morphologies !

Bakal et al. Science 2007 



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+d2n) 

•! Fixed-point algorithm method 

–! Sharma & Paliwal, Pattern Recognition Letters 2007 

–! O(d2hL+d2n) 



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 

Longtine et al., Mol. 

and Cell. Bio. 2000  

Versele &Thorner, 

Trends Cell Bio. 2005 



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

Longtine et al., Mol. 

and Cell. Bio. 2000  
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Studying Variability in a Cellular Process: Septin Ring Formation in Yeast 



1.! New kind of data 

 morphology = signaling state 

How Do You Study Morphological Variability!
in Cellular Processes?!

2. How to measure 

morphological variability 

from this data 

Outline 

3. Understanding 

variability in the context 

of signaling network 
architecture 



1  Connectivity !

2  Flow of Signaling Information!

3   Variability of Response to 
Signaling Information!

Challenges in Describing Signaling Networks!
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Future Directions: Expanding to More Genes!
Local Networks of Kinases and Phosphatases That Regulate Cell Shape!



Integration with Other High-throughput Data Sources!
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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  RAD52  RNR1  DEF1  SAC3  

CTF8  SPT10  CTF4  NPL6  RTT109  

RAD54  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  CIK1  

BEM2  RAD50  DCC1 

Nucleobase, nucleoside, nucleotide and 

nucleic acid metabolic process 

2.44e-03 CTK2  RPB4  RNR4  RAD27  RAD52  

CYC8  RPA12  SWI4  EDC3  ADH1  

RNR1  DEF1  SAC3  SQS1  SHE4  

BUD32  IRC25  SPT10  CTF4  NPL6  

RTT109  RAD54  SCP160  HTL1  EST1  

ANP1  RAD50 

Anatomical structure homeostasis / 

telomere maintenance / telomere 

organization 

4.23e-03 RAD52  DEF1  BUD32  RAD54  EST1  

RAD50 

Organelle organization 5.71e-03 RAD52  CYC8  DEF1  SAC3  SHE4  

CTF8  BUD32  SPT10  CTF4  NPL6  

SPC72  RTT109  RAD54  SCP160  

HTL1  EST1  CLA4  CIK1  BEM2  

RAD50  DCC1 

Cell cycle 7.79e-03 SAC3  CTF8  CTF4  SPC72  CLA4  

CIK1  DCC1 

Mitosis / nuclear division / phase of 

mitotic cell cycle 

9.52e-03 SAC3  CTF8  CTF4  SPC72  CLA4  

CIK1  DCC1 

GO Term P value for enrichment Yeast genes 

Mitochondrial translation 3.32e-03 ISM1  MSW1  MRPS12  MRPL23  

NAM2  RSM25  RSM18  MRPL11  

IFM1  RTC6  RSM19  MRPL32  

MRPS8  MRPL10  MRPL16  MRPL7  

MRP10  SWS2  MRPL13  RSM27  

MSE1  GRS1  MSR1  PET112 











Method 1 PC 2 PCs 3 PCs 5 PCs 10 PCs NNs 

1 PC 

- 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 - 


