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Segment Polarity Pattern
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Segment Polarity Gene Network
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Segment Polarity Model

32 dynamic variables per cell
512 dynamic variables
16 cells per lattice
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Segment Polarity Model

32 dynamic variables per cell
512 dynamic variables
16 cells per lattice

50 parameters in 12 distinct ODEs
Random parameter sets: 0.5% form the segment polarity pattern

"The most striking systems-level property...is robustness”

"We originally expected the core topology to be frail and easily
perturbed....the simplest model...emerged complete with
unexpected robustness”
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Segment Polarity Model Equations

dhh 1 ENY
- _ _hh
EN—Gh Ty 7T (-hh+ v e )

dHH _ 1
(hh)—=[HH i T (~HH-+hh)

Thh Time constant of hh degradation
K "Affinity" of EN: level needed for half-maximal response

Vv Cooperativity
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Single-Cell Behaviors
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Single-Cell Behaviors
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Bistability Predicts Pattern Formation

Pattern Formation Predictive Value
+ - Total
Single-Cell + 0.52 0.57 1.1 0.47
Behavior  _ . 01* 99 99. 1.00
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Positve Feedback and Bistability
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Positive Feedback and Bistability
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Bistability and Positive Feedback
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Bistability and Positive Feedback
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Bistability and Positive Feedback
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Bistability and Positive Feedback
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Bistability Predicts Pattern Formation

Random Parameters

—
|

steady—state WG

|
w

—_
o

—
o

K WGwg 1



Bistability Predicts Pattern Formation
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Bistability Predicts Pattern Formation

Pattern Formation

+ — Total
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Bistability Predicts Pattern Formation
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Bistability Predicts Pattern Formation
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Single-Cell Behaviors
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Single-Cell Behaviors

e
BIRBENE
28

@ O3

Skt lRS

e




Segment Polarity Gene Network

N
| Interactions
HH o
Positive —
Negative —
EN [|= cen) i
# Species
A EN| Protein
/ WG MRNA
@ »| PTC
N : PH
Neighborin
Cell Ce”g J

Membrane



Segment Polarity Gene Network
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Bistability Predicts Proliferation Behavior

4-Cell + 9.6 Proliferation 5133

Patterning 90
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Proliferation and Positive Feedback
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Proliferation and Positive Feedback
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Bistability Predicts Proliferation
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Bistability Predicts Proliferation
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Conclusions

Robustness:
Pattern is a stable steady state
Individual cell stable steady states plus interactions

Bistability from positive feedback
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