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What is the relationship between stress and shape?
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Embryos: 15
Cells: 292

Control Cells

Randomly oriented, 
on average.

Division Angles

Division angles are 
uniformly distributed.

PRELIMINARY OBSERVATIONS
Motivation
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Stretched Cells

Oriented in direction 
of stretch.

Division Angles

Division angles align 
with stretch.



FORCES AT MULTIPLE SCALES
A Scaly Problem

(thinkreptiles.com)

Organism

Tissue

Cell



GLOBAL VS LOCAL STRESS
A Scaly Problem

Stretched



CHARACTERISING CELL SHAPE
Getting into the mathematics



CHARACTERISING CELL SHAPE
Getting into the mathematics

(Bosveld et al.; Bellaiche)



Principal axis
Minor axis
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CHARACTERISING CELL SHAPE
Getting into the mathematics

Circularity: θV ,θP ,θACV , CP , CA Orientation:
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Vertices

Area

Perimeter



|θP - θV |>15°

CHARACTERISING CELL SHAPE
Getting into the mathematics

|θD - θV |

Vertices Area Perimeter



THE MECHANICAL ENERGY OF A CELL
How do we model a cell?

Farhadifar et al. 2007
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Cell packing 
geometry is highly 
dependent on 
parameter 
selection.

PARAMETER IMPORTANCE
Relaxing



Edge Tension

THE CELL STRESS TENSOR
Coping with stress

Effective Pressure

Principal axis of stress

Deviatoric Stress



THE CELL STRESS TENSOR
Coping with stress

Cells principally under tension



THE CELL STRESS TENSOR
Coping with stress

Cells principally under compression



GLOBAL STRESS
Coping with stress

Bulk Modulus

Shear Modulus



INFERRING STRESS IN EXPERIMENTS
Coping with stress



CELL DIVISION
Back to the Question!

Force



The principal axes 
of stress and shape 

align exactly

The stress and shape 
tensors commute, 

therefore they share 
eigenbases

STRESS AND SHAPE ALIGN
The Result



OTHER FEATURES OF STRESS/SHAPE
Back to the question

Division 
Orientation

Shear 
Stress

Effective 
Pressure

Circularity

?



DIVISION MECHANISMS
Stress vs shape

|θD - θV|
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DIVISION MECHANISMS
Coping with stress

|θD - θV|

Shear 
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Effective 
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?roundelongated



IN CONCLUSION
Summing up

Division 
Orientation

Perimeter 
Orientation

Area 
Orientation

Vertex 
Orientation

Shear 
Stress

Effective 
Pressure

Circularity

Division orientation is best
predicted by cell vertices
(tricellular junctions).

The model predicts cell stress
aligns with vertex orientation.

We can noninvasively infer stress
in experimental data using a
model.

We find division alignment
correlates with circularity, but
not isotropic or shear stress.

According to the model!



BULK VS SHEAR MODULI
Coping with stress

Bulk Modulus Shear Modulus



RESISTANCE TO DEFORMATIONS
Coping with stress

Shear Stress

Isotropic Stress
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E-cadherin

extracellular

b a vinculin

F-actin

Expression of Cad-DelC reduces division orientation to principal axis

E-CADHERIN IN DIVISION
Something interesting



E-CADHERIN IN DIVISION
Something interesting

Over expression of Cadherin around perimeter results in division 
aligning better with perimeter than junctions

|θP - θJ |>15°



GLOBAL STRESS
Coping with stress


