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Actomyosin in its diversity

Actin

Drosophila mesoderm & PMG
[Chanet et al, 2017]

C elegans 
[G. Michaux, Rennes]
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Can we use Myosin as a proxy for stress? not really

with Atef Asnacios, MSC Paris 7

1

10

100

0.1 1 10 100 1000 �

Pl
at

ea
u 

fo
rc

e 
F p

 (n
N

, l
og

sc
al

e)

External sti�ness k (nN/µm, logscale)

100%

200%

300%

400%

De
fo

rm
at

io
n 

(p
p)

[Mitrossilis et al, PNAS 2009] , [Étienne et al, PNAS 2015]
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Stress inference combining myosin, strain and model
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Foci coverage of the tissue
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Convergence–extension during germband axis extension

Irvine and Wieschaus, Devel. 1994, Zallen et al., Dev. Cell 2004

Butler et al., Nat. Cell Biol. 2009
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Convergence–extension during germband axis extension

Irvine and Wieschaus, Devel. 1994, Zallen et al., Dev. Cell 2004

tissue strain rate

=

cell strain rate

+ intercalation rate

Blanchard et al., Nat. Methods 2009



Planar-polarised myosin and convergence–extension
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Tissue stress-strain relation
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Model of epithelium

� �b σa= �aeDVeDV

stress
tensor

dissipation due 
to pure shear

dissipation due
to area changes

myosin
pre-stress+σ  + =

viscoelastic
behaviour



Germband extension modelling

myosinpre-stress�a
σa

[Dicko et al, PLoS CB 2017]



Mimicking PMG invagination

�a
ventral midline

GB

PMG
�a

[Butler et al., 2009; Collinet et al., Lye et al., 2015.]
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Solve as a constrained minimisation problem, min

{v ·n=0}
E (v)

FEM code available as SM in [Dicko et al, PLoS CB 2017]



Simulation:

Mesh

[Dicko et al, PLoS CB 2017]



Simulation:

Planar-polarised myosin

[Dicko et al, PLoS CB 2017]



Simulation:

Planar-polarised myosin can explain germband extension

[Dicko et al, PLoS CB 2017]



Germband extension modelling

myosinpre-stress�a
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[Dicko et al, PLoS CB 2017]
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Mimicking PMG invagination
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Resistance to changes of apical area and morphogenetic flow

÷b
÷

= 10 large surface extensibility/compressibility



Hydrodynamic length and morphogenetic flow

� = 10R very low friction (R ƒ 80µm)



Hydrodynamic length and morphogenetic flow

� = R low friction (R ƒ 80µm)



Hydrodynamic length and morphogenetic flow

� = R/10 high friction (R ƒ 80µm)



Hydrodynamic length and morphogenetic flow

� = R/100 very high friction (R ƒ 80µm)



Geometry of myosin patterning and morphogenetic flow

zmax = ≠0.2R (R ƒ 80µm)



Geometry of myosin patterning and morphogenetic flow

zmax = 0 (R ƒ 80µm)



Geometry of myosin patterning and morphogenetic flow
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I Towards an integration with whole-embryo imaging: are
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Contraction and ventral furrow formation

Chanet et al, 2017

Heer et al., 2017

Conte et al, 2012



Apical drive of ventral furrow formation

apical only
isotropic surface 

contractility large
tension



Apical drive of ventral furrow formation

apical only
isotropic surface 

contractility large
tension

0
2
4
6
8

10
12

M
yo

sin
 (a

.u
.)

Simulations
Our experiments
Heer et al, 2017

-4 -2 0 2 4 6 8 10 12

developmental time (min) at 24°C

0

0.2

0.4

0.6

0.8

1

Ve
nt

ra
l a

re
a

(re
la

tiv
e)

Rauzi et al, 2015



Apical drive of ventral furrow formation

apical only
isotropic surface 

contractility large
tension

0

2

4

6

8

10

12

M
yo

si
n 

(a
.u

.)

Simulations
Our experiments
Heer et al, 2017

-4 -2 0 2 4 6 8 10 12

developmental time (min) at 24°C

0

1

2

3

4

5

Fu
rr

ow
 d

ep
th

 (
µm

)

VF visible
in confocal

furrow depth
distance from
vitelline membrane

Simulations

Rauzi et al, 2015



Apical drive of ventral furrow formation

apical only
isotropic surface 

contractility large
tension

0

2

4

6

8

10

12

M
yo

si
n 

(a
.u

.)

Simulations
Our experiments
Heer et al, 2017

-4 -2 0 2 4 6 8 10 12

developmental time (min) at 24°C

AP
DV

AP
DV

0

1

2

3

4

5

Fu
rr

ow
 d

ep
th

 (
µm

)

VF visible
in confocal

furrow depth
distance from
vitelline membrane

Simulations

-0.02

-0.01

0

0.01

C
ur

va
tu

re
 (

µm
-1

)

along DV
Simulations

Rauzi et al, 2015



Germband extension modelling

myosinpre-stress�a
σa

[Dicko et al, PLoS CB 2017]



Germband extension modelling

myosinpre-stress�a tension �DVσa

[Dicko et al, PLoS CB 2017]



Germband extension modelling

myosinpre-stress�a tension �DVσa

[Dicko et al, PLoS CB 2017]



Germband extension modelling

myosinpre-stress�a

b

tension �DVσa

[Dicko et al, PLoS CB 2017]



Germband extension modelling

myosinpre-stress�a

b

tension �DVσa

[Dicko et al, PLoS CB 2017]



Mimicking PMG invagination

�a
ventral midline

GB

PMG
�a

[Butler et al., 2009; Collinet et al., Lye et al., 2015.]


