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. Gastrulation

"It is not birth, marriage, or death, but gastrulation, which is truly the most important time in

your life."
Lewis Wolpert (1986)

Lars Hufnagel

European Molecular Biology Lab (EMBL)
Heidelberg Germany
https://vimeo.com/440987197

Ventral Furrow (VF) formation

wild type embryo
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Conte et. al. “A Biomechanical Analysis of Ventral Furrow Formation
in the Drosophila Melanogaster Embryo”
LUXENDO PLOS ONE. DOI:10.1371/journal.pone.0034473. PMID 22511944,
aEias RAROEATA PMC: 3325263
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- Governing Laws - Solid

Mass-Spring system
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Linear Elasticity
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- Governing Laws - Fluid

Navier-Stokes Equations:
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Numerical Discretization - Fluid

Define bases & Elements

Pressure: - Velocity:
P1 Linear Element : P2 Quadratic Element P1b Cubic Element
p3 . u3 u3
2D é u4 ué
. O
. u4
D1 02 P oul u05 u2 u1 u2
p3 u3
p1 p2 ut u2




Numerical Discretization - Fluid

Define bases & Elements

Pressure: - Velocity:
P1 Linear Element : P2 Quadratic Element P1b Cubic Element
p3 . u3
Fluid Forces:
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Immersed Boundary Method

 Divide Eulerian Fluid

* Broadcast Lagrangian Solid
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* Broadcast Lagrangian Solid

 Divide Eulerian Fluid
« Add Cartesian Boxes

Immersed Boundary Method




Immersed Boundary Method
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* Broadcast Lagrangian Solid

* Add Cartesian Boxes
» Each Section Moves its part

 Divide Eulerian Fluid
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Immersed Boundary Method
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Broadcast the moved sections

Each Section Moves its part
to all other nodes

Broadcast Lagrangian Solid

Divide Eulerian Fluid
Add Cartesian Boxes
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Governing Equations:

0 () i Caso | Fluid Meshizo Jdx lds Lo

7

dy\ ot 0x? Coarse  10x800 0.0100 0.00700 4.8e-3
Assumbption: Fine 20x1600 0.0050 0.00350 4.9e-4
H<<]<<L-> Couette Flow Very Fine  40x3200 0.0025 0.00175 -

Analytical Solution

F  2F & (-1" —f.E 2n—1
5(x,1) = —x +FZ ( 32) exp( i t)sin(ﬂ,fx), where 77 = 2/ H and f,=———, nelV,




2D Test Case Performance 1
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2D Test Case Performance 2
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Gastrulation Case 2D
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Gastrulation Case 3D
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