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ITOM: a multi-disciplinary project funded
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. How do these

0(h) 48(h) 72(h) 96(h)

e >

@ - @ -\@ gastruloids elongate?

embryonic aggregate (2 days) aggregate (3 days) aggregate (4 days)
stem cells |

N2B27 medium + FGF + Activin

Gastruloids: Embryo models without a brain made from stem cells

72 h (3 days) 96 h (4 days) 120 h (5 days)

Hashmi, A., Tlili, S., Perrin, P., Lowndes, M., Peradziryi, H., Brickman, J. M., ... & Lenne, P. F. (2022). Cell-state transitions and collective cell movement generate an endoderm-Llike region in gastruloids. Elife, 11, e59371.
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2i/N2B27 96h (4dpa)




2i/N2B27 120h (5dpa)
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https://commons.wikimedia.org/wiki/File:Two_Giraffes.PNG
https://creativecommons.org/licenses/by-sa/3.0/

A common strategy to change shape:
Oriented cell division

. _Joe
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Oriented cell division

Lemke, S. B., & Nelson, C. M. (2021). Dynamic changes in epithelial cell packing during tissue morphogenesis. Current Biology, 31(18), R1098-R1110.



Collective/cooperative motion:
Bacteria spreading as fluids

Bacillus subtilis

environmental strains 100, 102, 108
&
strain NCIB3610

Biofilm growth comparison during seven days
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Flows without fluids

Schools of fish

Examples of entrainment ‘flows’ in nature

Herds of sheep




Collective motion: Black Friday

MakeAGIF.com; Marel et al.,, Flow and Diffusion in Channel-Guided Cell Migration, Biophysical journal 2014



Collective motion across all scales

Cells: ~ 10 um

MakeAGIF.com; Marel et al.,, Flow and Diffusion in Channel-Guided Cell Migration, Biophysical journal 2014
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72 h (3 days) 96 h (4 days) 120 h (5 days)

Hashmi, A., Tlili, S., Perrin, P., Lowndes, M., Peradziryi, H., Brickman, J. M., ... & Lenne, P. F. (2022). Cell-state transitions and collective cell movement generate an endoderm-Llike region in gastruloids. Elife, 11, e59371.



Cells migrate collectively to shape
developing gastruloids

Arrows: Cell flow

Hashmi, A., Tlili, S., Perrin, P., Lowndes, M., Peradziryi, H., Brickman, J. M., ... & Lenne, P.F.(2022). Cell-state transitions and collective cell movement generate an endoderm-like region in gastruloids. Elife, 11, e59371.



Cells migrate collectively to shape
developing gastruloids

We aim to quantify the relative
importance of cell flows vs. oriented
cell divisionin shaping a developing
gastruloid
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Oriented cell division

Arrows: Cell flow

Hashmi, A., Tlili, S., Perrin, P., Lowndes, M., Peradziryi, H., Brickman, J. M., ... & Lenne, P.F.(2022). Cell-state transitions and collective cell movement generate an endoderm-like region in gastruloids. Elife, 11, e59371.



Cell migrate collectively to shape developing
gastruloids

We aim to quantify the relative
importance of cell flows vs. oriented
cell divisionin shaping a developing
gastruloid
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Oriented cell division

Gastruloids are highly 3D, and so our
measurements must be as well!

Arrows: Cell flow

Hashmi, A., Tlili, S., Perrin, P., Lowndes, M., Peradziryi, H., Brickman, J. M., ... & Lenne, P.F.(2022). Cell-state transitions and collective cell movement generate an endoderm-like region in gastruloids. Elife, 11, e59371.



We built a light-sheet microscope to characterize the 3D shape
evolution of developing gastruloids
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3d reconstruction
of gastruloid from
a stack of images




Binarize (segment) images to quantify gastruloid shape




500.00 pm
|



48(h) 72(h) 96(h)

I a S kS embryonic aggregate (2 days) aggregate (3 days) aggregate (4 days)

stem cells

N2B27 medium + FGF + Activin

* Task 0: Quantify the 3D shape of
gastruloids. Compare with 2D.

500.00 um




Tasks

* Task 1: Benchmark simulations of
developing gastruloids (fixed).

Credit: RichardHo




Tasks

e Task 1: Benchmark simulations of
developing gastruloids (fixed).

* Task 2: Measure morphogenesis
experimentally (live)
* How does cell flow shape
the gastruloid? Credit: Richard Ho
* What’s the relative importance
of directed cell division?
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