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How do these 
gastruloids elongate?

72 h (3 days) 96 h (4 days) 120 h (5 days)
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Gastruloids: Embryo models without a brain made from stem cells



2i/N2B27 48h (2dpa)



2i/N2B27 72h (3dpa)



2i/N2B27 96h (4dpa)



2i/N2B27 120h (5dpa)



How do things in nature 
develop their shape?



This Photo by Unknown Author is licensed under CC BY-SA

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

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



Flows without fluids: Collective motion

Examples of entrainment ‘flows’ in nature

Schools of fishHerds 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

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

𝐶𝑒𝑙𝑙𝑠: ∼ 10 𝜇𝑚
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Cells migrate collectively to shape 
developing gastruloids
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Arrows: Cell flow

We aim to quantify the 
relative importance of 
cell flows vs. oriented 
cell division in shaping a 
developing gastruloid
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Cell migrate collectively to shape developing 
gastruloids
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We aim to quantify the relative 
importance of cell flows vs. oriented 
cell division in shaping a developing 
gastruloid

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

Arrows: Cell flow
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From Huisken et al., 2021

We built a light-sheet microscope to characterize the 3D shape 
evolution of developing gastruloids



3d reconstruction 
of gastruloid from 
a stack of images 



Binarize (segment) images to quantify gastruloid shape

100 um



cdcdc



Tasks

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

• Task 2: Measure cell flow experimentally
• How does cell flow shape the gastruloid?
• Measure forces that drive flow. 

• Task 3: Find a faculty job

2D

3D 3D



Tasks

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

• Task 2: Measure cell flow experimentally
• How does cell flow shape the gastruloid?
• Measure forces that drive flow. 

• Task 3: Find a faculty job

Credit: Richard Ho



Tasks

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

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