
12/11/2024

1

Biological Physics

Modelling

(FYS4715)
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Biological Modelling
l What is it?

- Experiments on a 
computer

l Examples from lectures are 
very clean

l Purpose of lecture:
- Demystify process
- Highlight things to 

consider

Iber 
(2013)
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Biological Modelling
Always remember: biology is really really complicated. 

l Multiple time and length scales interact non-linearly. 

l Individual elements respond to their environment and 
act accordingly.

l Trade-offs are important.

Dada & Mendes 
(2011)

Stillman & Mayor 
(2023)
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Biological Modelling

l Why use modelling?
- Reverse engineer mechanisms and test hypotheses
- Total system knowledge
- Total control of initial conditions
- Speed of simulation
- Sidestep ethical considerations
- Interdisciplinarity looks good on grant applications
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Biological Modelling
Basic structure: (how do you do 
that bit on the right?)
Masters → PhD → post-doc → 
Professor, how much do you 
do?

l Have an idea

l Find/build a useful model

l Turn it into code

l Validate the code

l Results and extensions

Stillman & Mayor 
(2023)
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Case Study
Situation:

l You are a post-doc hired to do biological modelling as part of a larger project

l Integrated technologies for tracking organoid morphogenesis (ITOM)

l 4 work packages, tracking morphogenetic progresses

l WP4: Development of physical and statistical models that can feed into organoid development

Initial goals:

l Read the description and interact with group leaders

l Highlight key phrases you don’t know and want to read up on

l Think of the implications for the model you will want to use

l You can’t know everything
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Case Study
l “Based on data generated from WP1-3” 

need to calibrate our results

l “minimal models” the model needs to 
be simple

l “interactions between cells” need to 
model multiple cells

l “self-organisation into developing 
tissues” we do not want lots of external 
forcing

l “cells as self-propelled entities” we can 
ignore conservation of energy

l “cell division and interaction” we want 
to be able to model cell division

l “densely-packed cellular aggregates” 
the cells need to cohere into 3D tissues

l “long-range orientational or polar order” 
the tissues have structure, not just 
spheres

l “cell activity” we want to be able to add 
activity to any model we create

l “cell motion” we want to be able to 
quantify flows of cells
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Case Study

Anand et al. 
(2023)

Beccari et al. 
(2018)

Experiments
:
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Picking a Model

l You don’t want to reinvent the wheel
l This is the most consequential decision you will make, 

no one ever changes model mid project:
- Sunk costs
- Difficult to tell people that you’re not going to make 

progress for several months
- Facility with the model increases with use
- There are always trade-offs
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Iber (2013),  cellular Potts (CompuCell3D)

Hoffmann (2022), 
hydrodynamic

Alt (2017), vertex

Jain (2023), phase field

Nielsen (2020), discrete

What sort of pros and cons can you think of in general?

Picking a Model
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Picking a Model
l Pros and cons: (there are always trade-offs, plus reference to original 

goals):
- 2D vs 3D
- level of abstraction
- Number of parameters
- Extendability of model
- Computational cost (and parallelisation)
- Continuum models vs Discrete
- What you are familiar with (eg algorithms) 
- Visualisation
- How well established the model is
- Libraries/code accessibility
- Other people’s expertise
- What new skills you need to learn
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Picking a Model
l Example of a rejected model (Hoffmann2022):

- Look at these equations
- Would need difficult differential geometry
- New visualisation tools
- 1 simulation = 35 CPUd (13 hrs real time)

Equations for 
surface:

Equations for 
bulk:
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Turning the model from paper to code
Advantages: 

l allows 3D

l easy visualisation

l easy to gain intuition

l relatively “new”

Particle/Discrete models are relatively 
simple:

l How do particles interact

l Which particles interact

Nielsen 
(2020)

To do:

l See if their code can be modified

l Try to turn their paper into code (this is 
sometimes easier said than done)
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Turning the model from paper to code
Their version of the code:

Code for simulation of Gastrulation. Output will be placed in 
./mats_# where # is an identifier. It can be visualized by running 
singleplotn.py with # as the first argument.

The entire readme:
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Turning the model from paper to code
How do particles interact?
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Turning the model from paper to code

Explicit interaction rules written down:
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Turning the model from paper to code

Attempts to re-derive these equations:
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Turning the model from paper to code
Which particles interact: Voronoi 

diagram:
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Turning the model from paper to code
Which particles interact:

20
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Validation

l Sanity checks (calibration may exist in PhD theses)
l Recreation of “interesting” results
l Validation is not what you wanted to do, but it needs to 

be done

Key rule: If a result is interesting or inexplicable, it is most 
likely to be a bug in your code

21

Validation

l Recreation of old results: (old vs new)
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Validation
l Sanity checks: (incorrect vs. correct)
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Results and Extensions

l Now we can actually go back to the original questions
l May need to extend model, with each extension, sanity 

checks need to be made
l Benefit of using less well used model: can now explore 

lots of situation that others haven’t, also can examine 
model on its own outside of original motivation

l Here are some things that we have found in the model

24
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Results and Extensions
l Add isotropic force, can 

get aggregates
l Can run fast (few 

minutes), and track 
everything
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Elongation and neighbour requirement:

Only blue cells contribute 
to elongation

With neighbour req: Without neighbour req:

26
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Pure differential adhesion With polarities Blastocyst like object

Polarity can help cell sorting
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Two phase separation with subsequent elongation

28
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Sponteneous elongation for two cell species 

q Tissue	elongation	is	induced	by	adhesion	forces between	the	same	type	of	polarised	cells	

q Tissue	elongation	saturates	when	cells	have	a	minimum	number	of	contact	neighbours.

q Depending	on	rules	and	parameters,	many	outcomes	are	possible.		 29
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Response (1 year later)
Also, try this 
instead:
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Response (1 year later)
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Result (1 year later)
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Result (1 year later)
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