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Data-driven model discovery for biological systems

• Niall M. Mangan
• Associate Prof.
• Eng. Sci. & Applied Math
• Northwestern University

Data

Existing 
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Optimization
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What could we learn?

National Parks Services

How do animals 
control their 
temperature during 
hibernation?



6

What could we learn?

Munro Group U. Chicago

National Parks Services

How do animals 
control their 
temperature during 
hibernation?

What “program” 
guides spinal cord 
development in 
embryos?
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What could we learn?

Munro Group U. Chicago

Leonard Lab NorthwesternNational Parks Services

How do animals 
control their 
temperature during 
hibernation?

What “program” 
guides spinal cord 
development in 
embryos?

Can we engineer 
our cells to fight 
disease?
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What could we learn?

Munro Group U. Chicago

Leonard Lab Northwestern

Karim Lab Northwestern

PNAS illustration by Dave Cutler

National Parks Services

How do animals 
control their 
temperature during 
hibernation?

What “program” 
guides spinal cord 
development in 
embryos?

Can we engineer 
our cells to fight 
disease?

How to optimize 
cellular 
machinery to  
reduce the cost 
of 
manufacturing?
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How do animals control body temperature 
during hibernation?

Andrew 
Engedal

Dr. Cody 
FitzGerald

Sci. Rep. 2026 
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Predicts dynamics across organisms!

Andrew 
Engedal

Dr. Cody 
FitzGerald

Sci. Rep. 2026 
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Across biological scales and fields
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• Find regulatory activation, 
repression and loops

• Dynamics using single cell 
transcriptomics

• Math inspire new experiment
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• Learn functional groups from species 
abundance

• Learn dynamics of those groups

• Targeted experiments and mechanism 
discovery



17

• RL agents consistently risk “death” for 
marginal efficiency gains

• Motivates new algorithms with risk-
avoidance
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• AI agents have 
specialized skills 

• Antagonistic 
Specialists and 
evaluators 
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