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behavior??

neural activity??

neural connectivity

task??

neuron biophysics synapse biophysics neuromodulation …

• connectomes are not sufficient
• a lot of detail

• precise neuronal morphology
• synapse counts, shape, size, neurotransmitter

• a lot of missing data
• neuron biophysics, F-I curves
• synapse biophysics, how to translate measurements (synapse counts) to synaptic strengths and time constants

Macroscopic

Microscopic
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task

neuron biophysics synapse biophysics neuromodulation

Other measurements can be used to 
further constrain models

…
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neural connectivity?? neuron biophysics synapse biophysics neuromodulation

Too many possible solutions
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Yang, …
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A thought experiment
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with connectome, just 734 free parameters
without connectome, ~400,000 parameters
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• Deep mechanistic network model of the motion pathways of the fruit fly visual system 

• Every simulated neuron and synapse corresponds to a real neuron and synapse 

• 64 cell types, 45K neurons, unknown biophysical parameters



https://www.cnn.com/style/article/sphinx-shrine-discovery-egypt-scn-scli-intl/index.htmlhttps://readv3.com/2019/12/frank-murphy-marble-hero/

Not this But this



• connectome + biophysics + task optimization = neural activity?
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Responses to single ommatidium flashes broadly recapitulate known 
ON vs OFF contrast preference of most cell types

Lappalainen et al. 2023



best model correctly recapitulates experimentally known direction selectivity 
of T4 and T5 sub types to 4 cardinal directions

Lappalainen et al. 2023
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Segregation into ON and OFF pathways well predicted

uncharacterized

Lappalainen et al. 2023
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models predict known motion selectivity in T4 + T5 neurons

Lappalainen et al. 2023
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exploring the solution space

Lappalainen et al. 2023



Switching Mi4 and Mi preferred contrasts leads to directionally opposite 
motion tuning in T4

correct wrong

Lappalainen et al. 2023



can use model to discover optimal stimuli for all neuron types
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when are connectomic constraints sufficiently strong?
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neural activity??

neural connectivity

computation

neuron biophysics synapse biophysics neuromodulation

A thought experiment

Lappalainen et al 2023

Macroscopic

Microscopic …

Connectome + Circuit-level function —-> neural activity
Other possible constraints: neural activity, behavior.
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