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This million-dollar game is very simple:
I give you an activity, and you tell me the exact membrane composition.
If you're right, you win; if not, I win.

No biologist would bet on this game 
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Neurons as parameterized dynamical systems
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Neurons as parameterized dynamical systems
Degeneracy arises from functional overlaps between ion channels

Figure taken from [Goaillard & Marder, 2021]

We need to identify all possible solutions!



where        is a neural network, and      is the recorded spike train.

Simulation-based inference captures degeneracy 
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So what? Is the problem solved?!
Where's my million dollars?



So what? Is the problem solved?!
This provides very little useful information for biologists.

The real million-dollar game is about functional understanding.



Neuromodulators continuously reshape conductances
Under neuromodulation, the degeneracy game is not static anymore.
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Neuromodulators continuously reshape conductances
Under neuromodulation, the degeneracy game is not static anymore.

We want to identify the targets of neuromodulation



high-dimensional

Dynamic Input Conductances (DICs) reduce
ion channel dynamics to interpretable components
They are derived from the model equations; projecting on timescales.

low-dimensional

Figure taken from [Drion et al., 2015]



Degenerate activities collapse onto similar DICs
We focus on the, very informative, threshold voltage       .
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Neuromodulation traces a path in DIC space
Through DICs, we obtain a degeneracy-aware view.
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Reachability maps identify 
the most plausible neuromodulation targets
Only certain conductances are allowed to vary, 
some subsets are not compatible with the path.



Reachability maps identify 
the most plausible neuromodulation targets
Only certain conductances are allowed to vary, 
some subsets are not compatible with the path.



Predicting is not understanding !
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