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Functional stabllity (hippocampus)

Day:

w 17
D‘Qﬁ | =
=) ]
g3 5,5
<178 o B

1 2 2

8 =)
28 B
388 To

=220

5 z
o358 3
388 3

=243 5

[ok
Position (cm)

Same-day decoding Time-lapse decoding
= ! r Wm
a
o
o
==

12345678910 gl’\l\!\]\ H'U“““
Sessions active "

o

FAVAVAVAVAUR IV ATAVI VA

o

0o — 1

Ziv et al., Nat Neurosci, 2013; cf e.g. Chestek et al., J Neurosci, 2007



Synaptic remodeling
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Spontaneous synaptic remodeling
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Minerbi et al, PLoS Biol, 2009
see also e.g. Loewenstein et al., J Neurosci, 2011



How do single neuron/synapse fluctuations co-
exist with stability at the population level?
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Neural cultures
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Signal
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Following a culture over days
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Global stabllity, local changes
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Maximum entropy models

0
4 1 4 4 4 A4 A 1 -1
1 1 1 1 1 4 1 -1 pay
I T T .,
1 1 4 1 1 4 1 -1 =
R T T T a
4 4 1 1 4 1 1 1 T
- | | 154
= | | |
t | | |
< | |
= I| I |
1
> P(X) = —exp(—H)
time '~ Z
{z}
1
H = Z)\j$j+§z>\jkxjxk
J k#j

cf. Schneidman et al., Nature, 2006; Shlens et al., J Neurosci, 2006



100 x 10 neuron groups

D

< 0.9}

Lo

Q.

&

c 08] 0h
o 2 h
5 20 h
E s 50 h
T o7} ca &

0 0.04 0.08 0.12 0.16
Multi-Information (bits)



g8 2
SES
m -
= -
r - —
D
> —
O .-
V) *
Q "
|
Mlla et
C (SHg ¢_01) SFQ



Model parameter comparison
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Are all parameters equally
Important?

constant model
behaviour
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Gutenkunst et al., PloS Comp Biol 2007
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Fisher Information Matrix

Olnp(z|A) 0lnp(z|A)

Fim(A) = = p(a|A) N, N,

A : Model parameters \;
x : Observables

For exponential family models, this becomes:
Flm(A) — <Xle>mod o <Xl>m0d <Xm>m0d

X = X X = L5l
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Changes In sensitivity are small
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TFrm

The sensitivity profile changes
slowly — remodelling?
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Parameter
change dA,,

Marginals

change X,

Eigenparameter
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Parameter sensitivity predicts
changes .., ...
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Subspace projections
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Anisotropic parameter sensitivity
In VIivo
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Localising spikes on the array
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Network remodelling 1
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Summary

Neuronal networks have an anisotropic parameter
space

 Few neurons provide a 'stiff' scaffold (high rates)

Faster changes are restricted to 'sloppy' dimensions

Slower changes affect stiff dimensions

This may enable stability and exploration of the network
parameter space.



Balanced LIF model
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Simulated neuron rank
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Recording stability
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Parameter
(10ms bin)

Does the bin size matter?
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Sloppiness correlates with rate

(but nothing else)
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