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Biological fidelity of models
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hodgkin-huxley point firing-rate
neural model neuron neuron

v Vi Vi output
A G Gy G, )
= \\ / dendrites
G | \ @
\ - nucleus
E, E, E, : ”
ay = :

/77'77 outside o RN/
of _ body axon :
B dendrites Neuron k ax'on'
- inhibition : termina Is
- Vg M e e e e n,
gl
2

ER - .
2 , f

I

Vi 1 inside
'|Na

Na

a

out

Excitatory input

DETAILED ABSTRACT



Model scope
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BIOLOGICAL BACKGROUND



Early visual system
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Orientation tuning curve
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How is V1 simple cell formed
from LGN inputs?



How is V1 simple cell formed
from LGN inputs?
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How is V1 complex cell formed
from LGN inputs?



Simple to complex connectivity
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Retinotopic mapping in cortex
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Functional topological maps in
cortex




Quantifying cortical connectivity




Quantifying cortical connectivity
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Quantifying cortical connectivity
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Orientation maps and
functional specificity of
connechons
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THE DATA DRIVEN MODEL
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Layer 4

Visual field
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Afferent and local connectivity
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Afferent and local connectivity
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THE MODEL (neuron model)

e 4:1 exc:inh ratio, ~10*-10° neurons

* Adaptive exponential integrate and fire model

av V -V
C— =-g,(V—-EL)+ g Arexp( d
dt AT

)—w+I (1)

de—z::a(V—EL)—w (2)

* Parameters a and b were uniformly randomly distributed
within physiological boundaries
* Exponential synapses

* Synaptic depression
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RESULTS



Spontaneous activity
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L2/31
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SA: mean firing

Monier et al, 2008
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Grating response (L2/3)
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Orientation tuning (DATA)
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Orientation tuning — cortical
view
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Size tuning
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Size tuning: layer 2/3
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Sparse and precise neural code
to natural with stimuli (DATA)
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Natural image with
eye—movements (L2/3)




g(nS)

Vm(mV)

trial

120

300

150

Sparse and precise neural code
to natural with stimuli (MODEL)




Correlation coefficient

spikes

Vm

-0.6 '0!2

Response reliability and
precision

DG

e Trial-to-trial cross-correlation of PSTH or Vm

* Reliability can be viewed as the height of the peak .

* Precision can be view as the width of the peak

Layer 4 Layer 2/3 Pooled Data (cat)
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Sparse and precise neural code
to natural with stimuli (DATA)
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(Baudot,Levy,Marre, Monier & Yves Frégnac, 2013)



1/5D

Vm variability

* Stimulus locked trial-to-trial variance of Vm

* Expressed as 1/std

Data Layer 4 Layer 2/3
150%7
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CORTICAL VISUAL PROSTHESIS:
SIMULATION STUDY




Motivation

39 million legally blind people around the world
(Lewis et al. 2015)





Motivation

39 million legally blind people around the world
(Lewis et al. 2015)

How can we help them?



Motivation

Implantation ot devices Tor dire
stimulation along the visual
sfream

Recent progress in retinal
orosthesis

RRRRRR

However, many patients not
viable tor retinal intervention

(adopted from Lewis et al. 2015)

Solution: target extra-retinal
visual system stages



Light vs. electrical stimulation

* Traditional neural prosthetics use direct electrical stimulation
* [ssues with long-term viabllity of the implants due to:

* direct mechanical harm during implantation

* long-term glial encapsulation and chronic-inflamation

* assortment of medical issues associated with long term
Implantation (infections etc.)




Optogenetics

FSI’ED 2

Insert construct into virus.

~ R )

4 N
STEP1 N
Piece togelher genetic construet.

STEP3

Inject virus into animal brain; opsin
is expressedin targeted neurons

Promoter ChR2 f/
todrive 3
expression > \‘4,"—5\__-&-‘_'._ ¥
\ J

F
4 '
SEEFS STEP4

Laser light of specific wavelength

opens ion channel inneurons. Insert ‘optrode, fibre-optic

cable plus electrode.

Membrane

G, N etal. 2013

Deisseroth Lab



Smart neuromorphic
(event-based) camera on

glasses

The Visual Prosthetic System

Implantable pLED array for light
stimulation

Fully Implantable electronic
control
and power & data management

External module
forimage transformation into stimulation patterns
and forimplant control

External antennae forremote power
supply and wireless communication

CEA LETI: http://www.leti-cea.com



The problem

Vysledni populacni
aktivita kortikalnich
neurond

Vizualni stimulus




Kortikalni

protéza

Vizualni stimulus

Bryle

B B BN

The problem

Vypoctovy modul LEDky

Vysledni popula¢ni
aktivita kortikalnich
neurond



Kortikalni

protéza

Solution: simulation of the
prosthetic system

Vysledni popula¢ni
aktivita kortikalnich
neurond

Vizualni stimulus

Bryle Vypoctovy modul LEDky

B B BN




Kortikalni

protéza

Solution: simulation of the
prosthetic system

Vysledni populacni
aktivita kortikalnich
neurond

Vizualni stimulus

Bryle Vypoctovy modul LEDky

=R
ABCD
- N NOX

— Lo Lo e | ]




IN CORTICAL TISSUE

Simulation platform

STIMULATION
STRATEGY

v

MODEL OF LIGHT
STIMULATION
DEVICE

v

MODEL OF LIGHT
PROPAGATION

& v

MODEL OF

CHANNELRHODOPSIN

LIGHT ACTIVATION

v

MODEL OF PRIMARY

VISUAL CORTEX

L =

vy w
4 Y
» ¥
J
X
)
[

ARRAY ACTIVATION SIGNAL

v vV v
1 P

o
.
.
.

250pA

VIRTUAL RECORDING

light induced current into cell

<

CORTICAL NEURON
RECORDINGS




Stimulation protocol of
sinusoidal gratings




Orientation tuning in intact and opto-
stimulated layer 2/3 of V1

® normal vision =% light stimulation
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Orientation tuning as a function of

LED array density
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Orientation tuning as a function of
LED array density
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Layer 2/3 activity under optogenetic stimulation

Visual input f1]* Exc&Inh 1> Exc Intact Vision
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