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Large scale modeling of the mouse brain dynamics
Lionel KUSCH1, Spase PETKOSKI1 and Viktor JIRSA1

1 I n sti tu t d e N eu rosci en ces d es Systém es, I N SERM U M R 1 1 06, Ai x-M a rsei l l e U n i versi té, M a rsei l l e, Fra n ce

Introduction

To bri d g e th e l a rg e-sca l e bra i n m od el l i n g to spi ki n g n eu ra l n etwork, fi rst we n eed to ch a ra cteri ze th e i m pa ct of th e h eterog en eou s con n ecti vi ty for th e
overa l l d yn a m i cs. I n pa rti cu l a r, we stu d y h ow th e n etwork syn ch ron i za ti on i s a ffected by th ese con n ecti on s. Th i s i s th e fi rst step for u n d ersta n d i n g th e
m ech a n i sm s beh i n d th e l a rg e-sca l e si m u l a ti on of th e con n ectom e.

Model
M etri cs :

Mean firing rate : fmean =

∑
#neurons

#spike
t

# neurons Coefficient of variation : CV = σ
µ

View spiking neurons has oscillator3 :
z(t) = R(t) exp(iφ(t))

≡ 1
N

∑N
j=1 exp(iψj(t))

with ψj(t) = 2πm + 2π
t−tj,m

tj,m+1−tj,m
where tj,m corresponds to the time when a
spike m of a neuron j happens.

•Mean phase : ψj(t)

•Mean phase velocity : ψ̇j(t)

• Phase coherence or Kuramoto parame-
ter: R(t)

•Mean phase coherence :

R̄ = 1
tend−tinit

tend∑
tinit

R(t)

• Phase locking value complexe4:

PLV ci(t) = 1
N

N∑
j=1

exp(i(ψj(t)−ψi(t))

• Phase locking value:

PLVi = 1
tend−tinit

tend∑
tinit

|PLV ci(t)|

•Mean Phase difference:

∆φi = 1
tend−tinit

tend∑
tinit

arg(PLV ci(t))

Results

U n i d i recti on a l : Bi -d i recti on a l :

Con cl u si on :
Th e l on g -ra n g e con n ecti on s d esyn ch ron i ze th e n eu ron s a rou n d receptors of th ese con n ecti on s.
For th e u n i d i recti on a l l on g -ra n g e con n ecti on th e n etwork i s syn ch ron i zed wh en th e d el ay a l on g th i s i s a t ~ 1 /fm ea n of th e h om og en eou s n etwork,
wh i ch i s 7. 6H z.
For th e bi d i recti on a l ca se, th e resu l t i s m ore com pl ex beca u se th ere a re two popu l a ti on s receptors, a n d h en ce, th ree sta tes a re possi bl e:
- a l l n eu ron s a re syn ch ron i zed (syn c. )
- th e two receptor popu l a ti on s a re syn ch ron i zed between th em bu t n ot wi th th e rest of th e n etwork (pa rti a l syn c. 1 ) .
- th e two receptors popu l a ti on a re d esyn ch ron i zed between th em a n d wi th th e rest of th e n etwork (pa rti a l syn c. 2). .

Future perseptives : Mouse brain cortical surface simulation7
Modified Nest topology

Simple mesh and positions of the Neurons in the network. Each color is a Layer.

Ori g i n a l versi on of N est M od i fi ed versi on of N est

ta rg et n eu ron s for a g a u ssi a n kern el

We h ave sh own th e i m pa ct of th e h eterog en ou s con n ecti on s on th e
syn ch ron i za ti on of n etworks of spi ki n g n eu ron s. Th e resu l ts a l so u nvei l a
possi bl e a worki n g poi n t for th e si m u l a ti on of th e m ou se wh ol e-bra i n
d yn a m i cs th a t con ta i n s th e pa ra m eters for th e n eu ron s a n d th e ra ti o
between th e g l oba l a n d l oca l con n ecti vi ty. Th i s sh ou l d a l l ow si m u l a ti on of
l a rg e sca l e bra i n m ou se u si n g th e pa rti cu l a ri ty of th e sh a pe of th e i so-
cortex7 a n d th e stru ctu ra l con n ecti vi ty6. Th e wh ol e-bra i n m od el wou l d
req u i re m od i fi ca ti on of th e m od u l e Topol og y i n N est i n ord er to h ave th e
con n ecti vi ty d epen d en t of th e m esh .

pa rti a l syn c. 1 :syn c. : pa rti a l syn c. 2 : pa rti a l syn c. 3 :

Source TargetA B

C D

Network topology of the network.2 A The network topology is a torus with long range connection.
B The same network can be represented by a grid with double periodic boundary conditions. C Each
cell of the grid contain 160 excitatory neurons (red) and 40 inhibitory neurons (blue). D How a neuron
connects is prescribed by a two-dimensional Gaussian probability function with a standard deviation
of σe = 0.8 for the excitatory connectivity and σi = 1.2 for the inhibitory synapses. This neuron is
part of the source population, in consequence it also has some connection to the target population.

N etwork Tol og y :

Spi ki n g n eu ron :
Th e m od el i s a d a pti ve
expon en ti a l l ea ky i n teg ra te
a n d fi re wi th a refa ctory
peri od of 2.0m s a n d a l ph a
con d u cta n ce syn a pse. Th e
ch osen pa ra m eters a re th e
d efa u l t N est pa ra m eters.1 , 5
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