2015/12/22

BLSC seminar 2015. 12. 17

BLSL.

Brain Science Inspired
Life Support Rescarch Center

—RERBEHCHEBEICHTS
KB REEICH TS .

MRES 1 IYR—- rAREYSY —
HMEII2 TV —Ya UNEHER
Bp %

Toward Unified Self-Organization Theory
of Mammalian Primary Visual Cortex

* LGN neurons’ response properties (Nonlagged vs. lagged cells,
triadic synapses)

. Syn?ptic rewiring mechanisms (LTP, LTD, synaptic competition,
etc.

* Molecular mechanisms of synaptic plasticity (Ca’*, AMPAR,
NMDAR, VDCC, kainese vs. phosphatase, neurotrophic factors,
cytoskeletal proteins)

* Visual feature extraction and representation (Orientation,
direction of motion, spatial frequency, ocular dominance,
binocular disparity and retinotopy)

@ Emergence of simple/complex cells (F1/F0, contrast invariance)

@ Map representation vs. salt-and-pepper representation (cats,
ferrets, old-world monkeys, new-world monkeys, tree shrew and
rodents)

 Sensitivity period (critical period)
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b Response profiles of ON-center type cell
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Membrane potential and firing rate of Layer 2/3 neuron i

%g}m‘ (t) :—ig‘wz " () +(Input from L4 neurons)
T,

+(Input from other L2/3 neurons) Model Visual Cortex
772 (1) =Fy (67 (1) + 15> (1)) Layer 2/3 ";} 3

Membrane potential and firing rate of Layer 4 neuron i

d . 1 Layera g
2 (1) =——— M (t) +(Input from LGN ver -
& (t) o (t)-+(Input from LGN neurons) Dendiio ey o

+(Input from other L4 neurons)
(=R (s )

ON/nonlagged

Model ~ ON/iagged
Gated Hebbian coincidence + synaptic constraint LGN OFFinonlagged

LGN-La _ [ pla L4 LoN (1)) _ OFffeaed
R =(46H (0mS" (1)) ~con,

hlle L213 :<§,L2/3§,L2/3 (t)mu (l)> -coy

OFTRABEDOHIEBEETIL(2)

Probability of synaptic rewiring
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Contribution of the slow component
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Slow decay constant dependence
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RFs of L2/3 cells
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Fast decay time membrane potential is assumed
(AMPAR & NR2A-containing NMDAR)

‘# of simple cells ># of complex cells ‘

+

Fast & slow decay time membrane potentials are assumed

(AMPAR, NR2A-containing NMDAR & NR2B-containing NMDAR)

# of complex cells > # of simple cells

A 4

Formation of complex cells requires NR2B containing NMDAR.

B, RAERAXSOAGTYT
[TEIZELE?

(@ Map representation

(b) Salt-and-pepper representation

Single-cell resolution orientation maps from (a) a pinwheel in cat
visual cortex and (b) rat visual cortex obtained with in vivo two-
photon calcium imaging. One side is 300 mm. Cells are colored
according to their preferred orientation. From Ohki & Reid, 2007
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Orientation representations in L4
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Orientation representation in L2/3
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Power spectra & s/c distributions
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For p>0.1, Orientations are represented in a regular map
Complex cells are rich
Maps in L2/3 are juxstaposed with maps in L4

For p<0.1, Orientation representation was salt—and—-pepper—
like,
Simple cells are rich
Maps differ between L4 and L2/3

Cats = p>0.1, and rodents = p<0.1
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Derivation of Spin Hamiltonian
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Intracortical excitatory and inhibitory connections:
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Thermodynamics of orientation
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Derivation of
mean field free energy
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k, is determined by a solution to the equation :—k\i (k) =0

Free energy of continuous mean field
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Critical temperature for the
emergence of nonzero mean field

Relaxation dynamics of the mean field near equilibrium
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Phase diagram in OS domains
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All neurons are a priori  Receptive fields of any
orientation selective neurons are self-

organized
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