Supplementary information to the laminar cortex model – Du J, Vegh  V & Reutens DC

Text S1: The state equations of the laminar cortex model
The laminar cortex model (LCM) uses a simplified version of the continuum cortex model (CCM) to simulate neuronal processes 
 ADDIN EN.CITE 
[1-4]
. The equations used in the LCM, as listed here, are variations of the equations used in the continuum cortex model 
 ADDIN EN.CITE 
[1]
.

1. Spike propagation
Spikes are initialized in the axon hillock of the soma and delivered through the axon tree to the target neurons 5[]
. In the CCM, Wright et al. employed a mean field approximation assuming that spike propagation is isotropic and cortical synapses are distributed evenly. With the mean filed approximation, the amount of spikes received by a synapse in a unit time is
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The integral is taken over the cortical layer. 
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 is the average rate of the spike source at 
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. Subscript 
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 indicates the type of spikes (excitatory or inhibitory). 
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 is the spike spread speed. 
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 is the spike propagator. It represents the possibility for spikes generated at 
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 reaching synapses at 
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. The spike propagators of single neurons depend on neurons’ morphology and physiology. However, under the mean field approximation, the spike propagator of neuron population is only a function of the distance 
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. We use the following propagator in LCM



[image: image10.wmf]2

2

()exp

2

,

p

f

g

æö

¢

÷

ç

--

÷

ç

÷

=

ç

÷

ç

÷

ç

÷

÷

ç

èø

¢

rr

rr

 
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (S1.2)

where 
[image: image11.wmf]p
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 is a parameter controlling the spike propagation range. We do not use a normalized spike propagator in the LCM, because spikes may be diminished or enhanced during their propagation in axons 6[]
.

2. Postsynaptic potential

The afferent spikes cause a postsynaptic membrane potential change in the target neuron. The postsynaptic potential (PSP) amplitude depends on afferent spike rate and the activation level of the target neuron. LCM uses the same formulation for the postsynaptic potential size as the CCM 
 ADDIN EN.CITE 
[1]
, stated as
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where 
[image: image13.wmf]p
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 is the synaptic gain at resting membrane potential. 
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 is the reversal membrane potential. Subscripts 
[image: image15.wmf]p

 and 
[image: image16.wmf]q

 indicate the type of the afferent spike and the target neuron. 
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 is a parameter describing spike adaptation of the receptor 
[image: image18.wmf][rcpt]

. Three types of neurotransmitter receptors are included in the LCM: AMPA receptor, NMDA receptor, and GABA receptor.

In the LCM, neurons receive spikes from four sources: LGN of the thalamus (
[image: image19.wmf]th

f

), the current cortical layer (
[image: image20.wmf]ic

f

), other cortical layers (
[image: image21.wmf]ly

f

), and other cortical areas (
[image: image22.wmf]cc

f

). We assumed the spike rate from other cortical area (
[image: image23.wmf]cc

f

) is a background noise, and used a small white noise to represent it. Spikes from LGN (
[image: image24.wmf]th

f

) are the simulation input, depending on stimulations used in the simulation. Spike from other cortical layers (
[image: image25.wmf]ly

f

) is the summation of the spike from elements in the same horizontal position from all other layers
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where the summation is taken over all layers except the current layer 
[image: image27.wmf]i

; 
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 is the vertical distance between layer 
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 and 
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 ; 
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  is the spike rate in cortical layer 
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 at the time of 
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is the time delay of spikes from layer 
[image: image35.wmf]j

 to layer 
[image: image36.wmf]i

.

The total membrane potential change is the summation of the membrane potential changes caused by all afferent spikes
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where 
[image: image38.wmf]qp

N

 is the average number of neuron synapses between the two neuron groups, subscripts 
[image: image39.wmf]ic

, 
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, 
[image: image41.wmf]cc

 and 
[image: image42.wmf]th

 indicate the synapses is from the current cortical layer, other cortical layers, other cortical areas, and thalamus, respectively.
In CCM, the time course of PSP consists of the convolution of three different functions. In order to simplified the simulation, we used to a gamma function to represent them
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where 
[image: image44.wmf]a

 and 
[image: image45.wmf]n

 are parameters controlling the shape of PSP time course; 
[image: image46.wmf][rcpt]
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 is the synaptic delay. The values of 
[image: image47.wmf]a

 and 
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 also depend on the membrane potential 
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, because the PSP time course varies with the membrane potential of the target neuron 
 ADDIN EN.CITE 
[7,8]
. LCM uses the following linear approximation
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Equations 
(S1.8)

 ensure that the peaks of the time courses keep unchanged while their standard deviations vary with the membrane potential (S1.7)

 and  GOTOBUTTON ZEqnNum593859  \* MERGEFORMAT linearly. 

3. Soma membrane potential aggregation
Under mean field approximation, the final neuronal membrane potential is 
 ADDIN EN.CITE 
[1]
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where 
[image: image54.wmf]Ä

 denotes convolution in time. 

4. Spike generation
Because neurons generate spikes in a “all-or-none” way, the spike generation function for individual neurons is close to a step function. The activation thresholds usually vary among neurons. If we assume the thresholds are distributed normally in a large neuron group, then the mean firing rate of a neuron population is 
 ADDIN EN.CITE 
[1]
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where 
[image: image56.wmf] 
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and 
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s

 are the mean and standard deviation of the thresholds. 
5. Source code

We provided the source code of the model in http://www.uq.edu.au/~uqjdu2/ for the sake of completeness. We provide no guarantee or support for the program. 
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