
Text S1 

The model we used for the simulations described in the paper was based on a two-compartmental model by 
Schweighofer et al. [1] with a revised gap junction dynamics function [2], a dendritic rather than somatic h current 
[3], the addition of an axon hillock compartment (this paper) and a reworking of sodium and somatic potassium 
currents (this paper). The axon hillock sodium current’s inactivation function was altered to allow for the 
generation of bursts of spikes. The functions used to describe the currents are specified in Tables S1-S3 below. 

 

Table S1 - Somatic components 

 Current Activation Inactivation 
 

Low-threshold 
calcium 

[1] 

 
𝐼𝐶𝑎𝐿 =  𝐺𝐶𝑎𝐿  ∙  𝑘3  ∙  𝑙 ∙  (𝑉 −  𝑉𝐶𝑎) 

 
𝐺𝐶𝑎𝐿  =  0.7 𝑚𝑆/𝑐𝑚2   (default) 

 
0.55 𝑚𝑆/𝑐𝑚2 ≤ 𝐺𝐶𝑎𝐿 ≤ 0.9 𝑚𝑆/𝑐𝑚2   

(range) 

 

𝑘∞ =  
1

1 + 𝑒−𝑉−61 4.2�
 

 
𝜏𝑘 =  1 

 

𝑙∞ =
1

1 +  𝑒𝑉+85.5
8.5�

 

 

𝜏𝑙 =  
20𝑒𝑉 + 160

30�

1 + 𝑒𝑉 + 84
7.3�

 +  35 

 
 

Sodium 
[4] 

 
𝐼𝑁𝑎 =  𝐺𝑁𝑎  ∙  𝑚∞

3  ∙  ℎ ∙  (𝑉 −  𝑉𝑁𝑎) 
 

𝐺𝑁𝑎  =  120 𝑚𝑆/𝑐𝑚2 

 

𝑚∞ =  
1

1 + 𝑒−𝑉−30 5.5�
 

 

 

ℎ∞ =  
1

1 + 𝑒−𝑉−70 −5.8�
 

 

𝜏ℎ =  3𝑒
−𝑉 − 40

33  
 

 
Potassium, slow 

component 
[5],[6] 

 
𝐼𝐾𝑑𝑟 =  𝐺𝐾𝑑𝑟  ∙  𝑛 ∙  𝑝 ∙  (𝑉 −  𝑉𝐾) 

 
𝐺𝐾𝑑𝑟  =  9 𝑚𝑆/𝑐𝑚2 

 

𝑛∞ =  
1

1 + 𝑒−𝑉−3 10�
 

 

𝑝∞ =  
1

1 + 𝑒−𝑉−51 −12�
 

 

𝜏𝑛 =  𝜏𝑝 =  47𝑒
−𝑉 − 50
900  +  5 

 

 
Potassium, fast 

component 
[7] 

 
𝐼𝐾 =  𝐺𝐾  ∙  𝑥4  ∙  (𝑉 −  𝑉𝐾) 

 
𝐺𝐾  =  5 𝑚𝑆/𝑐𝑚2 

 

𝛼𝑥  =  
0.13𝑉 +  3.25

1 −  𝑒−𝑉 + 25
10�

 

 
𝛽𝑥  =  1.69𝑒−0.0125𝑉 − 0.4375 

 

𝑥∞  =  
𝛼𝑥

𝛼𝑥  +  𝛽𝑥
 

 

𝜏𝑥  =  
1

𝛼𝑥  +  𝛽𝑥
 

 

 

 

  



Table S2 - Axon hillock components 

 Current Activation Inactivation 
 

Sodium 
(adapted from:  

[4]) 

 
𝐼𝑁𝑎 =  𝐺𝑁𝑎  ∙  𝑚∞

3  ∙  ℎ ∙  (𝑉 −  𝑉𝑁𝑎) 
 

𝐺𝑁𝑎  =  240 𝑚𝑆/𝑐𝑚2 

 

𝑚∞ =  
1

1 + 𝑒−𝑉 − 30
5.5�

 

 

 

ℎ∞ =  
1

1 + 𝑒−𝑉 − 60
−5.8�

 

 

𝜏ℎ = 1.5𝑒
−𝑉 − 40

33  
 

 
Potassium 

[7] 

 
𝐼𝐾 =  𝐺𝐾  ∙  𝑥4  ∙  (𝑉 −  𝑉𝐾) 

 
𝐺𝐾  =  20 𝑚𝑆/𝑐𝑚2 

 

𝛼𝑥  =  
0.13𝑉 +  3.25

1 −  𝑒−𝑉 + 25
10�

 

 
𝛽𝑥  =  1.69𝑒−0.0125𝑉 − 0.4375 

 

𝑥∞  =  
𝛼𝑥

𝛼𝑥  +  𝛽𝑥
 

 

𝜏𝑥  =  
1

𝛼𝑥  +  𝛽𝑥
 

 

 

 

Table S3 - Dendritic components 

 Current Activation 
 

High-threshold 
calcium 

[1] 

 
𝐼𝐶𝑎𝐻 =  𝐺𝐶𝑎𝐻  ∙  𝑟2  ∙  (𝑉 −  𝑉𝐶𝑎) 

 
𝐺𝐶𝑎𝐻  =  4.5 𝑚𝑆/𝑐𝑚2  

 
 

Dendritic calcium concentration: 
 

𝜕[𝐶𝑎2+]
𝜕𝑡

 =  −3𝐼𝐶𝑎𝐻 − 0.075[𝐶𝑎2+] 

 

 

𝛼𝑟  =  
1.7

1 + 𝑒−𝑉 − 5
13.9�

 

 

𝛽𝑟  =  
0.02𝑉 +  0.17

𝑒𝑉 + 8.5
5�  − 1

 

 

𝑟∞  =  
𝛼𝑟

𝛼𝑟  +  𝛽𝑟
 

 

𝜏𝑟  =  
5

𝛼𝑟  +  𝛽𝑟
 

 
 

Calcium-dependent 
potassium 

[1] 

 
𝐼𝐾_𝐶𝑎 =  𝐺𝐾_𝐶𝑎  ∙  𝑠 ∙  (𝑉 −  𝑉𝐾) 

 
𝐺𝐾_𝐶𝑎  =  35 𝑚𝑆/𝑐𝑚2 

 
𝛼𝑠  =  𝑚𝑖𝑛({0.00002[𝐶𝑎2+]   0.01}) 

 
𝛽𝑠  =  0.015 

 

𝑠∞  =  
𝛼𝑠

𝛼𝑠  +  𝛽𝑠
 

 

𝜏𝑠  =  
1

𝛼𝑠  +  𝛽𝑠
 

 



 
h current 

[3] 
 

 
𝐼ℎ =  𝐺ℎ  ∙  𝑞 ∙  (𝑉 −  𝑉ℎ) 

 
𝐺ℎ  =  0.15 𝑚𝑆/𝑐𝑚2 

 

𝑞∞ =  
1

1 + 𝑒𝑉 + 80
4�
 

 

𝜏𝑞  =  
1

𝑒−0.086𝑉 − 14.6  +  𝑒0.07𝑉 − 1.87 

 
 

In addition, every compartment has a passive leak current: 

𝐼𝑙𝑒𝑎𝑘 =  𝐺𝑙𝑒𝑎𝑘  ∙  (𝑉 − 𝑉𝑙𝑒𝑎𝑘) 

𝐺𝑙𝑒𝑎𝑘 = 0.016 𝑚𝑆/𝑐𝑚2 

Similarly, interaction between compartments is also modeled passively, but takes the surface ratio between 
compartments into consideration additionally: 

𝐼𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡 =   
𝐺𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙
𝑝𝑎,𝑏

∙  (𝑉𝑎 − 𝑉𝑏) 

𝐺𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 = 0.13 𝑚𝑆/𝑐𝑚2 

Surface ratios:     dendrite:soma = 4:1 
     soma:axon hillock = 20:3 

The reversal potentials that were used are as follows: 

Reversal potentials (mV) 
 

𝑉𝑁𝑎 = 55 
𝑉𝐶𝑎 = 120 
𝑉𝐾 = −75 
𝑉ℎ = −43 
𝑉𝑙𝑒𝑎𝑘 = 10 

 
 

For modeling the non-linearity of gap junctional coupling between dendritic compartments of cells, the following 
function from Schweighofer et al. [2] to modify the coupling conductance (set at a maximum of 0.04 throughout all 
simulations): 

𝑤 = 0.8 ∙  𝑒−𝑉
2
100� +  0.2 

In the function above, V denotes the difference in dendritic membrane potentials between coupled cells. 

Cells were organized in a grid and connected to up to eight directly neighboring cells without any thoroidal 
connections occurring. Because of this, cells at the corner of the grid would only be connected directly to three 
other cells, cells bordering on the edge of the grid would be connected to five other cells and all other cells to eight 
neighboring cells. Indirectly, all cells were connected. 
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