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Physical System

Model

Representation in NEURON

Create Representation

Investigate/Explore/Control/Use
            Representation



Squid axon

Hodgkin−Huxley cable equations

NEURON representation

Physical System

Model

Simulation
create axon
axon {
    nseg = 75
    diam = 100
    L = 20000
    insert hh
}
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Channel

Pump

Na/Ca XDiffu
sion

[Ca]

Ca:B

Na
K

Transmitter
Release

Extracellular fields
Linear circuits
Synapses
Networks

Single Channels

Artificial Spiking Cells
Discrete Event Simulation
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Compiled
Parameterized
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Neuron specific syntax

Interpreter

Object syntax

Java C++ Objects

InterViews



Compiled
Parameterized
Equations

Model Description
translator

Membrane Channel
Specification

Neuron specific
 syntaxInterpreter



proc run() {
  finitialize(−65)
  while (t < tstop) {
    fadvance()
  }
}

t t + dt



Compartmental Modeling
Not much mathematics required.

Good judgment essential!
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Section

Node

Segment

Membrane

v(1)v(0) v(1.5/nseg)

Membrane

Extracellular
barrier

v(1)v(0)

vext(0) vext(1)



nseg = 1

nseg = 2

nseg = 3

forall nseg *= 3



Forward Euler
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y(t + dt) = y(t) + dt *f(y(t))

y’ = f(y)

=
y(t+dt) − y(t)

dt
f(y(t))
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Backward Euler

y(t + dt) = y(t) + dt *f(y(t + dt))

dt = .75

y’ = f(y)
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Crank−Nicholson
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y(t + dt) = y(t) + dt *f(y(t+dt/2))

y’ = f(y)
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dt
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About   Topology   Subsets   Geometry   Biophysics   Management   Continuous Create

soma dend

dend[1]

dend[2]

Basename: dend

Undo Last

Click and drag to
Make Section
Copy Subtree
Reconnect Subtree
Reposition
Move Label

Click to
Insert Section
Delete Section
Delete Subtree
Change Name

Hints

CellBuild[0]

About   Topology   Subsets   Geometry   Biophysics   Management   Continuous Create

somadendrite_8dendrite_7dendrite_6

dendrite_5

dendrite_4dendrite_3dendrite_2dendrite_1

Cell Type   Export   Import      Hints

Import from top level of interpreter.
  This works only if there is one cell in the interpreter.

Kind of information imported.
Topology
3−D info
Subsets (not implemented)
Geometry (not implemented)
Membrane(not implemented)

Import

Turn off indexed name display.
Don’t draw short sections as circles.

CellBuild[1]

v

Shape  x −619.845 : 653.847  y −408.232 : 1011.84
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celsius (degC) 15

Temperature

Close Hide

Init (mV) −65

Init & Run

Stop

Continue til (ms) 5

Continue for (ms) 1

Single Step

t (ms) 0

Tstop (ms) 5

dt (ms) 0.025

Points plotted/ms 40

Quiet

Real Time (s) 0

RunControl

Close Hide

Use variable dt

Absolute Tolerance 0.001

Atol Scale Tool Details

VariableTimeStep

Close Hide
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Patch: HH
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Release
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No model

NEURON Demonstrations
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Shape  x −619.845 : 653.847  y −334.027 : 937.633
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Graph[0]  x −0.5 : 5.5  y −92 : 52

Close Hide

SelectPointProcess

Show

IClamp[1]
at: soma(0.5)

IClamp[1]

del (ms) 1
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amp (nA) 25

i (nA) 0

PointProcessManager

Close Hide

SelectPointProcess
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IClamp[2]
at: dendrite_1[8](0.5)
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Init (mV) −65

Init & Run

Stop

Continue til (ms) 5

Continue for (ms) 0.5

Single Step

t (ms) 5

Tstop (ms) 5

dt (ms) 0.025

Points plotted/ms 40
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Real Time (s) 1

RunControl
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Graph  x −1071.19 : 491.323  y −92 : 52

v

Shape Space Plot x −619.845 : 653.847  y −408.232 : 1011.84

cy’  =  f(t, y)
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States Transitions Properties

Select hh state or ks transition to change properties

C C2 O
v cai

C3 O2
v

O3

(0.25*C2 + O)
(0.25*C2 + O): 3 state, 2 transitions

Power 1

Fractional Conductance

C2 fraction 0.25

O fraction 1

Adjust     Run
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0.2
0.4
0.6
0.8

1

−90 −40 10 60
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aC2O
bC2O

C2 + cai <−> O (a, b)  (KSTrans[29])
Display inf, tau

aC2O = A

ChannelBuildGateGUI[0] for ChannelBuild[0]

Close Hide

Properties

kca Density Mechanism
k ohmic ion current
    ik (mA/cm2) = g_kca * (v − ek)
g = gmax * (0.25*C2 + O) * O2 * O3
  Default gmax = 0 (S/cm2)

(0.25*C2 + O): 3 state, 2 transitions
O2: 2 state, 1 transitions
O3’ = aO3*(1 − O3) − bO3*O3

ChannelBuild[0] managed KSChan[0]
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nahh Density Mechanism
na ohmic ion current
    ina (mA/cm2) = g_nahh * (v − ena)
g = gmax * m3h1
  Default gmax = 0.12 (S/cm2)

m3h1: 8 state, 10 transitions

ChannelBuild[0] managed KSChan[0]

Close Hide

Properties

khh Density Mechanism
k ohmic ion current
    ik (mA/cm2) = g_khh * (v − ek)
g = gmax * n4
  Default gmax = 0.036 (S/cm2)

n4: 5 state, 4 transitions

ChannelBuild[1] managed KSChan[1]

Close Hide

Properties

leak Density Mechanism
NonSpecific ohmic ion current
    i_leak (mA/cm2) = g_leak * (v − e_leak)
g = gmax
  Default gmax = 0.0003 (S/cm2)   e = −54.3 (mV)

ChannelBuild[2] managed KSChan[2]

Close Hide

Properties

nahh0 Point Process (Allow Single Channels)
na ohmic ion current
    ina (mA/cm2) = nahh0.g * (v − ena)*(0.01/area)
g = gmax * m3h1
  Default gmax = 0.12 (uS)

m3h1: 8 state, 10 transitions

ChannelBuild[3] managed KSChan[3]

Close Hide
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ChannelBuildGateGUI[0] for ChannelBuild[3]

Close Hide
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Stop
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Tstop (ms) 5

dt (ms) 0.025

Points plotted/ms 40

Quiet

Real Time (s) 0.01

RunControl

Close Hide

Print Session select move resize
0

1

2
3

4 5
67

8
9

10

11

12

Print & File Window Manager



0 1 2 3 4 5
0

100

200

300

0 1 2 3 4 5
0

100

200

300
nahh0[0].m3h1

20935 points

1.2 1.3 1.4 1.5
250

260

270

280

290

1.2 1.3 1.4 1.5
250

260

270

280

290
nahh0[0].m3h1

1.32 1.325 1.33 1.335 1.34
262

264

266

268

1.32 1.325 1.33 1.335 1.34
262

264

266

268
nahh0[0].m3h1

Use variable dt

Absolute Tolerance 0.001

Atol Scale Tool Details



soma(0.5)

Vm
VcIc

Vm

soma(0.5)

cell[0](0.5) cell[1](0.5)

Rgap

axon[0](0.5) axon[1](0.5)

R_ephaptic

soma(0.5)

Vm
Re2

Vx
Ac

Vc

Ri

Ai

Acmd

synth(0.5)

AI VIc

RI

Re1

Control

e
Vout

R1

axon[2](0)axon[1](0)

Vm

R2

VC

gap(0.5)

B1 B2

left(0) right(0)



Iconify

File Edit Build Tools Graph Vector Window

NEURON Main Menu

Close Hide

Print Session select move resize
0

1
2

3 4

5

6

Print & File Window Manager

Close Hide

About   Topology   Subsets   Geometry   Biophysics   Management   

Topology refers to section names, connections, and 2d orientation
     without regard to section length or diameter.
     Short sections are represented in that tool as circles, longer ones as lines.
Subsets allows one to define named section subsets as functional
     groups for the purpose of specifying membrane properties.
Geometry refers to specification of L and diam (microns), and nseg
     for each section (or subset) in the topology of the cell.
Biophysics is used to insert membrane density mechanisms and specify their parameters.
Management specifies how to actually bring the cell into existence for simulation.
     The default is to first build the entire cell and export it to the top level
     Or else specify it as a cell type for use in networks,
     It also allows you to import the existing top level cell into this builder
       for modification.
If "Continuous Create" is checked, the spec is continuously instantiated
     at the top level as it is changed.
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g
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NEURON {
  POINT_PROCESS ExpSyn
  RANGE tau, e, i
  NONSPECIFIC_CURRENT i
}

...declarations...

INITIAL { g = 0 }

CHANNEL {
  SOLVE state METHOD cnexp
  i = g*(v − e)
}

DERIVATIVE state {
  g’ = −g/tau
}

NET_RECEIVE(w) {
  g = g + w
}
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m

S2

NEURON {
  ARTIFICIAL_CELL IntFire
  RANGE tau, m
}

...declarations...

INITIAL { m = 0   t0 = t }

NET_RECEIVE (w) {
  m = m*exp(−(t − t0)/tau)
  t0 = t
  m = m + w
  if (m > 1) {
    net_event(t)
    m = 0
  }
}



0 20 40 60 80 100
0

0.2

0.4

0.6

0.8

1

NET_RECEIVE (w) {
   m = minf + (m − minf)*exp(−(t − t0)/tau)
   t0 = t
   if (flag == 0) {
      m = m + w
      if (m > 1) {
         m = 0
         net_event(t)
      }
      net_move(t+firetime())
   }else{
      net_event(t)
      m = 0
      net_send(firetime(), 1)
   }
}

FUNCTION firetime() { : m < 1 < minf
   firetime = tau*log((minf−m)/(minf − 1))
}

: dm/dt = (minf − m)/tau
: input event adds w to m
: when m = 1, or event
:  makes m >= 1, cell fires
: minf is calculated so
:  that the natural interval
:  between spikes is invl

INITIAL {
   minf = 1/(1 − exp(−invl/tau))
   m = 0
   t0 = t
   net_send(firetime(), 1)
}
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