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Physical System

Model

Representation in NEURON

Create Representation

Investigate/Explore/Control/Use
Representation



Squid axon

Physical System

Hodgkin—Huxley cable equations

D 0*V av
Model 1R, 902 = Cmgp T (V= Bua) £ 0" (V= Bi) g (V = F)
dd—T =—aym+f,-(1—-m) a,= % B, = 4e=(V+65)/18)
Po— —aph+ B (1 —h) ap = 0Te= PV 5, = ey
‘2_7; = —apn + Bn ' (1 - TL) Oy = % 571 = .1256_(V+65)/80

NEURON representation

create axon
axon {
1 1 nseg = 75
Simulation nseg -1
L = 20000
insert hh

}






Channel

Release

Single Channels
Extracellular fields
Linear circuits
Synapses
Networks

Discrete Event Simulation
Artificial Spiking Cells
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Functions
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Membrane Channel
Specification

Model Description
translator

/

Compiled

Parameterized
Equations



proc run() {
finitialize (—-65)
while (t < tstop) {
fadwvance ()
}

}

p t + dt



Compartmental Modeling

Not much mathematics required.

Good judgment essential!
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nseg =3 ¢ ® ® ®
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Forward Euler
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Backward Euler

y  =1(y)

dt
y(t + dt) = y(t) + dt *f(y(t + dt))
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Crank-Nicholson

t+dt) — y(t)

y  =1(y)

= f(y(t+dt/2))

t + dt) = y(t) + dt *f(y(t+dt/2))
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CellBuild[0]
« About 4 Topology <, Subsets <, Geometry < Biophysics <, Management D Continuous Create

Basename:|| dend

Undo Last

Click and drag to
4 Make Section
dend[1] « Copy Subtree
v Reconnect Subtree
v Reposition

~ Move Label
soma  dend Click to

v Insert Section
v Delete Section
dend[2] « Delete Subtree
v ChangeName

Hints

CellBuild[1]
< About < Topology <, Subsets <, Geometry < Biophysics 4 Management D Continuous Create

Hints

« Cell Typer Export® Import

Shape x-619.845:653.847 y

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

Kind ofinformationimported.
Topology
3-Dinfo
Subsets (notimplemented)
Geometry (notimplemented)
Membrane(notimplemented)

Import

dendNte_5 Turn offindexed name display.
Don’t draw short sections as circles.




PointProcessManager

PointProcessManager

IClamp[2]
at:dendrite_1[8](0.5)

PointProcessManager

IClamp][1]
at:soma(0.5)

IClamp[1]




RunControl

Init (mV) ¢ |—65 ;]

Init & Run
Stop
Continue til (ms) ¢+ |5—E
Continue for (ms) + 0.5 E
Single Step
t(ms) W5
Tstop (ms _D IS—E
dt (ms) o025 [#l
Pointsplotted/ms| _{ [0 |2l
Quiet
Real Time (s) | 1
Shape Space Plotx-619.845:

\

Graph[0] Crosshairx-0.5:5.5 y-92:52

Cy’ = 1(t, Y)

Graph x-1071.19:491.323 y-92:52

i#




ChannelBuildGateGUI[0]forChannelBuild[O]

Close

Hide

 Statess, Transitions4> Properties

(0.25*C2 + O)

Select hh state or ks transition to change properties

\'/
C3 <—> 02

v .
C%CQ&O

O3

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

Power ' { | |ﬂ

Fractional Conductance

C2 fraction | 4470.25 E
z 5

O fraction | | |1 E
< >
v Adjust Run C2 + cai<—> 0 (a,b) (KSTrans[29]) A
ChannelBuild[0]managedKSChan[ 20 |_| Display inf, tau
Close Hide SCZO
Properties aC20 = A

kca Density Mechanism

k ohmic ion current
ik (mA/cm2) = g_kca * (v — ek)
g =gmax * (0.25*C2 + O) * 02 * O3
Default gmax = 0 (S/cm2)

1(0.25*C2 + O): 3 state, 2 transiti
O2: 2 state, 1 transitions
03 =a03*(1 - 03) - b0O3*03




ChannelBuild[3]JmanagedKSChan[3] PointProcessManager

Close Hide SingleComg | I 5jose Hide

Properties
nahhO Point Process (Allow Single Channels) Show
na ohmic ion current nahhO[0]

ina (mA/cm2) = nahh0.g * (v — ena)*(0.01/area) at:soma(0.5)

|Close Hide| ————————————————
SelectPointProcess

g =gmax * m3h1

Default gmax =0.12 (uS) nahhO[0]
'm3h1: 8 state, 10 transitions g Nsingle {_{ [0 2
v Ao (1O [h4n [ ad
ChannelBuildGateGUI[0]forChannelBuild[3]
Close Hide
 States., Transitions4> Properties m3h1
Select hh state or ks transition to change properties m3h1: 8 state, 10 transitions
Power ' { | Iﬂ
mOh1 . m1h1 : m2h1bv>m3h1 Fractional Conductance

\i V\\i v \i y \i mOhO fraction 0 ﬂ

mOhOS——>m1h0 m2hG—m3h0 = >

m1hOfraction 0 ﬂ

- >
A

« Adjust [_f Run mOhO <—>m1h0 (a, b) (KSTrans[14])
o ST | ¢ Display inf, tau

:
| A;:z 1 | amohom1h0 = A*x/(1 — exp(-x)) where x =k*(v - d) [y

taumOhOn




nahhO0[0].m3h1
800 [
20935 points
200
Use variable dt
hoo Absolute Tolerance |0.001 ;I
Atol Scale Tool|| Details
0 \ \ \ \ |
N 1 2 e} 4 5
nahh0[0].m3h1
290
280 |- 068 nahhO[0].m3h1
260 | 26
25 ‘ ‘ 5 \ | \
1.2 ] l-é 1.4 15 132 1.325 1.33 1.335 1.34
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LinearCircuit[0]
Close Hide

v Arrange

v Label

v Parameters
4 Simulate

Ve Rt

" -8 Parametersl
k R2 ol

Vout Source f(t)

Initial Conditions

States
; ! New Graph

axon[1](0 axon[1](1 Namemap

LincirGraph[0] for LinearCircuit[0] LincirGraph[1] for LinearCircuit[0]
Close Hide Close Hide
PlotWhat? PlotWhat?
Vm (mV) 50 [ control | (nA)
50 [ Vout (mV
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NEURON {
POINT PROCESS ExpSyn
- CHANNEL {

RANGE tau, e, 1 M METHOD
NONSPECIFIC_CURRENT i SO state OD cnexp
} 1 =gr(v - e)

}

...declarations...
DERIVATIVE state {

INITIAL { g = 0 } } g’ = —g/tau

NET_RECEIVE (w) {
g =g + w
J
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0 20 40 60 80 100

C I I I
NEURON { INITIAL { m = O t0 = t }
ARTIFICIAL CELL IntFire
RANGE tau, m NET RECEIVE (w) |
} m = m*exp(—(t — t0)/tau)
t0 = t
...declarations... m =m + w

if (m > 1) |
net event (t)
m = 0
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dm/dt = (minf - m)/tau NET_RECEIVE (w) {

input event adds w to m m = minf + (m - minf) *exp(-(t - t0)/tau)

when m = 1, or event t0 = ¢t

makes m >= 1, cell fires if (flag == 0) {

minf is calculated so m=m + w

that the natural interval if (m > 1) {

between spikes 1is invl m = 0

net event (t)
INITIAL { }

minf = 1/(1 - exp(—-invl/tau)) net _move (t+firetime ())

m = 0 }else(

t0 =t net event (t)

net_send(firetime (), 1) m = 0

} net_send(firetime (), 1)

}

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

}
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b ModelDB Homepage - Mozilla

.- File Edit Miew Go Bookmarks Tools Window  Help

4. % .3 B ge = I
Back Fenard Roload o \.g; http.Hsenselab.medl:.yale.edufsenseIabfmudeldbx‘ Brint |

S1CHD

' 7y Home | whBookmarks g quick_reference html _g? NEURON

s

o L _,/:;f—_,rr’_, o

E_E@l i M Gdé[m % NleumnDB

I

ModelDB provides an accessible location for storing and efficiently retrieving
computational neuron models. ModelDB is tightly coupled with NeuronDB. Models can be
coded in any language for any environment, though ModelDB has been initially
constructed for use with NEURON and GENESIS. Model code can be viewed before
downloading and browsers can be set to auto-launch the models. Help

e Search for models by author name Lytton Search |

e List models sorted by first author, by each author or by model name

¢ Find models of a particular Neuron type

e Find models containing a particular Property: Currents, Receptors, or Transmitters

e Find models that relate to a Topic, e.g. synaptic plasticity, pattern recognition, etc.

¢ Find models that run in a particular Simulation environment

o List models of: Networks, Neurons, Synapses (and ligand-gated ion channels),
Neuromuscular Junctions, Axons, voltage-gated lon Channels

e Find models containing the following words | Search | r
Case Sensitive

e Search for publications in ModelDB or in PubMed

¢ Create a private model

e Signup for an account for creating and editing models privately =
| b % 2 B3 | i ) - =0 =l




% ModelDB: Search for Models by a particular author - Mozilla

.- File Edit Miew Go Bookmarks Tools  Window  Help

a" = _ﬁg x a‘ gg \?; http-fsenselab.med. yale edu/senselab/modeldb/SearchBy Author aspfauthorstr=Lytton& Submit! =Search . Search m
i Back Fonward Reload  Stop > : E* prmt

' 7y Home | whBookmarks g quick_reference html _g? NEURON

Fa

0 N | it

{Toonsoran] | | ModelDB

—

Search for Models by a particular author

Enter an author's name in the format: Huxley AF (initials optional)
Wildcard (*) searching is supported

Lytton Search |

Search Results

The following author names match 'Lytton': Lytton WW, Lytton W, Lytton J

Models by Lytton

1. Local variable time step method by Lytton and Hines 2005
Lytton W, Hines M (2005) Independent variable time-step integration of individual neurons for
network simulations. Neural Comptiiation 17

2. Signal integration in LGN cells by Briska et al 2003
Briska AM, Uhlrich DJ, Lytton WW (2003) Computer model of passive signal integration based
on whole-cell in vitro studies of rat lateral geniculate nucleus, Eur J Neurosci17:1531-41
[PubMed]

3. Hippocampus temporo-septal engram shift model: Lytton 1999

Lytton WW, Lipton P (1999) Can the hippocampus tell time? The temporo- septal endram shift =
e R w2 B3] _ @:m@




' File Edit Miew Go Bookmarks Tools Window  Help
B‘g{:‘k > “% v He%;‘ad _g% \g;\ http:ffsenselab.med:gale.edufsenselabfmudeldbehuwMudel.asp?mudel:?dtllj Il;;%t b

v 7y Home | whBookmarks g quick_reference html _g? NEURON

Hippocampus temporo-sepfal engram shift model: Lytton 1999 =]

Temporo-septal engram shift model of hippocampal memory. The model posits that memories gradua
hippocampus from a temporal encoding site to ever more septal sites from which they are recalled. W
sense of time is encoded by the location of the engram along the temporo-septal axis.

Reference: Lytton WW, Lipton P (1999) Can the hippocampus tell time? The temporo-septal engram
Neuroreport 10:2301-6 [PubMed]

Citations Citation Browser

Model Information (Click on a link to find other modeis with that property)
Model Type: Network;
Cell Type(s): -
Channel(s): | Na,t; | K;
Receptor(s): GabaA; AMPA,
Transmitter(s):
Simulation
Environment:

. Pattern Recognition; Temporal Pattern Generation; Spatio-temporal Activity
‘Models;

Implementer(s). Lytton, William ;
Search NeuronDB for information about; GabaA: AMPA: | Nat: | K;

Neuron:;

Model Concept(s)

Model files Download zip file | Auto-launch | Help downloading and running models

e Lytton WW; Lipton E. Eall. Lhe hippocampus tell time?: The |
& temporo-septal engram shift model.
olytton99
Neurorepcrt, 10:2301--23206, 1999.
~README .
| nfig1.qif This example produces Fig. 1 p 2302 as SFDWH_iﬁ fiql.qi%ﬁﬂ

Gk Y 2 68 | =] vl




NEURON Main Menu

Iconify
File Edit Build Tools Graph Vector Window

Graph x-500.025:5500.27 y-15.9:174.9 Graph x-500.025:5500.27 y-133.026 : 76.3759
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