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What is NEURON?

NEURON is not a programming language.
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What is NEURON?

NEURON is not a programming language.

NEURON is an environment for modeling and simulating neurons,

networks of neurons and their behaviour under specified

circumstances.
Primarly developed by Michael Hines, John W. Moore and Ted
Carnevale at Yale and Duke in the 1990s.



What is NEURON?

Graphical user interface to build cells, neurons, networks, or
generate simulations of interacting neurons
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What is NEURON?

Also programmable with different languages like C++, Java,
Python or Hoc

Leenify Close Hide

File Edit Build Tools Graph Vector Uindou

FirStNEURON.hoc %
17 // define sona
soma {

77 mnber ot segpents
77 dian

77 Wodgkin-Huxley channel
77 sodium channel density

1/ a neabra
77 nenbran resistance
/ leakage equilibriun

SNEURON, e
7 2becsga183dr) 4

eBrain Project -- mp,ngm 198as014 as

o R T 1 ey b

nrniv: unable to open font "*helvetica-mediun-r-normals--14: q a8
1

50 // Connect things together
51 comect dend[0](0), sona(g)
52 comect dend[1](0), soma(1)

54/ create an electrode
55 objectvar stin

57 // define the stinulus
58 soma stim = new ICLanp(6.5)

59
60 108
61 100
1 0.1
6

64 tstop = 300




What is NEURON?

The community behind NEURON is quite well organized, they
have:

» good tutorials for beginners and advanced users
» forum with numerous topics and still active users
> database with over 1000 models and simulations

» a book called “The NEURON Book”, by Nicholas T.
Carnevale and Michael L. Hines

» online documentation

6
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How to use NEURON
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How to use NEURON

Before we start using NEURON, we need to know what a neuron
is, what components a neuron has and how they are working.
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What is a neuron and how does NEURON represent a
neuron?
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What is a neuron and how does NEURON represent a
neuron?

Neuron biological representation NEURON representation

Azon hillock

denarite,
ramell

Tezminal buttons axon

Schemmatic of biclogical neuron.

soma . ..the cell body without its extensions
dendrite . . .the cell extensions which are responsible for absorption
of a stimulus
axon . ..a single neuron extension which is responsible for
forwarding a nerve impulse away from its soma (optional)



Workflow of NEURON

Create a neuron with a soma and two dendrites:

Iconify |

0 workflow.hoc - /home /meyna/Documents/VertiefungsSemin:

cellBuild[o] & v lm v @ % -
Close Hide > workflow.hoc %
[« About  ® Topology v Gubsets  ~ Geometry v Biophysics - Hanagenent {3 ndend =2
Basenane: | dond 5  create soma, dend[ndend]
—_ 2 | 6
Unda Last 7 // Connect things together
8  connect dend[] (@), soma(@)
B’ el e G 9 connect dend[1](8), soma(1)

« Hake Section
' Copy Subtree i

- Reconnect Subtree 1
 Reposition 12
e "k T | Move Label 13
Click to 14
'+ Insert Section 15
' Delete Section 16
> Delete Subtree 17
> Change Nane 1B |
L 29
Hints i = : : B ing:
line:18/73  col:0 sel:0 INS_TAB mode: Unix (LF) _encoding: UTF...

Click and drag. The programming way.



Workflow of NEURON

Define geometry and biophysics of the soma:

g e/meyna/Documents/Vertiefung
Lo - b - o (B s ©
[ diaw

it eolhp @i oo pas workflow.hoc % |
G ireeallilcr 1 24 // define soma
L

[ specify Strat] Distinct values over subset || Specify Stratesy sona { //sperify

s

dian 25 soma {
area 26 nseg = 1 // number of segments
circuit 27 diam = 18. // diameter
- - 28 L = 18.8 // length of soma
Spatial Grid 29 Ra = 123.0 // electrical resistivity
— 30 insert hh // Hodgkin-Huxley channel
d_lanbda 31 gnabar hh = 8.25 // sodium channel density
o 32 gl hh = .0801666
33
34}
Click parameters. The programming way.
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Workflow of NEURON

Define dendrites and create a stimulus (electron):

[~

&

@ %

* | workflow.hoc %

// define dendrites
dend[0] {

|39
40
41
42
43

}

nseg = 5

diam = 3.18

L =701.9

Ra = 123

insert pas

g _pas = .0001666
e_pas = -60.0

// a membran
// membran resistance
// leakage equilibrium

dend[1] {

nseg = 5

diam = 2.0

L =549.1

Ra = 123

insert pas

g pas = .0001666
e pas = -60.0

= = -
¥ | workFlow.hoc 3%
| (74

75

@ x .

76 // create a stimulus (electron) within the soma
77 objectvar stim

79 // create stimulus of type IClamp
80 soma stim = new IClamp(©.5)

82 stim.del = 108 // delay
83 stim.dur = 180 // duration
84 stim.amp = 0.1 // amplitude

line:84/108 col:28

sel:0 INS TAB mode: Unix (LF) enco...

The stimulus of the type IClamp is emitting some electric impulse,
which the dendrites will detect and forward it to the soma.
In general a stimulus comes from another neuron.

(Here in a simulation of a single neuron, it is just present)
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Workflow of NEURON

The result of the simulation:

Graph Color/Brush x 22.7: 322.7 y 80.6 : 39.4

.5
dendl0].u( 0.1)
dend[1]u( 0.1 )
o
L L L |
100 150 20 20
|5
ol
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Workflow of NEURON

The result of the simulation:

Graph Color/Brush x 22.7: 322.7 y 80.6 : 39.4

.5
dendf0).( 0.1 )
dend[1]u( 0.1 )
o
L L L |
100 150 20 20
|5
ol
b

What is happening here?
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Simulation explanation

We have modeled and simulated a subthalamic nucleus neuron.
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Simulation explanation

We have modeled and simulated a subthalamic nucleus neuron.
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Simulation explanation

We have modeled and simulated a subthalamic nucleus neuron.

This kind of neurons are components of a control system inside the
subthalamus and are responsible for holding muscular response in
check.

If these neurons are damaged, the result would be movement
disorder.
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Who uses NEURON and its possibilities
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Who uses NEURON and its possibilities

The main users of NEURON are:
neuroscientists and biophysicists
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Who uses NEURON and its possibilities

The main users of NEURON are:
neuroscientists and biophysicists

M Migliore, F Cavarretta, ML Hines, and GM Shepherd
from the Department of Neurobiology, School of Medicine, Yale
University USA and Institute of Biophysics, National Research
Council, Palermo, ltaly.

" Distributed organization of a brain microcircuit analysed by
three-dimensional modeling: the olfactory bulb”
Published online in 2014 on Apr 29th at Frontiers in
Computational Neuroscience 2014; 8: 50.
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Who uses NEURON and its possibilities

neural structur with model representation of it
extensions to the nasal cavity
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99 bottles of beer

How to generate the lyrics of the song 99 bottles of beer?
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99 bottles of beer

How to generate the lyrics of the song 99 bottles of beer?

With Hoc to console?
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99 bottles of beer

How to generate the lyrics of the song 99 bottles of beer?

With Hoc to console?

nrofBottles = 99

1

2

3 for (i=nr0fBottles; i>=0; i=i-1) {

4 >1

5 printf(d bottles of beer on the wall, %d bottles of beer.\n
6 one down and pass it around,

7 %d bottles of beer on the wall.\mn", i, i, i-1)

8 } else if (i==1){

9 printf("xd bottles of beer on the wall, %d bottles of beer.\n
10 Take one down and pass it around,

1 no more bottles of beer on the wall.\n\n", i, i)

12 } else {

13 printf("No more bottles of beer on the wall,

14 no more bottles of beer.\nGo to the store and buy some more,
15 %d bottles of beer on the wall.\n",nrofBottles)

16 }

17}

18

7 bottles of beer on the wall, 7 bottles of beer.
rake one down and pass it around, 6 bottles of beer on the wall.

s bottles of beer on the wall, 6 bottles of beer.
rake one down and pass it around, 5 bottles of beer on the wall.
5 bottles of beer on the wall, 5 bottles of beer
rake one down and pass it around, 4 bottles of b

eer on the wall.

4 bottles of beer on the wall, 4 bottles of beer.
[Take one down and pass it around, 3 bottles of beer on the wall.

3 bottles of beer on the wall, 3 bottles of beer.
[rake one down and pass it around, 2 bottles of beer on the wall.

2 bottles of beer on the wall, 2 bottles of beer.
[rake one down and pass it around, 1 bottles of beer on the wall.

1 bottles of beer on the wall, 1 bottles of be
rake one down and pass it around, no more bot

eer.
tles of beer on the wall.

INo more bottles of beer on the wall, no more bottles of beer.
aan the store and buy some more, 99 bottles of beer on the wall.
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99 bottles of beer

With a network of neurons, where the neurons are organized such
that they will graphically represent the lyrics?
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99 bottles of beer

With a network of neurons, where the neurons are organized such
that they will graphically represent the lyrics?

Possible solution and problems:

1. Use a neuron per letter / word / line / strophe
» Tons of neurons to build
» Shape neurons to letters by using dendrites

» Connecting all these neurons e.g. from axons of neurons to
dendrites of other neurons
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99 bottles of beer

With a network of neurons, where the neurons are organized such
that they will graphically represent the lyrics?

Possible solution and problems:

1. Use a neuron per letter / word / line / strophe
» Tons of neurons to build
» Shape neurons to letters by using dendrites
» Connecting all these neurons e.g. from axons of neurons to
dendrites of other neurons
2. How to simulate the flow of the song?
» We can't eliminate neurons and create some new ones during a
simulation (e.g. to count from 99 to 0).
» Even if we would build all 100 strophes (have fun), how to
simulate a stimulus spreading through the network?
» 99 peaks inside a voltage graph, like we've seen before?
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99 bottles of beer

Finally an example of one neuron with a soma and 143 dendrites
shaping the first sentence of the song
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99 bottles of beer

Finally an example of one neuron with a soma and 143 dendrites
shaping the first sentence of the song

©® shape Zoom Injout x-21: 2711 y-541.8 : 348.365
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Comparison to other languages
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Comparison to other languages

Since NEURON is not a programming language there is no
posibility to do so.
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Comparison to other languages

Since NEURON is not a programming language there is no
posibility to do so.

Better task would be to compare NEURON to something similar.
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Compare NEURON to another code controlled simulation
environment
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Compare NEURON to another code controlled simulation
environment

NEURON and Hoc Android Studio and XML

{73 ndend = 2
4 create soma, dend[ndend]
5 access soma
6
7 // define soma
8 soma {
9 nseqg = 1 // number of segments
10 diam = 18.8 // diameter
11 L =18.8 // length of soma
12 Ra = 123.8 // electrical resistivity
13 insert hh // Hodgkin-Huxley channel
14 gnabar_hh = 8.25 // sodium channel density
15 gl_hh = .0001666
16 el_hh = -60.0
17}

line:6/63 col:0 sel:0 INS TAB mode: Unix (LF) encoding: UTF-...

[Close Hide Close Hide
] v fbout v Topology v Subsets v Gd

ol,5) |
dend[0], v/
dend[1],v
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Summary
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Summary
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Questions ?
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