Construction and Use of Models

Construction of cell models
Specify topology: create and connect sections
Specify geometry: stylized (L & diam)
or 3D (Xx,y,z,diam)

Specify biophysics: insert density mechanisms,
attach "biological” point processes (synapses)

Construction of network models
Define cell classes
Create cells (instances of cell classes)
Connect cells




Example: using the GUI to build
and exercise a stylized model

1. How to use the CellBuilder to create and
manage a model cell.

2. How to use NEURON's graphical tools
to make an interface for running
simulations.




Step 0: Conceptualize the task

Shape
stick figure / anatomically detailed
Channel distribution

uniform / nonuniform
whole cell / region / individual neurite

Creation
single cell / use In a network




Step 1: using the CellBuilder
to make a stylized model

bas apy
ap
)ooma \

axon ap[2]
Section L diam Biophysics
soma 20 pm 20 pm hh
ap[O] 400 2 reduced hh *
ap[1] 300 1 reduced hh *
ap[2] 500 1 reduced hh *
bas 200 3 pas 8
axon 800 1 hh

* gnabar_hh and gkbar _hh reduced to 10%, el hh =- 64 mV
§ e pas=-65mV
Throughout the cell Ra = 160 Q cm, cm = 1 pf / cm?




Launch NEURON with its
GUI library

nrngul
or

python
from neuron 1mport h, guil

or
click on nrngui icon (MSWin, MacOS)




Bring up a CellBuilder

=0 x|

lcomify

| File Edit - Tools Graph ‘“ector mﬁndnwl

NEURON Main Menu / Build / Cell Builder

single compartment

Cell Builder

Hetwiork Cell H5
Netwiork Builder
Limear Circuit

Channel Builder




The CellBuilder

CellBuild[0]
Close

4 About v Topelogy ., Subsets ., Geometry ., Biophysics ., Management D Contihuous Create

Topology refers te 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 toepology of the cell.
Biophysics is used to insert membrane density mechanisms and specify their parameters.
Manhagement 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.

Use buttons from left to right.




Topology

il x|

Close Hide

we Abot = Topology «+ Subsets .- Geometry -, Biophysics -, Management Ij Continuous Creste

D Basename: Idend
Undo Last I

Click and drag to
# Make Section
wr Copy Subtree
wr Reconnect Subtree

Reposition
W
5‘@3 wr Mowe Label

Click to

W In=ert Section
e Oelete Section
= Oelete Subtres
w Change MName

Hirt=

[

CB starts with a "soma" section.
We want to create new sections.




Specifying the "Basename”

Basename: [:I&dend

WVOC B3

Section name prefix:

IM—

Accept ¢ Cancel

WVOC B3

Section name prefix:

Accept‘r!:' Cancel




Making a new section

Place cursor near end O
of existing section R

Click to start new section LT,

Drag to desired length s N

Release mouse button pr—r—,




Save your work as you make progress!

lo=d hoo
lo=d dil

working dir E

racant dir

Primt
Gluil

NEURON Main Menu / File / save session




Subsets

(ol

we Bbot - Topology 4 Subsets we Geometry - Biophysics - Management Continuous Create

O

we Select One
we oelect Subtrees
v Select Basename

then, act.

bas ap[1]

Group sections that have shared properties.
We want to make an "apicals" subset.




Making a new subset

Select One

I " n 4
Click "Select Subtree H Select Subtree
T

Selact Basename

bas ap apy
Click root of apical tree . . . )C N
s5o0ma -‘:;;;THH‘

ason

.. . then "New SectionList" H New SectionList

h I




Making a new subset continued

IVOC B

MNew SectionList name

all l%

Accept ¢ Cancel

IVOC B

MNew SectionList name
Iapicals

al'iu:-:nap-tr:!-I Cancel
i




Subsets finished

1=

we Bbout - Topology # Subsets we Oeometry -, Biophysics + Management Cortinuous Create

O

e oelect Subtree
v Select Basename

then, act.

ap[1
bas =p p[ ]
sama
=HOn ap[2]

Note "apicals".
Time to save a hew session file.




Geometry
=101 x|

Close Hide

we Bbout . Topology - Subsets o Geometry -, Biophysics -+ Management Ij Continuous Create

D E-Specif].r Strategy | Distinct walues owver subset
[ all F L
apicals diam
zg s Con=tant walue owver subset
ap[1] L
=p[2] dizrm
1 bas=
bas= ap =p[1] ==On area
circuit
sama 0 e |
MM =p[2]
Sp=atial Grid

nseg
d_lambd=
d_X

4 —

| Hirt= I

"Specify Strategy" is ON.
A good strategy is a concise strategy.




Geometry strategy
=101x]

Close Hide

we Bbout - Topology - Subsets o Geometry -, Biophysics -+, Management Ij Continuous Create

D E-Specify Strategy Distinct walues owver sub=eat

[ all: L, diam, d_lambda A L
apicals diam
an

sSoma

a]
ap[1] L
aplz] diam
ba=

hasz . ap[1] e ares

circuit
=1nly - T S | [——
0N ap[Z]

Sp=atial Grid
nseg
d_lambda
d_X

v —

| Hirit= I

Each section has a different L and diam.
Compartmentalize according to A1go Hz (d_lambda rule).




Implementing geometry strategy

we Bbout . Topology - Subsets o Geometry -, Biophysics -+, Managerment Ij Continuous Create

Ij Specify Strategy

ap[1]
bas ap
sama
=xan ap[2]

[ =all: L, diam, d_lambda

| Hirt= I

forsec all ...

M Nambda_wqf]152 = diamf4*FPI¥*Ra*cm)
N n=eg = ~LA{d_|ambda*lambda_w{100])
Mfraction of space constant at 100Hz

d_lambd= I | [0

1

sama.L [um)

ap[1].L [um]

bas.L [um]

When strategy is complete, turn "Specify Strategy" OFF
and start assigning values to parameters.

d lambda = 0.1 at 100 Hz usually gives good spatial accuracy.

=101 %]

wiejejejeje o



Implementing geometry continued
1o/ x|

we Bbout . Topology - Subsets o Geometry -, Biophysics -+, Managerment Continuous Create

O

Set L and diam for all sections.
Time to save to a session file!




Biophysics

=101 =|

Llo=se Hide

we Bbout -~ Topology -« Subsets .- Geometry  a Biophysics  +r Management D Continuous Create

D Eﬁpeclf}r Strategy tarsec all { fspacity
[l A Ra
apicals =21l
=0ma pas
ap
ap[] extracellular
ap[2] hh
bas
ap[1 w
bas ap pl1] =S
F=Rani]
=HOn apl[2
¥
Hirt=

"Specify Strategy" is ON.
Base the plan on shared properties.




Biophysics strategy

Ra and cm are homogeneous

apicals, soma and axon have hh

bas has pas

E-Specif].r Strategy

[all:  manage ..
apicals

soma

ap

ap[1]

ap[Z]

bas

F=an

&

farsec all { Vspecify
R=
i
pas
extracellular

b

E-Specif].r Strategy

all: manage ...
apicals:  manac
SOma:  manage
ap

ap[1]

ap[Z]

bas

| axon:  manage

&

=xon { Mspecify
R=
i
pas
extracellular

b

E-Specif].r Strategy

all: manage ...
apicals:  manac
SOma:  manage
ap
ap[1]
ap[Z]
| ba=: manage .
ZHON:  Manage

&

ba= { M=specify
R=
i
pas

extracellular

b




Implementing biophysics strategy

Ij Specify Strategy forsec all { & specify Ra

| R= [n:-hm-cm]l IIED*E l\.k g
T

all
|  R=
t=1i1)

Double Ra

Ij Speacify Strategy forsec apicals {insert hh
all griabar_hh [Sicmz ] 3
® Ra
I gkbar_hh [SizmZ] E
- - apicals
Fix apicals hh params B o_pn (sem2 3
soma
aly al_hh [mY] g
bas
pas
F=an
b

Ij Specify Strategy ba=s {insert pas

g_p== (siem2) f 1 [ooo g
T

Shift e_pas in bas
|xba§as




Save another session file!!




Management

Option 1: save as a Cell Type
for use in a network

4 Management D Continuous Create

Hints

&Cell Type .. Export .. Import

This is hecessary only if the cell is used in a hetwork

This creates a file that declares a cell type
with the current specification
Such a cell class is usable in networks and

can be employed by the network builder tool.

Classhame

Cell

~ Select Output
soma.v(1)

Save hoc code in file




Management continued

Option 2: save as hoc file

4 Management D Continuous Create

Hints

~ Cell Type 1\ Export .. Import

Export to file {or top level with "Continuous")
i.e. does not encapsulate the cell in an obhject.
Kind of information exported
Topolegy (Destroys all existing top level sections)
Subsets
Geometry

Membrane

Export to file




Management continued

Option 3: export to interpreter

Toggle Continuous Create ON and OFF

I]‘\\SCuntinuuus Create

%Cuntinuuus Create

I]‘\\SCuntinuuus Create

or just leave it ON all the time.




