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• Reaction-Diffusion
• Slides
• Exercises



neuron.yale.edu •    Follow us on Twitter: @neuronsimulator





github.com/mcdougallab/neurongui2



NEURON Developer’s meetings

• Third Friday of the month, 10am EDT; 16:00 CEST on zoom.

• Agenda is on the NEURON GitHub wiki:
https://github.com/neuronsimulator/nrn/wiki

https://github.com/neuronsimulator/nrn/wiki


from neuron import h
from neuron.units import mV, ms
from matplotlib import cm
import plotly
h.load_file('stdrun.hoc')

h.load_file('c91662.ses')

h.hh.insert(h.allsec())

ic = h.IClamp(h.soma(0.5))
ic.delay = 1 * ms
ic.dur = 1 * ms
ic.amp = 10

h.finitialize(-65 * mV)
h.continuerun(2 * ms)

ps = h.PlotShape(False)
ps.variable('v')
ps.plot(plotly, cmap=cm.cool).show()



Migliore et al., 2014 
doi: 10.3389/fncom.2014.00050

modeldb.yale.edu/151681



www.nsgportal.org



neuron.yale.edu •    Follow us on Twitter: @neuronsimulator



neuron.yale.edu •    Follow us on Twitter: @neuronsimulator



Use the “Switch to HOC” link in the upper-right corner of every page if you need documentation for HOC, NEURON’s original programming language. HOC may be used in combination with 
Python: use h.load_file to load a HOC library; the functions and classes are then available with an h. prefix. 

Direct documentation link: nrn.readthedocs.io

https://nrn.readthedocs.io/


For more… tinyurl.com/neuron-videos

https://tinyurl.com/neuron-videos


Installation

• macOS or Linux:

pip install neuron

or
pip install neuron-nightly

• Windows:

+ Python (e.g. Anaconda)



colab.research.google.com



Connecting to 
NEURON

• For today’s tutorial, we will use 
Google Colab, but any way you like 
to use Python is a good way.

• The main NEURON submodule is 
called h, but there are also: units, 
rxd, and gui.



Basic unit:
h.Section
soma = h.Section(name='soma')

Length: soma.L

Diameter: soma.diam

Discretization: soma.nseg

Inside a cell class, specify the cell argument as well:
soma = h.Section(

name='soma',
cell=self)

Didactic Presentations The NEURON Simulation Environment
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Didactic Presentations The NEURON Simulation Environment

Separating Anatomy and Biophysics
from Purely Numerical Issues

section

a continuous length of unbranched cable

Anatomical data from A.I. Guly·s

Page 14 Copyright © 1998-2019 N.T. Carnevale, M.L. Hines, and R.A. McDougal, all rights reserved
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Anatomical data from A.I. Gulyas .
Images from Ted Carnevale.

The connect method joins Section objects to define arbitrary morphologies.





Viewing voltage, sodium, etc…

Variable Value Pointer (e.g. for recording) With PlotShape or RangeVarPlot

Voltage seg.v seg._ref_v "v"

Na+ (inside membrane) seg.nai seg._ref_nai "nai"

Na+ (outside membrane) seg.nao seg._ref_nao "nao"

Na+ (current) seg.ina seg._ref_ina "ina"

Na+ (reversal potential) seg.ena seg._ref_ena "ena"

d(sodium current)/dv seg.dina_dv_ seg._ref_dina_dv_ "dina_dv_"

Potassium is the same as for sodium, except with “k” replacing “na”; Chloride is the same except with “cl”; 
Calcium is the same except with “ca”, etc… ions may only be accessed when a mechanism using them is present 
or when they are explicitly inserted via sec.insert or rxd.



Ion Channels

• Specify using insert
method.

• Built-in:
Hodgkin-Huxley (h.hh), 
passive (h.pas)

• Hundreds more on 
ModelDB (.mod files)

• Compile mod files via:
nrnivmodl

The NEURON Simulation Environment Didactic Presentations
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Illustration adapted from one by Ted Carnevale.

h.hh.insert(axon)

* um



Defining 
ion channels 
and synapses
tinyurl.com/hhmodfile
tinyurl.com/expsyn

Compile mod files on colab using:
!nrnivmodltinyurl.com/nmodl-preprint

https://tinyurl.com/hhmodfile
https://tinyurl.com/expsyn
https://tinyurl.com/nmodl-preprint


McDougal, R. A., Morse, T. M., Carnevale, T., Marenco, L., Wang, R., Migliore, M., ... & Hines, M. L. (2017). Twenty years of ModelDB and beyond: building essential modeling tools for the future of neuroscience. Journal of computational neuroscience, 42(1), 1-10. doi:10.1007/s10827-016-0623-7

modeldb.yale.edu •    @senselabproject

https://modeldb.yale.edu/


Stimulating a Model

We will inject current using an

h.IClamp

This object has several 
important properties:
• delay
• amp
• dur

0 1x

iclamp = h.IClamp(axon(x))



Stimulating a Model II

Set potential

• soma(0.5).v = 10 * mV

• Voltage clamp
• cl = h.SEClamp(soma(0.5))
• cl.amp1 = -65 * mV
• cl.dur1 = 10 * ms
• Similarly for .amp2, .amp3, 

.dur2, .dur3

• Could also:
vec.play(cl._ref_amp2)

• SEClamp – single electrode
• VClamp – two electrode

Current Clamp

• ic = h.IClamp(soma(0.5))

• ic.delay = 5 * ms
• ic.dur = 0.1 * ms
• ic.amp = 1 # nA

Synaptic input

• ns = h.NetStim()
• ns.number = 1
• ns.start = 5 * ms
• ns.noise = False
• ns.interval = 20 * ms

• Only matters for
number > 1

• sy = h.ExpSyn(soma(0.5))
• sy.tau = 5 * ms
• sy.e = 0 * mV

• nc = h.NetCon(ns, sy)
• nc.weight[0] = 1



Recording Results

We can read the 
instantaneous membrane 
potential at a location via, e.g.

axon(0.5).v

To record this value over time, 
we use an h.Vector and 
pass in the pointer (prefixed 
with _ref_) to the record 
method.

0 1x

v = h.Vector().record(axon(x)._ref_v)
t = h.Vector().record(h._ref_t)

eFEL from the Blue Brain Project (pip install efel) can be used to 
identify electrophysiological features (action potential height, half 
width, etc) from the recorded timeseries.



Recording Results II

NetCon objects can be used 
as shown to detect the times 
when a variable crosses a 
threshold from below.

As the name suggests, a 
NetCon can be used to 
connect cells together in a 
network. To do this, pass in a 
synapse as the second 
argument or use 
ParallelContext.

0 1x

spike_times = h.Vector()
nc = h.NetCon(axon(0.1)._ref_v, None, sec=axon)
nc.threshold = 0 * mV
nc.record(spike_times)



Running the Simulation

Run until time 10 ms:

h.continuerun(10 * ms)

Initialize to -65 mV:

h.finitialize(-65 * mV)

For convenience, we use a high-level simulation control functions defined in the stdrun.hoc library. Load this via:

h.load_file('stdrun.hoc')



Caution: Squid

NEURON’s defaults are based on 
the squid giant axon.

sec.diam: 500 µm
sec.Ra: 35.4 Ω cm
h.celsius: 6.3 C

Comingio Merculiano (1845–1915) - Jatta di Guiseppe (1896) Cefalopodi viventi nel Golfo di Napoli (sistematica), Berlin: R. Friedländer & Sohn.

https://archive.org/stream/icefalopodiviven00jatt
https://en.wikipedia.org/wiki/en:Berlin


Colab time







Increasing accuracy

Increase time resolution (by reducing time steps) via, e.g. 
h.dt = 0.01 

Enable variable step (allows error control): 
h.CVode().active(True)

Set the absolute tolerance to e.g. 10−5:
h.CVode().atol(1e-5) 

Increase spatial resolution by e.g. a factor of 3 everywhere: 
for sec in h.allsec(): sec.nseg *= 3 



150,307 reconstructions · 953 cell types · 384 brain regions 



Standardized:
Always SWC

Original format:
Could be anything

Ascoli, G. A., Donohue, D. E., & 
Halavi, M. (2007). 
NeuroMorpho. Org: a central 
resource for neuronal 
morphologies. Journal of 
Neuroscience, 27(35), 9247-
9251.



Metadata

Soma Surface : 903.25 μm2
Number of Stems : 7
Number of Bifurcations : 113
Number of Branches : 233
Overall Width : 363.7 μm
Overall Height : 717.18 μm
Overall Depth : 364.21 μm
Average Diameter : 1.16 μm
Total Length : 22216.3 μm
Total Surface : 84796.1 μm2
Total Volume : 30674.3 μm3
Max Euclidean Distance : 668.56 μm
Max Path Distance : 1893.37 μm
Max Branch Order : 25
Average Contraction : 0.7
Total Fragmentation : 5460
Partition Asymmetry : 0.56
Average Rall's Ratio : 1.78
Average Bifurcation Angle Local : 89.59°
Average Bifurcation Angle Remote : 75.23°
Fractal Dimension : 1.07

NeuroMorpho.Org ID : NMO_00082
Neuron Name : n401
Archive Name : Turner
Species Name : rat
Strain : Fischer 344
Structural Domains : Dendrites, Soma, No Axon
Physical Integrity : Dendrites Complete
Morphological Attributes : Diameter, 3D, Angles
Min Age : 2.0 months
Max Age : 8.0 months
Gender : Male/Female
Min Weight : 200 grams
Max Weight : 350 grams
Development : young
Primary Brain Region : hippocampus
Secondary Brain Region : CA1
Tertiary Brain Region : Not reported
Primary Cell Class : principal cell
Secondary Cell Class : pyramidal
Tertiary Cell Class : Not reported
Original Format : CVAPP.swc
Experiment Protocol : in vivo
Experimental Condition : Control
Staining Method : biocytin
Slicing Direction : coronal
Slice Thickness : 80.00  μm
Tissue Shrinkage : Reported 25% in xy, 75% in z 
Corrected 133% in xy, 400% in z
Objective Type : oil
Magnification : 100x
Reconstruction Method : Neurolucida
Date of Deposition : 2005-12-31
Date of Upload : 2006-08-01



Not 
everything 

was made for 
you

Not every morphology was reconstructed with the intent of 
being in a simulation. 

Potential factors affecting the quality of the data:
• histology 

• staining, amputation, shrinkage 

• physics 
• diameter

• spines 

Before using a morphology found online, always read the 
associated paper(s) to make sure you understand any 
limitations of the reconstruction. 

For example, why did they make this? Were they studying a 
disease (e.g. Alzheimer’s) that alters morphology? 



Qualitative 
tests

Look for orphan sections and bottlenecks.

Insert pas, set Ra and g_pas = pas.g low. Inject 
large depolarizing current at soma. Examine a 
PlotShape of v. 

Look for z-axis drift and backlash.
Rotate the cell on a PlotShape and look for abrupt 
jumps. 

Are diameters constant or varying? Are they 
reasonable?



Loading Morphologies

from neuron import h

h.load_file('import3d.hoc')

cell = h.Import3d_SWC_read()

cell.input('filename.swc')

i3d = h.Import3d_GUI(cell, False)

i3d.instantiate(None) # or i3d.instantiate(self)

Morphology images from Cajal 1909 as reproduced in Rall 1962.



Plotting Morphologies

import plotly

ps = h.PlotShape(False)

ps.scale(-80, 40)

ps.variable('v')

ps.plot(plotly).show()

Morphology images from Cajal 1909 as reproduced in Rall 1962.



Does shape or 
position 
matter?

Sometimes.

They matter with:
• Connections based on proximity of axon to dendrite.
• Connections based on cell-to-cell proximity.
• Communicating about your model to other humans. 
• Local field potentials.
• Extracellular stimulation.
• Extracellular diffusion.
• 3D intracellular chemical dynamics.



Example

http://tinyurl.com/neuromorpho-c91662 http://tinyurl.com/neuromorpho-c91662-swc

Ishizuka, N., Cowan, W. M., & Amaral, D. G. (1995). A quantitative analysis of the 
dendritic organization of pyramidal cells in the rat hippocampus. Journal of Comparative 
Neurology, 362(1), 17-45.

http://tinyurl.com/neuromorpho-c91662-swc


Colab time

• Load the cell from 
tinyurl.com/neuromorpho-
c91662-swc, run a simulation, plot 
with PlotShape midway through a 
spike.

• Show a pseudo-line-scan path 
through it (use RangeVarPlot).

• Do the same thing showing a 
propagating wave at various time 
points.

tinyurl.com/neuron-morphology-example

https://tinyurl.com/neuromorpho-c91662-swc



