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What is ModelDB?



modeldb.yale.edu
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Abstract Neuron modeling may be said to have originated 
with the Hodgkin and Huxley action potential model in 1952 
and Rall’s models of integrative activity of dendrites in 1964. 
Over the ensuing decades, these approaches have led to a 
massive development of increasingly accurate and complex 
data-based models of neurons and neuronal 
circuits. 

groups (Allen Brain Institute, EU Human Brain Project, etc.) 
are emerging that collect data across multiple scales and inte-
grate that data into many complex models, presenting new 
challenges of scale. We end by predicting a future for neuro-
science increasingly fueled by new technology and high per-
formance computation, and increasingly in need of 
compre-
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What is in ModelDB?

Models for:

178 cell types

16+ species

54 ion channels, pumps, etc

145 topics (Alzheimer’s, STDP, etc)

24+ mammalian brain regions

1211 published models from 76
simulators

575 NEURON models

340 “realistic” networks

48 connectionist networks

Numbers are as of May 20, 2017



Why use ModelDB?



On reproducibility

“Non-reproducible single occurrences are of no significance to science.”
– Karl Popper in The logic of scientific discovery, 1959.

What is needed for a model to be reproducible?

Model

an approximation of the system of interest
e.g. a model organism or a complete statement of the properties of the
model in mathematical or computable form

Experimental protocol

what was done with the model to produce the data

Science builds upon previous work; in order to do that, the previous work needs to
be reproducible.



Models are complicated
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38.5% of ModelDB models have over 20 files; 24.2% of files are over 5K.

It is often hard to fully describe this complexity in a paper.

Any bugs, typos, errors, or omissions might completely change the dynamics.

Distributions from ModelDB, Fall 2013. A model was counted as having 0 files if it was not hosted on ModelDB.



Model sharing helps, but only reuse what you understand

The easiest way to replicate someone else’s results – a first step toward building
on them – is to get their model code from a repository such as ModelDB.

But beware:

They may be solving a different problem than you (with respect to species,
temperature, age, etc).

Their code may have bugs.

To reduce the risk of problems:

Read the associated paper.

Compare the model and results to other similar models.

Examine the model with ModelView and/or psection.

Test ion channels individually.

Collaborate with an experimentalist.
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Reproducibility in Computational Neuroscience
Models and Simulations

Robert A. McDougal, Anna S. Bulanova, William W. Lytton

Abstract—Objective: Like all scientific research, computational
neuroscience research must be reproducible. Big data science,
including simulation research, cannot depend exclusively on
journal articles as the method to provide the sharing and
transparency required for reproducibility.

Methods: Ensuring model reproducibility requires the use
of multiple standard software practices and tools, including
version control, strong commenting and documentation, and code
modularity.

Results: Building on these standard practices, model sharing
sites and tools have been developed that fit into several categories:
1. standardized neural simulators, 2. shared computational re-
sources, 3. declarative model descriptors, ontologies and stan-
dardized annotations; 4. model sharing repositories and sharing
standards.

Conclusion: A number of complementary innovations have
been proposed to enhance sharing, transparency and repro-
ducibility. The individual user can be encouraged to make use of
version control, commenting, documentation and modularity in
development of models. The community can help by requiring
model sharing as a condition of publication and funding.

Significance: Model management will become increasingly
important as multiscale models become larger, more detailed
and correspondingly more difficult to manage by any single
investigator or single laboratory. Additional big data management
complexity will come as the models become more useful in
interpreting experiments, thus increasing the need to ensure clear
alignment between modeling data, both parameters and results,
and experiment.

Index Terms—Reproducibility, computational neuroscience,
model sharing, simulator, annotation.

I. INTRODUCTION

THE complexity of the brain provides a key challenge for
neuroscience research, for computational modeling, and

for data science. Experimentalists have probed the brain at
many scales, from electron microscopy studies of synapses [1],
through axons [2], whole neurons and brain slices, up to an
awake behaving animal [3]. Many experiments reach from the
lowest to highest scales, for example evaluating performance
on a memory task as a drug modifies ion channel activity at
the molecular level.

Computational neuroscience is a specialized branch of
computational systems biology. It provides explicit multi-
scale models that can unify experimental observations and
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build novel theoretical frameworks. A century ago, work by
Lapicque led to the development of integrate-and-fire models
[4]. A half century later, Hodgkin and Huxley provided a
detailed multiscale biophysical model of the squid axon [2],
paving the way for subsequent advances in computational
neuroscience. Early on, simulations were generally one-off
or highly specialized and restricted to one laboratory, lead-
ing to difficulties with reproducibility. In the past decades,
several major general-purpose neuroscience simulators have
been developed, providing some degree of standardization and
enhancing reproducibility.

A. Overview

We start by describing general issues of reproducibility
(providing close-enough results) and replicability (providing
precisely the same results – a replica) as they specifically
relate to the computational neuroscience enterprise. We then
describe a number of specific tools, techniques and concepts
that have been developed to encourage sharing, transparency,
reproducibility, and replication. The development of a number
of standard neural simulators means that groups of researchers
now speak a common language, reducing babel. Shared com-
putational resources such as supercomputers now provide ac-
cess to previously restricted computational resources. Declar-
ative model descriptions have been developed that separate
a model from the specific implementations, again providing
a common language that now extends across simulators.
Repositories and sharing standards for code, data, and models
provide assurance that information is shared appropriately, and
as completely as possible. We consider each of these topics
in turn, focusing on specific examples and comparing related
tools.

B. Reproducibility and Replicability

Reproducibility, or rather its lack, is a major problem
in both experimentation and modeling. Results that cannot
be reproduced cannot be used for subsequent research to
further scientific progress. Difficulty in reproducing a model
(or experiment) does not imply misconduct or poor quality
research – typos happen, and key details are often left out of
a paper. Data-sharing difficulties are common to all of big data
science (distinguishable from big science where the focus is
on the large groups of coworkers or collaborators on a project).
Simulation suffers from big-data problems on both ends, both
in the data that goes into the project and in the data that comes
out. Insufficient detail at the input side – the model definition
– is a particular problem for simulation. If one looks at a

Simulators (NEURON, MCell, XPPAUT, NEST, etc)

Multi-simulator interoperability (NeuroML, SWC, PyNN, NeuroConstruct,
etc)

Shared resources (Neuroscience Gateway, Simulation Platform)

Sharing resources (ModelDB, OpenSourceBrain, NeuroMorpho.Org, etc)

More: NSDF, NeuroLex, NIF, MIASE, licensing, etc

McDougal et al (2016) IEEE TBME 63(10):2021-2035; doi:10.1109/TBME.2016.2539602



Neurobiological context



ModelDB is a place to see what
has been modeled in a cell type.

Not only can you get code, but
by comparing models, you can
see what mechanisms are
considered critical by the
community.

Metadata associated with

CA1 Pyramidal Cell Models (n = 71)



How to use ModelDB



Finding models

Search box on the top-left of every page.
Do full text or attribute searches.
Word completions (based on ModelDB entries not English) and attribute results updated as you type.
Advanced search and browsing are also available.



ShowModel features

(1) Search models. (2) Browse models. (3) Link to download the entire model code.

(4) Auto-launch a NEURON simulation (requires browser configuration). (5) View model files.

(6) Find models and papers cited by this model’s paper, or that cite this model. (7) ModelView:

visualize model structure. (8) Simulation platform (5 minutes of remote desktop access to

experiment with the model). (9) 3D printable versions of cells from the model (in 3DModelDB).

(10) Description of model. (11) Paper(s) describing or using model. (12) Searchable metadata.

(13) Links to NeuronDB (channel distributions etc within cell types).



ShowModel features

(14) Download the currently selected file. (15) Directory browser, showing model files.

(16) View pane for the currently selected file.



Identifying existing reuse

10/24/2016 ModelDB: Amyloid beta (IA block) effects on a model CA1 pyramidal cell (Morse et al. 2010)

https://senselab.med.yale.edu/ModelDB/showmodel.cshtml?model=87284#tabs­2 1/4

search

Advanced search

Amyloid beta (IA block) effects on a model CA1 pyramidal cell (Morse et al. 2010)

   
Help downloading and running models

Download zip file Auto­launch

/
CA1_abeta
translate
readme.html
cacumm.mod
cagk.mod *
cal2.mod *
can2.mod *
cat.mod *
distr.mod *
h.mod
ipulse2.mod *
kadist.mod
kaprox.mod
kdrca1.mod
na3n.mod
naxn.mod *
zcaquant.mod
aBeta.hoc
add_ca.hoc
bAP_peak_vecs.hoc
c91662.ses
C91662_Link.txt
cond_report.hoc
control_boxes.hoc
distribute_currents.hoc
fig1.jpg
fig2.jpg
fig2A_c91662.hoc
fig3.jpg
fig3.ses
fig4.jpg
fig4.ses
fig5.jpg
fig6b.jpg
figs.hoc
find_averages.hoc
fixnseg.hoc
GaspiriniEtAl2007Fig1Stimulation.ses
generate_conc_graph.hoc
gka_averager.hoc
graph_na3_kinetics.hoc

This is the readme for a model used in the paper

Morse TM, Carnevale NT, Mutalik PG, Migliore M, Shepherd GM (2010)
Abnormal excitability of oblique dendrites implicated in early
Alzheimer's: a computational study Front. Neural Circuits 4:16

The model code was contributed by Tom Morse.  It was created (see
paper for details) from earlier models (especially Migliore et
al. 2005 and calcium channels from Hemond et al. 2008) with
modifications and additions by Tom Morse and Ted Carnevale with
interaction with the other authors. It requires the NEURON simulator
to be installed (available at http://www.neuron.yale.edu).

To recreate figures from the paper, start the simulator by
auto‐launching from ModelDB *OR*

Under unix systems:
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
In the expanded archive's folder compile the mod files using the
command "nrnivmodl"
run the simulation with the command "nrngui mosinit.hoc"

Under Windows systems:
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
Compile the mod files using the "mknrndll" program.
A double click on the simulation file
mosinit.hoc
will open the simulation window.

Under MAC OS X:
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
drag and drop the expanded archive's folder onto the mknrndll icon.
drag and drop the mosinit.hoc file onto the nrngui icon.

Once the simulation is started click on a button to recreate a figure
from the paper, e.g.:

Figure 1,2 generates Figure 1B and 2 simultaneously:
(the simulation part is Figure 1B right hand side traces):

Model Information Model File Citations Model Views  Simulation Platform 3D Print

Download the displayed file
Other models using cagk.mod:
 A model of unitary responses from A/C and PP synapses in CA3 pyramidal cells (Baker et al. 2010)
 CA1 pyramidal neuron: effects of R213Q and R312W Kv7.2 mutations (Miceli et al. 2013)
 CA3 pyramidal neuron (Safiulina et al. 2010)
 CA3 pyramidal neuron: firing properties (Hemond et al. 2008)
 Neuronal dendrite calcium wave model (Neymotin et al, 2015)

Other models using naxn.mod:
 CA1 pyramidal neuron: effects of R213Q and R312W Kv7.2 mutations (Miceli et al. 2013)
 CA1 pyramidal neuron: functional significance of axonal Kv7 channels (Shah et al. 2008)
 CA1 pyramidal neuron: rebound spiking (Ascoli et al.2010)
 CA1 pyramidal neuron: schizophrenic behavior (Migliore et al. 2011)
 CA1 pyramidal neuron: signal propagation in oblique dendrites (Migliore et al 2005)
 CA1 pyramidal neurons: binding properties and the magical number 7 (Migliore et al. 2008)
 CA1 pyramidal neurons: effect of external electric field from power lines (Cavarretta et al. 2014)
 CA1 pyramidal neurons: effects of Alzheimer (Culmone and Migliore 2012)
 CA1 pyramidal neurons: effects of Kv7 (M-) channels on synaptic integration (Shah et al. 2011)
 CA1 pyramidal neurons: effects of a Kv7.2 mutation (Miceli et al. 2009)
 Ca1 pyramidal neuron: reduction model (Marasco et al. 2012)
 Effect of the initial synaptic state on the probability to induce LTP and LTD (Migliore et al. 2015)
 Effects of electric fields on cognitive functions (Migliore et al 2016)
 Neuronal morphology goes digital ... (Parekh & Ascoli 2013)
 Spine head calcium in a CA1 pyramidal cell model (Graham et al. 2014)

Asterisks in the file browser indicate that the file is reused in other models; click
the asterisk to see a list of the other models.



ICGenealogy: ion channel metadata

10/24/2016 ModelDB: Amyloid beta (IA block) effects on a model CA1 pyramidal cell (Morse et al. 2010)

https://senselab.med.yale.edu/ModelDB/showmodel.cshtml?model=87284&file=/CA1_abeta/cagk.mod#tabs­2 1/2

search

Advanced search

Amyloid beta (IA block) effects on a model CA1 pyramidal cell (Morse et al. 2010)

Help downloading and running models
Download zip file Auto­launch

/
CA1_abeta
translate
readme.html
cacumm.mod
cagk.mod *
cal2.mod *
can2.mod *
cat.mod *
distr.mod *
h.mod
ipulse2.mod *
kadist.mod
kaprox.mod
kdrca1.mod
na3n.mod
naxn.mod *
zcaquant.mod
aBeta.hoc
add_ca.hoc
bAP_peak_vecs.hoc
c91662.ses
C91662_Link.txt
cond_report.hoc
control_boxes.hoc
distribute_currents.hoc
fig1.jpg
fig2.jpg
fig2A_c91662.hoc
fig3.jpg
fig3.ses
fig4.jpg
fig4.ses
fig5.jpg
fig6b.jpg
figs.hoc
find_averages.hoc
fixnseg.hoc
GaspiriniEtAl2007Fig1Stimulation.ses
generate_conc_graph.hoc
gka_averager.hoc
graph_na3_kinetics.hoc

TITLE CaGk
: Calcium activated K channel.
: Modified from Moczydlowski and Latorre (1983) J. Gen. Physiol. 82

UNITS {
(molar) = (1/liter)

}

UNITS {
(mV) =  (millivolt)
(mA) =  (milliamp)
(mM) =  (millimolar)

}

NEURON {
SUFFIX cagk
USEION ca READ cai
USEION k READ ek WRITE ik
RANGE gbar,gkca,ik
GLOBAL oinf, tau

}

UNITS {
FARADAY = (faraday)  (kilocoulombs)
R = 8.313424 (joule/degC)

}

PARAMETER {
celsius  (degC)
v  (mV)
gbar=.01  (mho/cm2)  : Maximum Permeability
cai  (mM)
ek  (mV)

d1 = .84
d2 = 1.
k1 = .48e‐3 (mM)
k2 = .13e‐6 (mM)
abar = .28  (/ms)
bbar = .48  (/ms)

 st=1   (1)
}

ASSIGNED {
ik  (mA/cm2)
oinf
tau  (ms)

 gkca   (mho/cm2)
}

INITIAL {
 rate(v,cai)
 o=oinf

}

STATE { o }  : fraction of open channels

BREAKPOINT {
SOLVE state METHOD cnexp
gkca = gbar*o^st
ik = gkca*(v ‐ ek)

}

DERIVATIVE state {  : exact when v held constant; integrates over dt step
rate(v, cai)
o' = (oinf ‐ o)/tau

}

FUNCTION alp(v (mV), c (mM)) (1/ms) { :callable from hoc

alp = c*abar/(c + exp1(k1,d1,v))

Model Information Model File Citations Model Views  Simulation Platform 3D Print

Download the displayed file ICGenealogy

General data

• ICG id: 2464
• ModelDB id: 87284
• Reference: Morse TM, Carnevale NT, Mutalik PG, Migliore M,

Shepherd GM (2010): Abnormal Excitability of Oblique Dendrites
Implicated in Early Alzheimer’s: A Computational Study.

Metadata classes

• Animal Model: rat
• Brain Area: hippocampus, CA1
• Classes: KCa
• Ion Type: K
• Neuron Region: unspecified
• Neuron Type: pyramidal cell
• Runtime Q: Q4 (slow)
• Subtype: not specified

Metadata generic

• Age: 7-14 weeks old.
• Comments: Calcium activated k channel, modified from

moczydlowski and latorre (1983). From hemond et al. (2008),
model no. 101629, with no changes (identical mod file). Animal
model taken from chen (2005) which is used to constrain model.
Channel kinetics from previous study on hippocampal pyramidal
neuron (hemond et al. 2008)

• Runtime: 76.722

When viewing most mod files describing an ion channel, an ICGenealogy button
appears. Clicking this button loads the corresponding page of the ICGenealogy
database which shows curated information about the channel model (how it was
derived, information about the underlying data, etc) and response curves.

Podlaski, Seeholzer, Vogels



ModelView



McDougal et al, Neuroinformatics 2015



McDougal et al, Neuroinformatics 2015



McDougal et al, Neuroinformatics 2015



McDougal et al, Neuroinformatics 2015





How do people use ModelDB?

Find a model described in a paper, download it, and experiment to
understand the model’s predictions.

Find a model described in a paper. Use ModelView to understand the
model’s structure.

Locate models and modeling papers on a given topic.

Locate model components (e.g. L-type calcium channel) for potential reuse.

Search for simulator keywords (e.g. FInitializeHandler) to find examples of
how to use them.

You can help by sharing your model code on ModelDB after publication.



Sharing your models

McDougal et al, submitted



Sharing your models

McDougal et al, submitted



Sharing your models

McDougal, Dalal, Shepherd in preparation; abstract from Morse et al, 2010.



Sharing your models

McDougal et al, submitted



Sharing your models

McDougal et al, submitted



@SenseLabProject: newly available models



Other resources



NeuroMorpho.Org

Tools    Miscellaneous    Import 3D

NeuroMorpho.Org is home to 50,356 reconstructed neurons from 212 cell
types and 37 species as of October 24, 2016.

Warning: not every morphology was reconstructed with the intent of being in
a simulation. Before using: rotate to check for z-axis errors, check to make
sure the diameters are not all equal.

Use the Import 3D tool to import morphologies into NEURON. For details,
see: neuron.yale.edu/neuron/docs/import3d



Channelpedia (Channelpedia.epfl.ch)

Home to information
about ion channels.

Many channels have
one or more
associated models
(e.g. different
species or cell types);
all are downloadable
as MOD files.

Shows gating
variable and channel
response to voltage
clamp for each
model.



Biomodels (www.ebi.ac.uk/biomodels-main)

Biomodels model (SBML)             LEMS model             MOD file
jnml -sbml-import BIOMD0000000073.xml 1000 5

jnml BIOMD0000000073_LEMS.xml -neuron

Biomodels is a systems biology model repository.

Models are in SBML but can be converted to MOD files via e.g. jNeuroML
(github.com/NeuroML/jNeuroML). Test converted models before using in a
larger model. Edits will likely be necessary to get them to interoperate with
other mechanisms.

A native SBML importer for NEURON’s rxd module is under development.



Open Source Brain (OpenSourceBrain.org)

Open Source Brain promotes collaborative model development via github.

Models are typically in NeuroML or neuroConstruct format; neuroConstruct
(neuroConstruct.org) converts both formats to NEURON.

The conversion process places different ion channels in different MOD files,
which allows extracting model components.



NeuroElectro (NeuroElectro.org)

NeuroElectro archives experimentally measured electrophysiology values for different cell
types; it shows the spread and allows comparing values across different cell types.

Read the paper associated with a value to understand: species, experimental conditions,
etc.



SenseLab (senselab.med.yale.edu)

Locations of
I A in CA1
Pyramidal

SenseLab is a suite of 10 interconnected databases (listed at left).

ModelDB and NeuronDB (at right) are the most useful for modeling.

NeuronDB shows what channels are present and the inputs and outputs by
cell region (e.g. distal apical dendrite vs proximal apical dendrite).



Stay up to date

Twitter
Many groups announce new developments on Twitter, including:

SenseLab (including ModelDB): @SenseLabProject

Open Source Brain: @OSBTeam

NeuroMorpho.Org: @NeuroMorphoOrg

ICGenealogy Project: @ICGenealogy

Int. Neuroinformatics Coordinating Facility (INCF): @INCForg
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