Don't reinvent the brain

Using ModelDB and other archives for your research

Robert A. McDougal
Yale School of Medicine

16 October 2015



General issues
[ Jelele]

General issues



General issues
0e00

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.
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Models are complicated
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Files per Model File Size

@ 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.
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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.
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Collaborate with an experimentalist.
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ModelDB

Part of the SenseLab Project
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Find models by

Find models for

Find models of

Other resources
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Search

Use the "search” box in the upper loft comer o find model entries

« by scoession number
= by a particular author
= by keyword {cell type, region, recepior, gena, transmitier, bopic, simiialor)
« use advanced saarch fof ion curments: because thess are short they ane problematic 1o search with free toaxt
- use advanced saarch far a combined keyword and full fext saarch
» prefix case sensitive words with *
= use * for completions
Or you may search for publications indexed in | B of Publ
New Model

modeldb.yale.edu
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What is in ModelDB?

Models for:
@ 176 cell types
@ 194 species
@ 52 ion channels, pumps, etc
@ 129 topics (Alzheimer's, STDP, etc)

1052 published models from 704 simulators
@ 509 NEURON models

Numbers are as of September 25, 2015
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Finding models

hin Q

hinf

hint-h

hines

hinton.hoc

hint

Authors

Hines ML * View all

Hines M *

Cell Type Olfactory Mitral Cell (Shen et al 1999)
Entorhinal cortex stellate cell Arnteriolar networks: Spread of potential (Crane et al 2001)
Region Olfactory Mitral cell: AP initiation modes (Chen et al 2002)
Entorhinal cortex Local variable time step method (Lytton, Hines 2005)

Transmitter Olfactory bulb mitral cell: synchronization by gap junctions
Norephinephrine (Migliore et al 2005)
Ephinephrine Discrete event simulation in the NEURON environment (Hines
Dynorphin and Camevale 2004)

Receptor Spatial gridding and tempaoral accuracy in NELURON (Hines and
Dynorphin Camevale 2001)
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TutorialTeaching

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.
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Anatomy of a ShowModel page

Search models.

italion s Browse models.

(1)

(2)

(3) Description of model.

(4) Paper(s) describing or using model.
(5)

Find models and papers cited by this
model's paper, or that cite this model.

(6) Searchable metadata.

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

(8) Link to download the entire simulation.

L (9) Auto-launch a NEURON simulation
g (requires browser configuration).

(10) Simulation platform (5 minutes of
==Ll (14) remote desktop access to experiment
with the model).

(11) ModelView: visualize model structure.

(12) 3D printable versions of cells from the
model (in 3DModelDB).

13) Directory browser, showing model files,
(14) View pane for the currently selected file.
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Identifying existing reuse
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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.
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Amyloid beta (IA block) effects on a model CAL pyramidal cell (Morse et al. 2010)
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Adapted from McDougal et al. Meuroinformatics 2015 (online ahead of print)
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Morse et al. 2010 - root: soma o L.

194 sections; 974 segments XY X-Z Y-Z
*1 cell with morphology

0 artificial cells

0 NetCon objects

0 LinearMechanism objects
“Temperature: 35°C
* Density Mechanisms

*1 point processes (0 can
receive events) of 1 base
classes

*7 files shared with other
ModelDB models

* References -200 0 200

400 600

McDougal et al, Neuroinformatics 2015 (online ahead of print)
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a Morse et al. 2010

o VS U 1isey
= 18 insened mechanisms
Ra
cm
% pas
“na_ion
“k_ion
ca_won
* cacum (gacumm.mod)
*cagk (cagk.mad)
*cal (cal2 mod)
*can (can2.mod)
¥ cat (cal.mod)
ds (gist.mas)
*hd (humod)
“kad (kadistmod)
Fhap (kapeox.mod)
*ledr (kdrcal.mod)
*nad (nadnmod)
* naux (naxn.mosd)

rool: soma

McDougal et al, Neuroinformatics 2015 (online ahead of print)

Morse et al. 2010
= Density Mechanisms -
18 mechanisms in use

na_ion
k_ion
ca_ion
= cacum (Cacumm,mad)
READs: ica
WRITES: cai,
Nonspecific Curmrent
Present in 193 sections
- cagk (cagk.mod)
READs: . ek
WRITES: ik
Present in 193 sections
Possibly temparature
dependent
* cal (cal2 mod) =
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Morse et al. 2010 = root: soma

“can (canZ.mod) XY | XZ Y-Z
gcanbar

“cat (cat.mod)
gcatbar

ds (distr.mod)

“hd (h.mod)
ghdbar
vhalfl

Morse et al. 2010

“kad (kadist.mod)
gkabar

“kap (kaprox.mod)
gkabar

“kdr (kdrcal.mod) 4 U:3tseid

gkdrbar
“na3 (na3n.mod)
sh
ghar
ar

nax (naxn.mod)

McDougal et al, Neuroinformatics 2015 (online ahead of print)

(636.2, -6, 100, -64.31)|
gkabar = 0.246790

200 400 &00 8OO
Distance from root



Morse et al. 2010

7 7 files shared with other

ModelDB models

T cagk.mod
A model of unitary
responses from A/C
and PP synapses in
CA3 pyramidal cells
(Baker et al. 2010}
CAl pyramidal
neuren; effects of
R213Q and R312W
K¥Z.2 mutations
(Miceli et al. 2013}

CAJ pyramidal neuron
(Safluling et al. 2010)

CA3 pyramidal
neurgn: firing

propertie

al. 2008)
“distr.mod
¥cal2.mod
Tcand. mod
“cat.mod
“ipulse2. mod
* naxn. mod

McDougal et al, Neuroinformatics 2015 (online ahead of print)

Morse et al. 2010

(Hemond et al. 2008)
distr.mod
* calZ.mod
*can2.mod
“cat.mod
* ipulse2.mod
“ naxn.mod
References
Paper in Ergnt. Neural
Circuits
ModelDB Entry
“Run Protocol
“Compiling
cd CAl_abeta
nmivmod]|
Launching NEURON
nmgui -python
Running
from neuron import b
h.load_file{*mosinit.hoc")
h.figland2()
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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. FlnitializeHandler) to find
examples of how to use them.

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



NeuroMorpho.Org

| @9 NeuroMorpho.Org % .

Tools p Miscellaneous p Import 3D

@ NeuroMorpho.Org is home to 31,982 reconstructed neurons from
140 cell types and 24 species as of seprember 24, 2015.

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

[

7 BioModels Data
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jnml BIOMD0000000073_LEMS.xml —neuron
Biomodels model (SBML) =——> LEMS model —> MOD file
jnml -sbml-import BIOMDO0000000073.xml 1000 5

@ 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.
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Open Source Brain (OpenSourceBrain.org)

Purkinje Cell
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Description

@ 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.
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NeuroElectro (NeuroElectro.org)
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Mewnon Types  Eleciophysiology Properies
resting membrane potential

E wabues od resting taranie J feuron types from literature

@ 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.
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@ 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).
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Stay up to date

Many repositories announce new developments on Twitter, including:
@ Senselab (including ModelDB): @SenselLabProject
@ Open Source Brain: @OSBTeam
@ NeuroMorpho.Org: @NeuroMorphoOrg




