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I. Introduction

NETMORPH is a modeling tool for generating neuronal
networks with realistic neuronal morphologies. NETMORPH
implements the dendritic growth model of Van Pelt and
Uylings (2007) which formulates phenomenological rules for
neuronal outgrowth and branching. It is complemented with
rules for outgrowth in three-dimensional (3D) space
concerning branching angles and directions of outgrowth.
Synapses are formed at those locations where axons and
dendrites are sufficient close in 3D space.

NETMORPH is unique as it use principles of neural
development for the generation of neurons and networks.
NETMORPH will be used to study the emergence of synaptic
connectivity during development, and its dependence on the
detailed morphology of axons and dendrites. The networks
can be used for simulations of activity dynamics.

Van et J. and H.8.M. Uylings. 2007. Modeling Neuronal Growth and Shape. In: Modeling Biology ~ Structures,
Behaviors, Evolution. M.D. Laublicher and G.B. Maller (eds). The MIT Press 2007, Cambridge, MA, pp195-215.

IV. Rat layer 2/3 pyramidal cells, ~ 14 days

VII. Outgrowth of NETMORPH Neurons
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Branching model: Branching
The probability density of a branching event at a terminal segment of
centrifugal order y is given by:

p (tlny)=DOn@) 27 /C)
with an exponential shape for the baseline branching rate function

D(f)=ce' andwith B(f)= J; D(s)ds=B,(1-e"'")

Branching angles are calculated using a balance of forces model:

X, balance of forces
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V. Validation with experimental data

S1-rat layer 2/3 Pyramidal basal dendrites
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Van Peltetal, 2001

observed: model predicted: netmorph result
Shape parameter: Mean  STD Mean STD Mean  STD
Degree 404 204 405 202 4.09 207
Asymmetry index 041 024 04 023 0409 0231
centrifugal order 1.86 12 185 1.19 185 121
total dendritc length 5276 265 5282 2726
terminal length 107 452 11262 448 1099 506
intermediate length 2 179 236 18 2399 216
path length 1638 481 1646 45 1604 466
NETMORPH results compared to results on the dataset

dendrites (red), axons (green), synapses (blue disks)

Ill. Methods, continued

Elongation:

After a branching event, the daughter branches get new
elongation rates, drawn randomly from a normal distribution.
Direction of outgrowth:

A history tension model is used for calculating the fluctuations
in outgrowth direction: E[d] = Zk'f" = Zk(M" /D) -uy

Important parameters are: B, E, S, 1, and elongation rates.
Neuronal shape properties are calculated with the program
NMCentral.

A genetic algorithm is used for finding optimal model
parameters for a given cell type.

Neurons and networks generated by NETMORPH are
visualized using Neuron4D which supports POVRAY.

VI. 3D analysis

IX. Results

Contact: arjen.van.ooyen@cncr.vu.nl, jaap.van.pelt@cncr.vu.nl

Comparison of 3D dendritic shape properties of NETMORPH model
neurons with reconstructed rat layer 2/3 pyramidal neurons

(htip//NeuroMorpho.Org, .swe files obtained using keywords: pyramidal cell, rat, layer 2/3, Markram).
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A 2D example of Sholl analysis with the number of
intersections with a set of equidistant circles. (Figure
from: Uylings & van Pelt, 2002)
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Comparison of shape properties of reconstructed and model-generated neurons

Observed MORPH NeuroMorpho Org
(47 days) osul (13 days) data

Shape parameter: Men  STD  Mean STD Vean  STD

Degree 404 204 395 200 443 267
Tree asymmetry index 041 024 046 0233 0407 0191
Centrifugal order 18 12 189 125 166 115
Total dencrii length 30 200 w5 262
Terminal segment length 107 452 803 87 683 a2
Intermedate segment length 2 178 221 196 269 253
Path ength 1638 4.1 1282 354 1234 481

NETMORPH is a powerful tool for generating networks of
neurons with realistic morphologies.

It has been validated on S1-rat layer 2/3 Pyramidal cells, and
creates realistic dendrites as compared to experimentally
reconstructed neurons. The genetic algorithm proved to be a
useful tool for finding growth parameters that produce
morphologically realistic dendrites. 3D properties of the
dendrites were further validated by using Sholl-3D-intersection
analysis and curvature ratios.

Future plans:

« NETMORPH will be used to describe a variety of different
cell types. Its applicability for describing axonal branching
patterns will further be investigated.

« Emergent synaptic connectivity patterns in outgrowing
networks will be studied for their dependence on axonal and
dendritic morphology and for their ‘small-world’ properties.

* Implement NETMORPH as an open source scientific

research tool.
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