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1 Introduction

VND is a neuroscience-specialized adaptation and repackaging of the popular molecular visualization program
VMD. VND supports the SONATA neuronal network modeling le format and can create visualizations of
the structure and dynamics of neuronal simulations. Key features of VND include:

" Support for Linux and macOS (Intel and ARM/Apple Silicon)

" Support for multicore processors.

Support for GPU-accelerated computation.

https://tcbg.illinois.edu/Research/vnd/

1.1 Downloading VND

Before staring the tutorial you need to download the current version of VND. This tutorial requires VND

release 1.14 or later. VND supports Linux and macOS, and can be obtained from the VND homepage shown

below. Follow the instructions online to install VND on your computer.
http://www.ks.uiuc.edu/Research/vnd/vnd-1.9.4/files/alpha/

1.2 Tutorial Topics and Files

The tutorial contains several sections, each section acts as an independent tutorial for a speci ¢ topic, with
the section layout as shown in Contents. We suggest that readers with no prior VND experience work
through the sections in the order they are presented. Readers already familiar with the basics of VND may
selectively pursue sections of their interest. Several les have been prepared to accompany this tutorial. You
will need to download these les at https://www.tcbg.illinois.edu/Training/Tutorials/vnd/

1.3 BMTK and SONATA

The Brain Modeling Toolkit (BMTK) is a Python-based software package for building, simulating and
analyzing large-scale neural network models. It supports the building and simulation of models of vary-
ing levels-of-resolution; from multi-compartment biophysically detailed networks, to point-neuron mod-
els, to Iter-based models, and even population-level ring rate models. For more details visit https:
/[alleninstitute.github.io/bmtk/

The SONATA Data Format is a Scalable Open Data Format for multiscale neuronal network models and sim-
ulation output, jointly developed by the Allen Institute for Brain Science (AIBS) and the Blue Brain Project
(BBP) of the Ecole polytechnique Bderale de Lausanne (EPFL). The SONATA Data Format provides:

~ Facilities for representing nodes (cells) and edges (synapses/junctions) of a network. It uses table-based
data structures, hdf5 and csv, to represent nodes, edges and their respective properties.

A JSON-based le format for con guring simulations, including specifying variables to record from,
and stimuli to apply.

For more details visit https://github.com/Alleninstitute/sonata



2 WORKING WITH A SINGLE MODEL

Figure 1: Visual Neuronal Dynamics window, showing the "Main' tab with “Systems'

"Representations' interfaces.

2 Working with a single model

In this section you will learn the basic functions of VND.
We will start with loading a model and displaying the
neuron(s), by adding graphical representations based on
a selection. This section uses an example model from the
SONATA Github repository (300 _cells). Files are pro-
vided in the VND tutorial folder. This is a small model,
comprised of 300 (internal) neurons and can help under-
stand modeling with SONATA and BMTK.

2.1 Loading a Model

The rst step is to load the model. Based on the SONATA
le format, the circuit _con g.json le contains the man-
ifest of the les required to represent the model.

1. Start a VND session.

2. In the VND Main window, choose 'File'! “Open
File'".

3. Browse to the directory "30Qcells' and selectcir-
cuit _con g.json . Click "Open'.

4. Now the VND window should populate with details
from the model (Fig. 1), which should appear with a
default representation in the OpenGL window (Fig.

Figure 2: VND OpenGL
300cell example model.

, Information' and

window showing
Default representa-

2). tion: selection "all', style “'soma’, coloring method
"Type' and material "Opaque'.
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Figure 3: VND window showing the "Navigation' tab, which contains the "Mouse Mode' and "Object Man-
agement' interfaces.

2.2 Navigation on the Display window (OpenGL)

In order to see the 3D structure of our model, we will use the mouse in multiple modes to change the
viewpoint. VND allows users to rotate, scale and translate the viewpoint of your molecule.

1. In the OpenGL Display, press the left mouse button down and move the mouse. Explore what happens.
This is the rotation mode of the mouse and allows you to rotate the molecule around an axis parallel
to the screen.

2. If you hold down the right mouse button and repeat the previous step, the rotation will be done around
an axis perpendicular to your screen. (For Mac users, the right mouse button is equivalent to holding
down the command key while pressing the mouse button).

3. In the VND Main window, look at the "Navigation' tab for the Mouse Mode (Fig. 3). Here, you will
be able to switch the mouse mode from Rotation (R) to Translation (T) or Scale modes (S).

4. Choose the Translation mode and go back to the OpenGL Display. You can now move the molecule
around when you hold the left mouse button down.

5. Go back to the Mouse Mode and choose the Scale mode this time. This will allow you to zoom in or out
by moving the mouse horizontally while holding the left mouse button down. While in the OpenGL
window, you can switch between the mouse modes pressing the corresponding hotkey (R, T or S) in
your keyboard.

In the VND window, select the "Display' ! “Reset View' menu item to return to the default view. You
can also reset the view by pressing the \=" key when you are in the OpenGL Display window.
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2.3 Representations of neurons

VND can display your model in various ways, using the Representations menu in the "Main' tab (Fig. 1). Each
representation is de ned by four main parameters: the selection of neurons included in the representation,
the drawing style, the coloring method, and the material. The selection determines which part of the
model is drawn (e.g. “all’), the drawing style de nes how the neurons are represented (e.g. as spheres or
full morphology), the coloring method gives the color of each part of the representation, and the material
determines the e ects of lighting, shading, and transparency on the representation. Let's rst learn how to
create, show/hide and delete representations.

In the VND window, select the "Main' tab. On the right, a section called "Representations' shows the
controls to de ne the current representation displaying your model. In the top panel, three buttons control
the creation of new representations, whether to hide or show them, and to delete unwanted representations.
The middle table present the available representations with minimal details and whether they are active
(shown, in black) or not (hidden, in red). Clicking on a representation from the table allows to change its
selection, style, coloring method or material.

2.3.1 Create - show/hide - delete representations

1. Click on the representation that appears on the table (given by the characteristics: “soma’, "Type', "all’).
The table highlights the selected representation. Then, click on the "Show / Hide' button to toggle the
view of this representation. Check that a hidden representation disappears from the OpenGL window
and its font changes to red in the representation table, instead of black for shown representations.
Click the button to show the representation on the OpenGL.

2. Create a new representation using the button "Create rep'. By default, it copies the previously selected
representation but we are going to explain how to make changes in the next sections. Having multiple
representations provides mixture of di erent selections with di erent styles and colors, all displayed at
the same time.

3. Finally, click and select a representation and then press the "Delete Rep' button to remove it.

2.3.2 Displaying di erent selections

1. Let's see how to change the selection of a representation. Click on the representation in the table and
then edit the “Selected Neurons' entry to write 'soma x< 0' and press enter. You should now see this
change re ected in the OpenGL window, where only part of the neurons are represented (Fig 4, left).
The full list of keywords for a selection query is provided in Appendix A.

2. Create another representation and change the selection to “stride 100', which means draw 1 every 100
neurons. (For a less cluttered view, keep in mind you can always toggle o other representations with
the "Show/Hide' button.) Using “stride' is useful when working with large models or when looking to
see individual neurons with full morphology. We are going to explore this drawing style soon.

3. Finally, create a new representation and change its selection to “(soma x 0) && (soma y > 0).
This is an example of how to add syntax to create complex selections. Now use the "Show / Hide'
button to hide the representations leaving only one visible each time, and compare the di erences in
the selections.

2.3.3 Browsing reserved and non-reserved attributes

1. Click on the "Keywords' tab beneath the "Selected Neurons' entry. Observe that there are 3 columns
present: "Attributes’, "Values', and "Min/Max'

2. Scroll through the rst column labeled “Attributes' to observe various reserved and non-reserved prop-
erties. Reserved attributes apply to all neuronal models (les) as opposed to non-reserved which are
model ( le) speci c.
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Figure 4: VND OpenGL window showing 30Qcell example model. Modi ed representations: (left) selection
‘soma x< 0', style 'soma’, coloring method "Red'. (middle) selection “stride 100', style "morphologgph’,
coloring method "Type'. (right) selection “(soma x> 0) && (somay > 0)', style 'soma’, coloring method
“Type'. All representations have material "Opaque’.

3. Select an element in the "Attrtibutes' column to display values of each selected attribute.

4. Double-clicking an element in the “Attributes' or "Values' column appends that text to the “Selected
Neurons' entry. This assists query construction with quick and error-free addition of attribute names
and values.

2.3.4 Exploring di erent coloring methods

In the current version of VND there are two coloring methods available for our representations.

The default coloring method is "Type'. In this coloring method each individual neuron is colored by the type
of neuron present in the data. The other coloring method is “Color', which opens another menu to select
the color from an extensive list. Lastly, drawing by "Compartment Type' colors neuron morphology based
on their biological structure.

1. Click on a visible (black font) representation and choose “Coloring Method! “Color' and select "Red'.

2. Try coloring each representation in a di erent color.

2.3.5 Exploring di erent drawing styles

In the current version of VND, there are two main drawing styles for neurons. “soma' depicts neurons as
spheres, whereas "morphology' shows full morphology details when available in the model. The “morphol-
ogy_draft' and “morphology_line' styles display much more quickly than the “‘morphology’ style, and are good
choices when graphics hardware is limited or many neurons are displayed. There are other drawing styles
used to show neuron connectivity, but that will be covered in section 4.

1. In order to see details of the full morphology, let's work with a representation that shows a few neurons
(stride 100".

2. Select the “stride 100' representation in the table and "Style! “morphology' to change its style. In
the current version, this drawing style is very computationally demanding and can take extra time to
process depending of the number of neurons required. For faster display of neuron morphology, try
“Style' I  “morphology.draft’ and “Style' ! “morphology.line' to use these simpler but much faster
drawing styles.
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Figure 5: Double-clicking on elements in the "Attributes’ and "Values' tables appends that item to the
“Selected Neurons' entry eld.

3. Use the "Show / Hide' button to toggle between the representations to have a better view of the di erent
styles.

2.3.6 Exploring di erent materials

In the current version of VND, we provide a list of pre-de ned options for materials. Each material interacts
di erently with light and gives representations di erent appearances.

1. Click in on a representation and select "Material'! “Transparent. Now the surfaces de ning that
representation are clear or see-through.

2. Explore di erent materials for your representations. Take into account that some of them might not
look that di erent in the OpenGL. This is because some materials (e.g. Glass, AOShiny) require to
activate advanced render options before noting all its features. We are going to see the advanced render

options in section 7.

2.3.7 Exploring the rulers

The ruler overlays (Fig. 6) provide helpful cues to assess the size of the model system and its components,
both during interactive use and in gures for publication. The ruler options | side tape measures, grid, and
scale bar | change dynamically as the user zooms in and out.

1. In the main VND Menu, select "Display' ! “Ruler'

2. In the resulting "Ruler Settings' window, in the drop down menu for "Pick a ruler style', select “tape’,
“grid’, or “scale'. Try out each ruler style; zoom in and out on the scene with each to see how the ruler
value and ruler markers change.
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Figure 6: The three kinds of ruler overlays (from left to right): scale bar, tape, and grid.

2.3.8 Exploring di erent visual scaling

The drawing size of a representation can be increased to help di erentiate it from other representations, or
to be seen more easily when a large model is zoomed out (Fig. 7). Scaling changes a ect all main neuron
drawing styles: soma, morphology, morphologydraft, and morphology_line.

1. With a representation selected, in the Drawing tab, change the "Scaling' value by clicking the up and
down arrows.

2. Enter a number for a desired scale by typing in the eld 'Scaling'! "2.5' The keyboard up and down
arrows can also be used when typing in the text eld.

Figure 7: Scaling changes seen for a morphology selection in the VND OpenGL display.

2.4 Saving your work

The viewpoints and representations that you have created using VND can be saved as a VND state. This
VND state contains all the information needed to reproduce the same VND session without losing what you
have done.

1. Save the current VND state. Go to "File'! “Save Visualization State'. Choose a le name a click save.

2. Then, close VND and start a new VND session.

3. Load the previous VND state in the new instance. Go to "File'! "Load Visualization State'. Select
the le you saved and click open. You should be able to see the same session you saved.
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Figure 8: VND OpenGL window showing the 30Qcell example model and a Neuropixels probe. (left) initial
con guration after loading the object. (right) scene composition after object manipulation.

3 Adding objects to the scene

Creating a composite image is possible in VND. Geometric forms can be added to the scene as "PLY" les.
In the following example, we will add a Neuropixels probe to our 300cell example model.

3.1 Loading a PLY le

1. Goto "File'! “Add Obiject'. Browse to the “neuropixelsprobe' folder in the VND tutorial les, and
select the le shank _to _scale_shortened _c.ply .

2. The initial position of the probe is given by the le, but VND allows you to move the shape using the
“Navigation' tab.

3.2 Object management

1. In the “Navigation' tab select the object you want to interact with.
2. Let's use the buttons to translate and rotate the object so it ts close to our model.

3. In the "Rotate around Z' line, edit the entry value to 90 and press the “-' button. This should rotate
the probe -9 on the Z axis, and make the probe parallel to the Y axis.

4. In the "Translate in Y' line, edit the entry value to 60 and press the “+' button. This translates the
probe 60 units along Y.

5. Rotate the probe -1® on the Y axis to see some of the probe geometrical features.

6. Finally, change the color of the probe to “cyan'
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4 Displaying connections between neurons

In this section, we will learn how to draw the connections (edges) between neurons present in the model.
We will continue using the “30Qcell' example model and the same representations we created in section 2.

4.1 Loading Edges information

The connectivity information in the model is present in the samecircuit _con g.json . This time, we will
load this data and visualize it.

1. Start a new VND session or go to "File' ‘Reset VND'

2. Goto ‘File'! “Open File with Edges'.

3. Browse the directory and selectcircuit _con g.json . Click "Open'.

4. VND should load the model with the edges information and de ne the default “all' representation.
5

. Let's create the same representations we used in section 2. Here you can practice what you learnt, or
load the visualization state with the representations' information provided by the le loadreps.tcl .

»

. Delete the default “all' representation if needed.

4.2 The Connectivity tab

The connectivity tab helps on the display of edges between neurons by guiding the user on the creation
of connection representations. There are three sections in the tab: "Source', "Target' and "Representation
con guration'. The rst two de ne the selection of neurons to evaluate connectivity in the model. The last
one provides a way to con gure the representation. Let's explore this tool with an example.

1. Click on the “Connectivity' tab.
2. On the "Source' section, use the drop-down menu to use the existing selection “stride 100"

3. On the "Target' section, use the drop-down menu to use the existing selection “(somax 0) && (soma
y > 0).
4. Change the color of the representation to “white'.

5. Click the “Create connection rep' button. You should be able to see edges drawn in white in the
OpenGL window (Fig. 9, left).

6. In this version of VND, connection representations are shown in the "Representations' table in the
"Main' tab. You can use the "Show / Hide' and "Delete Rep' buttons but you can't edit the connection
rep using the options. If you want to change something of the connection rep, you need to create a
new one in the "Connectivity' tab.

7. Create another connection representation in color pink, but this time exchanging the source and target.
Compare the two connection representations, use the “Show / Hide' button in the "Main' tab to help
you. Figure 9 (middle) shows this representation.

8. So far we've been using the default style for connectivity representations, “simpledge’, which draws
a cylinder connecting the two neuron selections. There are other styles available that provide com-
plementary information about the edges of the model. Table 1 provides the explanation for the styles
available in VND.

9. Let's create another connection representation, in blue, with the same “Source' and “Target' but with
the style "sourcesoma’. Figure 9 (right) shows all the connection representations created in this tutorial
together. This new representation helps to highlight in blue those neurons that do have a connection,
among the those that were selected as a source (spheres in other colors).
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