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1 Introduction

The NeuronMorpho plugin for ImageJ allows the user to measureithg and z coordinates of a
selected point of a stack of confocal images and the radittseeaforresponding section of the neuron
together with other information that can be used to recanstthe neuron morphology. The mea-
surement output is iswcformat. It is possible to transform it inlzocfile for the programneuron
(written by Ted Carnevale and Michael Hines, http://wwwims.yale.edu/neuron/newhome.html)
using the neuron morphology viewevapp (written in Java by Robert Cannon and available at
http://www.compneuro.org).

2 Quick guide

Once the plugin has been installed (see the Downloadingrestalation section) we can measure the
morphological data of a given neuron whose confocal imagestared in an ImageJ stack. The steps
involved are (see following sections for more detailed arglions):

1. Load the stack of images using B@enentry in theFile menu.

2. Push the straight line selection button in the tool bameédeJ. This step is not essential in
order to use the plugin, but it makes its use easier.

Load the plugin from th@luginsmenu of ImageJ.
Once the plugin window appears press $tart button.

Identify in the stack of images a section of the neuron whamordinates you wish to measure.

o o > W

Press the Shift key and keep it pressed for all the timethigaineasurement is takeNdgte: in
some versions of ImageJ, pressing the shift key forces thight line selection to be either hor-
izontal or vertical. This has no effect on the plugin, but d@kas visualisation of the measured
section rather hard. In this case it may be more conveniemseédhe freehand line selection.]

7. Move the mouse to one side of the section; press the Idftrbaind drag the mouse across to
the other side of the section. Release the left button. A fowarphological data including the
coordinates and the radius of the section will appear indbet

8. Repeat steps (5) to (7) for all the points of the neuronythatwish to identify.

9. Save the data to a file using tBavebutton of the NeurorMorpho plugin.
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3 Downloading and installation

In order to use the NeuraMorpho plugin ImageJ must have been installed. It can be taded
from http://rsb.info.nih.gov/nih-image/lf one wishes to compile the plugin then also a suitable ver-
sion of Java must have been installed (see the ImageJ dotatioarfor further information).

The plugin, this manual and all the files used in this example lse downloaded from the Neu-
ron_Morpho plugin home page at the URL

http://www.maths.soton.ac.uk/staff/D’Alessandro/ptuy

The plugin is written in Java: its source code is containethanfile “NeuronMorpho.java”. You
can run the plugin by downloading only this file and, everjuéhe online documentation. However,
it is probably easier to download the zipped archive “Neuktorpho.zip”, that contains the online
documentation, the executables and the source code.

3.1 Easyinstall
1. Download the file “NeurarMorpho.zip” in the “plugins” subdirectory of the ImageJelitory.
2. Unpack the archive using wkzip or unzip.

3. Nexttime Imagel is started an item called “Neuron Morphili’appear in the “Plugins” menu.
By selecting it the plugin will be activated.

3.2 Sourceinstall

In order for this installation to work a suitable version af/d must have been installed (see the ImageJ
documentation for further information).

1. Download the file “NeurarMorpho.java” in the “plugins” subdirectory of the ImageJaditory.
2. Start ImageJ.

3. Pull down the “Plugins” menu and select “Compile and Run..

4

. In the “Compile and Run...” window select “Neurdhorpho.java”’ and press OK. The plugin
will be compiled and, if the compilation is successful, itlstart.

5. Next time you run ImageJ there is no need to compile theiplagain: an item called “Neuron
Morpho” will appear in the “Plugins” menu and by selectinghié plugin will be activated.

6. In order for the online documentation to be available yastalso follow the “Documentation
Install” steps.

3.3 Documentation install
Unless you have chosen the “Easy install” option you musaihthe documentation by hand.

1. Download the zipped archive “Neurdviorpha.doc.zip” in the “plugins” subdirectory of the
ImageJ directory.

2. Unpack the archive using wkzip or unzip. A subdirectorjleth“morphadoc” will appear:
it contains a few image files and the HTML version of this instion manual. This can be
accessed using the Help button of the plugin.
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Figure 1:Z projection of the average intensity of a stack of threeeslithat represent a toy neuron.
The arrows indicate the direction in which the neuron is &ese when taking measurements.

4 How to usethe Neuron_Morpho plugin

4.1 Loading a stack

Load the stack of images either using Bierad readerplugin (for biorad stacks) or the open com-
mand in the file menu of ImageJ (for more standard stacks of@sia It is convenient to produce
a z-projection mage/Stacks/Z projecthoose either average intensity or maximum intensityhef t
neuron to use it as a map for later on (see Figure 1). If theamecontains many small details it may
be advantageous to print more detailed maps of smallernmsgiad/or to make projections of fewer
slices.

4.2 Thedataformat

The NeuronMorpho plugin allows us to take measurements by drawing agstr line across the
section of the neuron that we wish to represent: the plugtaing the radius of the section by com-
puting the length of the line and dividing it by two. The comtes of the centre of the line are the
x andy coordinates of the point. Thecoordinate is the index of the current slice. The data foheac
represented point is in the following formawic forma}:

n T o y 2z R P
In this format,n is an integer label (normally increasing by one from oneiihe next) that identifies
the point.T" is an integer that represents the type of neuronal segmdémt.cdnvention used by this
plugin is given by the following table:

Value | Meaning || Value | Meaning
0 Undefined 4 Apical dendrite

1 Soma 5 Fork point
2 Axon 6 End point
3 Dendrite 7 Custom

The “custom” entry could be used to identify sections thatehaparticular meaning for a specific
neuron. The user never sees the integers: the plugin autaitatransforms them using the above
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Figure 2:Window of the Neuraorpho plugin. The measurements will appear in the table.

table and prints the type of section in words, y and z are the three coordinates of the point of
the neuron and? is the radius of the sectionP is an integer that represents the point preceding the
current one when moving away from the soma. It is usually el of the point of the previous row
except for the first row (where it set tol) and at forks in the neuron (see later). Téwecfile may
contain a header with comments. Each line of the heames start with a “#” (hash) character.

4.3 The plugin window

Start the NeurorMorpho plugin by selecting it from thBluginsmenu. A separate window should
appear (see Figure 2). The centre of the window is a table evbolsimns correspond to the headings
of the swc format. Each new measurement is added at the figglydime. The top row contains four
buttons:

Open Open an swc file that contains previously made measuremdiits. data in the file will be
shown in the table and the new measurements will be appendbdm.

Save Save the measurements in an swc file. This file can either loedb@cvappto produce a hoc
file for neuron or can be loaded again by the Neukdorpho plugin if more measurements are
needed.

Delete This button deletes the selected row. A row in the table iscdet by clicking the left mouse
button on it. If more than one row is selected only the topmastwill be deleted.

Help This button loads the online help in a separate Help winddwve glugin assumes that the help
files are contained in a subdirectory of the “plugins” diorgtcalled “morphadoc”. If this is
not the case, the correct URL can be specified in the text ftattkaop of the Help Window.
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Quit Quit the NeurooMorpho plugin.
The bottom row contains two buttons:

Start Press this button when ready to start taking measurements.

Stop Press this button when wishing to stop taking measurements.

The start and stop buttons can be pressed as many times akesnduring a single measurement
session. The new data will always be appended at the bottdhe déble.

4.4 Taking measurements

The NeuronMorpho plugin allows us to take measurements by drawing aigétr line across the
section of the neuron that we wish to represent. Moreovegsmements are takemly if the Shift
key is pressedll the time that the mouse is dragged. This means that the image can bputahed
while taking measurements without affecting the measunémpmcess. If we wish to have a visual
aid when measuring, we should press the line selectiontbirtthe ImageJ tool balNote: in some
versions of ImageJ, pressing the shift key forces the $itdige selection to be either horizontal or
vertical. This has no effect on the plugin, but it makes Misation of the measured section rather
hard. In this case it may be more convenient to use the freehaa selection.]. Finally, before
starting taking measurements it is convenient to chooséhagrathe neuron along which to take the
measurements. The Neurdorpho plugin assumes that the path chosen will be to folldwesach to
its end, then backtrack to the last fork and follow the othranih to the end and so on (see Figure 1).
If this strategy is followed (and the “fork” and “end pointate dutifully entered) then the plugin will
be able to correctly guess the entries in the “Previous” moluHowever, we may take the points in
whatever we want (even random): in this case we will have ttbywband the entries in the “Previous”
column because it is quite likely that the suggestions pledviby the plugin will be inappropriate.

For the purpose of this example we will follow the path indézhin Figure 1. The stack of images
(down-loadable from the NeuroMorpho plugin homepage) that represent the toy neuron hasign
three slices. The soma is the ellipse on the right hand sidésdacated in the middle slice. Go to that
slice. The first point of the neuron that we wish to represetihé rightmost point of the soma. Keep
the Shift key pressed during the entire measurement. Getwghright hand most corner of the soma,
press the left mouse button and drag the mouse down to thenboitght hand most corner. Release
the mouse button keeping the Shift key pressed. A line (ofrefefined colour) should appear on the
neuron to indicate the selection. We can increase the tagskof the line by usingdit/Options/Line
Width... (see Figure 3: in producing this figure a line thickness of § baen used and the colour
of the selection has been changed by hand. A smaller thisksgzrobably more appropriate when
making “real” measurements.)

The following line should appear in the Neurdorpho plugin window (measurements taken by
different people may be slightly different because theyemgpon the line drawn on the slice):

1 undefined 508.50 199.00 2.00 15.01 -1
The first number], indicates that this is the first point, the second entnglef i ned indicates that

the plugin had no idea of what section has just been measiitéd.can be changed by clicking on
the cell and choosing the appropriate entry from the list mtfams that will appear (see Figure 3).
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Figure 3: (Left) First measurement used to represent the neuron angsmonding entries in the
plugin table. The centre panel shows the table entry immelgiafter the measurement has been
made. The “Type” of section is undefined. This can be changedja pull-down menu that becomes
visible by clicking on the table cell.

From now on the plugin normally assumes that the type of meseztion is the same as that in the
previous row. However, if the previous measurement coardp to either a “fork” or an “end point”
the plugin assumes that the type of the current point is “d&id It is always possible to change the
type of section by hand, if the suggestion offered by theipliginappropriate.

The third, fourth and fifth numbers of the line are the; andz coordinates of the point, the sixth
number is the radius (all in pixels). The last number is tlikeinof the previous point: since this is the
first point this index is set to -1. Notice that the Neudiorpho plugin assumes that in general the
“previous point” entry is the index of the point in the prewgrow. The only exception is when the
point in the previous row is an “end point” in which case thegigous point” entry is the index of the
most recently measured fork point that has only one brarfahisl is not the case then the “previous
point” entry may be edited by hand by clicking on the tabld.o&hy label can be entered, but there
is also a pull down menu that contains all the fork points mea$thus far (see Figure 4).
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Figure 5: The first points selected. Note that at 7 the neuron forks amdwst choose to follow one
branch (in this case, the top one). The “Type” entry for painimber 7 has been changed using the
pull down menu. The green bars denote forks.
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Figure 4:If the path indicated in Figure 1 is followed and the “fork” driend points” are correctly
indicated then the plugin will guess correctly the entriesthe “previous point” columns. However,
should these be incorrect we can edit the entry by hand orheseull down menu. This contains the
list of all the fork points measured thus far.

One should select points where the radius or the coordirditasge appreciably (as in points 1
and 2 of Figure 5). The selected points on the middle sliceshosvn in Figure 5. At 7 the neuron
branches and we have selected to follow the top branch. Wanfohis to the end (see Figure 6) and
then get back to the bottom branch which we again follow setiiéy to the end (see Figure 7).
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Figure 6: We follow the top branch completely before starting thedsotbranch. The green bars
denote forks, the red bars end points.

The measurement process can be interrupted at pleasureegsimm the stop button. It can be
resumed by pressing the start button. Moreover, the datdeastored in a file at any stage of the
measurement process (and it may be a good idea to save thefarhkegust in case the computer
should melt under the strain). Should we wish to stop corepletve can save the data to a file,
quit the plugin and close ImageJ. Next time we can contineenteasurements from where we had
stopped by loading the measurement file using the “Openbbutt

5 cvapp and neuron

Once all the measurements have been made we can save thertefeafimorpho.swand read it
using the program cvapp, written by Robert Cannon (see EigurThis program can be downloaded
from http://www.compneuro.org. Cvapp allows the user t@ &tk neuron structure, to scale the
x, y andz coordinates, to view the neuron in 3D using red and green filte, finally, to write the
morphological data in a hoc file that can then be read by thgram neuron, written by Ted Carnevale
and Michael Hines (http://www.neuron.yale.edu/neuremimome.html). The neuron as loaded by the
program neuron is shown in Figure 9.
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Number Type T y z Radius Previous

1 1 50850 199.00 2.00 15.00 1

2 1 489.00 199.50 2.00 25.50 1

) 3 1 468.00 200.00 2.00 31.00 2
0 4 1 439.00 199.50 2.00 31.50 3
9 5 5 1 412.00 20050 2.00 25.50 4

6 3 391.00 19850 2.00 5.50 5

6"".' 7 5  328.00 199.00 2.00 6.00 6

24 0 7 5432 1 8 3 26550 163.00 1.00 8.01 7

1 9 5  218.00 137.00 1.00 7.00 8

>3 10 5 15750 106.00 1.00 7.02 9
11 5 113.00 8050 1.00 6.50 10

25 12 6 6500 5550 1.00 6.50 11
13 6 6300 10500 1.00 5.00 11

14 3 13250 12650 1.00 8.01 10

15 5  114.00 13850 1.00 8.50 14

16 6 8150 12350 1.00 7.51 15

17 6 8950 16950 1.00 6.52 15

18 3 182.00 15650 1.00 6.57 9

19 6 14950 169.00 1.00 6.02 18

20 3 28150 22750 3.00 6.52 7

21 5  241.00 24950 3.00 7.50 20

22 6  147.00 211.00 3.00 4.00 21

23 5 17850 287.00 3.00 6.02 21

24 6  96.00 25450 3.00 7.50 23

25 6 9950 33650 3.00 552 23

Figure 7:All the measurement points and their coordinates. Afteirigatollowed the top branch to
the end we come back to the bottom branch.
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Figure 8: The swc file of the toy neuron used Figure 9:The hoc file produced by cvapp has

in this example has been loaded into cvapp. been loaded by neuron. The figure shows the
three dimensional reconstruction of the toy

neuron.



