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1. System Requirements

The software requires Windows XP operating system or higher and enough RAM to import the whole
image sequence.

Although a resolution of 1280 x 720 would be enough to run the software, we recommend a
resolution of 1920 x 1080 or higher.

Operating system Windows XP or higher

RAM 2GB

Hard Disk 1 GB free space

Resolution 1280 x 720 (min)
1920 x 1080 (optimal)

The latest version as well as test data can be downloaded from the project home-page:

http://campus.uni-muenster.de/index.php?id=7011



http://campus.uni-muenster.de/index.php?id=7011
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2. Installation of the CellBorderTracker package

-

: | | « DVDRW Drive (E) CBT... » CET Installer » | 44 ||| search cBT instatier 2|

Organize » Eject

-

MName Date modified Type

. bin 3/22/2013 2071 PM File folder
. license 3/22/2013 207 PM  Filefolder
| supportfiles 3/22/2013 2:07 PM File folder
| nidist.id 3/22/2013 1:58 PM 1D File 1KBE
o et 7/24/2012 11:58 AM  Application 1,391 KB
.ﬁ_, setrfg 3/22/2012 1:59 PM Configuration sett... 13 KB

6 items

Start the setup program.

1 ceT
i —————— ——_______———————

Destination Directory
Select the primary installation directary,

Al software will be installed in the following locations. To install software into a
different locations, click the Browse button and select another directory.

Directary far CBT
|c-\ng.ammas\caT\ |[ Browse... |

Directory for National Instruments products
|C:\Proglam FilesNationa! Instruments®, | [ FrEra ]

[ «Back || Mewss [ Cancel

Choose the installation path.

g ar -
_=———————————————— . =
License Agreement
Yau must accept the licenses displayed below to proceed

NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT [‘I

INSTALLATION NOTICE: THIS IS A CONTRACT. BEFORE YOL DOWNLOAD THE SOFTWARE
AMD/OR COMPLETE THE INSTALLATION PROCESS, CAREFULLY READ THIS AGREEMENT. BY
DOWNLOADING THE SOFTWARE AND/OR CLICKING THE APPLICABLE BUTTON TO
COMPLETE THE INSTALLATION PROCESS, YOU CONSENT TQ THE TERMS OF THIS
AGREEMENT AMND YOU AGREE TO BE BOUND BY THIS AGREEMENT. IF YOU DO NOT WISH TO
BECOME A PARTY TO THIS AGREEMENT AND BE BOUMD BY ALL OF ITS TERMS AND
CONDITIONS, CLICK THE APPROPRIATE BUTTON TO CANCEL THE INSTALLATION PROCESS,
DO NOT INSTALL OR USE THE SOFTWARE, AND RETURN THE SOFTWARE WITHIN THIRTY
(30) DAYS OF RECEIPT OF THE SOFTWARE (WITH ALL ACCOMPANYING WRITTEN MATERIALS,
ALONG WITH THEIR CONTAINERS) TG THE PLACE YOU OBTAINED THEM. ALL RETURMS
SHALL BE SUBJECT TO NI'S THEM CURRENT RETURN POLICY.

The software ta which this National Instruments license applies is CET.

@ f.accept the Licenss Agreement.

) | do nat accept the License Agreement.

[ «Back [ Mewss [ Cancel

Accept the license agreement.
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Start Installation |
Rieview the falowing summary before continuing.

Adding or Changing

» NI Wision RureTime Engine 2011
NET Languages Support
Activex, Support

» CBT Files

Click the MNext button to begin installation. Click the Back buttan to change the installation settings.

Save File... << Back Neyt »> Cancel
Start the installation by pressing “Next >>”.

2 caT N == o=

Installation Complete |

The installer has finished updating your system.

Some of the installed products require activation. Activate these products now.

<< Back l@exl 1 Finish

Press the “Next >>" button to activate the “NI Vision Run-Time Engine”, which is required to run the
program. If you don’t have an activation code, simply cancel this step. A 30-day test version of the

“NI Vision Run-Time Engine” will be installed. An activation code can be ordered from National
Instruments to activate the Run-Time Engine at a later time point.

NI Activation Wizard - Acti

W
INSTRUMENTS"
Products Successfully Activated!

The following products have been sucressfilly activated. You may need 1o restart the assodated products to
Use any new festures,

Vision Development Module 2011 Vision Run-Time

If you experience any problems, have any questions, or have feedback regarding product activation, visit the
following Web site:

ni.com/factivate
If you did not register your product during the activation process, visit the following Web site:

ni.com/register

<< Back Finish Cancel
Press “Finish” to complete the installation. You might have to restart the system at this point.
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3. Image Segmentation with the CBE

4\ MATLAB R2013b

@ Moilla Firefox
& Windows DVD Maker
i Windows Fax and Scan
€ Windows Media Center
@ Windows Media Player
E_'T Windows Update
g XP5 Viewer

. 3DHISTECH

. I1-Zip

. Accessories

| Adobe

. Broadcom

. Cam5tudio 2.7

) Carl Zeiss

. Catalyst Control Center
. CBT (32-bit)

pcadmin

Documents

Pictures

Music

Games
Computer
Control Panel

Devices and Printers

CBE (3F;bit)

Default Programs

m CEIIM\.:ﬁIper
ﬁ [Eymograph
1 Back

Help and Support

| |Search programs and files

Start the CellBorderExtractor (CBE)

* @

e - =

)
o]

(1) Frame for original
image data

Q

(2) Setting
intercellular

(3) Settings for—
junctions

Deling
Coit Boeder..

*(4) Analysis 6’5":"""ame1;h£;r

(5) Segmentation results

How l Enprort | Impart

(6).Main.Scrollbar
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After starting the program the main window will appear. On the left side you will find a region where
the original images will be displayed (1). In the middle area you can adjust parameters for the
segmentation algorithm (2-4). The segmented images will appear on the right side (5). The main
scroll bar allows you to scroll quickly through the image stacks (6). After importing the experimental
data, one frame has to be segmented manually to “train” the program before the automated analysis
can be started.

Before starting with the image analysis we strongly recommend that you watch the video tutorial

(Supplementary Movie 1).

To familiarize you with the program we will use the example of a scratch

experiment with endothelial cells expressing a VE-cadherin-EGFP construct. In

this tutorial the steps used in analysing this example experiment will be

explained in blue text. We strongly recommend that you follow these

instructions closely when working with this software for the first time.

3.1 Importing the image data

To import image data press the “Import Image...” button.

Select the data you want to analyse. Currently, you can import time series with one or more channels

in the following format:

16-bit Tiff image series

Choose or Enter Path of File II ﬁ
Look in: | Tiff_Scratch l @. ? o ,

= Mame . Date Type Size Tags !

":"ﬁ i | Scratch tO00.tif 3/20/2013 4:03 PM TIF File 489 KB ; IE |

RecentPlaces 5 aich tobtif  3/20/2013 4:03 PM TIF File 489 KB =
. || Scratch_tD02.tif 3/20/2013 4:03 PM TIF File 489 KB
L || Seratch_t003.tif 3/20/2013 4:03 PM TIF File 489 KB
Desktop || Scratch_t004. tif 3/20/2013 4:03 PM TIF File 489 KB
— || Scratch_t005.tif 3/20/2013 4:03 PM TIF File 489 KB
_p:_wJ || Scratch_t006.tif 3/20/2013 4:03 PM TIF File 489 KB
Libraries || Scratch_t007 tif 3/20/2013 4:03 PM TIF File 489 KB
|| Scratch_t008.tif 3/20/2013 4:03 PM TIF File 489 KB
Eh-& || Scratch_t009.tif 3/20/2013 4:03 PM TIF File 485 KB
Computer || Scratch_t010.tif 3/20/2013 4:03 PM TIF File 489 KB
- || Scratch_t011.tif 3/20/2013 4:03 PM TIF File 489 KB
Qg || Scratch_tO12.tif 3/20/2013 4:03 PM TIF File 489 KB

Nitiionk | Srratrh HI113 Hf AN 3 403 PhA TIF Fil= AR0 KR it

File name: Scratch_t000 -

Flescftype: [ Al Files ) ] [ Ganeel |
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If you want to import a Tiff image series make sure that all images are in the same folder and the file
names match the following pattern:

[Name]_tXXX_cYYY.tif for time series with more than one channel
[Name]_tXXX.tif for time series with just one channel

where XXX is a 3-digit number corresponding to the time point and YYY is a 3-digit number
corresponding to the channel.

(Note: You can use the LOCI plug-in for Imagel to import nearly every conventional microscopic
image format and easily export them as a 16-bit Tiff image sequence with the appropriate file

names.)

B (2) l

If the experiment consists of more than one channel, you can use the drop-down list (1) to switch
between different channels. To browse through the stack use the main scroll bar (2).

Example:

Press the “Import Images...” button and browse to the “Tiff_Scratch” folder
(available on the project home-page). Select any file in the folder and press
“OK”. The experiment consists of 100 frames with one channel. Use the main
scroll bar to browse through the experiment.
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3.2 Setting parameters to identify intercellular gaps

For subconfluent cell monolayers the program detects intercellular gaps by threshold analysis. Mark
the channels that should be used for the threshold analysis in the list (1). For optimal results the
channels should show high intensities in the cytosol when compared to cell-free regions. Several
channels can be combined for the threshold analysis to improve the signal-to-noise ratio. A preview
of the selected channels will be shown in the preview window (2). To adjust the threshold value,
press the “Define Threshold...” button (3).

Example:
“Channel 0” is the default selection. Just press the “Define Threshold...” button
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A new window appears in which a threshold will be defined to be used to detect intercellular gaps.

Dichrne: threshedd foe inberceliuler gapct — . & . —— - — MI

Eﬂm
N
On the left side the data used for the threshold analysis are shown (1). In the middle a preview for

the current threshold is depicted (2). If already existing, the (preliminary) segmentation is shown on
the right (3).
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Use the slider (4) to adjust the threshold. For an optimal threshold, cells should appear in white and
gaps in black in the preview window (2).
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Use the scroll bar (5) to browse through the data.
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After selecting a threshold that is appropriate for the movie, go to the frame that is to be segmented
manually, press “Accept” and then “Back to Main”.

Example:

Set the threshold slider (4) to “42”.

Move the scroll bar (5) to frame “60”. Press “Apply” and then “Back to Main”.
Small gaps in the cytosol or small bright spots in cell-free regions are usually
not a problem for the subsequent analysis.
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3.3 Setting the parameters for detection of junctions

mpont
ages..

Pl Ea

After adjusting the threshold value, you can continue with the interactive segmentation. If more than

one channel is available, you first have to select the channels that are to be used for cell junction
detection (1). For optimal results the channels should show high intensities at the cell junctions and
low intensities in the cytosol. If different channels show junction proteins, these channels can be
combined to improve the signal-to-noise ratio. A preview of the selected channels is shown in the
preview window (2). To manually segment one image press the “Define Cell Border...” button (3).

Example:

“Channel 0” is the default selection (1).

Use the main scroll bar to go to frame “60”. In the segmentation window, the
result from the threshold analysis should appear in red/black.

Press the “Define Cell Border” button (3).

10
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Aecept REmave
Changes Eree endings

e @

A new window will appear. On the left (1) the image overlaid with the current segmentation is
displayed: cell bodies are displayed in green, cell-free regions in dark red, and borders in blue. In the
right-hand preview window (2) segmented cells will be displayed in different colours later on in the
procedure. Use the brightness slider (3) to adjust the brightness of the overlay window (1). Use the
main scroll bar (4) to browse through the data. You can select different tools (5) to manually modify
the segmentation as explained in the following sections.

Example:
Use the main scroll bar to move to frame “60”.

e ——— g e e ——— g

LCE

Sogmentatian

Aecept REmave
Changes Eree endings

?ﬂl‘lw!ﬁﬂ x

To start with the interactive segmentation use the “Zoom” and “Drag” tools to select an appropriate
sector of the image. Then click on the “Add contacts” tool.

11
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O
Tool Palene Owerlay Sogmentation

D —— T — T o —— I = |

Zoom

Aecept REmave
Changes Eree endings

mw!sﬂ X

Move the mouse cursor close to the beginning of a cell junction, and click the left mouse button.

T —— L e e

O B
Tool Palene Owerlay Sogmentation

Zoom

Aecept REmave
Changes Eree endings

mw!sﬂ X

Move the cursor over the image while keeping the left mouse button pressed. A white line will
appear that “snaps” to a nearby cell junction. When you release the mouse button, the line will be
included in the segmentation.

12
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D —— T — T o —— I = |

O

Tool paleme  Overly Sogmentation

Zoom

Aecept REmave
Changes Eree endings

mw!sﬂ X

Continue in this way to mark all cell junctions for one cell. The segmented cell will appear in the
segmentation in a contrasting colour, indicating that the segmentation of this cell is completed.
Usually there will be undesirable free ends due to the fact that the start and endpoints of the lines
are not directly located on cell junctions. Just press the “Remove free ends” button to delete them.

D e T

O

a'@

Tool paleme  Overlyy ‘Sogmentation

Zoom

Aecept REmave
Changes Free endings

mw!sﬂ X

Proceed in this way until all cell junctions are marked and the segmentation of the image is
completed. Then press the “Remove free ends” button.

Example:

Add cell contacts as described above.

Note: it is not necessary to move the mouse slowly or close to a cell contact.
The line will “snap” automatically to a nearby contact. It is also not necessary
to start directly on a contact. You can remove the undesired free ends by
pressing the “Remove free ends” button at any time.

13
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e e = L cec]
2 @
Yool Palene Owverlay Sogmentation

Zoom

L ¥ ]
L]
Enghiness | |
s - . j
Accept Remove Back 1o
Changes Free endings
Frame aut [0 «

To finalize the segmentation and to correct any mistakes or errors occurring during the threshold
analysis or the interactive segmentation, you can use the “Delete contacts”, the “Cell free”, and the
“Cell body” tools.

i R

e e

Aecept REmave
Changes Eree endings

?ﬂﬂﬂ‘!ﬁﬂ x

For example, if there are some intracellular gaps due to the use of an incorrect threshold, use the
“Cell body” tool to move over the gaps while holding the left mouse button pressed.

14
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Accept
Changes

?ﬂﬂﬂ‘!ﬁﬂ x

The other tools work in a similar way.

i

REmave
Eree endings
&

?ﬂﬂﬂ‘!ﬁﬂ x

When the interactive segmentation is completed, press the “Accept Changes” and then “Back to
Main” buttons to return to the main screen.

Example:

Use the correction tools as described above. However, for the subsequent
steps it is usually not necessary to correct every small error, as long as the cell
junctions are marked correctly.

When the segmentation is finished press the “Accept Changes” and then “Back
to Main” buttons.

15
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The result of the interactive segmentation will appear in the segmentation window on the right.

3.4 Automated analysis

The manually segmented image can now be used to train the program and to segment all other
images.

Framat (e

Set the start frame to the number of the manually segmented image and press the “Analyse Images”
button to start the automated analysis.

16
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You can use the master scroll bar to browse through the data and watch the progress of the

segmentation.

Example:

Set the start frame to “60” and press the right-hand direction arrow.

Make sure that the threshold is set to “42” and dmax to “20”.

Press the “Analyse Images” button. This will start the analysis algorithm.
Move the main scroll bar to frame “61”. The segmentation will appear after a
few seconds.

Wait until the last frame is analysed.

To analyse the frames previous to frame 60, set the start frame to “60” and
press the left-hand direction arrow.

Press the “Analyse Images” button.

After the analysis is completed you can save the segmentation as an avi file by
pressing the “Export Segmentation...” button

17
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3.5 Exporting the segmentations

Press the “Export Segmentation...” button to save the resulting segmentation. The segmentations are
stored as 8-bit avi movies in the following format

Bit Segmentation method
0-3 not used

4 cell body interactive

5 cell border interactive

6 cell body automatic

7 cell border automatic

This results in the following mapping for the grey values:

Grey value Bits set Corresponding structure Segmentation method
0 Cell-free region interactive, automatic
16 4 cytosol interactive
32 5 free cell borders interactive
48 4,5 junctions interactive
64 6 cytosol automatic
128 7 free cell borders automatic
192 6,7 junctions automatic

18
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4. CellMapper Tool

The CellMapper tool generates 3 different maps that are helpful to analyse junctional parameters.

4\ MATLAB R2013b

@ Mozilla Firefox
&) Windows DVD Maker
B Windows Fax and 5can
 Windows Media Center
@ Windows Media Player
E'_T Windows Update
i XP5 Viewer

. 3DHISTECH

L 7-Zip

. Accessories

. Adobe

. Broadcom

. CamStudio 2.7

L Carl Zeiss

| Catalyst Control Center

. CET (32-bit)

CBE (32-bit)

H_ " GiWMapper

™ jKitnograph
1  Back

| Search programs and files

Start the CellMapper program.

%)

pcadmin
Docurments

Pictures

Music

Games

Computer

Control Panel
Devices and Printers
Default Programs

Help and Support

ﬁﬁ
| Shut down ILI

19
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Lookin: Ml Deskiop

T e

=57 | Libraries

ehﬁ i ; Systemn Folder )&
Recent Places

B Chocseseqmention Fic S M S

e 7 m-

peadmin
Systern Folder

Metwork
Systern Folder

CBT installer (64-bit)
File folder

!I 3*] Computer Ir
Systern Folder
Desktop " o _
N Pannoramic Viewer Users :
= Guides “ l
Q Shortcut |
Librraries

TIFF_Scratch

Segrnentation_F&0_T42
00:00:03

239 1§

m| File folder
|

Itern type: Video Clip

- Windows Update
Computer 1 P :
s l Troubleshooting Info Size: 239 MB
@__, Shortcut Length: 00:00:03

N Metwork

File name: Segmertation_FE0_T42 -

Files of type: = avi (".avi) "]
b —— -

Select a segmentation file which was generated by the CBE.

Example:
Browse to “Segemntation_F60_T42.avi” (available on
Select the file and press the “OK”-button.

the project home-page).

20
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,,_ CellMapper.vi

nigy

e

Generating Distance and Voroni
Maps...

4 [m]+

SaveID Map...

After importing the segmentation the CellMapper will start to generate 3 different maps.

21
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7 CellMapper.i = | B |-
»
o]
| |
]
=l 2l
< [m P
Maps... Donel i

Once the calculation is completed, you can save the maps by pressing the corresponding “Save“-

button.

22
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m Choose or Enter Path of Folder

i

Savein: ) |DVoronai

D= Mame
nij

Recent Places

Desktop

=

Librraries

A

Computer

- @ E-
Date modified Type

Mo iterns match your search.

1} |

Metwork
File name:

Save as type:

- Save

Al Files (*) v

Cancel

Cupment Folder

Browse to an empty folder and press The “Current Folder”-Button.

4.2 Description of the Maps

Based on the segmentation, the cell mapper generates 3 different maps, which can be used for
further analysis in other common image analysis tool like Imagel) (http://imagej.nih.gov/ij/). Some
examples are explained below. In addition some macros can be found on the projects home-page.

1. ID-map

In the ID-map a 16-bit unique identification number (ID) is assigned to each cell and each cell contact

using the following format:

Grey Value Structure Remark

0 Cell-free regions

1-255 Cell ID

256-65535 Junction ID for a | The lower byte corresponds to the ID of the first cell, the
junction between | higher byte corresponds to the ID of the second cell.
two cells.

The maps can be used to quantify morphometric data of cell junctions or cells.

23
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Example:

Import the ID maps (available on the project home-page) into ImagelJ (File ->

Import -> Image Sequence...).

To Extract the cell junction with the ID=1806 use the Process -> Math ->
Macro... option and enter” v=(v==1806)*65535". This will set all pixels with the
value 1806 to the maximal brightness (65535).

Convert the image to 8-bit type (Image -> Type -> 8-bit):

cell junction with the ID 1806

To quantify the length of this junction in each frame set the check box for the

“area” and “stack” option under Analyze -> Set Measurements... .

Start the Analysis (Analyze -> Analyze Particles...). Make sure that the check

box for the “Show results” option is set.

2. Border-ID-Voronoi-Map

Based on the ID-Maps Voronoi-diagrams are generated for all cell boundaries (cell junctions or cell

borders). In these Border-ID-Voronoi-Maps the image is divided into different regions, so that all

pixels within a region are closer to a particular cell boundary (cell junction or free cell border) than to

any other cell boundary.

Gray value Meaning
1-255 The closest boundary is a free cell border of the cell with the corresponding ID
256-65535 The closest boundary is a junction with the corresponding ID

These maps are helpful for example to generate a region of interest for a specific cell junction (see

example below).

3. Distance-Map

The grey value of a pixel in the distance map is equal to the distance of this pixel to the nearest cell

boundary.

Example:

Import the Distance maps (available on the project home-page) into Imagel

24
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(File -> Import -> Image Sequence...).
To extract all pixels with a distance of 5 or below use the Process -> Math ->
Macro... option and enter” v=(v<=5)*255":

>\ I

L

All pixels with a
distance of 5 or less
to the nearest cell
boundary

AHN

Import the Border-ID-Voronoi maps (File -> Import -> Image Sequence...).

To extract all pixels with a value of 1806 use the Process -> Math -> Macro...
option and enter” v=(v==1806)*65535”.
Convert the image to 8-bit type (Image -> Type -> 8-bit):

voronoi region for cell junction 1806. All pixels
in this region are closer to junction 1806 than to
any other cell boundary

To generate a junctional ROI with the specified width for the cell junction use
the Process -> Image Calculator... command. Select the “AND” Command on
the two stacks:

/

Region of interest for cell junction 1806

25
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5. J-kymograph

3DHISTECH
T-Zip -
Accessories fames
Adobe
Computer
Broadcom
CamStudio 2.7
ametudio Control Panel

Carl Zeiss
Catalyst Control Center Devices and Printers
CBT (32-bit)

CBE (32-bit) Default Programs
-’, CellMapper
s JKymn@ph Help and Support

1 Back

Start the J-kymograph tool

s jrymographad ﬁ

* @
vty
k
l“p%]-_) Cell
Celll
e

Wi Crocse or Enter Path of

=
Recent Places

Deskdep

- GO
Do D1 2 L]
Libraries
Computer
o4 D35 06 B7

“

Press the “Load ID map...” button (1).

Netwee

Fle name 0o + o=
Fies of tyer A Flea [ - Carcel
LAn-Il ok
- — i

Kymmeqraph CelllD

=]
=1
-2
6 1o » % 0 % & H @ 0 0
rame
Kymograph Fluoresence
-3103
g
3
- 2
45 |
e "
Pom oM B 0 % 0 N B %
Frame
W
"

Browse to the Folder with the ID-Maps and press the current Folder Button to import the maps.
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W ymographad f P - = g
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ey Kymegraph Celll "]
00 -19
[ a0
00
=]
600
L =1
L 400 I -2 "
300
200
100
Ly D i D i D i . i i i
0 0 X XN W0 S @0 N @0 w0 W
Frame
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-3103
g
3
- 2
545
=23
Pom oM B 0 % 0 N B %
Frame
i Lasding I Map._ Denet
Load I Map.. Ml—u(-la)_
! Cell1

Press the “Load Image data...” button (1), browse to the folder with the Image data and press the

current folder button to import the images.

ey fymegraph Cellln
200 19
Fel
& 800
| i"| {ond 5
600
Ll =1
! 400, N
300
200
100
6 1 H B 0 % & B B % 10
Frame
=1000
-~4'|‘]E
¢ |
=23
PoW oM B oM % oW Wm0 om

S00x500 13 Unsigried 16-b2 mage 19 (182,116) Frame

Cell 0 ( 1) Grevssting megaph._ Do 2
Load D Map.. Load Image s Genessting Kymegragh_ Done! B ealD...

Select a cell from the drop down field (1) or by clicking directly in the preview image (2). J-kymograph
for the cell IDs (3) and for the Fluorescence Intensities (4) will be generated after a few seconds.
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5004500 1 Unsignec! 16-558 image 39 (0,0}

] > T e
Cell Geneating Eymograph—
‘ Load D Mep.. l mmuu_l b w'm;;mupn_ Dee!

When moving the crosshair in the fluorescence kymograph (1) you can browse through the image

stack.

19

T R

Frame I
Kymearagh Flusressence "
1000

Ilm B3 Unsigned 18-kt smage 3 [0}

% T

Cell B Generating Eymograph. Doast =

T Gmunim;;muw_ Done! E CelllD)... 5 F 1‘1 )
= H o

‘ Lead D Map... I Load Image data... I

By pressing the “Save Kymograph CelllD” or the “Save kymograph Fluorescence” button, you can
export the respective Kymographs as TIFF files.
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