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1 Analyser program overview

File Settings Window Tools Help

Cell-IQ Analyser features:

- View image series easily

- Run multiparameter analysis

- Measure fluorescence

- Visualize and extract analysis results

- Create and edit sample libraries

- Make videos with custom captions Frp

- Perform batch processing | Image 2

- Measure intensities in fluorescence images - Image 3

-Track cell movement :QZSE g
...and more! [ Image 6

Image 7
Image 8

- Image 4

4 el A4
- Position 1 (3x3)

188,188,188
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1.1 Analyser basic features

1. View image series and grids
2. Make Analysis Protocols

3. Analyse images

4. View results

5. Convert images

2.
Make Analysis
Pratocols

View image
series and

Count and classify cells
. Measure fluorescence
G Measure scratch wound areas (threshold method)
Measure area size (threshold method)
Ja%i Measure tubules and branch points
5 Track cell movements
Convert images

H8 Stitch image grids into big images

é&» Export videos

B Combine/colour phase contrast and fl images

L

g Image processing operations

oo 242 1En &0 16D Temmmm 143

Analyser basic features

1. View image series and grids
= View image series and image grids captured with Cell-IQ Imagen.

= Open images into main window to create Protocols, i.e. to define parameters for analysis of the plate.
= Cell-IQ Analyser supports three image formats, bitmap (*.bmp), jpeg (*.jpg) and tiff (*.tif).

Cell-IQ Analyser User Manual Version MA4.4.0.0 5
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2. Make Analysis Protocols

= Analysis protocol defines cell analysis for specific cell test. It includes analysis parameters, and can include cell
samples.

= Batch process analysis of a well plate typically requires an analysis Protocol, which in some tools has to be
available before Batch process analysis is started.

3. Analyse images
= Automatic Cell image analysis is made in the Batch Process tool in the Cell-IQ Analyser.
= The analysis tools in the Cell-IQ Analyser:
- Count and classify cells: Cell, neurite and area recognition tools that use user defined cell
sample library. How this is used in Batch Process:
a. Load the Protocol.
b. Select source images.
c. Define saving directory for the results.
d. Edit analysis settings (Optional).
e. Click Start.
- Measure fluorescence: Single and multichannel fluorescence cell intensity measurement.
- Measure scratch wound areas: Measure scratch wound areas and closure speed in horizontal

migration test. Uses threshold method.
- Measure area size: Measure cell population areas and growth speed. Uses threshold method.
- Measure tubules and branch points: Analyse angiogenesis images.
- Track cell movements: Track cells and show cell movement trajectories and statistics.

4. View results

= Cell-IQ Analyser results are normally presented in time curves that show changes in population over the entire
cell test duration.

= After Batch Process analysis finishes, the result curve window pops up. Analyser also saves the results into text
(*.txt) files that can be re-opened later.

= Also result image series are typically saved during analysis, and they can later be for example converted into
videos.

5. Convert images
= Batch Process tool includes also several image conversion tools:

- Stitch image grids into big images: Combine e.g. the nine image series of 3x3 image grid into one series
with large images.

- Export videos: Make video from image series.

- Combine/colour phase contrast and fluorescene images: Cell-IQ Imagen saves images in grey scale, and
different channels into separate folders.

This tool combines and colours them.

- Image processing operations: Collection of image processing tools (including e.g background correction
and image series judder removal).

Cell-1Q Analyser User Manual Version MA4.4.0.0 6
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1.2 System requirements

System Requirements - Cell-IQ Analyser program

= Microsoft Windows 7, Vista, XP or 8 with the latest service packs installed (32-bit or 64-bit editions)

= 1.5 GHz processor (2 GHz or higher recommended. Dual- or quad-core recommended if the computer is used
also for other purposes.)

= 2 GB of RAM (3 GB or higher recommended)
= 5 GB of free hard drive space (Minimum 350 GB hard drive recommended for result saving)
= Minimum display resolution: 1024 x 768 (24-bit color)

Multi-core computer support

By default the Cell-1Q Analyser program uses all the processor cores in the Cell Finder analysis (Cell counting and
recognition, Area finder and Neurite measurement). But user has option to select that only part of the available
processors will be used in analysis, see the image in below. If all cores are used in analysis, the computer can be
very slow with other processes.

- . - = -— - -
o Cell-IG Analyser Pro-Write - Cell Image Analysis Tool

File | Settings | Window Tools Help

Image viewer ? =1 ﬂ J jl =

| Multi-core setup |

Thizs shows how many processors there are
available in the current computer where
Analyser was started.

A/”

Processor number in this computer: 4

f@ Multi-core setup

Use maximum |4 v| of the processors in the analysis.

(Mote that if you select the maximum number of processors,
the computer is very slow in any other work during the analysis.)

/\ ok Cancel ]

Select how many processor yvou want to use in the next anahysis tasks.

But only the CellFinder tools (Cell counting and recognition, Area finder, Neurite
recognizer) can use more than one processor at a time, the other tools use one
processor regardless what is selected here. (But it is always possible to start

several Analyser programs at the same time, and that way use more than one
processor with the other tools. )

Cell-1Q Analyser User Manual Version MA4.4.0.0 7
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1.3 Change log

Analyser program versions change log:

--- AN4.4.0
- Update: Phase contrast cell classification of fluorescence emitting cells.

- Update: Cell Tracking: Several positions can be selected simultaneously for result graphs.

- Update: Cell Tracking: Axis scales for Rose plots and centered trajectory graphs can be changed.

- Update: Cell Tracking: Option to set time point and distance limits for including cell to average results.
- Update: Cell Tracking: Centered trajectories: Possible to use different color for each cell.

- Update: Manual Cell Tracking tool: Backwards tracking added.

- Update: Manual Cell Tracking tool: Cell positions can be added from different channels to same time series.
- Update: Greyscale image support added (jpeg, tiff, bmp). All tools now accept them.

- Update: 16 bit tiff image reading support added. They are converted to 8 bit when read.

- Revamp: Previewing large image grid does not reserve much memory anymore.

- Revamp: Manual Cell Tracking tool: Confirmation prompt added for time point deletion.

- Revamp: Area size tool: The Growth result curve now starts from 0 instead setting the smallest value to 0.

- Revamp: Protocol making tool -windows cannot be opened anymore without selecting images for them.

- Revamp: Area Finder result graph background class legend now uses class name instead of “Background”.

--- AN4.3.0
- Update: CellFinder image pre-processing brightness normalization level adjustment added.

- Update: CellFinder cell counting parameter slide bar selection added.

- Update: NeuriteRecognizer: Cell counting dots can be hid from result image.

- Update: Tracking tool: The data values from the Distance3D chart are saved to an xml file to result folder.
- Update: TubuleFinder: Blur (advanced user-) parameter added to grey level threshold.

- Update: Image area -curve removed from results of all area measurement tools.

- Update: Movement tracking: Cell coordinates and time points added to the result xml file.

- Update: Launch Analyser -button from Imagen 4 opens the current Imagen cycle in Analyser.

- Update: Windows 8 support added.

- Update: New manual cell tracking tool. Also lineage tool added to this version.

- Revamp: Batch Process uses resolution also without cycle.dat if resolution selected from Main Window settings.
- Revamp: Judder fixer: Small performance improvements.

- Revamp: All slide plate image positions now fit to the well map when cycle.dat file read.

- Revamp: CellFinder: Result curve *.txt file saved already after analysis of one image series, not after all series.
- Revamp: BatchProcess: Result image saving made more secure and memory efficient.

- Revamp: Tracking tool: Backwards tracking does not change the cell positions user selects from last image.

--- AN4.2.0
- Update: HW Analyser in Cell-IQ leaves one processor core entirely free for Imagen.
- Revamp: Plate map in main window: Image position can be selected with arrow key from the list view.

--- AN4.1.0

- New tool: Cell tracking tool. Track cells and show cell movement trajectories and rose chart etc. movement
statistics.

- New tool: Manual cell tracking tool. Shows cell movement trajectories and rose chart etc. movement statistics.
- New feature: Use different cell counting parameters for different recognition classes in Cell Finder.

Cell-1Q Analyser User Manual Version MA4.4.0.0 8
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- Update: Remaining analysis time estimate displayed during Batch Process.
- Update: Result curve graph default background changed from grey to white and x-axis shows hours.

--- AN4.0.0
- Update: Well Plate map view kept visible in main window for preview image selection.

- Update: Well Plate map added to the Protocol making tools (Scratch wound tool etc.).
- Update: Manual measurement tools added to the Scratch wound and Area Threshold tools.
- Update: Result curves can be generated directly from the Protocol making tools (Scratch wound tool etc.).

- Update: Current result image can be saved to automatically generated Well folder from the Protocol making
tools (Scratch wound tool etc.).

- Update: Windows 7 style buttons etc. Ul components instead of Win XP style.

- Update: Use micrometers instead of pixels in all the results that tell distance or area.

- Update: Batch process: Added option to select what cycles from the image series are analysed.

- Update: Batch process: Select multiple source image wells from plate map by drawing with mouse.

- Update: Grid stitching: Stitching combines correct time points, even if some image positions have less time
points than others.

- Update: Grid stitching: Image resizing integrated to the stitching tool.

- Update: Grid stitching: Background correction integrated to the stitching tool.

- Update: Grid stitching: Match image edge brightness between the grid images -feature added.
- Update: Grid stitching: Brightness adjustment bar added to the Batch process stitching tool.

- Update: Grid stitching: Stitched image preview button added to the stitching tool.

- Update: FL measurement and Combining/colouring: Do not use FL channel in combined image if it was disabled
from imaging in that time point (but enabled on some other time points). Earlier the closest FL time point was
taken in all cases.

- Update: Result curve graph: XY axes and legend font editing added.

- Update: Result curve graph: Show LD50% point. Also show point of N% of total cell count.

- Update: Result curve graph: Smoothen curves by polynomial curve fitting.

- Update: Result Curve grid: Show combined curve for well. Show Y axis scale. Use curve smoothening.
- Update: Scratch wound tool: New parameter added: Pre-filtering level for the threshold source.

- Update: Cell Finder: Neurite Cell diameter parameter (B) will not anymore remove neurites from areas of cells
recognized to a disabled recognition class.

- Update: Analyser main window is hidden when Batch Process is started, and shown when it finishes.

- Update: Image brightening value from Main window is applied also in the cell image in the Threshold tools.
- Update: FL result curve graph sheet names changed. E.g. Area count -> Cell count.

- Update: FL tool: When cells selected manually in FL tool, they are remembered in Batch Process.

- Update: Open one image series -button removed from the main Window. Its functionality added to Open grids -
button.

- Revamp: Do not allow result saving to the source image folder.
- Revamp: Confirm that data lost is ok if user changes e.g. from Cell finder to Area Finder.

--- AN3.3.0
- New Tool: Manual Cell Lineage analysis.

- Update: FL tool: Let user select cells from any image in series when manual cell selection mode selected.
- Update: Video export: Show scalebar in the video.

- Update: Video export: Add more than one free-word text fields to video.

- Update: Image file name for every time point added to the exported XML result files.

--- AN3.2.0

Cell-1Q Analyser User Manual Version MA4.4.0.0 9
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- New Tool: Automatic Cell Lineage analysis.
- Update: Protocol making guide merged to the Analyser help manual.

--- AN3.1.0
- New feature: Wells or well groups can be combined and compared to each others in the result curve window.

- New feature: Standard deviation can be shown for combined curves in the result curve window.

- New feature: New curve graph settings window, with several graph modification options (for titles and axes etc).
- Update: FL tool: Tiff saving added to Batch process. Earlier it saved Tiff source image in bitmap format.

--- AN3.0.1

- Update: The user interfaces of the Scratch wound finder and the other threshold finders updated with some new
visualization and tools presented in the new FL tool: E.g. the batch process quick start buttons added.

- Update: FL measurement: Single cells now identified with colours and IDs in the scattergram result curve, when
the manual cell selection method used. This way the same cell can be found from curve and from result image.

- Update: Neurite Classifier made faster: Only half of the neurite pixels are classified, and the result is copied to
the adjacent pixels.

--- AN3.0.0
- New tool: The multilabel Fluorescence intensity measurement.

- Update: The image colouring and combining tool replaced with the new tool. Now also possible to save the
colouring and combining parameters to a protocol.

- Update: Cell tracking added to the Batch Process.

- Update: Scratch wound tool: Single cell removal using cell area size criteria added. Added feature for removal all
the gaps that are not connected to the big centre wound, or keep also the gaps that has area close enough to the
biggest gap. Remove cells inside the biggest gap.

- Update: Judder fixer: Colour image support and tif saving added.

- Update: Cell count etc. results are displayed in the Cell Finder protocol test image.

- Update: Images can be opened to the Analyser main window using *.dat file.

- Update: Tiff saving added to the Image Processing operations in Batch Process

- Update: *.dat file version 3.0 support added. (Imagen IM2.8.0 uses this.)

- Update: Grids can be stitched even if image folders for the grid corner positions do not exist.

--- Version AN2.3.1
- Update: Result curve window: The class sum curve option added in addition to the class average curve.
- Update: Line width etc. graph options can be changed from curve window for all Analysis methods.

- Update: All the result curves now start from 0O time point in the result graph.

--- Version AN2.3.0
- New feature in Tubule finder: Tubule recognition by classification added.
- New feature in Tubule finder: Manual measurement tools added.

- Update: Tubule finder: Tubule width, BranchP width and color in result images can be changed and saved to
Protocol

- Update: Different wells have different line types in result curve graph
- Update: Grey level threshold added to tubule finder and Area Thr finder.

--- Version AN2.2.2

- Cell coordinate export changed to work with Image-Pro Cell-1Q plugin. Also Image name saved in full length to
the CellCountCurve.txt file.

- Empty CellCountCurve.txt files and their folders are not created anymore in manual export.

Cell-1Q Analyser User Manual Version MA4.4.0.0 10
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--- Version AN2.2.0
- New feature: Interactive parameter selection tool Tubule finder

- New feature: Mouse wheel operated zoom added

- New tool: Image series XY Judder fixer added to Batch process Image processing tool

--- Version AN2.1.0
- New feature: Large cell analysis. User can define two areas, a circle and surrounding disk for cell recognition.
- New tool: Scratch wound measurement using threshold methods. Also in Batch process.

- New tool: Area size measurement using threshold methods. Also in Batch process.

--- Version AN2.0.1

- Scale bar added to preview images. Units are in pixels in default, or user can write resolution and select display
in micrometers

- Several samples can be moved as a batch from one class to another
- Help file changed to pdf format

--- Version AN2.0.0
- New user interface. The controls were removed from the right hand side of the main window
- Improvements to Protocol making:

- New window made for segmentation parameter selection

- Graphical tools added to the segmentation parameter selection

- Automatic cample selection: Segmentation takes the found cells to sample library

- Classifier building moved to own thread, and hence program does not jam while building
- Updates to cell tracking: User can select if the tracking vectors are drawn to cell images or not.
- Angiogenesis analysis v1 added to batch process

Cell-1Q Analyser User Manual Version MA4.4.0.0 11
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1.4 Analyser installation

Software is supplied in an installer program exe file. Start the installer and follow the instructions in the dialogs.

After installation is complete and the program is started the first time, it asks for the activation code. Please send

the site code and MID code to the CM Technologies, so we will provide the Activation code.

Site code

33897EQE

MID
BE75-0841-9016-7CEA

Activation code

e
s . a
Send the Site code and MID code to the

% Unlock application

CM Technologies, so we will provide the
Activation code.

Wait until you receive the Activation
code, before you proceed. You can
press Cancel while you wait the code,
and restart and continue the activation

when you have received the code.

>

" Enter application

Cancel

LOCKED

Continue == I

Cell-1Q Analyser User Manual

Version MA4.4.0.0
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Site code MID
BE7S-DE41-9016-7CEBA
Activation code
I 04F5FF0 5—?61FUEC5—161C#.??D—548E226E|
& Unlock application 1. Write or paste the received
activation code to the this field.
— ; i
2 Press Continue.
Program is now activated and ready for use.
i S —
" Enter application LOCKED
Cancel | | Continue == I
Cell-1Q Analyser User Manual Version MA4.4.0.0 13
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1.5 License transfer

The program can be moved to another computer by following the instructions below. Note that the program must
be first deactivated from the old computer, and the deactivation must be proved by supplying CM Technologies
(CMT) the removal code, before the new activation code is supplied for the new computer!

Hold the Ctrl- or Shift-key down and Start the program from the Cell-IQ Analyser program icon. The program
activation dialog appears. Follow the instructions given in the images below.

Site code MID

33897EQE

BE75-0841-9016-7CEA

Activation code

I /\ 04F SFF05-751F05C5-16 1CA77D-548E 226E]

i S (* R [
1. Write or paste the old activation code to I - —ndsiing

this field. 2. Tick Remove license. ]

If yvou have not saved it from the program
activation, it can be asked from CM
Technologies (CMT). Please send CMT the
Site code and MID code from above, to speed

th .
._Up the process _,J

3. Press Continue.
™ Enter application
|/

Cancel | | Continue ==

@ License will be permanently removed from this computer! Do you want
-

to continue?

Press Yes to continue the
program remaoval from this
computer and transfer to
another.

Cell-1Q Analyser User Manual Version MA4.4.0.0 14
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Analyser AN 3.2. u (=

\c&nse successfully removed. Please save removal code.

Be sure you copy and save this
removal code beftore you close this
window! E
The removal code must sent to CM Press Ok to close
Technologies (CMT), before the the window after you
new activation code is supplied by have copied the
CMT for the Analyser program for remaoval code.
the new computer.

S >

After this you can use the Analyser installer exe for installing the Analyser for the new computer. Please ask
guidance from CMT for which installer version should be used. Please send the removal code (received in the
deactivation) to CMT together with the new Site code and MID codes the Analyser gives in the first start after the
installation, and CMT will then send you the new activation code.

Cell-1Q Analyser User Manual Version MA4.4.0.0 15
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1.6 Analyser main window

viewing, or save
selected image

1. Analyse or modify images using Batch Process

tool
2. Show result curve window

3. Make sample library or analysiz protecol (Pro-Write

wersion)

4. Show cell =amples that haz been collected to the

sample library

5. Open Help manual

a el Ad

4. Position 1 (33)

“ Image 1

Image 2
Image 3

Cell-IQ Analyser User Manual
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View image series and grids
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2 View image series and grids

= Open images for preview: It is recommended to open images by selecting the *.dat file from the Plate folder.

This way program will know the image grid sizes, well plate format and image resolution.

Open preview images in one of the following

Open grids and wells ~k| Ways!

1. Select * dat file ([recommended). This way

=
B Savelmage..

Save all images (this brightr

Stitch image grid into big in

&=
& Export video
s

wss Batch process

Open Analysis Protocol

program wil know the image grid sizes, well plate
format and image resolution.

You can view several image positions at the same
time.

3. Select one image folder. The all time points from
one well position are opened.

4. Select one or several image files with mouse

 from one folder. !

= |f several image folders were selected, the plate map is displayed on the right side of the main window. If
images were selected with *.dat file, also the graphical one well view (bottom right) is displayed. If program

2. Select folder view that has several well folders:

automatically found the Plate Fluorescence image folders, it shows the drop down channel selection box in the

top bar.

Settin

&

FPhase contrast -

RO E e

==
If program automatically found the Plate
Fluorescence image folders, it shows the drop

down channel selection box in the top bar.

| If several image folders
| were selected, the plate
| map is displayed far
fastirmage series
| selection.

Ifimages were selected
with *.dat file, the grid

- separate image |
| positions in the well.

graphical one well view
is displayed

sizes are shown, not just (5

4. Position 1 (2x2)
| Image 1
“ Image 2|
| Image 3
S Image 4]

12 167,167,167

= Image viewing tools

Image 1/4

Cell-IQ Analyser User Manual
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Start and =top image =lide =how. Set the ’ﬂwe slider right to increase Y
changing rate in Viewer menu -= Settings brightnezs and left to decreasze
brightnes= . Click R to restore
the original brightness.

L
b Q Q R u J jl_# Mote: adjustment iz for image
E]:[E viewing only. The original

Zooming tools: brightnes= iz not changed

1. Stretch the image to fit the Analyser window size. ”"ﬁs you save Lz mages

2. Show the image in full size (100%). with new brighiness evels.
*'ou can also zoom image with the mouse wheel o »
when the cursor is over an image.

Note: Use mouse wheel to zoom images without resizing the image frame. This way you can zoom also when image grid
is open, without changing the image positions.

= The speed of the image slide show and the scale bar settings can be changed from "Settings - Image viewer".

| Irnage viewer |

Multi-core setup

Image viever settings " pestart image slide show from the first image
after the series has finizhed.

The =slide show transition speed.
Frames per second: IE _‘[

Units of the scalebar
" Micrometers. Image resolution [um/pixel]: ID-?UU

o Pixels t_If;q:nu can display scale bar with mouse right-click
over an image.

Image file does not contain resolution infoermation,
=0 the scale bar iz sometimes dizplayed in pixels.
¥ou can =select micrometer reading instead of pixelz
by =etting resclution manually or by opening images
using the *.dat file.

Saving images

Cell-IQ Analyser User Manual Version MA4.4.0.0 19
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EE  Open grids and wells Gaving images:
|G Savelmage..
= : S 1. Save currently viewed image
Save all images (this brightness) 2. Save image series with new
: ; S Sk brightness level
HH Stitch image grid into big images 3. Stitch currently vi | image
& Export video positions into grids
B<  Batch process
Cell-IQ Analyser User Manual Version MA4.4.0.0 20
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Movie maker
Cell-1Q Analyser User Manual Version MA4.4.0.0 21



CM Technologies 9.1.2015

3 Movie maker

Export Yideo...

Extract video files from your images simply and fast.
Open the pop-up settings by right clicking the image

= display on the Analyser screen.

Close Select Export Video... to select the setting for your video.

Close Al The video can be viewed with any media player
application that supports the wmv file farmat.

Start area me:

Area measurement settings |r

Video settings

Video Settings =2&
ERenare [ 1. Define the video file name. Browse to

[HE2 e change the saving directory. Browse..
Fogion of interest

Tm:eﬁqﬁ:mdmmummumﬂmnmﬁ&cﬁﬂ “wihols mage' uses whole mage siea and selecting
"Hiegion™ uses the selecled mea Ansa i selectsd by chcking "5 ——
2. Click Select to specify RO| (to use only part

1~ Whole image afthe image far the videa). The selection is
1+ Fegon Sedect.. Regen size 288x204) Made in the firstimage. Draw ROI by holding
e down left mouse key .

The: gatting defres He dimeraions of the video seam, Selfing
size. 5 elochion kst orly pee-defined sives that mabch the
TMM ‘F’mpm it selacied, s aspact rato doss: nol

3. Define the dimensions ofthe videao stream
from ane ofthe pre-defined classes or set

"Cthosn size..."
custom dimensions. Ifthe ROl is smallerthan
[Custom 5[ the whole image, only custom video size is
Cusborm size: Units possible. Dimensions can be setin pixels or %
whdthe Wj poesls & of the original image/ROl size.
Hoght  [z4 2 piols I~ Pea cont
Playback speed 4. Define the playback speed in
R — Thie sonpmelie e frames per second, depending on
images vl be thown per second the imaging frequency.
Deabily - )
Cuslly vahus: = = mm*m;iﬁ“ 5. Choose the quality for the
— m;ﬁaﬂwmmm?' video depending on intended file
size and video guality.
Captiors
Ech captions andlogos | | D- S€€ details of the 7. Click OK to

captions editing in
image below.

start video

COmpressing.

Cell-IQ Analyser User Manual Version MA4.4.0.0 22



CM Technologies

9.1.2015

Captions and logos

_'__,..—-""'
Testfield [l =] Addnew | Delete al ERaroe et !

- - -
@t Captions and logos rrE-‘.‘elect one of the
File There is no limit how many l
= caption text fields you can add.
Select caphion text pozition in imag

the caption. Different
captions can be in the
same or different
position, and they can
have different font.

T

predifined positions for

IKO D24Ah +aci Edit caption ﬁ:rntl

“Image capture time T :
kAR Image capture time can be

[ Showr added to the image. Edit the
type, format and position for the
time and date.

iy
[rate format I vi

Time format 151 b 25min 20z _v_j

|| | Time affset fram first image

{~ Capture time

= Image name

Yerhical

: [
Wertical I-| 5 pixels

The text field
distance from
image border can
be adjusted.

Distance from border:

Harizontal ’1 a pinelz
I1 a]

pivelz

Show presview

| |
~Logo LEdit logo colour, size and J’ T
osition in imaage Select laga pasition in image
[Cela Colored = g
wfidth: 11 20 pixels
= (Cell -1Q°
- . s
Height: 71 pixels e \@

Digtance from border:

Harizontal I'I a pinelz
Wertical I1 5 pixels

Show preview

- E—— | 2 245 test

~Shaw Plate1, pos A1_02
i~ Black zcalebar

Preview image
with the selected
fields.

{* ‘white scalebar

ﬁd scalebar I

Digtance from border:

Harizantal I1 5 piels
Wertical |1 5 pirels

_Show preview

77h 44min 20s

I Cancel |
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4 Image analysis steps

The image analysis is made with the following steps:
1. View images and evaluate which Analysis method(s) give required results.
- See the list of analysis methods from the Analyser basic features chapter.

2. Make and save Analysis Protocol that defines the analysis task and parameters.
- See how Cell recognition Protocol and the other Protocol types are made from

the corresponding chapters.
3. Run analysis in Batch Process for the entire plate or selection of wells.
- See from the the Batch process chapter how the plate is analysed with the different tools.
4. View results in Analyser and export them to Excel if necessary. Videos can also be made from result images.
- See from the Analysis results chapter how the results are viewed in the curve graph window.
- See from the Batch process chapter how the result images can be post processed
and e.g. exported to videos.
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5 Making cell recognition Protocol

The Cell Recognition protocol is needed when cells are Totl ey Gl
analysed in Batch Process with the Cell counting and iz _ Dividimg 0

recognition tool. The tool counts cells and classifies them
into the user defined classes. The analysis protocol can
define cell size, population density, neurites and areas in a
specific cell test.

Segmentation and classification

Creating an analysis protocol has two major phases:
(1) Segmentation parameter selection and
(2) sample library making.

Correspondingly, in the analysis run, the system first segments the images, in other words finds the interesting
objects (= cells, neurite or area) in the image. Next these objects are recognized into user defined classes using
the classifier that has been created based on information in the sample library.

Overview on Protocol making process

The process of creating an analysis protocol starts with defining the protocol type e.g. cell classifier + neurite
finder. The following steps are setting the segmentation parameters, collecting a sample library and setting the
classification parameter. The classifier is then ready to be built. Then test run is performed with the completed
analysis protocol to evaluate its performance. If the result is not satisfactory, the segmentation parameters can be
adjusted, the sample library can be reviewed and the classification parameter can be adjusted. This cycle is
repeated until the analysis results are correct.

| Define protocal type |

1‘ Segmentation and clazsification are
| Set segmentation parameters ‘| two separate phases. Segmentation
performance should be tested before
¥ collecting cell =amples and building
| Add cell samples | the classifier. The right segmentation
parameters alzo improves the
accuracy of the classification.

¥
Set the classification parameter
and build classifier

Testing of cell counting is done by

! running anahysis with onhy

| Test protocal performance | segmentation parameters set and
by ewvaluating the accuracy of
1‘ found cells.

| | Bad result |— —

| Zood resUlt |

;

| Save the protocol |
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5.1 Protocol types

= Cell Counter

= Cell Analyser

= Neurite Finder (with cell counter)
= Cell Analyser + Neurite Finder

= Neurite Recognizer

= Area Counter

22 pisinGEe e I The first step in cresting an
+ analysiz protocol iz defining
Set segmentstion parameters | the protocol type.
L4

There are zix different protocal

Addd cell =amples types, which have specific

outputs and are defined by a
l zet of parameters andfor a
St the classification parameter spercific sample library.

and build classifier

Test protocol performance

.

Bad rezult i—

Good resuft

Save the protocol
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5.1.1 Cell counter

' Elutput: Tatal cell number in image.
The cellz are not classified. Cell
zamples are not needed.

You don't need to open the teach

windowy for this protocal type.

1.Click &nalyse button in Analyser
TSN wirciowy

2. =et the zegmentation parameters
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5.1.2 Cell Analyser

1. Select Tools - Pick samples in Analyser main
-« { window.
- Output: Total cell number and cell 2. Select Cell Finder under Analysis tool.
nurber in 2ach clazs in image. 3. Set segmentation parameters.
-_EEII are clazzified ar‘u:_l protocol 4 Create zample library.
includes cell sample library 5. Set Recognition complexicity and Buid Protocol,
- (M [ |

¥ *‘% wira
\Airﬂ  Neurite Racognizer
":}l o

Example of the
zample library with
three clazzes.
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5.1.3 Neurite finder (with cell counter

[ “ou dan't need to open the teach
swindosy far this protocol type.

1. Click &nalyse button

2. Set the segmentation parameters
3. Check the Find neurites checkibox

Cell counting parameters SELCUESLE RS

Mevrite zegmentation parameter

v &) (B] Meurite treshald I'IDU [C] Cell diameter |3'|

Cell counting parameter

[O] Seqgr arad thres. |35

mEl -~ p— .,

; v b L]
Output: Tatal cell number and tatal
newrite length (in pikelz] inimage.
Matel Cells are not clazzified. Cel
zample library not needed.

Find Meurites
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5.1.4 Cell Analyser + Neurite finder

R T T T
1 Output: Total cell number, cell
number in each clazs and total

neurite length [in pixels] in image.
Cellz are clazzified and pratocal
i includes cell zample library

- Pick samples L:JIQE
File  Edit
Anahysis tool

i Arem Counter

1. Click "Pick =amples’ in Analy=er main window
2. Select Cell Finder under Anahysis tool

3. Create cell zample library

4. Set gegmentation parameter & build clazsifier
5. Check find neurites checkbox

in Run analysiz window.

o= ] )

(B] Meurite treshald |'| 0o (C] Cell diameter |3'|

Cell counting parameter

(D1 Seam arad thres. [

Cell-1Q Analyser User Manual
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5.1.5 Neurite recognizer

&
—

COutput: Total cell number and total
newrite lenath [in pigelz] in image.
Ilzer creates neurite zample library.
Thick ar thin neurites can be
excluded from the measurement.
The cellz are not classified.

1. Click "Pick samples” in Analy=zer main window

2. Select Neurite Recognizer under Analyzsis tool
3. Create neurite =ample library

4. Set zegmentation parameter & build classifier

{J
" Cell Findar g
" Area Counter l
 Neurte Recognizer | J

- i 1 I.-I.'. ; ‘;‘-.:._:-._ } .II. : .
A AN B LW "

Example of the zample librany,
inchiding and exchuding
abjects that are counted.

*Note: Assign just one class for the neurites and one or more for all objects that are excluded from the
measurement, also including cells. Two different types of neurites can be classified with a combination of two
separate neurite recognizer protocols.
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5.1.6 Area finder

Output: Batio between background area
and target area (2.0, cell colony], and size
of the arealin pixelz) of each class .

All pirelz are analysed and aszigned to a
clazz. User creates an area zample libran.

1. Click "Pick =samples’ in Anahlyzer main
window
2. Select Area Counter under Analyziz tool
3. Create =ample library

Example of a sample library in Area protocol. A background
clazs ig always included to the protocol (areas that are not
of interest) and one or more classes for areas of interest.

Cellphasel [Celltype 1

Cellphaze? [Celltype 1
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5.2 Protocol making steps

s Cell-IQ Analyser Pro-Write - Cell Image Analysis Tool

File Settings Window Tools

s >aa < (B

Help

al Pick samples

(2) Open the

at:

“Well A4 01] 2006 04 27 21 29 19 17.jpg

toal.

(1) Select images that you will
use for testing the analysis
performance during the protocol
making process.

“ou can clese the images and
open the new ones at any phazse
during the protocol making
process.

Pick samples
File Edit

Image pre-processing

protocol making

[File Edit Sample Library
Analysis tool

@ Cell Finder

(2 Area Finder

2 Meurite Recognizer

(4) Go to "Make

(3) Select the protocol protocol -sheet

| type.
See "Protocol guide’
| document for detailed
| explanation.
| (The Cell Finder iz
typically used when
cellz are counted and
recognized to
different classes.)

(7 Tubule Classifier

Create classes |Add samples | Make protocol

@ Cell phase

7 Background type

Sample nmkb.

E Edit class styles 1

Adjust cell counting parameters:

ESEEE X

at Cell counting parg
File Edit

iz applied before cell
caunting and cell
recognition.

Analysis toal
& Cell Finder

Pararneter set 1 L | R _ _
[B] Thiz iz a threshold value in the traditional meaning. &

I Area Counter [&] In addition to cell count,

it iz pozgible to add a
neurite measurement to the
zegmentation protocal.

ot Bio
(1) Open the cell
counting parameter
selection window

tl samples Make protocol

(D) Segmentation gradient threshold iz a threzhold value
in the traditional meaning — a =mall value rezultz more
correct segmentations as it means the system is more
=zensitive to the intensity changes in the image. At the
=ame time alzo the number of faulty segmentations may
increase.

(E) The cell distance value defines the distance

between two neighboring cells — a small value

potentially resultz more cells to be segmented.
" T

(F} The maximum cell diameter defines the size of the
bigge=st cellz in the population.

-\Ne Image pre-processing

zmall value rezults to sensitive segmentation but also more
faulty segmentations especially if there's garbage or debiris

Mormalize image brl  in the image or the backaround intensity waries.

Meurite zegmentation parameters

[&] Find Meurtes
[B] Meurite threzhold

00 |« ad r
|| « [ b
[C] Meurites that are segmented too

near the cell center are removed from
the meazurement, The parameter iz

[C] Cell diam. where no neuntes |31

o

Cell counting parameters

- D] Cell counting threshold i telling the_system the size of t_he round

(E] Min. cell distance [pixels] o | area that iz cleared from neurites.

|§| [F1 Max. cell diameter [pixelz] 45 | 4 D b
[G] Cell sprmmetry [100; round)] a0 | B D v

[ Test with ane image I ’E Test with image series]

(G) With the cell symmetry parameter the user can

emphasize the impertance of cell symmetry in the cell
segmentation. In thiz terminology an exacthy round cell iz
the mest symmetrical target.

’ ak l [ Cancel ]
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=
wt Cell counting parameters [C=AC"

File Edit

|Gy
Paramsterset 1~ o ﬁ 'f“ s
Image pre-processing

Mormalize image brightness to level 151 | 4 ™|

76, 113%) (0s)

Meurte segmentation parameters

[&] Find Meurtes

[B] Neurite threshold 00 |« [l
[C] Cell diam. wihere no neurites | 21 | 4 D

Cell counting pararneters
D] Cell counting threshald cal | 4 |:|

i@ [E] Min. cell distance [pixelz] 25 [ 4 [

A
e . ———— Test cell counting
|§| (FIMax. cel dismEter [pivels] 45 parameters using Batch

process tool

Visual tools for
parameter definition

G zprmmetry [100: round] 0

[ Test with one image ] [E T est with image seriesl
i

|

Click OK when you are happy with the
parameters.

|
Quick test for cell
counting parameters

Tip: If you can not remove all the (false)
red dotz from the background, make a
background class to the sample library
and teach the positions of the false dots
\ to that class.

Now the cell counting part of the protocol is ready. Save the protocol from the Analyser main window: File -> Save
Analysis Protocol.

Sample library making

Next you need to make the sample library, as instructed in the following topic:Sample library -> Creating sample
file. It is recommended to add minimum 100 samples from the whole experiment to each class for analysis to be
accurate. See more detailed explanation about the sample selection in the document Protocol guide.

Build and test the protocol

After the sample library has been created, the classifier has to be built (see the image in below) and tested in case
it is needed to modify the sample library for even better analysis accuracy. When Protocol building finishes,
program prompts to save it to file.
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e Analysis Tool Pick samples
File Edit
Analysis to

& Cell Fin
Rules of thumb:
19_17.jpg (768x576, 113%) (0s) ¢ Area Ci 100-300 samples: Use value 0.70
. 300-600 samples: Use value 0.7-1.35
" Meurite| . gpp samples: Use value 1.35-1.40

(—'E‘I] Select Recognition complexity
parameter.

|'_ (2} Press "Build Protocol' -button to \ H

convert cell zamples to classifier.
can take several minutes to build it. ises | Add samples | fake protocol |

HK2I5table | counting |

HK 2D ead ’ B Brotocol | Fecognition complexicity:

k\ l 1z (07-14)

Tezt wvath ane image | ﬁ T ezt with image senes

/\

Quick test for anahysis
protocol

Pre=ss this to test
analysis protocol using
Batch process tool
-1 HK2

Stable {

Dividing

Dead (

The protocol is now finished and ready to be used in the Batch Process tool for running an analysis. Save the
protocol from the Analyser main window: File -> Save Analysis Protocol, if it was not yet saved.
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5.3 Image pre-processing
Image brightness level normalization
By default the Image brightness is

normalized to fixed level (151) before any
analysis is started, so that the same

Analysis Protocol works accurately even if
the source image brightness changes.

- The same brightness parameter is applied both before the cell counting and before the cell recognition.

- First adjust the brightness parameter and only after then add the samples.

- The cell sample brightness is changed only when it is added to the sample library, hence the source image
brightness must stay in the same value what was selected when samples were added.

- The cell sample brightness must match to the image pre-processing brightness, for accurate cell recognition.
-> The brightness parameter is disabled in the user interface after you have added the first cell sample.

The image brightness parameter can be selected from two places, but the parameter that changes is anyway the
same regardless from where it is changed:

i !

File Edit Sample Library
Analysis toal
@ Cell Finder

) Area Finder

) Meurite Recognizer

71 Tubule Classifier

Create classes | Add samples | Make protocol

Imagen pre-processing:

Selection of image

brightness level
narmalization. Brightness:

151

Start by selecting a class from the list:

4-Cell type 1
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|

File Edit Sample Library
Analysis toal
@ Cell Finder i

) Area Finder

ol Cell counting parameters Imagen pre-processing:

File Edit . .
te Selection of image

brightness level
normalization.

) Meurite Recognizer
© Tubule Classifier Parometerset 1~ 4 TF

Image pre-processing

| Create classes | Add samy

Momalize image brightness ta level 151 | 1 |:| b
’ Cell counting /] Meurte segrmentation parameters
’ @ Recognition area] [T ) Find Meurites
’ Build Protocal ] (B] Meurite threshold 100 | 4 |:| b
[C] Cell diam. where no neunites | 31 | 4 |:| 3

Cell counting parameters
Test with one image

[0 Cell counting threshold 25 | 4 |:| b

[E] Min. cell distance [pixels] 25 | 4 |:| k
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5.4 Sample Library

Sample library guide
= Defining classes
= Creating a sample library file (*.ims or *.cts)
= Viewing the samples in a sample library file

= Editing sample library file by moving and deleting samples, renaming and merging classes.

Sample library is the tool for designing analysis protocols for specific cell tests. Also, if an analysis protocol is
requested from CM Technologies, a sample library will need to be attached corresponding for the analysis needs.
A sample library is a collection of samples of cell, neurite and area types selected by the user. The sample library
is essential for the creator of the analysis protocol. Samples are selected from cell images in Analyser and saved
into a *.cts sample file. Create an analysis protocol by setting the segmentation parameters, the classification
parameter and by building the classifier. The detailed instructions are in the Protocol Guide. Contact CM
Technologies to request for an analysis protocol made by a protocol specialist.

Note: If a Sample library is done and saved into a *.ims protocol file instead, the saved file has all the same
information as in the *.cts file, and additionally the cell counting parameters. And if the protocol had been built
prior to saving, also the *_classif.txt classifier file is automatically saved.

Number of samples

The Sample library in a completed Protocol has normally a minimum of 100 samples in each class, and there is no
upper limit to how many samples can be included; the higher number normally results in better accuracy. If the
protocol is ordered from CM Technologies, normally 20 samples in a class is sufficient. But it is important to clearly
demonstrate the difference between the classes. Each class can have a different number of samples.

Cell size and position

Recognition is done from a single cell, not from the position of cell in a cell colony. One may be tempted to define
cells into the classes based on their position in a colony (near center / near edge), but the cells must look different
inside the sample window. Cells that are larger than the sample window can still be recognized if there are visible
differences to other classes inside the sample window.

Sample window

The recognition of cells is based on features extracted from the sample image. Those features describe the
surface structure and outer shape of the cells. Features must be seen inside the sample image. But since the cells
are not counted based on the sample window, the entire cell area does not need to fit inside the sample window.
The size of the sample window can be changed from the Recognition area -settings.

The classifier

The classification is defined by the classifier. For building the classifier you need to have a sample library that
defines the classes in the protocol. You also need to set up the classification parameter and build the classifier.

Summary
? Define only classes with clear difference between them that is visible inside the sample square.
? You can combine uninteresting objects into one class. Different looking objects can be assigned to the same
class.

? Objects that look too identical can't be in different classes. The recognition accuracy suffers in both of those
classes.
? Classification is not based on cell movement or cell history.
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5.4.1 Defining classes

About creating classes

? Browse the cell images throughout the cell test data and examine the morphology of different phases.
? Create two or more classes for the cell types and phases you want to analyse. Remember to assign all
objects present in the images to one of these classes including debris, garbage or other particles. If there

are a lot of uninteresting objects in respect of the cell count and recognition, you can make one class for all

those items. For example, if there are garbage particles, unwanted cell type or multiform trash on the

background, they can all be defined into a class "other", see image below. Everything is counted anyway in

the segmentation phase.

o e,

Faulty cell segmentations on the
background due to debriz can be
fixed by defining a class for the
debriz and teachnig the system to
recognize i.

] ﬁ . i i iy TR a ' ﬂ‘:
? Defining too many classes e.g. more than six, the classes might not have clear enough differences

between them to be distinguished accurately.
? Cells are recognized from one image view, not based on cell movement or cell history.

? A clear difference in features must be seen between all the sample images of two different classes.
? Assign each sample into the right class based on the currently viewed image, not based on the images
before or after.

The clazs definition iz right
with all cell phazes that
appear in the images
included. Thiz iz necesszary
for accurate classification.

Only the classes stable and
dividing are defined. The dead
cells would probably be
assigned to the Dividing class
as they are closer match to that
than to the Stable clazs.
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5.4.2 Creating sample file

= Click Pick samples button (see image below) or go to Tools menu to open the Pick samples window.

= Add cell types/phases: Select Cell type or Cell phase first and click Add new. Each cell phase will be a class
in the protocol where as each Cell Type is meant to group cell phases clearly and doesn't affect the

classification.

= Delete cell types/phases: Click the type/phase once and then click Delete.

» Rename the cell types and phases: Click the cell type/phase name. Then click the active name a second

time. Edit the name in the active box.

= Note that defining several phases e.g. more than six, the classes might not have clear enough differences

between them to be distinguished accurately.

Cell-IQ Anal
File Settings Window Tools Help

BEE P aQQ Rl B

Start by clicking
the 'Pick samples’
-button

= R

Select the
protocal type first

Create, rename and
delete cell and neurite
types & cell phases inthe
Create classes sheet.

Pick sampl
" N In the "Add
e [k Same ErIserEsl After creating
Analysis tool
4 STLIEmEIZ claz=es and picking
* Cell Finder selected and samples you can
added to the

i Area Finder |[library.

 Meurite Feco
" Tubule Classifier

build the classifier
on the this sheet.

Add new |
Delete |

s 1
| Add samples | hake protocol

= Celltype
@ Cell phase
" Background type

Add and name (or delete) cell
types and phases.

nrmb.

% Edit clazs styles

The cell types and phazez
are dizplayed on all sheets.
The number after the cel
phase name iz the amount of
collected =amples.
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Teaching

Select the Add samples sheet to collect samples to the classes.

= If there are no samples added yet, program offers to change the cell sample window size. Default window size

is good in most situations, and you can click No to keep it. You can change the window size at any time later
(with some constraints) also by clicking the Size button.

Note: The window size for the cell sample images in the saved protocol file depends on the selected sample

window size. If the selected size is small, the saved size is small, and when you increase the window size in
the program later, the sample image size will be increased artificially, and the analysis accuracy may
decrease somewhat. The program never decreases the saved sample size, so if you first increase the size,
add samples, and then decrease the size, the bigger save size is used for all samples, even if displayed size

is smaller.

" 1 1
Round cell sample area. This works wellin
most cages, and is very similar as the default
area type "Fixed =size”, but this can be made
bigger for large cells.

File Edi
Analysi
@ Cell
) Are
I Meu

1HIET

Round cell zample area that iz divided into two
areas. If two different clazses look similar from
cell centres, but different from cell edges, this
can improve accuracy.

0 Tub

zimilar from cell centres, but different from cell

Round dizk cell zample area. If all claz=es look
edgeg, this can improve accuracy.

Create classes | Add samples| | pMake protocol

Default area type,
works similarty as
"One area”

Start by selecting a class from the list:

Recognition area

71 One area

-0 Two areas

(71 One area with hale

i@ Fixed size

I Window width (fixsd] |54

23

Small circlediameter

a-HK2

.. Stable (94)
Dividing (45)
Dead (158)

Select circle diameters for the |
cell sample area.

at. Recognition window size_; @@ﬂ

@
O
¢

)
) e
&

pixelz

pixels

Cancel

= Click the name of a cell phase to add samples. The active cell phase becomes highlighted by a dashed

rectangle.

= Search samples in the image and place the square cursor on a sample candidate. Make sure that the cell is in
the center of the square in the sample preview and click Add sample.The number after the cell phase

increases by one.

= Repeat this procedure to add all samples. The ideal amount of sample is highly case specific but usually bit
over 100 samples in each cell phase is sufficient for good recognition and 10 - 20 samples for demonstrating
for protocol maker what classes will be needed for the protocol. Select samples throughout the cell test.
Browse through images to obtain a comprehensive sample collection.

Save the sample library into protocol file (*.ims) from Analyser main window by clicking Save. Before you exit
the program remember to double check that you have saved the sample library file as *.ims. The protocol will
have to be completed by building the classifier on the Building Protocol sheet.
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Pick samples
File Edit Sample Library
—Analysis toal

& Cell Finder

 Area Counter

" Meurite Becognizer

Create classes |Ad|j samples I take pratacal |

Move the square
curgor on the image.
Click on the =ample
candidate and the cell
appears enlarged in
the library window.

Make sure the right cell phaze iz

- HK2 active, the zample iz in the center of
Stahle (94) the =quare and click Add =election.

: Activate the cell phaze by =ingle

Dividing mouse click

Mote: Clear the previous sample
library when starting to creste a
nesy sample library or restart

Analyzer. Open Edit menu;

Starting new sample
library with nevw classes

Delete all Cell tvpes
Empty all Cell types
Empty current selection -
Merge classes

Class style edit

Starting new sample library
with the same classes

. i
Delete zamples in
zelected cell phasze to (0]

lose

Note: When you make an analysis protocol, you can add cell samples automatically after you have selected the
cell counting parameters.
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Merging classes

Any two classes in the sample file can be merged into one. If two classes turn out to be too similar, merging them

into one will save the samples unlike when deleting a class. The operation can not be reversed.

4 Pick samples
Fie Edit Window
ANt Delete ol Cell bypes

o Empty all Call bypas
current selection

E dit mer.

Select Merge
clazzes in the

N

Sample librany |

| -

Select the zource clazs that
will be merged into the rezult
clazz. Select the result
clazz. Click OF. Merging
clazzes can't be reversed.

= Combine two classes:

Source class

Rasult class |1 Stable round [HK2)

‘Wamning: The menging can not be reversed|

ok | cencal |

Cell-1Q Analyser User Manual
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5.4.3 Viewing sample file

= Always review the collected samples before saving and closing the sample file. Remove any inappropriate

samples and move misplaced samples to the right class. See next topic Editing sample file.

= Open the sample file into Analyser and select Tools -> Sample library or click Sample library button on the
Add samples -sheet of Pick samples -window.

= The samples can be saved only from the Analyser main window by clicking Save. However, you can save a
jpeg snapshot of the current Cell sample window. Select Save images view from the File menu. The sample

information is not included in the jpeg image but in an ims file.

 Sample Hbrary

the Cell memony window.
Select Save images
wiew from the File menu.

Select the number of rows per
clazs. "Wailt a few seconds far

Rt o oo thats ’2_3‘L"the window to refresh,
Save a snap image of 1Ty ¥ T 7
# i

'ou won'

b loze unzaved zampl
cuesd  this window, only by cloging Analpser. Save
“*.L the zample file [*.ctz] before clozing Analpser.
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5.4.4 Editing sample file

To have a good sample library, go through your sample selections carefully and make necessary changes. Some
samples may be placed into the wrong class. Move misplaced samples into the correct class. Delete any incorrect

samples, such as seen in the example of a poor sample library.

* Sample library

L]

ales ==
AT e TR
e

1. MOVING SAMPLES

v Select Move image.

» Select the sample by a single mouse click.
» Click any sample in the target class.

= WWait for the view to refresh.

=P » Save the sample file after any changes.
e T R S P
i %, e 2.DELETING SAMPLES

T

= Select Defete pointed image.

= Move the cursor on a sample image and
click on it ance.

= Wit for the view to refresh.

= Save the sample file after any changes.

Example: good sample library

o Samph
| Fls Ve

Sy [rresges View
T |1 -
Take a znap
shot [ jpg] £ L E

o a4 V NN S
Dividing [Hala] a

TS -

ncellent zample brany with
Lenu:uugh zamples in each clasz

and no falze or bad samples I Dedate pointed image

™ e -

OO0 DO 0O

Cellz are in the Clear difference
| |centercfthe !_. between clazses
Diead [Hala] ﬂ’ sample square B i
|

| WaE

Debiis [Hela]

Save zample file [*.cts]
in the Analpzer main
|| window after making any

- changes. Click Save.
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Example: Poor sample library

Poor zample libramy
Fie View I_ﬁ

Fiow numiber for ane class [1 -] =

Samples are
% picked off the cell
center, and need
to be deleted

Y

Swble [Hela]

There's no clear difference
Q between clazzes, the
~ | zamples look too similar.

Digbris [Hala] the wrong
clasz neead
to be moved g
<=
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5.5 Cell counting parameters

i e
Uiz ghaisieiel e Counting the cellz accurately iz pozzible by

zetting the right zegmentation parameters.
Set segmentation parsmeters These parameters tell the system e.g. the
size of the cellz, the density of the population
and the contrast of the cells.

s
Acdd cell zamples

The optimal combination can ke found .. byf_H“
o changing one parameter at a time in small
et the classification parameter steps, analysing fevy images and evalusting
and build classifier the rezult by eye. However, there are
guidelines that help to set the parameter right.
Thesze guidelines are introduced in chapters
Jzst praisieel peiliteanss Meurite zegmentation and Cell zegmentation.

Bad rezult

Mate: Segmentation perfarmance should be I
Cood resyult tested before collecting cell samples and
huilding the classifier. The right segmertation
parameters improves the accuracy of the

Save the protocal claszification alzo.

Note: The instructions in the following chapters give suggestions and usable ranges for the cell counting

parameters, but the user can freely try any such parameters that exceed the given limits, though it is unlikely that
they will give the best result.

SEGMENTATION PARAMETER WINDOW
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i !

File Edit
Farameter set 1 - + ﬁ @ ‘ E

Image pre-processing

Momalize image brightriess to level 151 | « | Cell counting parameter
wrind o

MHeurite segmentation parameters
i ] Open the cell images to the
[/ (8] Find Neuites Analyser main window and

(B) Neurite threshold 100 |« study the qualities explained
- Fﬂvith each parameter.

[C] Cell diam. where no neurntes

Cell counting parameters

0] Cell counting threzhold a5 |:|

[E] Min. cell distance [pizels] a5 |:|

|§| [F]Max. cell diameter [pixels] 45 [

[G] Cell gyrnrnetry [100: round] a0 D
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5.5.1 Cell counting

i It
utl Cell counting pamnﬂeis_élélg

File Edit

Parameterset 1~ o0 TF & ‘ ot

Image pre-processing

Marmalize image brightness to level 151 | 1 [ ¢

Meurte zegmentation parameters

[] (4] Find Meurites
[B] Mevrite threshold

[C] Cell diam. where no neurnites

Cell counting parameters

[0 Cell counting threshold

[E] Min. cell distance [pixelz]
[F] bk ax. cell diameter [pixels]

[G] Cell gyrornetoy [100: round]

’ Test with one image ] [E T est with image seriesl

ok | | cancel |

(D) SEGMENTATION GRADIENT THRESHOLD

Segmentation gradient threshold is a threshold value in the traditional meaning — a small value results more
correct segmentations as it means the system is more sensitive to the intensity changes in the image. At the
same time also the number of faulty segmentations increases because some intensity changes are not cells.
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High contrast in the cell edges and structures suggests the
use of high threshold value.

Dim cells with low contrast suggest using low threshald value.
Default wvalue: 35

Fange: 5...55

Lo threshold walue

(E) CELL DISTANCE

The cell distance defines the distance between two neighboring cells — a small value potentially results more
cells to be segmented.

If the value is set to e.g. 25 -» the minimum distance
between the segmented cells is 25 pixels.

Default value: 25

Range: 13...33, odd value

Long diztance E
between cells

Shart diztance '
between cellz

(F) MAXIMUM CELL DIAMETER

The maximum cell diameter defines the size of the biggest cells in the population.

Cell-1Q Analyser User Manual Version MA4.4.0.0 52



CM Technologies 9.1.2015

If the value is set to 37, the cell edges should fit inside
a 37 %37 pixel window.

Default walue: 37

Range: 21...75, odd value

b airurm cel
diarmeter iz zmall

b asirnunn cell
\ diameter iz big

(G) CELL SYMMETRY PARAMETER

With the cell symmetry parameter the user can emphasize the importance of cell symmetry in the cell
segmentation. In this terminology an exactly round cell is the most symmetrical target.

The system always first identifies the cell centers in the image. Sometimes small and dim cells coexist with big
and bright cells. In such case the system can find cells in the background right next to the bright cells even
though there's really nothing.

However, the symmetry parameter implies that there are cell edges found in every direction (360°) around the
cell center position.

Default value: O

Range: 0...100

Mo influence: O, and big influence: 100

Cellz are often nonsymmetrical. Define the other segmentation

parameters first, and only after that see if using the symmetry
parameter makes the segmentation more accurate.

SEGMENTATION PROTOCOL PERFORMANCE

Objects and patterns in the images that affect the accuracy of the segmentation and can cause faulty or deficient
segmentation:

? Garbage and debris on the background
? Image is out of focus or shaken
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Debn ar ather
zmall particles !

Diebri or ather
small particles
resulted faulty
seqmentations

Image iz shaken
ar oLt of facuz

Image being shaken or
out of focus resulted
deficient segmentation

Cell-1Q Analyser User Manual
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5.5.2 Neurite segmentation

i T

File Edit In addition to cell count, it iz possible to add a neunte
meazurement to the segmentation protocol. Tick the
Faramete| Find neurtes check box.

Image pre-processing

Maormalize image brightness to level 151 4 D r

Meurte zegmentation parameters

[&] Find Meurites
[B] Mevrite threshiold

[C] Cell diam. where no neurnites

Cell counting parameters

[0 Cell counting threshold

[E] Min. cel distance [pixels]
[F] bk ax. cell diameter [pixels] D

[G] Cell gyrornetoy [100: round] D

’ Test with one image ] [E T est with image seriesl

ok | | cancel |

SETTING NEURITE PARAMETERS
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I Ty

File Edit

Farameterset 1 ~ o ﬁ ) ‘ E

Meurite seqmentation parameters

[&] Find Meurites  [B] Meurite trezhald | 100 [C] Cell diameter | 31

Thiz is a threshold walue in the
traditional meaning. & small value
rezults to zensitive segmentation
but alzo more Faulky
seamentations especially if there's
garbage or debriz in the image or
the background intensity vanes.

Meurtes that are segmented too near
the cell center are removed from the
meazurement. The parameter is kelling
the zuztem that within that distance
from the cell center paoint, it iz
impozzible to find neuntes.

’ Test with one image ] [E Test with image seriesl

ok | | Ccancel |

1. Neurite threshold value guidelines

Thick neurites with high contrast suggests the use of high
threshald value.

Thin neurites with low contrast suggests the use of low
threshald value.

Default walue: 100

Range: 30...130

2. Cell diameter for neurites guidelines

If the value is set to 31, the found neurites are removed from
the 312 pixel radius from the cell center point.

Default: 31

Range: 17...41

EXAMPLE: TWO NEURITE SEGMENTATION CASES
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Thin neurites with low contrast
and rather small cells:
1. Decreaszed neunte threzhald
2. Decreazed cell diameter for
newrites
Thick neurites with high contrast and
rather big cells:
1. Increazed neurte threzhold
| 2. Increazed cell diameter for nedrnites
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5.5.3 Class specific counting parameters

Different counting parameters can be selected to find small cells and different parameters for the large cells.

Often one counting parameter set is enough for all cells, but sometimes it can be difficult to find one set of counting
parameters that work for all the cells in image, image series or well in the plate.

One set of counting parameters can be selected to find small cells and different counting parameters for the large
cells. The same sample library is always used both for small and large cells.

The number of the counting parameter sets is not limited to two, or to any other number. Different counting
parameters can be selected for every recognition classes if needed.

Neurite segmentation can be enabled in one or more counting parameters sets. Program will take the found
neurites from them all to the results.

Steps:

1.

—

Make CellFinder protocol the same way as with only one counting parameter set. Optimize the counting
parameters for the first cell type. If counting is now accurate for all cells in image, and for all recognition classes,
you can ignore the next steps.

. Add new counting parameter set from the “+” -button in the counting parameter window. Optimize these
parameters for the other cell type.

. Go to the Class styles -window, and select the counting parameter set 2 for the recognition classes that work best
with these counting parameters.

Select one aof the Add new
counting parameter sets counting
far editing and testing. | parameter set.

Delete curent || Restare default
caurtitg walues for the
curment

\-—ET—_; counting parar. ;
ad ell countin arameters zat o EE

File Edit p) __ —
Farameterset 1 = -l.ﬁ.;ﬁ

Meurite zegmentation parameters

e o S |

st Format of analysis results Clazs styles -window

File
Select how rezults are prezented

Selected clazses are: | Calor in; |Spot format in: | Spot width in: [Cell counting
- Counted to tatal cell number | - Result images - Rezultimages | - Result images |parameter [
- Dizplaved in result images - Result curves |zet [0

- Dizplaped in result curves

J Tatal cell nmb.

[] white
W HKZ - Stable Il Fed % ® - | [ m | -
7 HEZ - Dividing [ Lime 5 ® || | P -

7| HK2 - Diead e - & || n ~ | |8 [:]
! - 1
Select one counting parameter set for R

each class.

All or serveral classes can use the

same set. _Jk ][ o ]
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554 Tips

GETTING STARTED

Even though the images can never be perfectly segmented with any device the result can be optimized by
improving the parameters according to the cell test qualities.

It is recommended to collect a set of images which represent the cell test as comprehensively as possible. It
might be a few images from the start, the middle and the end of the cell test and depending on the well plate
size. Select positions from different conditions.

ADJUSTING PARAMETERS

Once this set of images is selected,the analysis can be run with the default parameters. If the result is not
correct, adjust one parameter at a time in small steps and run the analysis through the test set. Evaluate the
result images by eye. Repeat the iteration until the result is acceptable.

Segmentation gradient threshold
? If the cells have low contrast try decreasing this parameter in small steps from the default value
? If the cells have high contrast try increasing this parameter in small steps from the default value

Cell distance
? If the population is dense try decreasing this parameter in small steps from the default value
? If the population is sparse try increasing this parameter in small steps from the default value

Maximum cell diameter
? If there are relatively small cells try decreasing this parameter in small steps from the default value
? If there are relatively big cells try increasing this parameter in small steps from the default value

Cell symmetry

? If the cells are symmetrical and there are faulty segmentations on the background near cells, try increasing
this parameter in small steps from the default value. You might have to increase the segmentation gradient
threshold a step too.

ACTION TO TAKE IN CASE...

Cell segmentation
? There are too many spots -> increase the segmentation threshold value
All the cells are not counted -> decrease the segmentation threshold value
Individual cells have several spots -> increase cell distance and/or the maximum cell diameter
There are a lot of spots on the background near cell edges -> increase the cell symmetry parameter

There are some spots on the background and no cell edges near -> increase the segmentation
threshold value until they disappear.

LS ERLSERLV RELN

Neurite segmentation

? There are neurites found inside cells -> increase the neurite threshold value and/or cell diameter for
neurites

? All the neurites are not found -> decrease the neurite threshold value

? There is garbage or debris in the background which are counted as neurites -> increase the neurite
threshold value

DETERMINING THE MAXIMUM CELL DIAMETER

Slide the cursor over the biggest cells on the image and see the pixel dimensions on the bottom. This gives you
an idea of the maximum cell diameter. However, if the majority of the cells are smaller, then decreasing the MCD
moderately to ensures correct segmentation.

PARAMETER INTERRELATION

Sometimes changing one parameter might require to change an other one. For example, increasing the
symmetry parameter can require decreasing the segmentation gradient threshold, and increasing the maximum
cell diameter might require increasing the segmentation gradient threshold. There's no universal rule as this is
case dependent and can be detected only by testing. For instance when changing the maximum cell diameter the
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threshold value can be adjusted in case of it still improves the analysis result.

WHAT IF THERE ISN'T A PARAMETER COMBINATION THAT GIVES GOOD ENOUGH CELL
COUNTING ACCURACY?

In many cases the cell counting accuracy can be improved significantly using the cell recognition feature (that is
explained later in this guide):

= If there are spots in the background between the cells, and it is not possible to delete them, the
following can be performed: Make a 'Background' -class and teach the false background spots to that
class. Use the tools in the 'Edit class styles' -window in the Analyser to make the background spots
invisible in the result images and remove them from the result curves at the same time.

bl T

i B4 ' Ba Add new * Celltype
@@ AL T o | pa| e || e
Delete s
3_03_44_10_82.jpg (768x576, 113%) | _Dales |
1 r "

Format of analysis results

—— File
Sedect how results are presented

| — -
B et mage v

Calar in: Spol foimat in
- Result mages « Result imag
- Displayed in resull images - Result curves
- Displaped in resull curves |
Stable (94) F Tetal cell nenk \wihite -
Diading (45) ) =
Dead (158) | HK2 - Stable B Fed =i @
=1 Background ¥ HK2 - Dividing (I Lime =] @
All (35 = .
v HK2 - Dead N =l @& |
The B d -class i ] £ackaro I
A hidden mmm - o 3 aua Ell @& |
using the Edit class styles
o,
Ok

= |f you have spots in the edges of the cells, in the membrane, you can for example teach them also to the
'‘Background' -class.
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5.5.5 Examples

The selected set of cell counting parameters often apply for the same cell type if the objective magnification (4X,
10X, 20X or 40X)

is kept constant in the imaging system. If it is changed, the new parameters need to be found.

EXAMPLE 1: RAT NEURAL CELLS, 10X OBJECTIVE

The selected parameters
are:

(A) Find neurites
Enabled

(B) Neurite threshold
55

(C) Cell diameter (for
neurites) 29

(D) Segment grad. thresh.
37

(E) Cell distance 23
pixels

(F) Max cell distance ) ) N I
31 pixels Image from Institute of Biotechnology, University of Helsinki

(G) Cell symmetry
75

EXAMPLE 2: FLUORESCENCE CELLS, 10X OBJECTIVE

The fluorescence images are counted with the same tools as phase contrast images, and the parameter
selection follows the same principles.

Below is a step by stem case example for the parameter selection for fluorescence image. We start with the
parameters (D) Segment grad. thresh. 35, (E) Cell distance 27 pixels, (F) Max cell distance 37 pixels, (G) Cell
symmetry O.

2. Segmentation gradient threzhald
was increazed too much [37] and the
gegmentation iz deficient. Decreasze

the threzhold a step ar bwo.

1. Segmentation gradient
threshold 27 i too low and there
are faulty seqmentations. |norease
the threzhald ta remove them.

3. Segmentation zeems ok, 4. The optimal result iz finally achived with
with threshold 33, except the threzhold 33 but increasing the symmetry
zpot an the background near parameter to 35, [E =33, F = 39

bright cell edges. ;
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The selected parameters are:

(D) Segment grad. thresh. 33

(E) Cell distance 33 pixels
(F) Max cell distance 39 pixels
(G) Cell symmetry 35

EXAMPLE 3: HK2 CELLS, 10X OBJECTIVE, JAI CAMERA
The selected parameters are:

(D) Segment grad. thresh.
35

(E) Cell distance 27
pixels

(F) Max cell distance
37 pixels

(G) Cell symmetry 0

Image from Cell Research Center, University of Tampere
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5.6 Sample teaching tips

Cell counting and recognition

A good analysis accuracy is usually achieved by
= Clear representation of classes in the sample library

= Picking samples throughout the cell test
= Picking samples by clicking in the geometric cell center supposing the cell edges are visible.

However, some conditions may require picking samples of areas where single cells are not distinguishable, e.g.
a cell colony. In that case a separate colony class should be created and taught to avoid any error in other
classes. The cell count for that colony class is not accurate, but the other classes will be more accurate.

CELL COLONY

Alsoteach colonies
etc. even ifthe cell
countisn't possible.

i
the colamy B "

]

DEBRIS AND BACKGROUND

The population is very
clean. A garhage class
is not hecessary.

There iz alot of dehris and small
particles on the background. A
pgarbane class is necessany.

DIVIDING CELLS
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1oz o ezs on eafs oo eds on esle o e on eds on el o9 2o en @

aoa@"%oﬁa%omé

Egmdlmw [Dividineg

1 | Same rules apply to dividing Mk '. Ll
G Ig-.'i, cells as other cell types: ‘C\- y < ‘G‘ I 8 #_Uk
Gl sl B!l BEIER, RIS . g The dmdmg cell can be recognized
o

also before it actually dividies, as it
hecomes round with strong edges.

hetween two daughter cells. r&
o 4 (& e

bad samples [Dnidieg

| zamples of two round cells
right atfter the mitosis.

samples

Neurite recognizer

One class for neurites is to be included into the measurement and everything else in other class(es), also cells.
Click neurites so that they go through the center point of the sample window. You can for example include thick

neurites into the measurement by selecting thick neurite samples into the “All neurites” class and thin neurite
samples into another.

Area finder

When picking samples of the different areas, make sure to also pick samples of the borders of each area type,
just few pixels away from their borders. It doesn't matter if almost half of the sample is background or other area
type, as long as in the center of the sample window is in the right class. Always teach the background.

Cell-1Q Analyser User Manual Version MA4.4.0.0 64



CM Technologies 9.1.2015
]
Coll phaso | [Colbyps
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5.7 Auto-generate cell samples

After satisfactory cell counting parameters have been selected, the cell samples for sample library can be
generated in a more automatic way to speed up the process of building the sample library:

= After you have clicked "Test one image" button, you can use the found cell coordinates to generate cell samples
automatically, by clicking "Tools -> Auto-generate samples”.

» Move auto-generated samples to the user defined classes using the sample library window.

| @t Sample library 2. Click "Move selected” to move the

samples highlighted with yellow rectangle.

[ Fite  view

— -

- T —

Mave S|r.'|g|e lmages ’ Move selected Delete selected
|| Delete single images

1. Select auto-generated samples that
belong to one selected class.

Fiows number for ane class 1 -

Auto-generated zamples

™

at Cell counting parameters

Move selected samples

File Edit Window | Tools

I Meurite segmentation pa [ Auto-generate samples |
[&] Find Mewrites  (B] Meurte treshol el diameter

! Cell counting parameters

Stable [HE2]
Select the class where the selected samples are moved

1 Stable [HKZ2] -

3. Select the class where the

Dividing | selected samples are moved. (D] Segm grad thres. 35

[E] Min. cell distance o7 pirels
[F) Maw. cell diameter 97 pixels

[G] Cell gpmimetry 0 (@ ro influence, 100: big influshee to result)

Dead [HEZ]

[@ Test with one image i ’E Test with image series
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5.8 Building Protocol

Define protocal type

Set segmertation parameters

Add cell samples

et the clazszification parameter
(recognition complexity) and build classifier

Test protocaol perfarmance

Bad rezult

Good result

Done. Zave the protacol

BUILD PROTOCOL

" fter getting the segmentation
parameters, callecting the
zample library and setting the
the clazzification parameter,

click Build Claszifier.
W

¥

Ir?'he clazzifier building process
might take a few minutes Once
the clazsifier iz bult, 2ave the *imz
protocal file in the Analyser main
window by clicking Save. The

protocol is nove ready to uze.

The protocol has to be completed by converting the Sample library into classifier, with the Build Protocol button,

as explained in the image below.

THE CLASSIFICATION PARAMETER (=RECOGNITION COMPLEXITY) GUIDELINES

Small total cell sample number (e.g. 300 samples) -> g is small (e.g. 0.7)

= Large total cell sample number (e.g. 600 samples) -> g is big (e.g. 1.35)

process regarded as unnecessary.

Usable range: 0.7 - 1.4

Too small value results inaccurate analysis, since a large part of the cell samples are deleted in learning

Too big value results inaccurate analysis as well since the single cell samples have smaller visibility.
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E = : T
File Edit Sample Library
Analysis tool
@ Cell Finder
) Area Finder
@ Neurite Recognizer | (1) 3elect Make protocol sheet
) in the Pick samples window.
2 Tubule Classifier
bW J
hd
| Create classes | Add samples | Make protocol
[ Cell counting ]
[ @ Fecognition area]
[ Build Frotocal ] Fecognition complexicity:
1 -
o 0.7 (0.7-1.4)
(3} Press Build Protocol button to
convert cell samples to classifier. (2} Select the recognition
can take several minutes to build it. complexity parameter. it
influences to the rezultting
Sawve the protocol after it has been clazzifier speed and
buit anwering ves to the prompt, or performance.
later from the File menu.
- Stable (94)
- Dividing (45)
. Dead (158)
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5.9 Testing protocol performance

Define protocal type "7 Runtest analysis with the protacol

2. Examine results in seqamented images
3. Make necessary improvements

4. Funtest analysis again

5. Repeat urtil analysiz accuracy iz good

Set zegmentstion parameters

Add cell samples Sy
'r?he improvements can inciude )
et the clazzification parameter ) .&ddlng, maving or rgmwlng Sl
. - - Changing segmerntation parameters
and build clazsifier N " .
- Adjusting recognition complexity
- &dding, merging or deleting clazzes

L - —_
Test pratocaol perfarmance | ’

Give a descriptive name to the protocol u:ur_h“"I
Biad result use setial numbers connected to data
document. £z helpful to save a jpg image
Good resuft of the sample library to the same folder as
the protocal files, that way t's easy to zee
the class morphologies quickly before
loading the protocol into &Analyser.

Save the protocol
_—

REVIEW, ADD OR REMOVE SAMPLES

- Examine the misclassified cells in the segmented result images. If you can see a pattern there you can
teach certain type of appearance by adding 10-15 such samples and try again.

- Make sure every class is clearly recognizable by eye. Also make sure that all samples are selected in the
center of the cell. If not, remove such samples.

- Ifthe color coded spots are not at all in the center of the cells, try fixing the segmentation parameters.

- If the spots are in a right place but the class is wrong in many cases, try teaching the more
comprehensively by adding samples to all classes with poor accuracy.

DELETE, MERGE OR REORGANIZE CLASSES

- Iftwo classes x and y are both perfectly round and it is impossible to distinguish these two morphologies at
some stage, merge them into one round class.

- The dividing cells can sometimes look very similar to dead cells, round and non-adherent. However, the
amount of cell
division can be obtained directly by the derivate of the cell count curve. Therefore, teaching the dividing
class might not be necessary as not all divisions can be captured due to the cycle time being greater than
mitosis time. If creating a class for dividing cells is relevant, only assign samples to the dead class that are
clearly granular, and the perfectly smooth ones into the dividing class.

- Sometimes distinguishing between early differentiation and late differentiation is not accurate and those
classes can be merged into one differentiating class.

- Multinuclear cells and cells with single nucleus might not look different enough in the sample window.
Distinguishing between the two might not be accurate enough so they can be merged.

LIMIT TIME LINE & MAKE MULTIPLE PROTOCOLS

If the population changes so dramatically that towards the end there are completely different cell morphologies
and cell sizes and they get confused with some cells in the beginning, you could divide the analysis in to different
phases and create a protocol for each phase to obtain more accurate analysis.
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5.10 About analysis performance

CELL POPULATION

- The confluency of the population is best kept at low to medium for the best results. If the cells in the
population cannot be distinguished by eye, it is likely that the cell counting accuracy will decrease. If the
images contain areas of high confluency, it is best to include them to avoid false classification of other
classes.

- Ifthere is a cluster of dead cells or debris together with live cells, the clustered population often cannot be
counted. However this rarely interferes with the healthy population, as long as the clusters are included into
a background class. The same principle applies for any large objects in the field of view, they can be
added to the background and thus do not affect the counting of the target cells

% = 1 k‘::\-lk\;

N & confluent population IS
..: with uncountable cell: B [
B i .

- Ifthere's a lot of dead cells tangled together over the healthy population, the dead cells can't be
distinguished and counted. However, the stable cells can usually be counted accurately. In this case
include samples of the dead cell mass also into its own class or combine it with other such as the dead cell
class etc. If for some reason there is a big piece of trash in the image you can include samples of that into
e.g. a garbage class to avoid its interference with the cell count.

- Ifthere's a lot of garbage in wells, define a garbage class to sample library to avoid the garbage being
faultily counted as cells. Small particles can interfere the neurite measurement in Neurite finder tool, but by
using the Neurite Recognizer protocol you can teach the system to recognize and discard the small
garbage.

- Small particles can interfere also the neurite measurement in Neurite finder tool, but by using the Neurite
Recognizer protocol the system can be taught to recognize and discard the debris and scratches on the
plastic.
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Typical marks
it a waound

; ki Typical marks
healing test SF

it & waund

- Two-layered cell population: Cells are counted and recognized from a single image, so if the two cells are
on top of each other, at least one of them is not counted and the recognition accuracy can decrease.

- Cell colonies, tissue samples and embryos: Cell-IQ can take images that show features in the selected
Z-range from a thick target. This slice can be analysed using the Area Analysis method, where the system
divides the target into the different areas based on the texture. In this case it analyses more the structure,
rather than the individual cells.

- Long, low contrast cells: The cell analyser finds the cell centers (segmentation) in analysis before they are
recognized, and the segmentation is based on the features inside the cells and the cell edges. Hence the
foil-like cell types that have a body that is very flat and long (tens of micrometers) and has no clear edges,
may not be segmented and recognized accurately.

IMAGE QUALITY

- Poor image quality due to e.g. images being out of focus can decrease the accuracy of the analysis.
Images can be out of focus because:
- Cells are not adherent.
— There are particles floating in the medium.
- Imagen parameters are not optimal for the cell population type, or the cell test is not started according
to the given guidelines.
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- Poor image quality due to images being taken too close to the well edge, where the phase contrast
illumination field is not optimal, can decrease the accuracy of the analysis.

™

CLASS DEFINITIONS

- Ifthe cells look similar even if they are biologically in different phases or cell types the system might not be

able to distinguish them.

- Ifthe cells in two classes look similar only inside the cell sample window, even if they move differently or
their processes have different number of branches, the system might not be able to distinguish them.

- Cells actively change shape and look similar from time to time, even if they are different phases and look
different most of the time. In this case it is possible to define an additional class for the uncertain cell
shape. This way it is easier to quantify the analysis error.

HARDWARE CHANGES
- If the image resolution changes due to changing the objective or the camera, a new analysis protocol must
be created for the new resolution.
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6 Making the other Protocol types

The following analysis protocols are made with similar parameter selection interface:

= Fluorescence intensity measurement

= Fluorescence image combining and colouring

= Scratch wound measurement

= Area size measurement

Tubule and branch point measurement

Optionally the result curves can be generated directly from the protocol making tools, without the Batch Process:

= Each measurement that is made, with automatic or manual tools, is automatically saved to memory for the plate
for that image positions and time point.

= The measurements of the plate can be displayed in the Curve graph with the Show results -button.

= The measurements of the plate can be saved to result text files with the Save results -button.

For B ™
T
File Edit
Image processing steps: ‘ E H ﬂ ﬁ ‘ @ @ @P R ‘ D L I @ Show results ”n Save results ]
-
s S Ny g7 W} xr“c.*,
1. Origirial image [Well A4_06] 2006/14_27 21 30 : { | On )
2. Threshold AS @kﬁik A7 R A8
3. Remove small objects fe«:
4. Remove gaps ;’»

Save the current
resultimage to
automatically
generated YWell

| ® 5 Result |

Result | the plate in the

| Curve graph.

Fiesult image format

@ Outlined
() Colar filled
Foloredarea - Posmon 1[33)
@ 'wound Image 1
() Cell papulation Image 2
Image 3
Fesult curves 7 < g Image 4
=] wound area - . Image 5
E% SN The image positions that Image 6|
ound wi ) .
have measurements in Image 7
Closure area: Start_wound - Wound ) (e 0 G e Image &
E %: Clozure / Start_wound Iy Image 3

with dark blue.

&) E #%: Clozure / Plate_maximum_closure
[} E %: Clozure / Plate_maximurn_start_wound

Shiow result table

E Save Protocol ] [ﬂ Start Batch Plocess]

481 5713 183,183,183 Image1/12
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6.1 Fluorescence intensity measurement

Analyse images from single and multichannel fluorescence cell tests

with the Fluorescence intensity measurement tool.

= Measurement is based on thresholds and selected parameters,
and no cell sample image teaching is necessarily needed, but it can

be

= The fluorescence cell count, area and intensity are measured.
= The tool can utilize both the phase contrast and fluorescence

utilized, as later is shown.

images at the same time.

Fluorescence intensity measurement procedure

There are two optional ways to do the analysis:
Option 1:

Step 1: Select the analysis parameters and save them to a Protocol file.

Step 2: Go to Batch process, open the Protocol from file when asked, and fine tune the parameters if
needed.

Option 2: Go directly to Batch process, and select the analysis parameters on the go. No protocol file is needed.

Making a fluorescence analysis Protocol

Open images to the analyser main window using the *.dat file, and open the Fluorescence intensity
measurement tool from "Tools -> Fluorescence - intensity measurement”.

The preview image that was in the main window is automatically opened to the Fluorescence measurement
tool preview window.

Select the measurement parameters step by step. The intermediate results image is always displayed on the
right hand side of the window.

Fluorescence measurement _l

File

Edit Mode
Shogy

Image processing steps: ol |

]

e o e I

. Original image |
. Brightness, contrast, gamma

. Background correction The fluorescence

. Subtract channels measurement

. Threshaold

. Remove holes and partides
. 5plit areas

. Select cells

steps

[T P

= You can change the preview image at any time.
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,
Fucrescence meesrenert S

File Edit Mode

_ Show image and select se
Image processing steps: (v Fluorescence 1

C W Firecece

Fluorescence 3

2, Brightness, contrast, gamma
3. Background correction

4, Subtract channels

5. Threshold

&, Remove holes and partides
7. 5plit areas

3. Select cells

9, Result

Original image l

E:h ange the preview image. ]

e When the images were opened using *.dat file, images from all the channels were loaded at once also to the
Fluorescence tool. You can preview any channel at any time by clicking the radio buttons above the image. You
can also preview all the channels at the same time as a combined image, with or without the phase contrast
channel.

o The result parameter selection sheet on the left side of the image shows the parameters of the currently
displayed channel. Each channel has its own set of parameters.

Hint: If you want to remove some of the fluorescence channels from the combined image, disable it from the
"Include to protocol” selections.

File Edit Mode

o Show image and select settings Indude to protocol
j fe Fluorescence 1 i [[] Phase contrast v Fluorescence 1
(" [ Fluorescence 2 ¢ [l Fluor. combined W Fluorescence 2
. Fluorescence 3 ¢ [§™ All combined [ Flucrescence 3

Image processing steps:

1. Original image

LY 2, Brightness, contrast, gamma

3. Background correction

4, subtract channels Select the channel that is ¥ou can remove a channel from
5. Threshald displayed in the preview image. the combined image.

6. Remove holes and partides

7. 5plit areas The parameter sheet shows

the parameters of the currenthy
displayed channel.

2. Select cells
9, Result

Brightness, contrast, gamma

Cut intensity range (top and bottom limit)

Brightness |1 og

e Image brightness, contrast and gamma can be adjusted, so that it is later easier to select the threshold etc.
parameters, and that the result images will look better.

o These parameters will be set for each channel separately. Each channel can be set up individually through
steps 1-9 or completing each step for all channels.
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I
Brightness, contrast, gamma

Cut intensity range (top and bottom limit)

I Cut off the top or bottom part of the 0-255 intensity
P ! \ \ \ \ \ \ ) L range of an image. The remaining part is stretched back
' to 0-255.

Brightness |7 12
Kl I 2l

Change image brightness,
Contrast 1,00 contrast and gamma.

e Make background correction. Typically the image background gradient is removed, resulting background with
an intensity value of 0. This will make it easier to select the threshold value later.

F

Badkground correction

[v Use background correction

Background corrrection method

f* Subtract background image from original image ——

{ Flatten background to level; |50 Flatten the background, resulting the background with intensity value e.g.

50 everywhere in the image.
Brightness |1 a4
The background correction often lowers the brightness of
ﬂ J ﬂ = the cells. Use this to restore the higher brightness.
A O\
What background image is used for image correction

f* Find backgound automatically from each image

" Load background image from file load Use one and =ame bacground image for u:u:lrreu:ln of all the images. You have

maybe captured the reference background image with the Cel-lQ Imagen program.
" Find backgound automatically once  Find now _

Uze one and =ame bacground image for correction of all the images. Find the
image automatically using the current preview image.
Approximate badkground with |3 rd order surface

When background is found with the automatic algorithm, construct the background I
image using the Mth order surface function. 1st order would be simply a titted plane.

e Subtract one channel from an other. The signal from a channel sometimes bleeds through to another channel,
especially from the lower wavelength emission channel to the higher wavelength channel. In the image below
the 14% of the pixel intensities of the GFP channel (FL1) is subtracted from the pixels intensities of the Red
channel (FL2). The calculation would be: Red_result = Red_original - 0.14 x GFP_original.
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Subtract channels

Mod
[w Subtract others channel from this channel ﬂ
—

This function can be useful if emission from lower
wavelength channel bleeds through to the higher
wavelength channel.

Subtract:

Fluorescence 1: Weight |14 %o

Enable/dizable the channel subtraction

ﬂ J ﬂ_ Subtract channel 1 from the current channel
J J — Subtract channel 2 from the current channel.

J J_ Subtract channel 3 from the current channel

e Apply intensity threshold. In the resulting binary image the objects of interest are separated from the
background and hence can later be measured for intensity, area and count. Select the upper and lower
threshold limits - the intensity values between the limit values are segmented as the objects of interest.

Threshold l

Intensity threshold limits:

Upper limit |255

& 7
ﬂ b | —|®8 |pper threshold limit.

Lower limit |35

Let program select the

Lowrer th reshd lirnit. o

lower threshold limit

4 k|
automatically using the: J J J - ¢
histegram. #° Find automatically | f Select from image—'— Click image pixel, and that way make the lower threshold limit smaller.

#° Find automatically for every new image

Let program select

automatically different
lower threshold limit
value for every image in
the Batch Process.

Histogram

Vertical lines show the
threshold limit values.

Colored line shows the
histogram values of one

channel. The values are root
squared so that alse smaller
values are better visible.

T " 1
50 100 150 200
Intensity

|| } Pixel count (sqrt)

¢ Fill closed holes from the segmented areas and remove objects that have small area size.

o The number of fluorescent objects is counted from the image in the later steps, and it is often more illustrative

to get the count of only the large size objects.
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Remove holes and particles Small object

Fill closed holes. [ Fill holes
Remove small : - - g
objects [~ Remove partides with area below:

| 137 pixels

Kl _

Small object

Remove holes and partides l i
dizappeared

[v Fill holes

Hole
dizappeared

v Remove partides with area below:!

I? pinels
Kl _

e Split areas: Use shape analysis methods to count two connected areas as two separate objects.

o This step also automatically counts all the non-connected objects, using the threshold result image as a
source image. The area color shows which areas are connected and which are non-connected and hence
counted as several objects.

Split areas
Uze =hape analyzis methods to count
[~ split areas two connected areas as two separate
objects.
Method

The default object separation method,
{* Watershed which typically separates two
connected round areas into two areas,
regardless how wide the connected
waist is.

(" Erosion and dilation Twao connected

areas regarded as
one object.

The fast and simple object separation method, which
makes morpholegical erosion and dilation operations
and that way finds the gap between the objects.

Thiz reguires small connected waist, =o that the
areas can be separated.

Split areas

| Split areas

The basic Watershed method easiby
oversegments, i.e. it makes too many
new objects. This parameter helps to
avoid the oversegmentation.

Method
* \Watershed

Two connected areas
regarded as two separate
objects.

(" Erosion and dilation

Make less fragmented |3 i
4] _

The area splitting creates
new small objects, which
can be removed here.

| Remove partides with area below:

—
L _|
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e Select how the cells are counted. There are the three basic options available: (1) Count from fluorescence
image, (2) count from phase contrast image with Cell Finder protocol, (3) or user can manually select the cells
from the first image in the series, and the cells are automatically followed through the series.

o Unique IDs for cells: If the default settings are used, the same cell has different ID number in the different
fluorescence channels. But if the Cell Finder is used or if one of the fluorescence channels is used as a mask
(see image below), each cell has the same unique ID in all the fluorescence channels.

F- ) N
Select cells /

FindCells The cell count comes from the number of the non-connected fluorescence areas.

From fluorescence images using threshold The cell count and positions come from the phase contrast image analysis.

@) From phase contrast images using Cell Finder

If the fluorescence area of the cell is 0 in any of the enabled channels, the cell is

Analyse only cells that express fluorescence ) )
¥ ¥ p removed from Cell Finder results entirely.

Select manually, and track using Cell Finder

The cell positions are manually selected from each image series, from the first
image in the series, and then cels are automatically tracked through the series
using the phase contrast image analysis.

Use one channel as template for measurement
@) Disabled

If vou select that Fluorescence 2 (FLZ2) is template, for the current, say FL1, then the
FL1 areas that are outside the FLZ areas are removed from the measurement.

Flugrescence 1is template

Flugrescence 2 is template

Fluorescence

L

5 Eemplate

When a template is used, each cell has the same ID number in all of the channels!

Select cells
FindCells

From fluorescence images using threshold

I @) From phase contrast images using Cell Finder R

Analyse only cells that express fuorescence

Select manually, and track using Cell Finder - .
The circle shows where the fluorescence area is

Use one channel as template for measurement - searched so that it can be assigned to the cell'dot.
@) Disabled L )
) If the centre of a fluorescence area is inside the circle,

Fluorescence 1is template the area is assigned to that cell

Flugrescence 2 is template

Fluorescence 3 is template

Select Cell Finder protocol, so that cells will be counted accuratehy
from the phase contrast image. Otherwise the default cell counting
| E,.q' Open Analysis Protocol | parameters are used.

| E Edit dazs styles |||

Protocol ready! The green circle diameter. |

h, )
Measurement area diameter 95 pixels f_‘i
Cell tracking area diameter yﬂ\ pixels rl@i
'Jﬂ;lis parameter iz used only when the cell postions are selected

manually from the image, and tracked using Cell Finder.

This shows how far one cell can move between the two time
points and the tracking algerithm can still find it.

But if the tracking algorithm does not find any new position for a
cell from the next image, the old position is simply copied to the

‘\-...,Tw image.

e Select how the results are displayed and saved in Batch Process.
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Fluorescence measurement

File Edit Maode

~y | | Show image and select settings Include to protocol

e ﬂ 0 Fluorescence 1 [] Phase contrast W Flugrescence 1

1. Original image " [ Fluorescence 2 " [l Fluor. combined [v Fluorescence 2

2, Brightness, contrast, gamma - Fluorescence 3 ™ [ Al combined [~ Fluorescence 3

3. Background correction '

4. Subtract channels Imag d 144?58“

5. Threshald Re i

6. Remove holes and partides Intensi

7. 5plit areas Area

Select cells

Result

Result image format

(s Qutlined with channel color Select how the result areas are ]
¢~ Outlined with label color dizplayed in the preview image. .

(" Filled with label color W —
Select what and how the result values

¥ Show result data are displayed in the preview image. 04

W Show area IDs This wil also apply to Batch Process

resuft images.

i oY

% Show result table | Show scattergral Show single cell areas and intensities in a scattergram. Click the

W Save result table for eversimage in Batch Process dots in it to highlight the corresponding cell in the image.
. 1y | i
Show single cell areas and intensities in a table. Click the rows in it to
Batch Process result images: highlight the corregponding cell in the image.
[ Combined final result - only fuorescence ]

Select what result images will be saved
in the Batch Process for each time point.

|+ Combined final result - phase and fuorescence
v Single channel(z) final result
| Combined image from step 4. - only fuorescence

Click these items to zee the image!
|~ Combined image from step 4. - phase and fuoresc.

| _amie-  Woo
Go directly to the file selection phaze of
the Batch Process.
IE saveProtocol B Start Batch Process |-

By
/Ee the fluorescence measurement parameters to protocol file. _‘_H-\\

The default Protocel name is Protocldi.ims

If you uze Cell Finder for cell selection, and you select the default name for the Protocol, the following three
files are automaticalty saved:

Protoci0q.ims NFL parameters

Protoci01_SampleLib.ims HSample library and cell counting parameters
Protocold1_SampleLib_classif.tat  //Cell classification parameters, if the sample library protocol has been buit

In the Batch Process you only need to select the Protocoll1.ims, and the other two files are opened
automatically when named correcthy.

'\\""—-—._

R

e Change mode if you simply want to combine and colour images.
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Fluorescence measurement

| ®  Intensity measurement

Image combining and colouring

ge and select settings
" [] Phase contrast

" Ml Fluor. combined

luorescence 1
luorescence 2

2. Brightness, contrast, gamma
3. Background correction

luorescence 3

" [ Al combined

4, Subtract channels If you want to hide the threshold and mezurement steps,
5. Threshald and only do channel and image combining and colouring
6. Remove holes and partides ingtead, you can change the window mode.
7. Split areas Mo selected parameters are lost when the mode is
8, Select cells switched back and forth.

¥ 3, Result

Result

Incude to protocol
|v Fluorescence 1
|v Fluorescence 2
| Fluorescence 3
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6.2 Fluorescence image combining and colouring

Combine and colour the images from single and multichannel
fluorescence cell tests with the Fluorescence image combining and
colouring tool.

= No measurement values are produced, just the combined and
coloured result images.

= The tool uses both the phase contrast and fluorescence images at
the same time.

Fluorescence image combining/colouring procedure

There are two optional ways to do the analysis:
Option 1:
Step 1: Select the analysis parameters and save them to a Protocaol file.

Step 2: Go to Batch process, open the Protocol from file when asked, and fine tune the parameters if
needed.

Option 2: Go directly to Batch process, and select the parameters on the go. No protocol file is needed.

Make fluorescence image combining/colouring Protocol

= Open images to the analyser main window using the *.dat file, and open the Fluorescence image combining
and colouring tool from "Tools -> Fluorescence - image combining and colouring”.

= The preview image that was in the main window is automatically opened to the Fluorescence measurement
tool preview window.

= Select the measurement parameters step by step. The intermediate results image is always displayed on the
right hand side of the window.

The first four parameter selection steps are identical to the parameter selection in the Fluorescence
intensity measurement tool. See from the Fluorescence intensity measurement topic how the parameters are
selected.

e Select in the last step which type of result images will be saved in the Batch Process, and save the protocol.
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Combine/colour phase contrast and fluorescence images

File Edit Mode

) ~ || Show image and select settings Indude to protocol

Image processing steps: B Fluorescence 1 " [] Phase contrast [+ Fluorescence 1
1. Original image " [Ml] Fluorescence 2 {* [l Fluor. combined [+ Fluorescence 2

2, Brightness, contrast, gamma - Fluorescence 3 " [ All combined [~ Fluorescence 3

3. Background correction
4, Subtract channels

Result

Batch Process result images:

[v Combined image - only fuorescence
[v Combined image - phase and fuorescence

Select what result images will be zaved in
the Batch Process for each time point.
Click these tems to see the image!

Save the flucrescencse combining/colouring parameters to
protocol file.

The default Protocol name is Protoci0d .ims

Go directhy to the file selection phase of
the Batch Process.

IH saveProtocol | FEF Start Batch Process
< Prev.
1372 872 6,20
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6.3 Scratch wound measurement

Measure scratch wound areas and closure speed with the scratch wound measurement tool. Measurement is
based on thresholds and selected parameters, and no cell sample image teaching is needed.

Scratch wound measurement procedure

There are two optional ways to do the scratch wound analysis:
Option 1:
Step 1: Select scratch wound analysis parameters and save them to a Protocol file.

Step 2: Go to Batch process, open the Protocol from file when asked, and fine tune the parameters if
needed.

Option 2: Go directly to Batch process, and select the scratch wound analysis parameters on the go. No protocol
file is needed.

Make scratch wound analysis Protocol

= Open images to the analyser main window, and open Scratch wound tool from "Tools -> Scratch wound
measurement".

= Main window image is automatically opened to Scratch wound analysis preview window.

= Select analysis parameters. The intermediate image analysis results are displayed, when you click the image
analysis phases.

Scratch wound measurement
File

Image processing steps

1. Original image

2. Threshald The image
3. Remove small objects analysie phases

4. Remove gaps
A. Rezult

Original image

= You can change the preview image at any time.

Scratch wound measurement
File

Image processing steps:

2. Threshald
3. Remove small objects

4. Remove gaps
8. Result

Original image |

E:‘.h ange the preview image. ]

= Select threshold so that the all the cells and none of the background is thresholded in, and hence colored with
red. Even if cells are now segmented, the background area is finally measured!
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Image processing steps: ﬁ%

1. Orniginal imane

3. Remove small objects
4. Remove gaps
5. Result

Threshold ]

Give lower limit for threshold. The red areas
will be measured

Threzhold: [Use glide bar to =zelect ]

the threshold value.
17
B B 2

= Select settings for removing the small unwanted red particles from the measured cell area. You can see that
the two small red areas have disappeared.

s

File Edit
Image processing steps: ﬁﬂ

1. Oniginal image

2. Threshold

3. Remove small objects
4. Remove gaps

5. Result

Remove small objects |

The red area is first shrunk and then

dilated, and that way the small cbjects
; o dizappear. The problem is that the shape
"l Erosion and dilation count: I'I? of the area changes even in the places

v PRemove objects with area erozion and dilation:

M _I _,I that do not otherwise change size.

*This is very fast method.

v Femove objects with area below The area of each non-cennected red
800 el area ie measured, and the small areas
P are removed.

L _ 2

= Select settings for removing the small unwanted grey background gaps from the cell area. You can see that
several gaps have disappeared.
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,

File Edit
Image processing steps: ﬁﬂ

1. Oniginal image
2. Threshald
3. Remove small objects

The red area is first dilated and then
shrunk, and that way the small gaps
dizsappear. The problem is that the
shape of the area changes even in
the places that do not otherwizse
change size.

*Thig iz very fast method.

Remove gaps |

¥ Remove gaps with area dilation and erozion:

Dilation and erosion count; |2‘I

o B 2

The size of the non-connected grey gap areas
area measured, and only the biggest is kept, and

¥ Eeeponly one gap in the image, fill everthing elze others are filed with red.

ill % of the biggest
[~ Remove the objects inzide the gap

This is an exception for the above. Keep also
=some other gaps than the biggest one.

[~ Keep alzo gaps over |30

Delete all red areas inside any grey area. If the
red area is connected to image edge, it is not
removed.

= Select how the result images are drawn and which type of result curves will be displayed.

Scratch wound measurement

File

Image processing steps: ﬁ?.';
1. Original image

2. Threshold

3. Remove small objects
4. Remove gaps

Result

Result image format
f+ Dutlined

" Color filled

Colored area
+ Wound

" Cell population

Bl mumis e Horizental average wound width, in pixels.
v ‘Wound area

, i Wound closure area in pixels. This normally starts from 0 pixelz, and ends to the
v m “Wound width - - wound total growth. (This is good for well to well comparison, since wound start
™ Clazure area: Start waound - Waound —— =ize has no effect on the result curves, as long as wounds do not close entirely.)

W E % Clasure £ Start waound Closure area divided by wound =tart area size in this position. Nermally starts from 0% and could end
o - . €.9. to 35%. (The result curve values are strongly dependant on the wound =start size, and hence it is
[ [=d *: Closure / Plate_maximum_closure hard to compare the wells to each others without zeveral paraliel te=ts that can be averaged.)

I [ # Closure / Plate_maximum_star_wound Closure area divided by the biggest closure found in the well plate. This normally starts from 0% and in the position
E that has the biggest closure in the plate curve ends to 100%. (This i very good for well to well comparizon, since
the well with biggest closure has curve from 0% to 100%. The problem iz that different well platez can not be
directly compared to each others, since results are dependant on the well plate maximum closure.)

Clogure area divided by the biggest wound start area size found in the well plate. Thiz normally starts from 0% and
could end e.g. to 35%. (It iz =imilar to use thiz than the one above: Good for well to well comparizon, but there are
challenges in plate to plate comparizon.)

= Save the scratch wound analysis parameters and result settings to protocol file.
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Scratch wound measurement

Save image

Open Protocol

Save Protocol

Cell-1Q Analyser User Manual

Version MA4.4.0.0

88



CM Technologies 9.1.2015

6.3.1 Manual tools

The measurement area can be defined manually with the manual tools found from the center top panel.
= There is no limit on how many manual areas are added.

= The result area displayed in picture is a sum of the areas.

= Area can be measured either manually or automatically, not with both for one time point.

Al . Oraw with
File Edit _ i . | free hand.

Image processing steps:

[l" 1. Oniginal image
2. Threshold
3. Remave zmall objects

g Imagégirea: 442368 pixels

5. Resul Wound area: 22831 pixels

Original image | | Sum area from
| all manual areas.

| (E5 Open mages |
i | Sl
Right click over the

| image to delets the last
added rmanual area.

Right click over a
rectangle or an
ellipse to delete it.

277 159,159,159
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6.4 Area size measurement

Measure cell population areas and growth speed with the area size measurement tool. Measurement is based on
thresholds and selected parameters, and no cell sample image teaching is needed.

Area size measurement procedure

There are two optional ways to do the area size analysis:
Option 1:
Step 1: Select area size analysis parameters and save them to a Protocol file.

Step 2: Go to Batch process, open the Protocol from file when asked, and fine tune the parameters if
needed.

Option 2: Go directly to Batch process, and select the area size analysis parameters on the go. No protocol file is
needed.

Make Area size analysis Protocol

= Open images to the analyser main window, and open area size tool from "Tools -> area size measurement".
= Main window image is automatically opened to area size analysis preview window.

= Select analysis parameters. The intermediate image analysis results are displayed, when you click the image
analysis phases.

Area size measurement

File

Image processing steps:

2. Threshold The image

3 Remove small objects analysis phases
4. Remove gaps

B, Result

Original image

|
= You can change the preview image at any time.

Area size measurement
File

Image proceszing steps:

2. Threzhold

3. Remove small objects
4. Remove gaps

8. Result

Original image l

Change the preview image. '

= Select thresholds so that the all the cells and none of the background is thresholded in. The red, blue and
purple areas are combined after this analysis step.
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Area size measurement
File

Image processing steps: ﬁ?l':

1. Original image

3. Remove ezmall objects
4. Remove gaps
5. Result

Threshold ]

. | Us=e =lide bar to select the gradient
v Use gradient threshold: threzhold value. The result area iz

18 dizplayed with red.
Red: Gradient threzhold area.

j J j Blue: Grey level threshold area.

Purple: Both the gradient and the grey level
threzhold conditions are filled.

U=e zlide bar to select the grey level
intensity thre=hold range. The resuft

Upper limit [83 area is displayed with blue.
Kl [ 2
Lower lmit [0

KN A

[ Uz grey level threzhold:

= Select particle size for removing small unwanted particles from the measured cell area. You can see that some
small blue areas from the bottom have disappeared (are not displayed in red in below).

Area size measurement

File

|mage processing steps: ﬁ
1. Original image

2. Threshold

3. Remove small objects
4. Remove gaps
5. Result

Remaove small objects

[v Remave small objects fram the measurement

Femove objects that haz width zmaller than:

< I [

= Select size of gaps for removing the small unwanted background gaps from the cell area. You can see that
several gaps have disappeared.
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Area size measurement

File

Image processing steps:

1. Original image
2. Thieghald
3. Remove zmall ohjects

B Reszult

Remove gaps

Iv FRemove gaps from the measurement

Remove gaps that has width smaller than:
20
g N

= Select how the result images are drawn and which result curves will be displayed.

Area size measurement

File

Image processing stepe: ﬁ
1. Original image

2. Threzhaold

3. Remove zmall objects
4. Remove gaps

Fezult

Rezult image format
i+ Outined

" Color filled

Meazured area
(o Cellz

" Backaground

“ou can select that area
size always starts from 0,
and only the growth is

=hown in result curve.

Result curve values
¥ Growth: Start value is removed fram curve

. teazured area; Show original values

This can be uszed in special cazes where
there iz only one circular area in each
image.

[ Show round area diameter

= Save the area size analysis parameters and result settings to protocol file.
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Area size measurement

Save image

COpen Protocol

Save Protocol

Lz
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6.4.1 Manual tools

The measurement area can be defined manually with the manual tools found from the center top panel. The area
size measurement manual tools are similar to the manual tools for the Scratch wound measurement, see the
topic: Making the other Protocol types -> Scratch wound measurement -> Manual tools.
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6.5 Tubule and branch point measurement

Analyse angiogenesis images with the tubule and branch point measurement tool. Measurement is based on
thresholds and selected parameters, and no cell sample image teaching is necessarily needed, but it can be
utilized, as described later. The tubule length and the number of different type branch points (different branch
count) are measured. The images should be normal phase contrast images.

Tubule and branch point measurement procedure

There are two optional ways to do the analysis:
Option 1:
Step 1: Select the analysis parameters and save them to a Protocol file.

Step 2: Go to Batch process, open the Protocol from file when asked, and fine tune the parameters if
needed.

Option 2: Go directly to Batch process, and select the analysis parameters on the go. No protocol file is needed.

Make analysis Protocol

= Open images to the analyser main window, and open tubule and branch point measurement tool from "Tools
-> Tubule and branch point measurement".

= Main window image is automatically opened to area size analysis preview window.

= Select analysis parameters. The intermediate image analysis results are displayed when you click the image
analysis phases.

-
Tubule and branch point W

File Edit

Image processing steps:

The image

1. Original image: analysiz phases

2. Threshold

3. Clean background [Disabled]
4, Find branch pointz and remowve small tubules
A, Find branch count far branch points

B. Recognize clazzes [Dizabled]

7. Result

I Original image

= You can change the preview image at any time.
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-
Tubule and branch point

File Edit

Image proceszing steps;

2. Threzhold
3. Clean backaground [Dizabled]
4. Find branch points and remove small tibules
A, Find branch count for branch points
6. Recognize clazses [Dizabled]
7. Result

Original image |

[Chan ge the preview image. ]

= Select threshold parameters so that the all the tubules and branch point areas are thresholded in. The
following is targeted: Branch point areas have no holes, tubules are continuous with no cuts, and no single
cells or garbage from the background is colored (but this is secondary target, since they can be fixed also
during later steps). The width of the colored tubule area is not relevant.

Tubule and branch point

File Edit

Image processing sheps: ﬁ"ﬂ tarual Tool Options: [Se

1. Original image

3. Clean background

4. Find branich paintz and remove zmall tubules
5. Find branch count for branch points

E. Recognize classes

7. Result
Thieshold |
[v Use gradient thieshold: Select the blurring window size. The blurring helps
. . . to make tubule and branch point areas uniform,
Elhuibigg oo el |29 ! which makes measurements more accurate.
4

|—I —I Select the gradient threshold value. The result area

Threshold lower mit: 15 's displayed in red.

|LI —I E:nir;j:;;;hg;ﬂhT?n:aﬁr:u TEEERhE If both gradient and grey level

g ge. thresholds are used at the same
time, the pixels that fill the both

[~ Use grey level threshold: Select the upper and lower limits for the grey threhold limits are coloured in

lewel threshold. The result area is displayed in purple.

Upper lirmit |1 25 blue.

L] _

Lowyer limit IIJ
L

. ) U=e dilationg te fill holes and jein the two tubule
Dilate area by IU pinels fragments together

L |

= Single cells in the background can be faultily measured as a small tubule segments. Use these parameters to
remove them from the tubule measurement.
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Tubule and branch point
File Edit

Image processing steps: @ﬂ b aral Tool Options: [Se

. Original image

1
2. Thrashald

. Find branchpoints and remaove small tubules
5. Find branch count for branch points

f. Recognize classes
7. Result

Clean backgraund
Remowe green tubule lines from the background

1. Use Threghold to color the tubule areas blue.

2. Usze Width parameter ta hide falze tubules. Single cells in the background can be faultity

. measured as a small tubule segments. Tick
1. Threshold: Find and dark blue areas] one of the two check boxes to remove them
¥ Use gradient threshold: from the tubule measurement.

Threshold lower limit; IED

L _ 0
Select threshold values so that the
[~ Use qey level thisshold: single cells are colored with light or
o . dark blue, and so that single cell
Upper limit |1 25 area is not connected with the

|LI _I _’I another cell area.

Lawser limit ID
Lo 2l

Use slide bar to select the width -value =so that the single cell

2. Hide falze tubules: Make them dark blug centres are colored with dark blue, and so that tubules and
- - branch points are red or light blue. Blue areas with width
fidth bop limit I
jdth bop limit 120 bigger than this parameter, are colored light blue.

L _ >

= Find the center of each branch point. Branch point is assigned to the center of every disconnected area. Adjust
the red area size so that there is exactly one blue dot in each branch point. If there are too many single branch
points found, some of them are removed automatically in the next analysis stage.

Tubule and branch point
File Edit

Image processing steps: @ﬂ b aral Tool Options: [Se

1. Original image
2. Thrashald
3. Clean background

4. Find branch |:||:|ir'|t:5: and remos nall tubules
5. Find branch count for branch points

f. Recognize classes

7. Result

Find branch poirits and remave small tubules

Find branch paint areas and centres. Split or combine

areas to get the carrect branch point count. [Thiz is not

yet final Branch paint caunt - it is refined after branches

and tubules have been found more accurately ]

Select the shrink factor so that there is

. . . exactly one blue dot in each branch point.
Branch point area shrink factor If there are too dots in it, use smaller value

|32 to combine them. PIXE
- G

Femave tubules shorter than this:
[Removed tubules colored with dark pelow ]

I‘I 52
Tubule segments shorter than this value
u J » are removed from the measurements. &
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= Count how many branches each branch point has. Remove some tubules from the branch count of the branch
point, by defining the minimum distance value, so that the tubules that start too far from center of the branch
point, are not included in the branch count. Branch points that have less than three branches are hidden and
removed from the results.

Tubule and branch
File Edit

Image processing steps: ﬁg b aral Tool Options: [Se

1. Original image

2. Thrashald

3. Clean background

4. Find branch paints and remove small tubules

5. Find branch count for branch points
f. Recognize classes
7. Result

Find branch count far branch paints

Define howy far from the branch point centre the
branches can start in masimum. Thiz way you can

define that tubule branches are not measured fram Select distance value so that the
large: cell colonies. Branch points with less than three | tubules that start too far from any
branches are hid. branch point, are not counted to

branch count of any branch point.
M aximum allmwed diztance from branch point centre
to the tubule start paint:

[
L _ ]

v |f branch point had only 2 branches and was hence Some brach points maybe were removed
because they had only two branches. . 7

removed, restore tubule that is hidden below it .
Restore tubule segment that was below it.

o Classify tubules using Tubule Classifier protocol. If it is disabled, the total tubule length is measured in any
case, but the tubules will not be classified to different classes.
o Tubules can be classified to different classes such as thin and thick tubule classes, and false tubules can be
removed from the measurement with the classifier protocol.

Cell-IQ Analyser User Manual Version MA4.4.0.0 98



CM Technologies

9.1.2015

-
Tubule and branch point measurernea

File Edit

Image processing steps:

1. Original image

2. Threshald

3. Clean background

(| 4. Find branch pointz and remowve small ubules

Recogrize clazzes |

v Clazsify tubules using &nalysis Protocaol

Select Tubule
| Classifier protocol

E,q' Open Analyziz Protocol
|

\i; Edit class styles

kanual Tool Options: [Se

Select how results are presented

Selected clazzes are:
- Counted to total cell number
- Dizplaged in rezult images
- Dizgplaged in rezult curves

Spot width in:
- Result
images

Calar in:
- Result images
- Result curves

Spot format in:
- Result images

Tatal bubule length
Tubules - Thin
Tubules - Thick.

IF'roloc:u:uI ready!

[~ Unify the clasz of a tubule

Allthe pixels in one
continuous tubule

segment will be
assigned to the same
recognition class.

Thin tubule recognized
and colored with red.

WModify Tubule Classifier protocol. j

[ white -
(I Red |
I. Lirne j

C
o =l

| An example Tubule Classifier protocal J

Sample library

File View

I‘I vI

Row number for one class

I~ Move single images
I Delete single images

Move selected | Delets|

Thin [Tubulesg]

Thick [Tubules]

™|

Thick tubule
recognized and
colored with green.

" -
Pick samples ‘ L‘:' (=l 22 J

File Edit Sample Library
—Analysis tool
 Cell Finder
 Area Finder

" Meurite Recognizer
& Tubule Classifier

Create classes |Add samples | hake protocol

Add new |
Delete |

= Celltype
& Cell phase
" Background type

Sample nmb.

|15?

E Edit clazz styles |
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= Display the final result image.

Tubule and branch

File Edit
Image processing steps: ﬁ‘é Manual Tool Options: [Se

1. Original image
2. Threshald bule leng
3. Clean background

4. Find branch paints and remove small tubules
5. Find branch count for branch points .
. Recognize claszes

O S s
-

Fesult I

Select what and how the result values

are displayed in the preview image.
[ Show result table |

This will will alzo apply to the Batch

.f_‘ Edit tubuile style | BCESS RS aeS

& i Change the style of the tubule and branch
] Edit branch paint st. | point result visualisation in the image.

= Save the tubule and branch point analysis parameters to protocol file.

,
punie snd rench s
[ File | Edit

Save image ﬂ

Open Protocol
Fi% I
| Save Protocol i
mall tubules »
Close |ints 1 b

[ =k =

——

The default Protocol name is Protocoll.ims

If wou use Tubule Clazsifier for tubule recognition, and vou select the default name for the Protocol, the following
three files are automatically saved:

Protocoll1 .ims NMubule and branch point segmentation parameters
Protocold1_Samplelib.ims lMubule class Sample library

Protocl01_SampleLib_classif.t<t /Tubule classification parameters, after the sample library has been built

In the Batch Process you only need to select the Protocld1.ims, and the other two files are opened automaticalky

h when named correcthy. r
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6.5.1 Manual tools

The tubule and branch point results can be manually edited with these tools in the protocol parameter selection
window, for single images, but they do not change the measurement results when the Batch Process is used!

The image below shows the step 1 (see the left top corner of the image) of the tubule parameter selection, so all
the results displayed in the preview image have been created with the manual tools. The manual tools can be
used in the step 1 and in the final result step 7, where also the automatically created measurement results results
can be edited (erased) with them.

With the manual tools you can:

= Add tubules. You can define the classes, e.g. thin and thick tubules.

= Add branch points. You can change the branch point display style.

= Erase tubules. You can erase the automatically created tubules in the step 7.

= Erase branch points. You can erase the automatically created branch points in the step 7.

i 3 e s Add or Add or erase | Erase all .
»t Tubule and branch paint measuremen erase branch manual Save c:urre_nt result image.
EilesEdit tubules: points. o ramETIcTt Program will make a new well
LThe manual tools. plate folder structure for the:
. —L& saved image.
Image processing steps: @ .;"_ .;? -;, @ ge
| ® 1. Original image : | - TubLlEglass Calar Linewidth
2 Threzhald Setting of the currentty Use tubule classes  Tubu ms ~ [H Fed - 5 -
selected manual tool. Displav and save the
3. Clean background play
4. Find branch points and remowe small tubules [Well A4_01] 2006_04_2 urements table.

5. Find branch count for branch points
E. Fecognize clazses [Disabled]
7. Result

>
Tubt&ﬁangth: 774
Tubulesx Type 1: 417

Original image | TUbu Ies = YPE 2: 35? Draw the manual measurements
Eranch poi \t CcOo unt: 2 to the image with the mouse.

3 branches

4 branches c

The measurement results
table includes also the
manual teol results. it
shows everything you can
see in the preview image,
so it is actually combination
of the manual and automatic
measurements.
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Batch process
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7 Batch process

Use Batch process for applying the selected image analysis or conversion routines easily for all images from an
entire well plate, with a single run.

i |1
e (e

Action

@ & Count and classify cells

& . M eazure fluorezcence

(@] ﬁ Meazure scratch wound areas [threshold method)
@) ) Measure area size (threshold method)
@] Ej M eazure tubules and branch pointz

i ﬁ Track cell movements

) 54 Stitch image grids into big images

= : Image conversion
& o E=zport videos

o . Combine/colowr phase contrast and fluorescence images

® E Image processing operations

et = ] ’ Cancel
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7.1 Select method and images

Selecting batch process type

Select Batch process in the Analyser main window File menu. Next select batch process type:

,

[t

Action
@ @ Count and claszify cells
@] - Meazure fluorescence
i ﬁ@ heagzure zcratch wound areas [threshold method)

3 @ beazure area size [threzshold method)

i E_‘l Meazure tubulez and branch points

B &
i q@" Track cellz

Stitch image grids into big images

Export videos

Image proceszing operations

rﬂ.;.ppl_l,l image measurement ar

i ﬁ Combine/colour phage contrast and fluorescence images
=
T ]

~

transfarmation operations in all
images from a well plate with
zingle rn.

To get starked: Go o Analpzer
main window File menu and
zelect Batch process. Select the
operation to be applied to image
TEMes.

Defining the source and result files and folders

You need to define the source images for the processing, either by a cycle file or by the folder, and a folder for the
results to be saved in. Click Next to continue or Back to change the processing type.

= The result curves are saved in ACSII format in a *.txt file.
= File names and subdirectories for the results are automatically created.

= The result images are normally saved as jpeg images that can also be viewed with other programs.
= The Analyser converts the curve text files (*.txt) into visible graphs, see more in topic Analysis results.

-

** Source and result locations
Image sosce

BE[X)

* Folders |IZI.'u:el Lesthsoumce images L

folder

[ Cycleflefdat] | | Browsze for a cycle file J
0R a zource image

Fresuit folder

[ Browse for a folder for the
[D\cel test\pracessed images Lresults to be zaved in )

batch proceszing. chck Back

[Elick Mext bo proceed with
to change the operation.

With the fluorescence intensity measurement and combining/colouring tools you will also need the images from
the fluorescence channels. But the file selection method is still the same as above, because the program will find
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the fluorescence image folders automatically after you have selected the phase contrast image folder. The
fluorescence image folders are displayed as shown below, and you can disable the program from reading the file
names for some channels using the check boxes.

& Cycle file [ dat) _|
" Foldess [ _J
1 Select fluorescence mage source lolders

[Phase contrast folder selected in above]

|E:'-.ml bestPlate ]\ Plate] Cycle.dat

Select channels
v PFhase contrast

W Fhoiescence] | |Cvosl testiPlate]_Flusrescence_1 _|

[C:heall test\Plate]_Flusrescence 2

Select if the file names fram
the channel wil be read.

W Flusorescence 2

ou can zelect the
fluorescence image folder
alzo manually.

[~ Fheorescence 3

Resub foldes

[Chcell test\Resuts

¢ Back Mew> | Cancel |

Select the image positions from the well plate

Cell-1Q Analyser User Manual Version MA4.4.0.0 105



CM Technologies 9.1.2015

18 image positions selected

A 4 well aa

Select image positions iy O
| from the well plate. | Image

¥

3 \"

S

Previewing and refining image selection

Preview the number of images selected, and refine the amount of processed data e.g. by selecting only every
second image from series if preferred. Click Next to continue to method special settings, and further to start
analysis run or image conversion.
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Selection
Pozitions and images:
- 2 wells, with Summary of
- 2 aridg, with selected
- 18 image zenies, with images.
- 207 image files
The source data can be reduced Reduce the data by using every
by remaoving start or end of the Mth image of image series.
image series.
.;I & n
‘| ‘ ze eveny |1 — Irage: ¥ Save rezult images

= Allimages
& Time Stattime 4] | 2o dfzw
"_Selectimaging cycle range EoTitmesl —I —h”D dl? h
from image series that will Y ;

be processed i Cyclez Firgt cycle [LI _FII'I
- Last cycle M _FI I'I 2

" Selecttime range from
image series that will be
| processed.

‘ ‘ Image series time range:;

< Back | Mest » | Canizel
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7.2 Count and classify cells

The cell counting and recognition tool counts cells and

Total cell'count: 49

classifies them into the user defined classes. T it 0

HK2 - Dead: 7 ﬂ

You will need to have the analysis protocol file before you
start the Cell counting and recognition in the Batch
Process tool. The analysis protocol defines the particular
analysis task. See from the other topic how the
measurement parameters are selected and saved to

protocol.

The Batch Process tool can be found from the menu of the
Analyser main window: File -> Batch Process.

= In the start the analysis Protocol file must be selected, and then program continues to the source and result file

selection.
- .
somctwor pos e U
—Achion 1

: _ Select the 'Count and classify cells' -action
i* ﬁ Count and clazsify cells framn the list of available actions, and click

‘Mext’ -button. The Protocal zelection
& . Meazure Fluorescence windaw appears.

o w ) MO UUUPU (RSO o0 IR AUy [N SR R =

- E Look in: I@ Protocal j & ek -
[ r-% [=/|Protocoln123456.ims
o4 | = :
My Recent Erowse to the folder where the Analwsis
g Documents Pratocal is located, select the Protocal fils,
= and click 'Open’ -button,
| -
E Desltop

rFT\I-:ntE: the Pratacal consistz of the bwa files:_‘ﬁ"
. The *.imz file, and the * tut file that has the

;) zame name but with *_clazzif' extension

! and the * kit suffix. The zecond file can not

My Documents be zeen in the dialog view, but it must be

H_I_u:u:ated in the zame folder.

. b

My Network  File name: IFrotucuID123456.ims j Open
Flaces
Files of type: ICE-" analysis protocol ("ims) ;I Cancel |
|
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Protocol summary

Thig window shows the cell clazzes of the
opened pratocal. The cells/targets in the
source images will be classified to these
clazzes. Click ™ext’ to Proceed.

Source and result locations

Imange zsource

f* Cycle file [*.dat) |F:'\EMT'U—‘maI_I,IsiS dematGrid Images\Cecle. dat

. . . . . —, Click, to browse
Define zource image location uging one of the bwo ophions:

 Folders - Cycle f_ile: 'I_'he_file gives the onginal source Image =Y u:u:u:urd_inates fu:u_r J
better visualization of the source. |t alza shows what are the image grid
dimensions. |

Fiezult folder - Folders: Images can be analysed similarly as with the Cycle file, but L

image gnd size iz not shown when positions are selected.

ey [ ey e [ B [ Define saving location fD

| result images

[Elick "Mest' to Proceed. ji— Mexst » | Cancel |

= Adjust class styles and start the analysis run.

= Cell analysis settings BE”E|

Exclude and include
clazses into the
Edit clazs shyles rezultz. Change the
color codes for each
clazs in the resultz.

......... <Back i  START
Start analysiz

Editing class styles
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Selected clazzes e

—Select how resudls are presented

B Total cell b
] Hela cells - Stable
| Hela celz - Apoptotic

Zelect ar unselect
classes for the

Coon i

- Resull images

- Result curves

[ white -

|i Red -]

|i Blue -]

[ #qua hodify colar codes

analysis results

Excluded classes are not
counted to total cell number.
ou can e.g. exclude a

garbage clazs from the cell
COUnt Curves.

in result curves and
clazz symbols and

zize in result images

]

When image analysis finishes, the results are automatically displayed. Click this to go to topic 'Viewing results'.
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7.3

Analyse images from single and multichannel fluorescence cell tests
with the Fluorescence intensity measurement tool.

Measure fluorescence

Measurement is based on thresholds and selected parameters,
and no cell sample image teaching is necessarily needed, but it can
be utilized, as later is show.

The fluorescence cell count, area and intensity are measured.

The tool uses both the phase contrast and fluorescence images at
the same time.

See from another topic how the measurement parameters are selected and saved to protocol.

The Batch Process tool can be found from the menu of the Analyser main window: File -> Batch Process.

= Measurement parameters can be opened from Protocol file or selected on the go. After parameters are
selected, click Start from the bottom of the window to run the analysis for the selected images.

- .
Select Batch process type I&I
Action
i @ Count and classify cells
3} "
-
~
Fluorescence measurement
© [ File Edit Mode
i ) -~ || Show image and select settings Indude to protocol
Image processing steps: | [y Flugrescence 1 " [] Phase contrast [+ Fluorescence 1
1. Criginal image (" (M Fluorescence2 ¢ [l Fluor. combined [V Flugrescence 2
i 2. Brightness, conirast, gamma T Fluorescence 3 i E| All combined [~ Fluorescence 3
'l 3. Background correction L]
4, Subtract channels Confirm
& 5. Threshold
i &. Femove holes and particles L ]
7. Split areas <
3. Select cells
Result

Resultimage format
(¢ Outlined with channel color

(" Qutiined with label color
" Filled with label color

[v Show result data .

v Show area IDs

% Show result table | Show scattergram |
[v Save result table for every image in Batch Process

Batch Process result images:

[v Combined final result - enly fuorescence
[v Combined final result - phase and fuorescence
[v Single channel{s) final result
[~ Combined image from step 4. - only fuorescence
[~ Combined image from step 4, - phase and fuoresc,

E Sawve Protocol HH start Batch Process|
< Prev,

1345 9 0,0,0

hut
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= |f the manual cell selection was selected instead of the automatic, select the cells for measurement from each
image series.

g ™

rShow image and select settings

& [ Fluorescence 1 [] Phase contrast (1/2) Well C1, grid 1, image series 1

[ Fluorescence 2~ Fluor. combined

8 Fluorescence 3+ All combined

[Well C1_01] 2010_&&08_38_06_?1.]’@ (1392x1040) (11min 46s) R _4J : _’]l

1. Select the displayed channel. This does not
change the measurements.

Make image brighter or darker.
This does not change the
measurements.

All these settings and
selections can be different
for different image series.

3. Left click to select the cells that will be
measured. Left click again the same cells to
remove it from the selection.

2. Select the time point where you
want to select the cells and start the
measurements. All cells must be
selected from the same time point
from one image series.

Analyse those image
series where the cells
have been zelected
already, but remove the
other image series from | Cancel the

analysis.

Skip this ‘ Skip the rest Cancel all

4. Proceed to the next image series, or
start the analysis if cells have been
zelected from every series.

Remove this
image series
from analysis.

All th be selected from the same t

Mext position =
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7.4 Measuring scratch wound areas

Measure scratch wound areas and closure speed. Measurement is based on thresholds and selected parameters,

and no cell sample image teaching is needed. See from another topic how Scratch wound parameters are
selected and saved to protocol.

= The Batch Process tool can be found from the menu of the Analyser main window: File -> Batch Process.

» Measurement parameters can be opened from Protocol file or selected on the go. After parameters are
selected, click Start from the bottom of the window to run the analysis for the selected images.

, |
msnnpeope (O et

Action

(@ E Count and classzify cells
e . Measure Fluorescence

i+ ﬁ Measure scratch wound areas [threshold methodf

r
Scratch wound measurem

File

Image processing steps: ﬁh
1. Original image

2. Threzhold

3. Remove small objects
4. Hemove gaps

Result l

Fiesult image format
e Outlined

" Color filed

Colored ares
f* wound

i Cell population

Result curves
W ] Wound area

WV @ wound width
~ Closure area: Start_wound - Wound
% Clasure / Start_wound

=
g =
i

lozure / Plate_mawimurn_closure

[ -]

% Closure £ Plate_masinmum_start_walnd
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7.5 Measuring area sizes with threshold tool

Measure cell population areas and growth speed. Measurement is based on thresholds and selected parameters,
and no cell sample image teaching is needed. See from another topic how Area size measurement parameters

are selected and saved to protocol.

= The Batch Process tool can be found from the menu of the Analyser main window: File -> Batch Process.

» Measurement parameters can be opened from Protocol file or selected on the go. After parameters are
selected, click Start from the bottom of the window to run the analysis for the selected images.

, |
s perope (O

o)

Action

[ E Count and clazsify cells
[ . Meazure Fluorescence
[ w tdeasure scratch wound areas [threshold method)

File

1. Oniginal image

2. Threshold
] 3. Remove zmall abjects
ull| 4. Femove gaps

Result

o=

Image processing steps: B
I d
I
r

Confirm

—Fesult image format
. & Outlined

¢ Caolar filled

Measured area
i+ Cellz

" Background

~Result curve value
¥ Growth: Start value is removed from curée

[ Meazured area; Show original values

Il Show round area diameter

Cell-1Q Analyser User Manual

Version MA4.4.0.0 114



CM Technologies 9.1.2015

7.6 Measure tubules and branch points

Analyse angiogenesis images. The images should be normal phase contrast images. The tubule length and the
number of different type branch points (different branch count) are measured. Measurement is based on
thresholds and selected parameters, and no cell sample image teaching is necessarily needed, but it can be
utilized. See from another topic how the measurement parameters are selected and saved to protocol.

The Batch Process tool can be found from the menu of the Analyser main window: File -> Batch Process.

= Measurement parameters can be opened from Protocol file or selected on the go. After parameters are
selected, click Start from the bottom of the window to run the analysis for the selected images.

Scnesmpenns SO e

Actior

i w1 Tubule and branch paint measurement

i |
File Edit
o
Image proceszing steps:
il =
@ X@i ||| 1 Criginalimags 2009_06_16_18_39_42_00.jpg (1392x1040) (0s)
- 2. Threshold = =
3. Clean background [Dizabled) Tubule ien_g'th: 3242pixels ff
C BR 4. Find branch points and remave small tubules gr:r:'i::::;":;:ﬂi?ﬁ ? J
P ﬁ A, Find branch count for branch points 4’6"5“':""5 cuunt:- 2z
E. Recognize classes [Disabled] 5 biwnches courdied
- . [» 7 Resul 6 or+méire br. count: 1

~ 3
o Fesult |

Show result table

!" E dit tubule style
4 E dit branch point st.

& Save Protocol

<Back || START |[ Cancel

1360 437 129,129,129 Image1/1
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7.7 Cell movement tracking

Track cell movements automatically for the image series with this tool. The images should be normal phase
contrast images. Movement trajectory images and rose charts etc. statistics are generated. Cell Finder cell
recognition or cell counting Protocol is required before this tool is started.

The Batch Process tool can be found from the menu of the Analyser main window: File -> Batch Process.

Run Cell movement tracking

= Select Track cell movements and click Next button.

-

Select Batch process type

==

Action

@ Count and clazszify cellz
i H Meazure fluorescence

L Measure area size [threzhald method)
i Ej Meazure tubules and branch points

@ oa® Track cell movements

B3 Stitch image arids into big images
| é E wpart videos

% Image processing operations

ﬂ Meazure scratch wound areas (threshold method)

L] - .
ﬁ Combine/colowr phasze contrast and fluorescence images

et >

| I Cancel

p=

= Select pre-saved Cell Finder Protocol, and go through the source image selection steps.

= In the source file selection, select the *.dat file instead of just the source folder, so that cell travel in the results
will be presented in micrometers instead of pixels. Select also the folder where the result data will be saved.
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= Select the cell tracking and tracking and result settings.
0 1

Change the tracking "
method. Method  System |

Select cells Select automatically all cells in image for tracking. j

(@) Select all cells automatically using Cell Finder - Select cells manually, but track them automaticalty.

el ;

R Program will ask user to select the cells.

@ Select cells manually for automatic tracking 1

Track and visualize cells How big is the search radius for the cell,

. between the two time points. If the cell moves

Cell can move maximum 77 pixels between two time points more than this, it can not be tracked.

Show cell positions from 4 previous time points, (Just result image visualization.) H
Select how the cell IDs Cell ID number in result image How many earlier positions for a cell is
are written to the tracked §| . Mo ID number shown displayed in one result vector image. This
cells in the result i does not change the result statistics.
vector-images. @ ﬂ Show cell ID number

Present cell with the color defined for it's
class in the Cell Finder Protocol.

Dot colours in result images

3] u Use recognition dass colour
@ . Use one colour for one cell 1D

W, Edit Cell Finder protocol settings. “ou can
[ [ Edit class styles I e.g. hide some class from tracking. I

Uze unique color for each cell track.

| <Back || Mext> || cCancel |

Tracking method. There are two methods available. The v.2. is more recently developed and has better
performance in most cases.

Fio = -y

Method | System

Tracking method
- c
i@ Select cells manually for automa

|yl Track and visualize cel a1 Tracking method

Select cell tracking
method, which defines
how cell is tracked from  §fr
ane time point to the
another.

using Cell Finder

Select cell tracking method

(71 W.1. Cell Finder tracking: Find all cells from every image with Cell Finder and
find the dosest new position for each cell.

@ V.2, Template matching: For each cell, search the most similar looking cell
from the nextimage.

i@ ﬂ Show cell ID
- Track cell between time points based on:

Dot colours in result i
(] u Use recogniti

Cell movement trajectory is formed from the
three previous time points. They predict where
the fourth point should be found.

Trajectory Balanced  Resemblance

4 -] b3

Selectifthe cell is tracked strongly based on
the trajectory, ar more ar entirely based on the
assumption that the cell looks similar in the
next time point to how it looks in previous time
oint.

D
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= |f the manual cell selection was selected instead of the automatic, select the cells for measurement from each
image series.

— =
o
N — T . e

Track cells: © Forward in time . . ]
' Backwards in time (1/1) Well A4, grid 1, image series 1

[Well A4_01] 2 “§ 04_27 22_51_22_10.jpg (768x576) (1h 22min 3s)

1. Select if you want to =elect the cells from the start # "

part of the test and track them forward in time, or if e : Make image brighter or darker. This
you want to select them from the end of the test and .o | does not change the analysis.
track them backkwards in time. - J

3. Left click to select the cells that will be
tracked and from which the family trees wrill
be generated.

2. Select the time point where you

wan to select the cells and =tart the -

cell tracking and lineage. Al cells .| Analyse those image

must be selected from the same time series where the cells

point from one image series. -« have been selected —
4. Proceed to the next image serieg, or already, but remove the . uk

start the analysis if cells have been other image series from | Cancel the

selected from every series. anatysis. analysis.

Skpthis | Skiptherest | Cancelal

Image 2/12

Cell movement tracking Results

When tracking finishes, the Cell Finder result curve window and the tracking result window (see image below)
open.

= Select results from different image series to display from the plate map and position list in the right hand side of
the image.

= The "Trajectory" sheet shows the entire journey the selected cells have traveled in the entire time series.
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File Edit

Trajectories | Centered traj. | Rose chart | Distance 20 | Distance 3D
Line colour: @) Cell ID colour .__ Linewidth: 2 « I

() Class colour Use unique color for each cell track.

Prezent cell in each time point with the
color defined for it's class in the Cell
Finder Protocol.

The cell I and the brightened
dot are in the position where

the cell was in the first time - Select plate folder where the cell images are
point. lncated that are shown as a background of the
o trajectory image. The selected folder should
et 4 have all the the "WellA1_017 "WellAZ_01" etc.
! " wel folders inside.
f _/’ LY
| .. Dol 8 M)

-

P
=4
LY (.#} _4 The second dot is in 4 o B,
the last cell positions. i —
iy

& q’ 4
r 2l
Average results for the cells in this one image:

position. This is the same data you can find from
the XML file from the result folder.

Average results counted for all cells
from in this image position.

Where did the centre of the cell

a-Well ag s
i+ Position 1 (1x1) |
Position 2 {1x1)
i~ Position 3 {1x1)

population move.

The average results in the table can be limited to the
cellz that were tracked over many time points.

Trajectory background image (plate) folder.
C\GMTVAnalysis deme\del track New foder (8) al\2_Tracking. | .|

Average results for cells in Well A4_01

Test duration: 11 h
Cell count: 4
Distance from start position to end pos.: 54 um

SIE= - 170
Trajectory length: 179 um e ECETTEEEny

Speed via trajectory: 16 umy/h
Population movement angle. (
Population movement distance:

Exdude cell from average results if it. ..

“‘ has < tirne points moved < um distance

= Also the "Centered trajectory” sheet shows the entire journey the selected cells have traveled in the entire time
series, but here the starting point of each cell is shifted to the center of the image.
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[Fite edit

Trajectories | Centered traj. |Rose chart | Distance 20 | Distance 3D
Line colour: () Cell ID colour (@) Il 5ack Line width: 1

Class colour

?\\ | Use unique color for || Use the single color
for all lines.
Present cell in each time point L_Bﬂcn T EeEl or alines
with the color defined for it's ) :

Centered trajectories

class in the Cell Finder Protocol. @ @ @ @ @
1971

4 -Well C5 -
- Position 1 {1x1)

| Position 2 {1x1) |

- Position 3 {1x1)

- Position 4 {1x1)

- Position 5 {1x1)

- Position 6 {1x1)

- Position 7 {1x1)

- Position 8 {1x1)

.. Dneitinn @ 1w 1)

E
=1
|5
E 04
@
=
Q
E
=

Trajectory background image (plate) folder.
C\GMTVAnalysis deme\del trackiNew foder (8) al\2_Tracking. | .. |

Average results for cells in Well C5_02

Cell count:

Distance from start position to end pos.: 48 um
Trajectory length: 160 um

Directionality: 0

Speed via rra1ec’rcnﬂ,~ 16 um/h

X movement [um] Population movement angle. (Up is 90 degr.): 90 degr.
Population movement distance: 21 um

= The Rose chart sheet shows the direction where the cells moved from start point to the end point in the entire
time series.

*Note: The rose chart does not tell anything about the cell movement distances, only about the movement
directions.
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I
File Edit
Trajectories | Centered traj. | Rose chart | Distance 20 | Distance 3D | V.
Colours: @ . Blue - Silver - Angle interval: SE: dear. %@i
(7) Dominant dass mluur__='—=-—-___‘_r'_-n"e pie slice in the chart is painted with the :
color of the cell class that had most time
point hitz in that cell movement direction.
Rose chart -
How many cels moved to each direction %f
Cells that mowved to direction 75 - 115® from their starting point. j |
54 \
The length of the pie slice ﬁ;":
tells how many cells moved i
to certain direction. *}%
— 7T E2
4 -
E
3
]
L]
o g+ -
=3 Mote: The rose chart does
i not tell anything about the
= cell movement distances.
=
3 )
v i i i i
5 3 ] 3 5
¥ axis [cell count]
» The 2D distance graph shows the average movement distance of the fastest cells at each time point
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|

File Edit
Trajectories | Centered traj. | Rose chart | Distance 20 | Distance 30 |

Cell movement length in image [micrometers]

I bt o e T — 15% of cells

45 [; -awiz = cell movement [um] The 15% curve: average movement of cells gg: E: z::::
11 % awis = time -~ belonging to the fastest 15% in the image. [~~~ ~-

elonging to the fastes in the image 005 of il
a0t The 30% curve: average movement of cell: [ |

belonging to the fazstest 30% in the image efc.

= The 3D distance graph: Each entire curve is the tracking result from one time point.
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-

ot Tracking results

File Edit

Trajectories | Centered traj. | Rose chart I Distance 20 | Distance 3D |

Y -ariz = cell count
¥ -avis = distance

cell moved between

hwao time points

Cell movement length in image [micrometers]

£

" Each curve is the tracking rezult from a
1 time point. The first curve iz for time point 1,
H_secu:und for time point 2, ete.
b I

i . —
firzt walue in each curve = number of cellz

= ) that moved O pikelz from presvious image
= 2 ,5‘ - e
= I zecond value = number of cellz that
= 2 moved 1 pisel etc.
T |
O 15]
‘| |
05
E}.
L]
time
: g
distance e B 2
) « B r
Zoom -« =] P+
Max movement (um) 0| « il P60
First time point 0|« [ b g

= The result *.xml file is saved automatically for each image series to the "2_tracking_results" folder. The first
three rows present average result for the image series, and the latter rows have detailed data of each cell.

Average results for
image series:
Cell count Test duration [h] ;Distance from Trajectory Directionality iSpeed via Population movement (Population
start position to  ilength [um] trajectory [um/] iangle [degr]. (To right imovement
end pos. [um] is 0, upis 90 degr.) distance [um]
49 11 54 179 03 16,1 1583 13
Results for each
cell:
Cell ID Time from start  (Distance from Trajectory Directionality ;:Speedvia Movement angle
position to end  start position to  |length [um] trajectory [um/] i[degr]. (Torightis 0,
pos. [h] end pos. [um] upis 90 degr.)
1 11 13 149 0,09 13,4 221
2 11 93 210 044 18.9 25
3 11 81 266 03 239 140
4 11 9 148 0.06 134 104
5 11 82 200 041 18 274
G 11 95 255 037 229 207
=T 41 an E7 naQ AT ar
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7.8 Stitching grids

I T Ty
o b o N R
Stitch images from grid pogitions into zingle =

Action image files. Select the image processing
operation Stitch image grds into big ‘

© & Count and o images. Select images for the batch:
i . Meazure Huorescence

& : I

Diraws white lines between images

i Yes

':::I "j 'E' Nl:l

Images in the grid can have
white lines between them.

L ﬂ Change image brighthess Multiply pixel values with]

- |* D 7 I - a fixed factor.

Resize

It iz recommended that stitched
grid image resolution is scaled
down, ar the large stiched image

size can cause problems in image
file saving or displaying.

() Dizabled - keep full image size

@ Resize result images bo:

i@ Fived size: (") Percent of ariginal;

Width 1332 pixels 50 %

|nterpolation Eul:m:: -

Find image background eignt 1040 pinels
gradient automatically and

flatten it to the fixed level.

e

Tﬂ"lElgE border brightness
is matched to the same
|evel to the border ofthe
Jextimage in grid.

take backaround corection

[ Flatten background to the intensity level .'I a0
[] Match image edge brightness between the grid images

| <Back || STeRT || Cancel

S
|:Prewew how the first time point of the first selected grid

would look like with the selected grid stitching settings.
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7.9 Exporting videos

Select the playback speed and the quality for the videos. To add the caption texts and time stamps in the videos
click the Captions and logos button, see more in Movie Maker.

= View cell videos with any media player application that supports the .wmv file format.

Action

|

-
a1 Video Settings.

Region of interest

7 Region

Wideo size

@ whole image

Select..,

Thig zetting letz you choose the area that will be shown in video. Selecting ""whaole image' uses whole image area and zelecting "FRegion' uses
the selected area. Area is zelected by clicking "Select...".

Thisg zetting defines the dimengionz of the video stream. Setting lets you to chooze from pre-defined sizes or to define your own size. Selection

Export a video file from an image senies with custom
playback speed by selecting Export videos az the
batch process tppe. Select images or gridz for the
batch. If zelecting gridz, one wideo iz made for
esch position, unless the grids are stitched before.

ligtz only pre-defined sizes that match the azpect ratio of selected region.

Typically when "Region' iz selected, its azpect ratio doss not match ta those of pre-defined sizes and there is anly
"Custom gize..." to select,

|1 Image (768 » 576)

- Video size: VB » 576 pixels [100% of the source].

Cusgtom size

Plavback zpeed

Frames per zecond:

Quality

Cluality walue;

Captions

7ER

576

Edit captions and logos

Uitz
(@) Pixels

Fer cent

Select playback zpeed
and quality far pour videos,
and click START.

Thisz zetting defines the playback zpeed. Playback speed iz defined az
Frames Per Second, which tell: how many images will be shown per
zecond,

Thiz zetting defines the vizual guality of the wideo. Smaller values create
amaller filez with lower quality, and higher values create higher quality
with larger file sizes. Values range from 1 [very low quality] ta 100 [high
quality].

< Back || START || Cancel
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7.10 Combine and

Combine and colour the images from single and multichannel

colour images

fluorescence cell tests with the Fluorescence image combining and

colouring tool.

= No measurement result values are produced, just the combined

and coloured result images.

= The tool uses both the phase contrast and fluorescence images at

the same time.

See from another topic how the measurement parameters are selected and saved to protocol.

The Batch Process tool can be found from the menu of the Analyser main window: File -> Batch Process.

= Measurement parameters can be opened from Protocol file or selected on the go. After parameters are
selected, click Start from the bottom of the window to run the analysis for the selected images.

-

Select Batch process type

lamm|

Action
i @ Count and classify cells
i H Meazure Fluorescence
i f( Meazure scratch waound areas [threshold method)
¢ &3 Measure area size [threshold methad)

. E_l Meazure tubules and branch points

i E Stitch image grids into big images
.l ﬁ, Export videos

o !:;' Combine/colour phase contrast and fluorescence im
r

a0es;

lﬁ

Combine/colour phase contrast and fluorescence images

File Edit Maode

&)
]

Image processing steps:

~ || Show image and select settings

= Fluorescence 1 " [[] Phase contrast

1. Original image

S 2. Brightness, contrast, gamma
3. Background correction

t channels

Result

Batch Process result images:

Iv Combined image - only fusrescence
v Combined image - phase and fuorescence

" [ Fluorescence2 ¢ [l Fluor. combined
- Fluorescence 3 " [§® Al combined

Indude to protocol
[v Fluorescence 1
I¥ Fluorescence 2
[~ Fluorescence 3
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7.11 Image processing operations

P = - —— i
Select Batch pmc_ =)

Bction

™ B count and classif cells
8] . Meazure fluorezcence

o m Meazure scratch wound areas [threshold method)
(8] E Meazure area size [threzhold method)

. = ;
= "‘,"j Meazure tubules and branch points

om |
® éx
il
.

=

{
y

Select image
proceszsing operation

) Resize
(71 Take region of interest (RO
(71 Brighten/D arken

(") Grey level threshald

(71 Make background corection

) Remove image senies 2 judder

o A8
) ol - Image processing operations

Info

Select the image pracessing operatian from the lizt on the left.
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7.11.1 Resize

Change the pixel dimensions of images

1. Select Resize

2. Define the dimensions of the resized images. Fill in the dimensions in pixels or give a percentage of the

original.Click Show image preview to preview a resized image.

3. Select the interpolation method from the drop menu. You can compare the original image and the result
with different interpolation method in the preview window by switching from Original image to Result image.

4. Click Next.

Image processing operations

File
- Select opmiation 1. Select Fezize Hm'
% Resiza ~Souce mage

_ 2. Give pixel dimesions
£~ Take region of interest (ROI] Width: 788, Height: 576 | oy percentage of original
for the result images

C Brighien/Dasken Lol
width 345 peels  Pecent of cngnal |4.5 %
™ Grey leved theechold . : . :
Height [259 plsels Irimdﬁ‘mmﬁndm -

3. Select interpolation

™ Make background coeection | It
method wzed in resizing

Hide inage preview | cBack | START
. Browse for
i zample image {:i
T, & prolocol\Z006 2007 Firkand\ 20052007 420050 1173, 20) 93
Redresh Display | Ongnal mage e & Resul image

Select to view oniginal
image o result image
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7.11.2 Region of interest

Take a custom size region from images

1. Select Take region of interest (ROI)

2. Click Show image preview and open sample image to preview ROI, which is indicated with a white dotted
rectangle in the preview image.

3. Define the dimensions of ROI and give the coordinates in the image, or select Draw ROl and draw it with
mouse on the preview image. Click the Center button to set the ROI to the center of the image.

4. Click Next.
Image processing operations L;]LQE
Fil2
—&alact S r
o m 1. Select Hs':" |
Egize —Souce image
Take RO (3. a) Give RO pisel
& Take region of inbersst (R[] Wi TEB. B8 i ersion and SetBOlin
_ - coordingtes in image mErlien &l freEe
 BricheeryD akon Flesull image d
Widh [152 pesks, left edge cocedinste [33 o [
(" Girey level theeshold . .
e Height [773 pisels. top edge condnate [15 S ——
™~ Make background comection 3. b1You can alzo draw ROl in ' i
- the sampe image with molse 4 Click START
Hide mage pievieW™ Birowse to open < Back START Cancel
a zample image
Fibe selecton
Tipen sarmpi mage || |F-\2006-2007 Cal image: & peotocol:\2006-2007 Finland\2005-2007 Ta\2005 0 [[678. 30) 82
_ Reesh | Dissley | & Originelimage

ROl ig indicated with
vellow rectangle
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7.11.3 Brighten/Darken

Brighten/darken: Change the brightness of images
1. Select Brighten/Darken

2. Click Show image preview and open a sample image to preview image brightness. You can compare the
original and the result image in the preview window by switching from Original image to Result image.

3. Select brightening method. Adjust brightness by percentage by selecting Brighten/Darken image or select
Fixed average gray level value and fill in the desired value.

4. Click Next.

Image processing operations [._|
Fila
Selact oparstion BrightenvDarken | 3. Select brightening
 Resie Select biightering meihod rethod and set value

1. Select . .

" Take reg Brighten/D arken CE R o0& ﬂ .
i Brighten/Tiarken [ Sel fived average grey bevel valus | |

™ Grey level thoeshold

I~ Miske background cofection 4 Click START

Hide inage ievier 3 omrss 1o oper <Back |  START % Cancl
gample image :
File zeleclion

Open zample image | [F:\2006-2007 Celimages & peotocols\2006-2007 Finland\2005-2007 TA20050  [160n.12) B3

Refresh Display | QOriginal image (¥ Resul image

Select to view onginal
image or result image

&
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7.11.4 Grey level threshold

Limit the grey level range or produce a binary image

1. Select Grey level threshold

2. The upper and lower threshold limits are set between 0-255 and pixels that have values outside these limits

are set to zero. Click Show image preview and browse for a sample image to compare the original image
with the result image.

3. The grey value between these limits in the output image can be set to 255 (binary image) or the original
grey level can be maintained.

4. Click Next.

Image processing operations Q:
Filz

Select operation Theeshold | 2. Give upper and
" Fesize [ower threzhald liriks
Theeshokd upper bmet [255 4 |

W g

Thesshokd lowes limit [0 | W v

Values bebween e upper and lower Heeshold bmils

+ Grey level thieshold  Giet pieel vokse 255

" Make backgound comection (Gt criginal grey level valus

Hide image previess | Browes for cBsck | START | Concel |
sample image |
Fibe selechon [:Q
image | [F:A\2005-2007 Cellimages & potocols\2006_10_12_16_24_23_TSipg 1359, 200) 0 '

Refresh | Diplay | Oiiginal image * Fewd image

Select to view onginal
image or result image
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7.11.5 Background correction

Background correction: Even out background trend in image
1.Select Make background correction
2. Select background image source
3. Select the correction method.

4. Click Next.

Selecting background image source:
= Auto-find for each source image

= Auto-find from the sample image to be used to correct all images. Click Show image preview and Open
sample image to define the sample image. You can choose to view the sample image, the background
image or the result image in the preview window.

= Use loaded background image. Click Load background image and open the file.

Select one of the background correction methods:

= Flatten to a certain gray level. The image is first divided with background image and then multiplied to a
fixed grey level.

= Divide with background image

= Subtract the background image

Eis
[ Select aperatio Background |
i Rei
i Mo background image losded {2, S elect sulcenaticaly,
i background
t Tekeregonarinses Y| Load background image | image source oundwih [3 - oder suface
C Bichten/Dasken (|1 M ak e ok pound image soucs—5 YW cuxd commeckon
b' k d Auto-fird Fon mach source image " Flater: background 1o levet W
r GH}'M o ac grpun ) - .
comechion fukortinnd: Friom the sample mags ™ Divide with background image
(= Make background come & Lse losded background if 3. Select Subtisct the backoond ima

corection 4 Click START
method

Browese for L | AL %' el I
zample Image -
Tipen sample mage || |F-\2008 Cel mages & prolocoks\2008 Finland\2008_09_07_00_33_41_42ipg  |i872.17) 147
Refresh Disploy: | & Diiginal imags  Backgoundimege Resuhimage

Select to view oniginal
image, background
imaage or result image
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Example: Background corrected images stitched to a grid

“When applving background carrection ta
image grids, make the caorection ta the image
zenes before gtitching the images into grds.

Images without
backaround carrectian
ztitched into a grid

Images with background
cormection done stitched into
a grd. The background waz
flattened to a fixed grep level.
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7.11.6 Remove image series XY judder

Remove image series XY judder: Align images from series so that images do not appear to jump when

video is played

1. Select Remove image series XY judder

2. Select judder fixing parameter that defines the maximum image shift that is fixed. Smaller parameter

makes the fixing faster and bigger correspondingly slower. The result images have the same size as the

source images, and when the image is shifted, the blank space is filled by mirroring the image edges.
Preserving the original image size is beneficial if image grid is later stitched together.

4. Click Next.

File
Select operation

(") Resize

(71 Take region of interest (RO1)

() Brighten/D arken

(71 Grey level threzhald

P T

Remove judder The first image in seriez iz a reference image, and
Settings for image sefes fiking the: following images are aligned ta it

The biggest fired image shift [+] 17 pixelz

[ Save detected "%, " {ud| 2 Change the masimum image shift that i fixed. If
gome images have bigger shift than this, new
reference image iz taken and the following images

(71 Make background carrection

1. Bemove image series &7 judder :I

are aligned ta it

@ Bermove image senes XY judder

3. Click START

’ Hide image preview ]

[ < Back ][ START ][ Cancel

File selection

’ Open zample image ] C:ACKM T \Analvsis demotGrid Imageshiwiel A4_01%2006_04_2F 21 29 19 17.jpg  [199. 573 76

[ Refresh ] Diizplay:

@ Original image
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Analysis results
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View, present and extract analysis results
= Result curves
= Graph functions
= Saving graphs
= Curve table
= Segmented result images
= Export results into Excel
= Extract cell count curves
ﬁmﬁ"ﬁmmwn-;_ — B
. o, - & T o B o
z | Exported results Foow T S o s 22
L T = o < =-v|;:-ﬂul| i T Iu.
F
i
FL
bed
b5
Ll
s
.
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8.1 Viewing results

Result curves

= Click the Show result curve window- button =4 in the Analyser main window to view the cell count curves of

analysed data. The results window also opens automatically when analysis is finished.
= When the Cell Finder tool is used, the white dotted curve is the total cell number and the colored curves are cell
numbers in each class of the protocol. The color codes are displayed next to the graph.
= The line colors in graphs can be customized, click Options menu to select custom line colors and graph
background style with or without color gradient.

File Curvetable Graph settings

Cell count | Open analysis results file (*.txt)
or folder containing result files.

OpEn Curves., .

Save Graph Image...

zell count
Export curve data: Selected positions (*.:mi) e —

—Well plate

Expert curve data: All positions (*.xml) 1) Cl
e e e . 4 oy vy y=y &) (&) 3 (=) C:
T <> Total cell count
150 — HKZ|Stable
— HK2{Dividing D1 QD2 D3 RD4 R D5 L D6 | D7 § D8
140 - — HKZiDead
£ Total cell count
Yaxic . HK2Stable El RE2 RE3 R F4 R ES R E6 R E7 | E8
num — HK2{Dividing
— HK2Dead FiLRFP2 RF3RFM AP RF6 AF/ RF8
110 |
sl Tatal 2 selected positions. Select All Clear All |
- ;?gs?t?éi?n ~Position
= 1: E=-WWell BB
2w the well Select Al
= i L s L e Clear Al |
B e e s
~Combine cla: —Classe
G bt pdi i e e s e e e .
: & MNone Add to total count curve:
ADfiois e sl e ® S [ Tatal cell count
30“:  Average ¥l HK.2|Stable
: e - ||¥ HK2|Dividing
] LR N O S O (O o I ¥ HK2|Dead
2 & Cell number !
10  Percentvalue
o —Show additional data——
S| el B B 8 B i [~ Standard deviation
T LIl EEa e a T o Teimagerie s
o th dh tho hohohh B - ¥
SOQE N0 DD ERe QoL y - [~ Pointof |50 %2 of all
5232333332 %’ § '%’ g’ %D §‘ %‘ name, that is converted
PESER 25888 S wpe e e 2 intofimevalue and scale R Smosthenb - o IE_ﬂ
a0 % %878 inox axis moothen by averaging: Average win. size =

[ Smoathen by curve fitting. Polynomial Drderim ii

-

result images

Segmented
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The segmernted images are saved
L tagether with the cell court curve
file= in the same result folders .

The counted cellz are marked with
class color coded spotz and the
meazured neurites are marked with
blue [if neurite measurement is
included to the protocol).

ou can edit the class color codes
and symbolz by clicking Edit clazs
styles in the analysis window.
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Graph functions

Cell count cune

Zoom in: Drag and drop from left to
right with mouse an ares in the graph.
| Zoom out: drag with mouse from right
| toleft onthe graph.

& Tolal cel rmis

— HEEOPkn siressed)
H G asoed

=

=

Cell numbar
E &

§88

B

If rultiple wel positions are viewed at the =same time,
the curves of each class can be combined. The cell

But only the curves (from different positions) of one
well are combined, not the curves from several wells
even if they have the same class. The exception to this
iz when the wells are combined (zee below).

Y-axis values: The counted cell

from the total cell number.

| Maove the mouse over the
graph to vieww exact cell
numbers. Click the curve
ta leave a mark. Right
click to erase the marks.

number then is either the sum or average of each class.

number or percentage of each class

Shove: Remowve or select
clazzes to the graph.
Uze: Remove or select
classes to the total cell
numker

i Saolected
Al

“Llasseat

Add to total count curse:

—Comhbine class
- & Maone
 Sum

" Average

| Bl B E &

i Percentwalue

Highlight time points where cell count has increased or decreased a given number, and smoothen curves.
= You can use these controls for showing the LD50 point in curve.
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Total 1 zelected positions.

SelectAll | Clearal |

Position
=-Well B
e . Position 1 (1x1) !
Clear Al | }
Show time point
where cell count has :
dropped N % from the rComhbine class Classes
biggest value it has in & None Nchieitatalcotrnenre
the graph. You can  Sum :
select the cell class [ Total cell count
or (combined) classes " Average HEZ|Stahle
for this. o HK2|Dividing
HEZ|Dead
(LDS0) & Cell number !
" Percentwalue
ﬂow timlr point Show additional data——
ere cell count is s
N % from the total | I Standard deviation
cell count. v Paint DfIEU % drop
: . v Foint DfI?E % of all
Smoothen curve by averaging. The N consecutive
values in a curve are combined and averaged. . L =
— Smoothen by averaging: Average win. size |5 z’
ST iLeT G [y e i) !_ Smoothen by curve fitting. Polynamial order |1 l i’
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Compare different wells or well groups to each others, by grouping the wells from the well plate image.

The dots are coleured with
the group colour.

The group name in the
curve graph legend.

One Total cell count curve for the three
combined wells (A4, AS and A8).

Grp1: Total cell count
Grp1: HK2|Stable
Grp1: HKZ|Dividing
Grp1: HKZ|Dead
Grp2: Total cell count
Grp2: HK2|Stable
Grp2: HK2|Dividing

1. Paint the wells you want to be combined
with left mouse button down.

N

2. Click Yes, =0 that the wells wil be

just selected to the curve graph view without

Gro2: HKzDead @@ F3 F4 F5 Fé @@

combined together. Otherwise they wil be lear Al |

Combine the selected wells? combining.
. . = Well BB
(No: Select without combining.) M Eocition 1 (1x1)
{
- 4
3. Make a new group for the selected wells,
= or combine them to one of the previously
added well groups.
__bountcurve; ||~
|I:| Total cell count
Add the selected wells to the group number IO 2 vli T SRS
The group name in the graph nd |Grp2 group is displayed in the curve graph
group graph legend | gend
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Edit e.g. curve graph titles and axes scales from the Graph settings window.
* Note: This window also includes the Standard Deviation display option for the combined curves.
o Analysis results
File Curve table I Graph settings
Cell count |
Setings in this section is for the
Graph settings currently visible graph only.
—GETTINGS FOR THE CURRENT GRA&PH T
~Title
Graph main tile | ||:e|| count for editing. The title in graph is 1
changed real-time. &
Change fant | g
" awiz scale J"_'_The “-axis scale is the zame for all wells, but it iz selected automatically
2 that all th I below the Y-axis t lue.
¢ Automatic scale =0 that all the curve values are below the Y-axis top value N
{* Fixed scale: Min |-1 a0z i I‘I 7008 User selected scale.
FSetings. in thiz =ection are the same -
SHARED SETTIMGS FOR ALL GRAPHS _——

for all result curve graphs.

Silver

j [T Use colour gradient

—_—

[v Show well name in legend

Panel
|7 Eu:ulu:-ur

Allthe curves are listed in the legend box in the right from the
curve graph. Select if the curve name in the legend starts with
the well name (or with well group name if it existz).

" Fixed scale: MlnIEI a0 h, Ma:-:|23 22

¥ awiz zcale
|7r- Aufemele sl _| Show all existing time points. ]

" Image name

{7 Automatic scale - In hours
{7 Automatic scale - In minutesE]

* asiz label
|7F Time labels in data paints E]

"‘J—X axis labels:

1. Show in every time point: "hh mm ss”

2. Show original image name in every time point.
3. Show evenly =paced labels: "hh”

4. Show evenly spaced labelz: "mm”

5 Change the angle of the label text.

a

Text angle:

270 =

pirelz

Clazg colour

I Total cell count ;I I. Black

Restore default

7]

Curve
|7 Curve ling width |2 ﬁ

—r— hoL
Show the Standard Deviation for every time A
[~ Show Standard Deviation for the cormbined curves point for the combined curves. oy
[, ol k]
X &

s S ns
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Saving graph image

Qpen curves, ..

Save Graph Image...

3o

Expu:urt"'?he graph image can be saved ag *bmp
Expor file. The saved araph imade iz only @ snsp
zhot of the current graph view and can't
be edited, modified, zoomed or marked.

LhIhE infarmation iz abways in the t=t file.

Export

Curve table

Click Curve table in the Show menu above the graph to view all result curves of the well plate. The curve table is
a good tool in comparing the result curves in the wellplate. Select the position in the well or select all positions
from the drop menu. You can save a jpg snap shot of the curve table.

BE ]

| Fila Ruefresn

Posstion Indes In'wWell [ .
I 1

Save a snap shot of the
| curve table by selecting
Save curves-image from
the File menu.

Chooze the shown
positions (if your data
has more than one).

[T
m

|

vI

?‘i
/It
I

I 1

The curves can he zoamed also in the
curve table. Zoom in with dragding and
dropping an area wwith mousze from right to
left and zoom out dragging the opposite

direction. Select Refresh to update the

P ) S
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8.2 Exporting results

r_ExpDrt the resutts from selected
positions ot all positions irto one
* xmil file. The cell count curves
can alzo be expotted as txd files.

Open Result

Save Graph [

=

L™

Export: Copy original curve file(s)

Export curve data: All positions (*xml)

Exporting results into Excel

Select Export curve data: All positions. Note that there's a limitation of 256 columns on one sheet in Excel. The

results might have to saved in many separate xml files, which can be very inconvenient. That's why it's
recommended to use the selected positions option to avoid exceeding the limit.

Extracting curve files

Extract the *.txt files by selecting Export: Copy original curve file(s). The curve files are extracted from the

result folders leaving out the result images. The subfolders and file names are created automatically.

STRUCTURE OF THE EXPORTED XML FILE

Resultz exported in Excel

| M 1]

1

2 1

3 T 254
4| 5345 105 5 1] 74 5857
5| 11657 =.3] 4 1 B4 11686
B | 17365 04 5 1] B1 17374
7| 23081 The columns for each postion: 23091
-1 S 1. time, 2. total cell number, and rest of the i
9| 34503 . 34512
10/ a1 columns are the cell number in each class | a0
1) 45520 [ 4 1 7 45031
12| 5162 LIE; 2 4 a1 51632
13 573N 114 2 1 7o 57341
4] £3050 103 2 2 78 63059
15| BEr79 110 2 1 76 BaTES
16 | 74495 110 3 1] M 74505
17 | B0 04 3 2 7d BOZ20
18| o7 2 BS 85941
19 1 78 91651
20| 1 fi4 47370
Filll 1 7g 103087
22| 1 76 106606
e 'l T 14 dCAC

[ Wall A2 13 Well A2 (G
Tien (see) Tatal coll nmb diy

143
123
e
122
123
117
134
123
16
119
123
143
125
115
121
125
115
.
122
125

447
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Manual measurement tools
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9 Manual measurement tools

In addition to the automatic measurement tools mentioned earlier in this manual, there are some manual
measurement tools available:

= Manual cell tracking: Produce manually the similar results as in the automatic cell movement tracking

= Manual cell lineage: Track cells through cell divisions, and generate family trees and movement vector

images

= Manual area measurement: Measure cell brightness and the area based on the threshold
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9.1 Manual cell tracking

Track cells and generate movement vector images and rose charts
etc. statistics. The tool is completely manual - the mouse left click
adds the new cell positions to the new time points.

The results are displayed and saved in the same format as in the
automatic cell tracking measurement.

Manual cell tracking:

e Open images to the Analyser main window. Using *.dat file for image opening is recommended.
o Open Manual cell tracking tool from "Tools -> Manual cell tracking”. The Manual cell tracking tool window
opens.

o Select well position from the right side (if plate map visible) and scroll to interesting time point in image series
from the scroll bar in the bottom.

o Track cell: Select the cell of interest from the image and track it by mouse left click. The tracking tool adds new
time points to cell tree automatically.

o Track different cell: Press Add cell family—button (see image below), and left click any cell to start tracking.

~ditine Mew time points can be added to the end or to the start of the

- - . track. This selection can be changed back and forth any time.

File Edit Settings
Track cells:

@ = Forwardin time

[7) fmm Backwards in time

With multichannel image data you can jump between
channels while adding new points to the track.

Start tracking
new cell.

01] 2012_12_11_02_48_03_06.jpg |Fhase contrast ||

Left click to add

MEW time point
lﬁn&tﬂmmt ] for the current
’gndeteceﬂm l cell.

Selected cell: #1
L
Cells inimal \\hen you select a
o #1 cell ID from tree view, point to delete this
- #2 the program maves to and the following
#3 «_cnrrect t|me point in ,}. time points for the
) image series, where o current cell.

Left click
EXISTING time

the next position
should be added.

e Continue tracking third cell, after tracking some other cell in between: Click #3 -label from the family tree
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diagram. The program drives to the correct time point where you should add the next new position for the cell.

o Display result graphics and full journey image from the Show results —button. The results are displayed and
saved in the same format as in the automatic cell tracking.

e Save results from the Save results —button. You can open the saved results later from the Open result images
-button (Analyser main window File-menu) the same way as the results from the Automatic Tracking.

e You can edit existing cell tracks from the different buttons in the Manual cell lineage tool, as shown in the image

below.

File

ot iu;'lanual.ce.lf’tradﬂci:rg

(8] addcel |

Display result
charts and full

Settings

|

ﬁ Delete last point

the tree view.

|

£33 Delete cell ID

'/—_ Start/Stop image
series continuous play
with mouse left click
over a cell in the
image.

- Before image
automatically

Selected cell: #4

Cells in image series:

Cell ID 2.

Cell ID 1.

changes, program
adds new time point
for the cell using the
| cursor position.

"'Iass of new point
J:T

E. Flay images and add
points automatically

ype 1-FPhase 1 -

Save result images, charts and data.
They are saved in the same format as
in the Automatic Cell tracking
measurement.

Journey image.

Delete the last time point |
from the cell selected in

D06
i e P o N
.Iréy'-s:\;i‘}i;ﬁa‘%l;ﬁ_ﬁqu 4
L2l )

et *a.,,_-.:

a-Well A4
4 - Position 1 (3x3)

Image 1
Image 2
Image 3
Image 4
Image 5
Image &
Image 7
Image 8
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Visualization settings

e The manual cell tracking has similar visualization settings (image below) as the automatic Cell tracking tool.

¢ Cell recognition classes: You can give cell a different recognition class in each time point, even if there is not
automatic cell recognition in this tool, see image in below.

I

r.I"_

Cell IDs are written to the
tracked cells in the
vector-images.

There are no ancestors in
cell tracking (as there are in
Lineage) so the last two
options are identical in this

case.
.

The average results in the table
in the rezult window can be
limited to the cells that were

tracked over many time points. J'i“ljhas <|3

o i

(=] O |uSa)

ol | ineage settings
Visualize cells

Show cell positions from 4

How many earlier positions for a
cell are displayed in one image.
This does not change any
numerical results.

Cell ID number in result image
7 g Mo ID number shown

Show cell ID number

(] , | Show cell ID and cell's ancestor's IDs _
Use class colours in the
Dot colours in result images dots in the images.

., - =
() ma8 Use recognition dass colour

Use unigue colour for each
cell track. Class colours are
not shown in images.

= [
@ gal Use one colour for one cell ID

Recognition dasses

’ Add new ] (7 Cell type

[ Delete | © cellphase

’ -E Edit dass stﬂes]

4-Type 1 "
?pph 1 The recognition classes that
LA are shown in the result tree
""" Phase 2 view and can be shown in

_the vector images.
Distance Units

@ Micrometers., Image resolution [um/pixel]: 0,700
i) Pixels
Exdude cell from average results ifit...

!

el um distance

[ moved < 30

Close

time poirits
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9.1.1 Autocomplete Tracking

Auto complete tracking automatically in the end part of the image series where the cell does not yet have

coordinates.

= The coordinates can be missing if user has not finished manual tracking till the end of the series.

= The coordinates can be missing if user has deleted time points after finding them faulty, and continued manual
tracking over the time points that maybe caused problems for automatic tracking.

Class of new paoint

E. Play images and add
points automatically

Type 1-Phase 1

Auto-complete tracking for
| o selected cel |
(3% tnogesmes | |
(BB plte l
0 559 67,6167

Youn can click at any time on of the Auto-complete buttons, and
the tracking is completed to the end-part of the image series
where the cell does not have coordinates.

The three options are:

a. Track only the selected cell. The result of the other cells will
not change.

b. Track all cells in the currently selected image series.

c. Complete tracking for all the cells in the well plate.

et
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9.1.2 Edit Tracking results

You can complete or edit the old tracking results in the tracking Results Editing -window. Then you can save the
fixed results to the new result folder.

Edit tracking Results:

Open the tracking Results Editing -window, as shown in the image below.
= Start by opening the tracking result curves of the entire well plate.

» Results Editing -window will get a copy of the tracking results for editing - the tracking result window will keep
the old values unmodified until they are later actively refreshed by the user.

= Tracking Results Editing -window will request the location of the original, unmodified source images. They are
needed so that the dots and trajectories of the modified cell tracking result can be drawn to them, and also if the
automatic cell tracking is utilized in the Results Editing.

[Flle Settings Window Tools Help
ﬁ Open grids and wells
ﬂ Save Image...

Save all images (this brightness

» The tracking results Editing window is identical to the Manual cell tracking tool.

all
B3 Stitch image grid into big imag{ _File | Edit .
& Export video Traje Edit tracking results bsiance an | Distance 3
Line colour: Cell ID col Line vgh: B -
?g Batch process @ Cell ID colour A o~
(7 Class colour
Open Analysis Protocol
Save Analysis Protocol E cell tracl
. File Settings

Open Sample Library

Save Sarnple Library [_m Add-cell
@ Open Result Curves [ﬁ Delete last point

Close | &3 Delete cel D

Selected cell: #4
Cells in image series:
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9.2 Manual cell lineage

Track cells through cell divisions, and generate family trees and
movement vector images. The tool is completely manual - the mouse
left click adds the new cell positions to the new time points.

The results are displayed and saved in the same format as in the
automatic cell lineage measurement.

Make manual cell lineage measurements:

Open images to the Analyser main window. Using *.dat file for image opening is recommended.
Open Manual cell lineage tool from "Tools -> Manual cell lineage". The Manual cell lineage tool window opens.

Select well position from the right side (if plate map visible) and scroll to interesting time point in image series
from the scroll bar in the bottom.

Track cell: Select the cell of interest from the image and track it by mouse left click. The lineage tool adds new
time points to family tree automatically.

Start tracking

new cell.

[Well A4_01] 2006_04_28_05_32_23_60.pg( | eft click to add
Add cell division. b new time point for
the current cell.

File Settings

(122 add division
| §&7 Delete last point

| &3 Delete cel D |

Left click existing time point
to delete this and the
following time points for the
current cell.

Selected cell: #1.2

Cells in image series:

When you select a

ck 2, cell ID from tree view,
ﬂli the program moves to
' correct time point in

image series, where

the next position

should be added.

o Add cell division: Press Add division —button (see image above), and left click the first daughter cell in image.
Then you can continue to click and add more time points for the first daughter.

e Track the second daughter: Press #1.2 -label from the family tree diagram. The program drives to the correct
time point where you should add the position for the second daughter. Left click image and continue to track the
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second daughter. You can jump back and forth between the two daughters, by clicking the cell IDs in the tree
view.

e Display result tree view and full journey image from the Show results —button. The results are displayed and
saved in the same format as in the automatic cell lineage measurement.

e Save results from the Save results —button. You can open the saved results later from the Open result images
-button (Analyser main window File-menu) the same way as the results from the Automatic Lineage
measurement.

e You can edit existing cell families from the different buttons in the Manual cell lineage tool, as shown in the
image below.

P

Save result images and family tree
data. They are saved in the same
format as in the Automatic Cell lineage

|J'| Show results | | I Save results
| % | W :
Delete the last time point |§ A1 & A2 § A3 L AS

from the cell selected in ; :
{61 J 82 B3 B4 851

the tree view. _
olcloa @

p2)p3)os Nos )

at - Lineage result editing
File Settings

855 Add cel family

o0 Add division

Display result tree
view and full
] Journey image.

’ ﬁ Delete last point

| &3 pelete cell 1D

Selected cell: #1.2
Cells in image series:

- If the first ancester is
selected from the
family tree diagram, the
entire tree is deleted.

- If a doughter cell is
selected, then the

Cell family 1.

=3 =) ) &5

i Daughter 1.
Cell family 2.

_ 23 _Daughter 2 doughter, its siblings, §F2 & FS & F & F5 §
- Start/Stop image £71 and their descendants - :
series continuous play | : are deleted. J
with mouse left click | 7 #2.2 tion 1{3x3)
over a cell in the Image 1
image. Image 2
- Before image Image 3
automatically Image 4
changes, program E. Play images and add Image 5
adds new time point paints automatically Image &
for the cell using the Class of new point Image 7
\ cursor position. y Type 1-Phase 1 2 Image 8

Visualization settings
e The manual cell lineage has similar visualization settings (image below) as the automatic Cell lineage tool.

¢ Cell recognition classes: You can give cell a different recognition class in each time point, even if there is not
automatic cell recognition in this tool, see image in below.
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r/I!:“.lall IDs are written to the
tracked cells in the
vector-images.

First ID number in 1D label of
cell comes from the first
ancester's 1D of that cell,
and mare 10 numbers in the
label come if cell divides -
the first daughter gets value
1, and the second daughter

"\,‘I

ot |ineage settings
Visualize cells

Cell ID number in result image
(] B Mo ID number shown

- ﬁ Show cell ID number

Dot colours in result images

l\ialue 2. _J

’ _E Edit class stﬂes]

Show cell positions from 4

& E Show cell ID and cell's ancestor's IDs

2 Use recognition dass colour

=2 Use one colour for one cell ID

R=N WO ==

previous time points,

How many earlier positions for a
cell are displayed in one image.
This does not change the family

1

Use class colours in the

dots in the images.

Use unigue colour for each
family tree. Class colours

A-Tj,.rpe 1
- Phase 1
.- Phase 2

The recognition classes that |
are shown in the result tree
view and can be shown in
_the vector images.

Close

Recognition dasses are not shown in images,
only in tree view.
- e |
’ Add new ] ) cell type
’ Delete @ Cell phase
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9.2.1 Edit Lineage results

You can fix the possible errors in the lineage results in the Lineage Results Editing -window. Then you can save
the fixed results to the new result folder.

Edit Lineage Results:

Open the Lineage Results Editing -window, as shown in the image below.
= Start by opening the Lineage result curves of the entire well plate.

= Results Editing -window will get a copy of the Lineage results for editing - the Lineage result (Tree/Trajectory)
window will keep the old values unmodified until they are later actively refreshed by the user.

= Lineage Results Editing -window will request the location of the original, unmodified source images. They are
needed so that the dots and trajectories of the modified cell tracking result can be drawn to them, and also if the
automatic cell tracking is utilized in the Results Editing.

at - Cell-IQ Analyser Pro-Write - Cell Image Analysis Tool

Settings Window Tools Help

. @ Open grids and wells

:@ Save Image...

Save all images (this brightne:s]'

=i |ineage results

Stitch image gnid into big imags File [ Ed.ﬂ:]

Page Edit lineage results

Export video

=0 B B

Type 1|Phase 1 —
Type 1|Fhase 2 = lrﬂh

Batch process

Open Analysis Protocol

1. e "
Save Analysis Protocol Oh *t Lineage result editing
File Setti
Open Sample Library = e T
Save Sample Library |_= | Add cell family | ﬁ

[+ e .
Open Result Curves ["!;—_—\ Add division

!
)
Close [ ﬁ Delete last point ]
)

[g Delete cell ID

Selected cell: #4

Cellz in image series:

i

N

4 =1

= The Lineage results Editing window is identical to the Manual cell lineage tool.
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9.3 Manual area measurement

Measure intensities in e.g. fluorescence images

Area measurement  k
Cell tracking

Stark measurement - A -

i Edit area meazurement settlngs]
Settings
elete measurements from the image '

Delete all area measurements
from a currently viewed image.

Open the target images inko
Analyser. Start the tool by

chooszing Start measurement in
the Area measurement menu.

Area measurement settings: Round area

Area measurement settings [:_][E] |
Fie Took | oelect ko activate the tool,

= Incheck to dizable the tool,

- Select the meazurement area bupe, a
Selings | Selections | Visw circular area or draw the shape manually
d aiea bype

v

Defing the lirmits
for meazured grey

= F.‘1 Duler circle chameter: 55 posle == level values.,
@ =l ¥ Messue ouler sea. Area size: 2004 poen

Measme round aness

Round area with bwo Innier cecle dismeter: 77 piesks

circles ohe inzide the [ easusinne siea. Aiea size; 373 pooels
ather, when arey level

values in inner circle Drefine round area by ane or

ar the area between two circles. Fill in the diameter

the bwo i measzured in pixels of zelected circles.

Area measurement settings: custom area

Area measurement settings g
Fie  Tooks
]
Select Draw mode and draw
Sedections | the thape on the image with

Measuered area ype bt g s The drawing iz automatically
completed inta a closed
loop. Select Show the line
that clozes the shape to
wigw it during drawing.

& Bounding rectangie
S | Use peevious shape Width: 95, heighl: 96 pieels

g Meazure hand diawn ses

@ [ Show the bne et closes the shape

Wiew the drawn shape in the
preview square. Select ze
previolus shape bo measure
with the shape again.

ot
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Custom shape for each measurement

E ach meazurement area
can have different
manually drawn shape

Measue hand dravm area

Bounding rectangle:
[~ Uss previous chape e

=
[ =
3
18
@ v Shaowe Ihe ling that cloges the shape
&
= Width: 58, height: 48 prels

Grey level values

Meazured data

[ nelude &l pixels ar 22t a minirwm
grey level value. The threshold
can alzo be found automatically

[ [Giey level aversge vals

7 Inchide all preels in aea

# |nchide piseds that have value sbove of equal to [40
" Find theeshold level automatically

[ Grey leweal masmum vahe.
[~ Ignose the baghtest I5_|] % of the peeeds in the measured sea

Select to exclude a percentage of the
brightest values. Fill in the percentage value.

Pixel values that mest
the measurement criteria
are colored.
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Display settings

Select the parameters to be displayed on~ |
the image for each area measurement

Bho Aerdgesme
v Selected grey level measurements [ DOuster asea [pizoel rumber)
[w Index of area [w Outer area [pixel number] - zegmented
fv Coloiize the measued area | [~ Innes area (posel number)

. - [w lrwves ares [pisel number] - segmented
[~ Outer cicle dismet Click to edit )
= Inner cicle diamey| e color for Marually drawm area size

measured I Diawn area [poel number]

I Manualp drawn aitarea 8l [V [Segmented area [pixel numbe

Parameters are dizplayed
hest to each
measurement area
accarding to the selected

You can make measurements in
multiple target images. The
meazurements are stared while
browezing the target images opened
in Analyzer. Save the meazurements
before clozing the images.

Viewing measurements

Area measurement settings J

Fle Took Click on the Fa
= Selections sheet f
. 3

Wiew all the parameters
of each meazurement
by chooging the index
iti the: drop metu

'*.

L
Delete | Delote
| Grey lev. avg: 725 fh40) I !
-1
T Elﬁ:iﬁ‘;*;a“‘“ = Delete the zelected
g naih = [Irmet] Segreried ses: 558 meazurement [Delete] or

all the meazurements in
target images [Delete all).

'f”, b, (r_,p/
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Editing line color and width

Setings | Seleciions Vieuakzalion |__ ol on the

Saved positions Yizualization sheet

Tt

Hesght |12 peels Width |2 pnels
Cobor [ Pupie = Colr [ Fuchsia =

Fill irv the text height and
line width, and zelect the
caolor for each.

Active selection
Tt Line
Height |12 pivets Width [ pieets

[:Bhlnm =

Edit the line color and font size
for measzured areas and active
zelections on target images.

Saving area measurements

Saving image(s)

Save image 1

Save image series Select Save image to zave the
current image with wizible
Save measurements - one imag Measurements or Save image

S ave measLrements - iMage so zenes to save all opened images
d with wizible area measurements.

Close r

Export measurement(s)

Save image

Save image seried  the Save meazurements - image sefies.

| Ewpart meazurements af the current imaage inta an = xml
file by choozing 5 ave measurements - one image ar
export meazurements of all opened images by choozing

Save measurements - one image

Save measurements - image series

Close
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Area measurement result file

The measurements are exported into an *.xml file that can be opened with Excel.

A [ B c [ D E [ F T & [ H [ g
- o =
e ¢ 8 o . i r
Index of the 3 : Parameters meazured E 5
measured = = in each selection £
i area In Image = = ) = T E‘
[mage file name = = = = o o
5 5 = H &
1 |kmage Area = 2 =8 £ £ ' 4
20 (2006 10 13 02 24 40 3 1 423 45 [ 544 2 i,
El 3 581 &0 B £ a0 3
EX 4 S50 g6 112 783 114 EL
5] 5 SEG 75 B3 Jio1 101 451 |
[ 7 757 113 581
B3 Meazured values -?
| & |2006_10_13_04_42 52 45 1 Fl, .k Y G929 135 x|
Ea 2 558 75 g2 758 118 4
(10 3 583 a5 ) 34 128 nmf
(11 4 445 45 4 840 180 302
2] 5 618 14 2B es 117 1Al
13 ] o
14 |2006_10_13_07_01_05_71 1 710 15 150 a8 135 704
[15] 2 255 53 13 758 108 B4
(15| 3 521 g8 29 @2 525
[17] 4 557 B Es 706 55 415
118 H 400 40 1 Ba4 122 427
119
| 20 | 2006_10_13_10_05_56_34 1 817 12 164 1087 153 576
| .21 | F) 5B g2 o B9 113 51
e * { Round t th 5
5 - ound area meazurements are on the 345 |
| 5 firzt sheet and manually drawn area 7
[25] measurements are on the second sheet,
W4 r WD Rourd areas | Manusly draen e Iﬂj'fE

Histogram tool

=y

Area measurement settit

Filz ' Tools Select Histogram

ith the Toals menu

Histogram

{(Cuter) Grey lev. avg.: 80,2 (theG0)
{Quter) Grey ley. max.. 20b
(Innar) Grey lev. avg.. 115 8 (th. dizplayed fram gray zcale

Tl | s ray 2
(Inner) G walues or each individual
Histogram charinel separately,

e

The hiztogram can be

“ou zan chooze the measurement
area [the inner, outer or both areaz
I i caze of round area) or the entire
~ 1| image in the histogram.

™ Outer ROl ea
™ et RO area

® Ouder oo e

ummmw1m1mmm1mmmm " Enfioe image

Grey scabe  Mear: B4 Median 45
e ———
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Contact
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10 Contact

CM Technologies Ltd.

= Adress: Biokatu 12, 33520 Tampere, Finland
= Phone: +358 10 759 5900

= Fax: +358 10 759 5930

= Email: info@c-mtechnologies.com

= URL: www.c-mtechnologies.com
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dead cell mass 70
dead cells 69
- debris 51, 59
xml file 144 DEBRIS AND GARBAGE 63
A default parameters 59
default value 59
accuracy of the segmentation 51 dense 59
Adjusting parameters 59 Determining the Maximum cell diameter 59
Alpha Blend 126 dimcells 51
Apply to Batch 127 distance 51
Area counter 28, 63 dividing cells 63, 69
Area measurement 156 Double segmentation 59
Area measurement result file 156 E
Area measurement settings 156
area samples 40 embryos 70
available protocol types 28 Export curve data 144
B Export videos 103
Exporting results into Excel 144
background 51, 59, 63 Extracting curve files 144
batch position selection 126 F
Batch process 103
Batch processing 103 faulty segmentations 51, 59
big cells 59 feature vectors 67
big piece of trash 70 fluorescence module 126
Blending methods 126 foil-like 70
borderline 63 G
bright cells 51
Brighten/Darken 127 gamma 126
Building classifier 67 garbage 51, 59
Getting started 59
c Grey level threshold 127
Cell Analyser 28 H
Cell Analyser + Neurite Finder 28
Cell colony 63, 70 high contrast 59
Cell counter 28 I
Cell diameter for neurites 55
cell division 69 Image processing operations 103
cell history 41 intensity changes 51
Cell left alone window 51, 59 iteration 59
cell movement 41 L
Cell segmentation 51, 59 .
Cell size and position 41 learning process 67
Cell symmetry 59 low contrast 59
low contrast cells 70
Cell symmetry parameter 51
cell type 40 M
CIass' (.jeﬂrntmns 70 Make background correction 127
classification 41 _ Maximum cell diameter 51, 59
Combine phase contrast and fluorescence images
103 measurement area type 156
Combine single images 103 misc.Iassified cells 69
correct segmentations 51 Mov!e 22
Curve table 143 Movie maker 22
Multi nuclear cells 69
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multiple fluorescence images 126 Teaching tips 63

N test set 59
The classifier 41

neighboring cells 51 The Kernel parameter 67

Neurite Finder (with cell counter) 28 The output 28

Neurite recognizer 28 thick neurites 63

Neurite segmentation 55, 59 thin neurite 63

neurite segmentation cases 55 threshold 51

Neurite threshold value 55 Tips and Examples 59

not adherent 69 tissue samples 70

Number of samples 40, 41 too many spots 59

(o) Tracking Results 118
Two-layer cell population 70

Open images 18

Opening images 18 u

out of focus 51 uncountable population 70

P uninteresting objects 41

Parameter interrelation 59 v

phases 41 Video 22

pixel dimensions 59 View 18

Preview 18 View cell number 139

Principles of the recognition 40 Viewing images 18

R Viewing measured values 156
Viewing options 18

Resize 127

Result images 137 z

resulting combined image 126 Z-range 70

Run analysis window 49

S

sample image 40

Sample library 40

sample library requirements 28

Sample square 41

sample window 40

Save measurements 156

Saving the area measurement data

segmentation 41

segmentation cases 55

Segmentation gradient threshold 51, 59

Segmentation in fluorescent images

Segmentation parameters 49

Segmentation protocol performance

Setting Neurite parameters 55

slice 70

small cells 59

sparse 59

spots on the background 59

Stitch image grids 103

System Learning progress 67

T

Take region of interest (ROI) 127

Teach cell types and phases 43
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