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The manual

In the first part of the manual, Instrument, there is information on instrument safety and
handling.

In the second part of the manual, Software, there are detailed guides of how to perform
different procedures using Hstudio, such as how to capture an image and how to analyze
the images.

In the third part of the manual, there are trouble shooting guides for the software and the
hardware.

The PDF version of the manual is interactive, with internal links. Clicking the link will refer

you to the section of the manual the link refers to. The symbol below is found throughout
the manual. Clicking it will bring you back to the previous view.

S

Interactive button for previous view.
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Instrument safety

HoloMonitor M4 was designed and tested in compliance with low voltage directive 2006/95/EC
and electromagnetic compatibility 2004/108/EC. References to relevant harmonized standards
used, or references to the specification in relation to which conformity is declared, are EN61010-
1:2001 safety requirements for electrical equipment for measurement and EN60825-1:2007
safety for laser products.

This manual includes information and warnings which must be observed by the user. It
contains information notes as well as information of importance to safety of personnel and
property. If the equipment is used in a manner not specified in the manual, the protection
provided by the equipment may be impaired.

Symbols are categorized as follows:

®)

Important information.

>

Risk for physical damage on person or property.

>

Risk for electrical shock that might cause damage to person or property.

>

Risk for laser light causing damage to person or property.

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se
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Warranty

The manufacturer guarantees that the instrument has no material or production defects
when delivered, according to EU directive 99/44/EC sale of consumer goods and associated
guarantees. If the manufacturer is informed within 6 months after delivery, the manufacturer
is obliged to rectify such defects. It is the manufacturers decision whether to repair the
instrument or replace the instrument with an instrument free of defects. No guarantee is
provided for defects caused by natural wear (wearing parts in particular) or improper use.

The instrument manufacturer is not liable for damage caused by faulty operation, negligence
or any other meddling with the instrument, particularly the removal or replacement of
instrument components, or the use of accessories from other manufacturers. This forfeits
all the claims against warranty.

With the exception of the procedures specified in this manual, no maintenance or repair

of HoloMonitor may be performed by users. Repairs may only be performed by specially
authorized personnel.
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Introduction to HoloMonitor® M4

HoloMonitor M4 is a live cell imaging time-lapse cytometer, providing imaging and quantifi- @
cation of unstained living adherent cells directly in their culture vessels. It can be used for
a wide range of applications, including:

e Cell count and proliferation

e Cell culture quality assessment

e Cell morphology

e Cell motility and migration

e Cell division/mitosis

e Toxicology

HoloMonitor is based on digital holography microscopy. This technique is based on measure-
ments of how the cells shift the phase of light that passes through the cells, and does not
require any kind of labeling or staining.

HoloMonitor is incubator compatible, allowing experiments to be performed in a cell culture

incubator or a hypoxia chamber. The cells can be analyzed while growing undisturbed in a
range of different cell culture vessels, see www.phiab.se/support/vessel.

HoloMonitor is equipped with a fixed sample
stage, or with a computer-controlled motorized
XYZ-stage.

Applications are described in application notes,
such as cell motility, cell death, cell cycle and
toxicology. Application notes are available at
www.phiab.se/publications/application-notes
and associated protocols at www.phiab.se/
support/protocol.
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Computer requirements

HoloMonitor is controlled by the proprietary Hstudio software running on an external
computer. Hstudio needs to be installed prior to installation of the HoloMonitor base unit.
Make sure the computer fulfills the minimum requirements:

Operating system:
Processor:
Memory:

Hard drive:

Windows 10, 64-bit

Intel Core i7

16 GB RAM (8 GB minimum)
556 GB SSD (256 GB minimum) and external USB3 hard drive

for backup and transfer

Display:

Full HD (1920x1080) or higher

The files associated with Hstudio are stored in the folder C:\PHI, which must not be used
for anything else. User created data is stored under C:\PHI as well. However, the user data

location can be changed at any time.

Hstudio installation

1 BACKUP

If Hstudio already is installed, make a backup according to the instructions in Database

handling and backup (page 93).

2 UNINSTALL PREVIOUS VERSION
Uninstall previous Hstudio version prior to
installation. Previously created user data
will not be removed. Go to

Control Panel - Uninstall

3 INSTALLATION

Locate the installation executable file
HstudioM4setup.exe on the PHI USB
memory and double click it to begin in-
stallation.

Accept the user account control question
by clicking Yes.

[ Programs and Features
« “ 1 @ » ControlPanel > All Control Panel ltems > Programs and Festures
File Edit View Tools Help

Control Panel Home -
Uninstall or change a program

View installed updates To uninstall a program, select it from the list and then click Uninstall, Change or Repair.
& Tum Windows features on or
off

Organise ~  Uninstall  Change  Repair

Narne

[EE17-Zip 9.20 (x64 edition) os/11/2013
06/11/2013

06/11/2013

201072015

06/11/2013

201072015

24/03/2017

06/12/2013

[EIHP Support Information 06/11/2013
& Hstudiohs ‘ 06/04/2017
Bl o7 Audio Uninstall 06/11/2013
8t o gl il Chonge oo/077201
oft Office Repair 06/11/2013

oL o6/11/2013

oft SOL Server Compact 35 $P2 ENU 06/12/2013

ct 35 SP264 ENU 06/12/2013

ompact 40 $P1x64 ENU 06/04/2017

005 Redistributable 06/11/2013

love Copy Delete Rename  New
to - folder

Pin to Quick Cop
access

« v M | > HSTUDIO (E)
[ Documents # ™ Name -
=| Pictures *

—— gtes
% HstudioM4Setup

Laser Calibration

& Leser Calibration Auto tempsvep

& LeserFirmuware v12

& service
v &# Dropbox

> R Teknik
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4 PREREQUISITES INSTALLATION HstudioMd - InstalShield Wizard

The | nsta | Iatlo n W| | I start Wlth p re req u | - " Hstudiol4 requires the following items to be installed on your computer, Click Install to
‘J bedin installing these requirements.

sites installation which launches separate

installation programs from third-party Status  Requirement
Pending Microsoft SQL CE 4.0

vendors. Depending on the computer
configuration this step may not occur.

Click Install to continue and wait for the
installation to complete.

5 HSTUDIO INSTALLATION
Progression of installation.

Hstudio

for HoloMonitor™ Products

) o T Senp s g he netained s,
NG ot oo o e g e s, P

Extracting: Hetdod Tracking.ne

Click Next to continue. # Hstudiohd %

Welcome to the installation for HstudioM4

The wizard will install HstudioM4 on your computer. To
ntinue, dick Mext.

: This program is protected by copyright law and
nal freaties.
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Enter your information. Click Next to
continue.

Click Install to start the installation process.

Click Finish to complete the installation.

# HstudioM4 X

Customer Information

Please enter your information. \Ig

User Name:

|user manual writer

Organization:
|Phase Holographic Imaging
Instalishicld
q P —
<Back (| @ Cancel
g
) Hstudiohd b4
Ready to Install the Program '

The wizard is ready to beain installation. \’

Click Install to begin the installation.

If you want to review or change any of your installation settings, dick Back. Click Cancel to
exit the wizard.

InstalShield

I m—
<Back /: Cancel
g

3 Hstudiohd X

Installation Completed

The wizard has successfully installed HstudioM4. Click Finish to
exit the wizard,

.‘ [ show the Windows Installer log

< Back

e
Finish Cancel
-' Y 4
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12

HoloMonitor installation

HoloMonitor is controlled by a computer running the proprietary Hstudio cell analysis and
tracking software, further described in Introduction to Hstudio 2.7 (page 23).

| 5 = 6
\ =

11

12

For objective cleaning.
Use with 70 % ethanol.
Instructions: www.phiab.selsupporticleaning

S

HoloMonitor M4 with a motorized stage contains the following parts:

N o bk w N e

HoloMonitor with motorized stage 8 Main unit power supply

Objective protective cap 9 Laser unit power supply

Laser unit with optical fiber 10 Laser unit power adapters

Vessel holders for motorized stage 11 Hololid Petri

Hololid 6-well 12 Cotton swabs

Transportation plate 13 USB cables

USB memory with Hstudio 14 Spacer plates for fixed stage (not shown)

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se
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REMOVAL OF TRANSPORTATION PLATE
Turn HoloMonitor upside down. Let it
rest on the protective foam it came in.

Remove the six screws holding the
plate.

Turn the instrument back (right side up)
and remove the tape and protective
foam.

REMOVING OBJECTIVE PROTECTIVE CAP

Remove the cap protecting the objective.

CLEANING OPTICAL SURFACES

The top of the objective (A) and the object
beam window (B) are cleaned with a fresh
cotton swab dipped in 70% ethanol.

Use a dry cotton swab to remove ethanol
residues.

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se
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4 CONNECTING THE LASER UNIT

The optical fiber must be handled gently. Do not forcefully stretch or bend the fiber.
Do not touch the fiber tip.

The laser needs approximately 15 seconds to warm up before the laser light is visible. An
additional 15 minutes is required before it is fully stabilized.

The HoloMonitor laser unit is a Class 2M laser. A Class 2M laser is safe because of the aversion
response, if viewed by a naked eye. However, to avoid any unnecessary discomfort when
handling the disconnected optical fiber, make sure that the laser beam emerging from
the fiber does not radiate directly into somebody’s eye.

Carefully remove the protective cap from the Optical fiber tip. Save the protective cap
for future use.

e Gently insert the optical fiber tip into the fiber
connector. Make sure that the metal protru-
sion (ridge, yellow arrow) is aligned with the
guiding notch in the connector socket (red
arrow) before tightening the lock ring.

e Connect the Laser unit power supply to the
Laser unit.

e Connect the laser unit power supply to a
power outlet, using one of the Laser unit
power adapters.

5 CONNECTING THE STAGE
e Make sure the motorized stage is connected.

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se
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6 CONNECTING THE USB CABLE
e Connect a USB cable in the micro USB con-
nector.

e Connect the USB cable to your computer.

7 CONNECTING POWER

e Connect the Main unit power cable to the
power connector. Make sure the connector is
in the correct position before tightening the
lock ring.

e Connect the power cable to a power outlet.

8 ATTACHING THE VESSEL HOLDER
HoloMonitor with motorized stage is deliv-
ered with three different vessel holders, for
microscope slides, standard multi-well plates
and for standard @ 35 mm Petri dishes.

To ensure that the vessel is correctly fitted on HoloMonitor; first attach the cell culture
vessel to the vessel holder, then attach the vessel holder to the stage by clicking it on from
the side, as seen in the image blow.

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se 15
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Starting the instrument for the first time

1 CONNECT THE INSTRUMENT
Connect the fully assembled instrument
to the computer using one of the included
USB cables. Drivers will be installed auto- m Installing device driver software ® X
matically when the USB cable is attached e

and power is turned on.

SOLPA(

2 START HSTUDIO CALIBRATION

Whenever the Live capture tab is selected
for the first time after starting Hstudio, it
will automatically suggest a recalibration.

Calibration

; @1 Please remove sample from the stage.

Select the Live capture tab, remove any

sample from the stage and click Continue }

to enter the Calibration wizard. Follow '

the Calibration prOCEdUre (page 19) 6 Calibration is required periodically to ensure optimal performance of the
. . . . . instrument. Please remove any sample and click continue.

The calibration is performed to optimize

the image quality and is finalized in approx-

imatively one minute.

Calibrate background Close

3 VIEW LIVE IMAGES
If the calibration is in the green area, the instrument is ready to use. Follow the instructions
in section View live images (page 26)

If the calibration is in the red area, go to Troubleshooting (page 98).

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se
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Placing HoloMonitor inside a cell incubator

e (Clean HoloMonitor according to the
Cleaning instructions (page 18).

e Disconnect the Laser unit power supply
from the power outlet.

e Disconnect the Optical fiber, the USB
cable and the Main unit power supply
cable from the instrument.

e Puton the protective cap on the Optical
fiber tip. Do not touch the fiber tip.

e Place HoloMonitor inside the cell incubator. Make sure there is space for the Motorized
stage to operate.

e Pull the Optical fiber, the USB cable and the Main unit power supply cable through the
access port of the incubator and reconnect them to the instrument.

e Finally, reconnect the Laser unit power supply to the power outlet.
e After at least three hours of acclimatization, calibrate HoloMonitor according to the

Calibration procedure (page 19) to ensure that the instrument operates optimally before
proceeding with any experiment.

Be careful when handling the optical fiber so it is not stretched, pulled, bent or harmed
in any way.

To avoid build-up of internal condensation, the power must be switched on at all times
while HoloMonitor is inside the incubator.

Do not lift HoloMonitor by holding the motorized stage. Only lift holding the blue and
white metal of the instrument.

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se
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Cleaning instructions

1 CLEANING OPTICAL SURFACES

e The top of the objective (A) and the object beam
window (B) are cleaned with a fresh cotton swab
dipped in 70% ethanol.

e Use adry cotton swab to remove ethanol residues.

e To validate that the optical surfaces are clean,
calibrate HoloMonitor according to the Calibration
procedure (page 19), to ensure that the Diag-
nostic Values are within the green ranges.

e Repeat cleaning, if the Diagnostic Values are not
in the green ranges.

@ An instruction video of how to clean the instrument is available at www.phiab.se/support.

2 CLEANING INSTRUMENT EXTERIOR
e The instrument can be wiped down with a damp cloth (ethanol or water). Cleaning must be
performed so that no liquid enters the interior of the instrument.

18 © 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se
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Calibration procedure

HoloMonitor should be re-calibrated before use. Image calibration gives a background image
that is used by Hstudio to lower background disturbances and increase the image quality.
The calibration procedure takes approximately one minute.

1 PERIODIC IMAGE CALIBRATION © Automai
Start the calibration procedure by clicking LM] = o i
the Calibration button in the Calibra- Er—

tion side panel in the Live capture tab 2/Cotbaen L

in Hstudio.

Cell refractive index: 138

@ refractive index: 134

Calibrate background | | Calibrate objective |
Use background hologram live

2 CALIBRATION WIZARD

The three Diagnostic values measure CaRBiaHGRIirEhed
- - L
the image quality. All values should be M o oo
. . . h 4
in the green range. If this is not the case, lEeiE s ek
. . . = L X
please follow the Cleaning instructions / Hologram noise = 2 &
(page 18). After cleaning, click Recali- 1Y Undii it it e e el g
. . instructions on the support site. You can now clese this window.
brate to refresh the Diagnostics values.
I —
I Calbrate bachground fose
3 CALIBRATION WARNING Calibration Waming NN S

If Hstudio fails to perform a calibration, a
Calibration could not be performed under optimal conditions. Please
wa rning will appear. After Verifying that A check the diagnostic values and recalibrate if needed.
HoloMonitor is properly installed and

cleaned, click OK.

4 FURTHER PROBLEMS

If any of the Diagnostic values remain outside the green range after several cleaning
attempts and overnight drying (see Troubleshooting), contact the technical support at
support@pbhiab.se for further assistance.

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se 19
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Long-term storage

e Long-term storage of HoloMonitor should be at room temperature outside the incubator.
Use a dust cover, if the instrument is not in use for a longer period of time.

e All cords and the laser fiber can be kept inside the incubator at all times if it is inconvenient
to remove them. When detaching the laser fiber, use the protective cap of the laser fiber.

e Before re-installing HoloMonitor into the incubator, run the Calibration procedure (page 19)
to assure that the optical surfaces are clean.

If the cables are left inside the incubator for a longer period of time, remember to wipe
them off regularly with 70% ethanol to reduce the risk of incubator contamination.

20 © 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se
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Sample requirements

Cells @
Mono-layer of adherent eukaryotic cells seeded in any of the recommended cell culture
vessels. Eukaryotic suspension cells need to be mounted on a microscope slide, a Nexcelom
counting chamber, a single use hemocytometer or a cell culture vessel similar to IBIDI slides.

Cell culture vessels
For the best imaging quality, use

e 35 mm Sarstedt Petri dishes with HoloLid,

e |BIDI plastic ware (channel slides, chemotaxis slides, wound healing inserts),
e Sarstedt 6-well plates with HoloLid or

e Sarstedts Lumox 24 or 96 well plates with HoloLid.

Glass-bottom Petri dishes are highly recommended. For a complete list of recommended cell
culture vessels, see www.phiab.se/support/vessel.

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se 21



http://www.phiab.se
mailto:support%40phiab.se?subject=Hstudio
http://www.phiab.se/support/vessel

22

HoloLids™

The PHI HoloLids have been especially designed to eliminate image disturbances caused by
surface vibrations and condensation inside the cell culture vessel.

HoloLids are available in number of different formats. They are made of poly methyl meth-
acrylate (PMMA, Plexiglas), a non-toxic material often used in medical surgery implants,
dentures etc. For more information see www.phiab.se/products/hololids.

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se
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Introduction to Hstudio 2.7

Hstudio™ is a specially designed software for capture and analysis of holographic microscopy
images using HoloMonitor. Hstudio enables the user to capture both single images and
time-lapses. With images captured at regular intervals, time-lapses can be used to study
slow cell processes. The procedure is simple. The user captures images of the sample using
HoloMonitor, which are analyzed in the Hstudio software. The imaging procedure does not
affect the cells in any measurable way.

To simply count cells takes less than a minute. Confluence measurements and morphology
measurements are performed simultaneously. To further analyze the cell morphology, either
the built in analysis functions can be used, or data can be exported as XML-files for further
work in Excel or similar programs. Cell movement and morphology can be tracked over time
through a time-lapse sequence for both individual cells and cell populations.

The raw data will remain intact through all analyses, as all changes made by the user only
concern how the results are displayed.

Hstudio is divided into seven functional parts that are represented in seven different tabs:

File View Database Help

w i View images .¢° Identify cells I O=b Track cells I I/i' Analyze data E Cell count xa Export images

Live capture Live cell viewing and capturing of images and time-lapses.
View images Viewing of captured images and time-lapses.
Identify cells Image and time-lapse segmentation, resulting in the identification

and outlining of the cells.

Track cells Tracking of individual cells in time-lapses.
Analyze data Analysis of cells in images and time-lapses, as well as display and

export of the results.

Cell count Counting of cells in images.

Export images Visualization and export of images and time-lapse movies.

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se
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View area and side panels

The View area is the main viewing area where cell images and cell data are shown. Basic
functions controlling the View area are found in the Side panels to the left and right of it:

File View Database Help

~ |Viewer options

Show calor bar
[T Light effect
© Phase Background: ||

Side panels —=

18 pm

~ |Software focus o

® Automatic
©Manual 0583 |

Main tabs

~ Camera properties
~ Calibration [

View area

R 8 o [ 5 e [ s [ B | B [ = e
ﬁ

Copure 5|

] Poject EEEE

‘ 2014-12-191622  Henrietta ‘ v‘

% Group =lo)(x](=

‘ 2014-12-211211  Sunday 12:00 ‘ v‘

Timelapse
Capture pattern
Advanced setup.

[ on = Sidepanels

=

% 60000 mm V: 40000 mm | Remember Clear pattem

+ |Micoscope setings

Stop motors

If the side panels are collapsed, they can be expanded by clicking the black arrow tip found
in every side panel header:

© Manual 0,583 |

Information concerning the different side panels can be found by clicking the Information

button which are placed in the side panel headers:

© Manual  [0583 |

I

‘ - |Camem properties

‘ ~ |Calibration
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The Image frame panel
In all the Main tabs, except the Live capture tab, the right side panel is the Image frame list:

View Database Help

0 29 Identify cells i Qg Track cells | L, Analyze data [ [E cell count [ "l Export images

200 p

| R —

=le

Holagraphic (x20)
2014-12-21 12:37:38

It controls which Group of images that is currently being viewed or analyzed. A group of
images may either be images captured at various cell culture positions or it may be a time-
lapse sequence captured at the same position. Image Groups are organized into Projects
which in turn are stored in a selectable Database.

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@pbhiab.se
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View live images

THE THEORY OF FOCUSING

Select the Live Capture tab:

’ atabase Help
View images %0 Identify cells I qurackcells | Iﬁ‘Analyze data [ Eﬂellcount [ cua Export images

HoloMonitor has both a mechanical and a software focus. They need to cooperate in order for
the image to be in focus. With the mechanical focus, the user moves the cells to the approxi-
mately correct distance from the objective. The software focus then finds and calculates the
cell images. The Software focus panel indicates how well the computer is able to focus an
image, based on the light information that reaches the sensor. When the focus bar is in the
middle of the green field, the focus is optimal.

ol Software focus (1]

@ Automatic

0 Manual 10,583 |

The software focuses the images only when the cell culture vessel is at approximately the
correct distance from the objective. The aim is to have the cell surface of the cell culture

vessel approximately 1 mm above the object tip.

Cell culture surface

objective —
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Below, three holographic phase images are shown that are in focus, out of focus or completely @
out of focus:

A holographic phase image that is totally out of focus
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PRACTICAL FOCUSING @

Put the cell sample on the stage. An image will appear in the View area. Ensure that the software
focus is set to automatic. If the image is correctly focused, the white marker bar in the Software
focus panel will be in the green area.

ol Software focus (1]

@ Automatic

) Manual 0583 |

If the image is not correctly focused, the white bar will be in the red. In that case the
mechanical focus needs to be adjusted in order for the software focus to be able to work.

ol Software focus (1]

@ Automatic

) Manual 0583 |

G =
o -

Focus with a fixed sample stage

One or more spacer plates are used to
vertically position the cell culture vessel
within the auto focus range. Four spacer
plates with varying thickness are provided,
1, 1.5, 2 and 2.5 mm marked with 1 — 4
respectively.

When placing a spacer plate on to the
stage, make sure that the two pins on
the table are positioned in the holes in
the spacer plate.
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Choose the correct spacer plate for the presently used cell culture vessel, see www.phiab.se/
support/vessel. Then place the cell sample on the stage. An image will appear in the View
area. If the image is correctly focused, the slide bar in the Software focus panel will be
in the green area. Essentially, the image is focused if the correct distance plate is used. If
the image is out of focus, try a different distance plate or a different combination of plates
until the software focus is in the middle of the green. The thicker the plate, the further
away from the objective the sample will be, and the thinner the plate, the closer to the
objective the sample will be.

Focus with a motorized XYZ-stage
The motorized XYZ-stage is delivered with holders for Sarstedt cell culture vessels.

e Choose the correct vessel holder, insert the sample and snap it on to the stage as described
in Attaching the vessel holder (page 15).

e Select the correct vessel template from the Vessels list in the Stage Position side panel.
An image of the selected vessel will appear. The blue area represents the area of the vessel
available for image capture:

& Stage position

Wessels | Sarstedt & well plate ‘ '|

E0©
OEE

X 85140 mm Y: 14453 mm Remember  Clear pattern|

-

Target X: (851395 | V:(144534 |mm | Go

Step size: |10 e

*
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e Wait for the image to stabilize.

e Make sure that Automatic is activated in the Software focus panel.

« |Software focus (1]
@ Automatic
~) Manual 0583
—

Adjust the mechanical focus using the Microscope settings panel which is found to the
right of the View area. Provided that the cell culture vessel has been correctly selected,
focus is within the range shown by the green vertical bar.

- IMicmscan settings

Focus: (55375

Focus within
this range '

Load: | ~|| Save || Delete |

To the left in the Microscope settings panel there is an objective representation and a
black horizontal bar that represents the sample stage. The mechanical focus distance can
be adjusted in large steps by left-clicking, holding and moving the black bar with the mouse
cursor. This allows the stage to be moved up and down. The distance between the objective
and the sample is shown in the Focus text box.

To the right in the Microscope settings panel there is a double gray wheel with red knobs

which is used for intermediate (outer wheel) and small (inner wheel) focus adjustment steps.
The wheels are moved by left-clicking, holding and moving the red knobs.

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se



http://www.phiab.se
mailto:support%40phiab.se?subject=Hstudio

Keep adjusting the focus until the white rectangle in the color bar in the Software focus @
panel is placed in the center of the green area of the color bar. The mechanical focus is
now set to allow the software focus to operate optimally.

Manual software focusing
Automatic focusing mostly results in well focused images. Some cell samples, e.g. very thin
cells, are more demanding and may need to be focused manually.

e Activate Manual in the Software focus panel:

ol Software focus (1]

) Automatic

ases
B =

e First the software focus settings must be adjusted. The text box next to the Manual button
shows the current software focus distance in mm. That distance can be set to a different
value by using the colored slide bar beneath the text box. Move the white rectangle until
it is in the middle of the green area:

ol Software focus (1]

) Automatic
@ Manual 41533

E O ) |

e Thereafter adjust the mechanical focus using the Microscope settings panel. As the computer
updates the image with small intervals, it is recommended to await the results of one
change before making further focus changes. Keep adjusting the mechanical focal distance
until the cells are in focus.
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MOVING THE MOTORIZED SAMPLE STAGE

The Stage position panel, which is found to the right of the View area, is used to move
the sample stage:

- iStage positicn

Vessels | Sarstedt & well plate ‘ v|

@€

X 85,140 mm Y: 14453 mm Remember  Clear pattern |

@@@ Stepsize: 10 | pm

Target X: (85,1395 | (144534 |mm | Go

First select the kind of cell culture vessel currently used, by making a selection in the drop-down
Vessels list. An image of the selected vessel will appear. The blue area represents the area of the
vessel available for image capture. In the vessel representation above, the vessel pattern is made
for a 6-well plate.

e The stage is moved in large increments by clicking and dragging the objective represen-
tation (i.e. the small double circle) in the Stage position panel. Alternatively, place the
mouse cursor on the desired position and then left-click. If needed, use the scroll wheel to

zoom in on a particular well.

e The stage is moved in Step size increments by using the arrow buttons or the arrow keys
on the numerical pad.

e The stage is moved in 10 x Step size increments by pressing the shift key simultaneously with
using the arrow keys on the numerical pad.

e Additionally, the stage can be moved to an absolute position by entering the target xy-coordi-
nates and pressing the  Ga button.

Every time the stage is moved the image might need a second or two to stabilize.
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CHANGE HOW LIVE IMAGES ARE DISPLAYED

To change how the live holographic image is displayed, use the Viewer options panel in
the Live capture tab:

- l‘l-"iewer options 0
Iil |EI
O FFT E30
@ Uncut Rotate
() Laser pattern Show ruler
@ Hologram Show color bar
[C] Light effect
@ Phase Background: [l
) Amplitude

By clicking the *:* button the image will be centered in the View area. By pressing the
button an image of the current view will be saved as an image. The different image
display options in the Viewer options panel can be activated by checking the boxes. Some
boxes can be checked in combination, thus making it possible to combine functions.

FFT

Uncut

Laser pattern

Hologram

Phase

Amplitude

3D

Rotate

displays the Fourier transform.

displays the image as it is first created.

displays the interference pattern resulting from the merging of the object
and reference laser beams.

displays the holographic image which is created from the interference
pattern. Either the phase or bright-field image can be displayed:

displays the phase image.

displays the less used bright-field image.

displays the holographic image in 3D.

automatically rotates the image.
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Show ruler displays a horizontal scale bar representative of the distance in X and Y.
Show color bar  displays a vertical scale bar representative of the height in Z.

Light effect applies an artificial light source to the image which may sometimes
render an improved image.

Shiny surface shows the rendered surface with a reflective visual effect. Shiny surface
is only visible when Light effect is checked.

The image below shows a holographic image with cells displayed in 2D and 3D. The color
bar represents the height in Z, with yellow showing the background and white the thickest
part of the cells.

¥

- St 4
2 I o = o
’ : ! = -
M P : 2 R 6.3 ‘} e i ‘ -
» & - ’ 36 | e : e
A\ Q ‘. ﬂ ,, 2 0.9 ‘\‘“ _ u i

Move, flip or zoom the holographic image in the view area
e To zoom the live image, left-click the image and then use the mouse scroll button.
e To move the live image, click, hold and drag the image using the left mouse button.

e To flip and move the live 3D image, click, hold and drag the image using the right mouse button.
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Change image coloring

All images originally appear in gray scale. If colors are needed or wanted, use the Coloring
panel to the left of the View area. A set of colors that are saved together is called a Colorset.
A previously saved Colorset can be used with the current image by making a selection in the

drop-down Colorset list which is found at the top of the Coloring panel:

a (Colon

=

Colorset [plue

-2.65 10,15 2135

.'.

0 M O

Additional functions are found by clicking the w button in the Coloring panel:

BN ||

Add color

- Change celor 0
Save colorset |

Save colorset As..

Delete colorset

Apply to. 3 l]

| e 1

By left-clicking the R button the coloring in the image is rescaled to better utilize the
dynamic range of the image. This button needs to be operated every time the image
coloring is mis-adjusted.

A new color can be added to a Colorset by clicking the + button and selecting a new

color. A colored triangle representing the new color will appear beneath the histogram.
Alternatively, right-click on the x-axis and select Add color.
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e Change the color by right-clicking on a colored triangle beneath the histogram and select a new
color, alternatively left-click the ¥ button and select Change color.

e To change the color span, left-click and move the desired Color triangle ﬂ beneath
the histogram.

e Tosave anew Colorset with the current color settings, left-click the # button and choose
Save as.

e To save the current color settings to a previously saved Colorset, left-click the = button
and choose Save. Note that this will overwrite the settings previously saved.

e To delete a Colorset, select it in the drop-down Colorset list. Then left-click the w button
and select Delete colorset.

CHANGE DEFAULT CELL AND MEDIUM REFRACTIVE INDEX

As described in Morphological parameters (page 106), Hstudio uses the difference in refractive
between the cells and the medium to calculate cell thickness in um. The default refractive index
values are changed in the Calibration side panel:

- |Caiibrati::un

Cell refractive index:

Medium refractive index:

| ﬂ' Calibration | | 'Iil' Collect Diagnostics |

E w | Objective settings
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Capture images

Select the Live capture tab:

Help

images [ %0 Identify cells [ qurackcells ’ l/i‘.AnaIyzedata [ ECellcount I cxa Exportimages

Before images can be captured, a place of storage must be prepared. The images must be
stored in a Group within a Project. Go to the Capture side panel:

Capture
(i Project 82| K=
| 2016-12-06 20:23  Testl "‘
%'- Group =82 |£| |il
| 2016-12-06 20:23 A "
("] Timelapse
[ Capture pattern

| Advanced setup.. |

Capture | 1 images

Either open an existing project in the drop-down Project list or create a new project by using
the &4 button. Then open an existing group or create a new group where the images will be
saved. When a new project or group is created, the date and time are automatically included

in the name. Projects and groups can be sorted by name or date, using the ¥ button.

CAPTURE A SINGLE IMAGE

e Place a cell sample on the stage. A live image will appear in the View area.
e Make sure that you are satisfied with the quality of the live image.

e Select or create a Project and Group.

e C(Click capture .
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CAPTURE A TIME-LAPSE SEQUENCE AT ONE POSITION

To enable slow events to be recorded and studied, a movie can be created from images captured
at intervals, i.e. a time-lapse movie. To capture a time-lapse sequence check M) Time-lapse:

Capture

{5 Project |5 162 €)=

| 2016-12-06 20:23  Testl "‘
& Group (63| K || =0

| 2016-12-06 20:23 A "‘

e
Totaltime 2 |[[hr [~]
Interval _10. ' | min (Min interval 0,0)
Mumber of timepoints 13
["] Capture pattern
| Advanced setup.. |

Capture 13 images

e Place a cell sample on the stage. A live image will appear in the View area.
e Make sure that you are satisfied with the quality of the live image.
e Select or create a Project and Group.

e Enter the total time for the time-lapse and select the desired time unit (seconds, minutes
or hours).

e Enter the interval between the capture time points and select the desired time unit (seconds,
minutes or hours). The minimum interval between captures is given to the right of the interval

time unit.

e The number of time-points will be given when total time and interval are entered.
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e C(lick Capture . While the experiment is running, the capture progress will be displayed.

The experiment can be paused or canceled at any time.

Capture progress
Capture complete:
| 1%

Remaining Captures 120
Remaining Timepoints 120
Time to next capture 4 min, 53 sec

| Pause | | Cancel |

Imaging speed

HoloMonitor can take a maximum of 240 images per hour. HoloMonitor does not impair the

normal growth of your cells as long as the maximum speed is not exceeded.

CAPTURE TIME-LAPSES AT SEVERAL POSITIONS IN PARALLEL

When HoloMonitor is equipped with a motorized stage, multiple time-lapses may be captured

in parallel by combining a M| Timelapse with a M| Capture pattern:

Capture
i Project 5|82 (S =
| 2016-12-06 20:23  Testl "|
' Group = (63| 9| =0)
| 2016-12-06 20:23 A "|
q il Timelapse J

otal Ll 2 ' | hr -
Interval l[l | rmin (Min interval 0,6)

MNumber of timepoints 13

Capture pattern

| Selection Clear pattern |

| Advanced setup.. |

q

Capture = 169 images

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se

O

39


http://www.phiab.se
mailto:support%40phiab.se?subject=Hstudio

Creating a capture pattern

Start by selecting the appropriate cell
culture vessel in the drop-down Vessel
list in the Stage position panel:

Select and move the stage to the desired
capture position by left-clicking in a blue
area.

Ensure that the cells are in focus. If the
cells are not in focus, adjust the focus
as described in The theory of focusing

(page 26). When a capture position
is selected, the current Z-position of
the stage will be saved and used when
the position is imaged. It is therefore
important that the cells are in focus
when saving a capture position.

Click the Remember button to save
the current position and focus to the
Capture pattern. A saved capture

- lStage position

Vessels | Sarstedt & well plate

id

ibidi Culture-Insert 2 Well in u-Dish 35 mm
Ibidi I

Ikidi u-Plate 24 well with Culture Inzerts
Ibidi u-Plate 24 well

Lumox 24 well plate with PHI lid

Lumox 24 well plate

Lumox 96 well plate with PHI lid

Lumozx 96 well plate

Microslide

Petri dishes 33mm with PHI lid

Petri dishes 33mm

Petri dishes 40mm with PHI lid

Petri dishes 40mm

Sarstedt 6 well plate with PHI lid

Sarstedt 6 well plate

X 60,000 mim oo

E] Chom cizas |40 | anem

- iStage position

Remember| | Llear pattern |

Vessels

| Sarstedt & well plate

X 85,140 mm Y: 14,453 mm

@@@ Step size: |10 pm

Target X: (85,1395 | ¥: (144534 | mm |

Go

position is indicated by a small red dot.

e Repeat selecting capture positions until all desired positions have been selected.
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Clearing capture positions
To delete a created Capture pattern, click Clear pattern

Capture
1 Project BT
| 2016-12-06 20:23  Test1 ""
' Group =19 X ]| =]
| 2016-12-06 20:23 A ""
Timelapse

Total time |2 ||hr :

Interval (10 |[min || (Mininterval 0,6)

MNumber of timepoints 13

Capture pattern

| Advanced setup...

Capture 169 images

Capture images
Click the capture button to start the image capturing sequence:

Capture

@ Project | |£|"'1'
| 2016-12-06 20:23  Testl "
! Group =0 |=D
| 2016-12-06 20:23 A "
Timelapse

Total time |2 ||hr :

Interval |lD | (Min interval 0,6)

MNumber of timepoints 13
Capture pattern

| Selection || Clear pattern |

| Advanced setup... |

Once capture begins, the stage will go through the selected positions one by one and
repeatedly capture an image at each position.
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SAVING TIME-LAPSES IN SEPARATE GROUPS

By default, all time-lapse images from the selected Capture positions are saved in the
same Group. However, by clicking Advanced setup... it is possible to specify in which group
a specific time-lapse should be saved. In the example below, the two time-lapses captured
in each well will be saved in the same group. Well A1 and A2 are saved in new groups while
the other four wells are saved in existing groups.

j Capture Setup @QLE'
I
| Destination Default Options
I {8 roject Settle time after stage movement: [2 |5
Safe move to position: |
[2016-1206 2023 Test 1 [~] 1@ )(%]|=B
T Groups
[7] Single destination group | 2016-12-07 2129 Captures2 december 07 (Well A1) [-] [E][X][=]

Multiple destination groups

Base name: | Capture#2 december 07 Auto | [¥]Onegroupperwell | Setallnew | | Setall existing

Set for all

Capture Pattern

Well | X-pos | Y-pos [ Focus | Settle [ Safe move Size |
Al 91531 22025 0000 2s Normal (1X)

Destination Group | 7 ;
1wl [7] Existing | Capture#2 december 07 (Well AL) | e - -
Al 83964 16620 0000 25 Normal (1) [#] New [£ Bxisting |Capture#2 december 07 (Well A1) | v - 2
A2 55135 8331 0000 2s = Normal (1X) New [£] Existing | Capture#2 december 07 (Well A2) |
A2 52973 23827 0000 25 Normal (1X) New || Existing | Capture#2 december 07 (Well A2) ]
A3 13333 1983 0000 2s ] Normal (1X) [C] New [¥] Existing | 2016-12-07 21:28  Capture#1 december 07 (Well . | '| .
A3 18378 7971 0000 2s & Nermal [1X] ¥ Existing | 2016-12- Capture#1 december 07 (el .| | B_l
BL 89009 47611 0000 25 Normal (1X)  [F] New [¥ Existing | 2016-12- Capturc#1 december 07 (well || =]
|
|
|
|
|

Bl 94775 59142 0000 2s 7] Normal (1) [T New ] Bxisting | 2016 Capture#1 december 07 [Well |v

B2 56216 59142 0000 2s = Normal (1) [£] New [¥ Bxsting | 2 Capture#1 december 07 (Well || ~ + |Options for pasition

B2 55856 46528 0000 25 Normal {1X)  [E] Mew [ Existing | 2016 Capture#1 december 07 (Well ||~
B3 12973 59503 0000 2s | Normal (1) [C] New [#] Bxisting | 2016

Settle time after stage movement: 2 | s
Capture#1 december 07 (Well ||~

Safe move to position:

B3 10450 51935 0000 2s =) Normal (1X) [C] New [¥] Existing | 2016-12-07 21:28 Capture#1 december 07 (Well |v

| Setforall | | Set for selected | | Set as default

| Remove sclected || Remove all

| Close

When checking Multiple destination groups, time-lapses will be saved in separate
groups. When ] One group per well is checked as well, time-lapses from the same well
are set to be saved in the same group.

The suggested new group names may be changed by changing the Base name or by individually

changing the group names. By checking ] Existing it is possible to select an existing group
from the drop-down list.
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The group names are collectively controlled by five buttons:

Set all existing sets all time-lapses to be saved in existing groups.
Set all new sets all time-lapses to be saved in non-existing groups.
Remove selected removes selected capture position.
Remove all removes all capture positions.
Auto brings back the auto-generated names.

Movement Settings

Settle time Surface vibrations degrade image quality. After stage movement, the media
surface is therefore allowed to settle down before image capturing.
The needed time depends on the cell culture vessel type. Typically,
2 seconds are sufficient. However, some vessels may require longer
time. Petri dishes, for example, need a settle time of 5 seconds.

Safe move Some cell culture vessels require that the stage is lifted when moving
to a new position.

These settings are controlled in the Default options panel and in the Options for position
panel, which appears when a capture position is highlighted in the Capture pattern window.

Close
To save all the settings, click  Close
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AUTOMATICALLY GENERATE RANDOM CAPTURE POSITIONS @

Instead of selecting each position individually, it is possible to automatically generate Capture
positions by clicking Selection and activating Select wells in the Capture panel:

Capture

U] Project /19| %)=
| 2016-12-06 20:23  Testl "
' Group =)=
| 2016-12-06 20:23 A "
Timelapse

Total time |2 f|hr :
Interval 10_' min : (Min interval 0,0}

Mumber of timepoints 13

Capture pattern
™ Selection

@ Select wells
all 'rSeIect none |

() Select positions

| Advanced setup... |

Capture | 0 images

Select wells
First the relevant wells need to be selected. This is done by clicking on the wells in the

graphical representation of the wells, which appears to left of the Capture panel. In the
example below, wells A1-A3 are selected.

0O
000
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Generate Random capture positions
To randomly generate Capture positions, activate Select positions and click = Generate

Capture
U] Project 1SR | % =]
‘ 2016-12-06 20:23  Test 1 "|
& Group =2 %] =]
‘ 2016-12-06 20:23 A "|
Timelapse
Total time '2 | hr -
Interval lEI_ | min [Min interval 0.7)

MNumber of timepoints 13

Capture pattern
rr—w—-r-w:l—l
Selection || Clear pattern |

| Advanced setup.. i

Capture | 195 images

This will generate the specified number of random positions in the selected wells:

OOE

When M Add identical positions to selected wells is checked, the same random positions will be
generated in each well. The graphical representation is closed by clicking the Selection button again.

When positions are generated randomly, the current Z-position of the stage will be
saved and used for imaging of all positions. It is therefore important to verify focus.

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se



http://www.phiab.se
mailto:support%40phiab.se?subject=Hstudio

46

ADD CAPTURE POSITIONS MANUALLY

Activate Select positions in the Capture panel:

Capture
(Sl Project IO X | =
‘ 2016-12-06 20:23  Testl "'|
' Group F 10| | =0
‘ 2016-12-06 20:23 A "|
Timelapse
Total time |2 _ | hr -
Interval 10 | | iR (Min interval 0.7)

Mumber of timepoints 13

Capture pattern
[r———y
oelection || Clear pattern |

Add identical positions in selected wells

| Generate |5 |randem positions in each selected well.

| Advanced setup.. |

Once Select positions has been activated, capture positions can be generated by simply
clicking in the blue areas in the graphical representation of the wells which appears to the
left of the Capture panel:

DOE
000

When positions are generated by clicking, the current Z-position of the stage will be
saved and used for imaging of all positions. It is therefore important to verify focus.
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FOCUS VERIFICATION @

Before capturing images, its important to verify focus. When hovering over a capture position,
the dot expands to a square:

- iStage position

Yeszels | Sarstedt 6 well plate | v|

X 85140 mm Y: 14453 mm Remember | Clear pattern |

ep size: | | um
2 B i

Target X: (851395 | v:[14.4534 |mm | Go
rg i IRAE ] | |

When the square is clicked, the stage moves to that position. It will be imaged and displayed
in the View area at the Z-position that will be used when images are captured. Verify a
sufficient number of capture positions to ensure that all capture positions are in focus.
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View and adjust captured images

VIEW AN IMAGE

Go to the View images tab:

Wiew

File

-ua Exportimages I

"View image ' Identify cells qurackcells | ll\._f“ Analyze data I D Cell count

Select a Project and a Group in the Image frame list, found to the right side of the screen:

HstudiolmageDB = Switch..
Project E‘ Q|| XK ||=D
| 2014-12-1916:22  Henrietta ‘ '|
& Group (=][2][%][=]
2014-12-23 15:51 Henrietta Tuesday 4:00 i E]
2014-12-29 16:17 MaiTek seeding 22
2014-12-22 17:03 Monday 5:00 217 D
2014-12-23 13:28 Seeded 2
2014-12-21 1211 Sunday 12:00 4
G e T R )
Holographic (x20) @
2014-12-2112:17:38
[Take 21: () |
Holographic (x20)
| 2014-12-21 122238
[Take 22:() J
~ Holographic (x20)
| 2014-12-2112:27:38
Take #3: (1)
Holographic (x20)
2014-12-21 12:32:38
| Take 24: () |
Holographic (x20)
2014-12-2112:37:38
| Take 25: () |
Holographic (x20)

241 frames

Show onl
ip

An image frame list for the selected group will appear. Images, as well as information
pertaining to the images, are presented in the list. Select an image to view it in the View area.
Click Auto-scroll to show the image frames as a movie.
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VIEW ONE POSITION OF SEVERAL IN PARALLEL TIME-LAPSES

When several parallel time-lapses have been captured at different positions and then saved
in the same Group, it is still possible to view the time-lapse for each position separately. The
images in the Image frame list will be presented in order of capture. If for example 7 positions
have been selected, every seventh frame will belong to the time-lapse of one of the positions.

e Select the first of the images at the chosen position.

e Right-click in the Image frame list select Check and thereafter Check every X frame:

. | E S Halagraphic (x20) Q
Check selected frames «f Check v
Check all ¥ Delete »

Uncheck selected frames lographic (x20)
Uncheck all 14-12-21 12:22:38

2238

Check every X frame... ke #2: ()
i - Halagraphic (x20)
’ 5 7 S 2014-12-2112:27:38
> ount:
3 e Confl: 32% | o [(Take#3:)
f_' i
3 " B Holographic (x20)
SR 2014-12-21 12:32:38
Count: 69 :
| Confiaon o [(Take #4:¢)
- g 5 A

Holagraphic (x20)
4-12 3738

2014-12-21

Count: 71

Confl: 31% | N [Take#5:0)
5
] o o o =
[] Show only checked 241 frames
| Auto-Scroll |
& Check frames X

This will check every X frame in the group starting from
the selected frame. Enter a value for X.

Ok I Cancel |

¢ Inthe example above, 7 would then be entered in the Check frames window.

o After clicking OK, check the M| Show only checked found below the Image frame list. Now,
only the checked images will be displayed, and they will belong to the same time-lapse.
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CHANGE HOW CAPTURED IMAGES ARE DISPLAYED

The holographic image display can be modulated using the Viewer options panel, found

to the left of the View area:

] Rotate

- |‘l.|"iewer aptions i
|ﬁ| it_ﬂ| Measure|
ik Show ruler

Show color bar
Show image info
[C] Light effect

| Shimy surface

Background: [}

By clicking *:* the image will be centered in the View area. Clicking saves the currently
viewed image. Checking the boxes will activate different options. Most boxes can be checked

in combination:

M 3D displays the image in 3D.

M Rotate automatically rotates the image. Rotate is only active when 3D has

been checked.

M show ruler displays a horizontal scale bar representative of the distance in X and Y.

M Show color bar  displays a vertical scale bar representative of the height in Z.

M Show image info displays additional information associated with the image:

First row

Second row

Nbr

Date

Channel

specifies in which Project the image is located.
specifies in which Group the image is located.
specifies which number the image has in the Group.
specifies the capture date and time of the image.

specifies if the image is holographic or phase contrast.
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Size specifies image width and height in um.

Light effect applies an artificial light source to the image which may sometimes
render an improved image.

Shiny surface shows the rendered surface with a reflective visual effect. Shiny
surface is only active when Light effect is checked.

Change the image coloring

All holographic images will appear in gray-scale. Use the Coloring panel, which is found to
the left of the View area, to add pseudo coloring to the images. The colors that are applied
will color the image relatively to the thickness of the cells. For additional information on
how to set the coloring see Change image coloring (page 35).

Move, flip or zoom the cell image
e To zoom the cell image in the View area, move the mouse cursor to the view area, click
and scroll using the scroll button on the mouse.

e To move the cell image to a desired location, click, hold and drag the image using the left
mouse button.

e To flip and move a holographic 3D image, click, hold and drag the image using the right
mouse button on the image.

RE-FOCUS A CAPTURED IMAGE

After image capture most images are well focused. Some images may need to be re-focused
manually after capture. If an image is not correctly focused, as in the example below, re-
calculating the software focus may restore focus.

www.phiab.se | support@phiab.se
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Recalculate focus manually
Activate Manual in the Software focus side panel.:

- iEC:Fh.-uare focus 0

The software focal distance in mm can be changed either by entering a value manually or
by using the slider beneath the text box.

e To find a starting value, choose an image that was captured at the same time and that is
well focused and note the focal distance of that image.

e Select the image that needs to be re-focused in the Image frame list. Activate Manual in
the Software focus side panel.

e Focus the image using the slider and the value from the well focused image.

e Use the w button to apply the update to either the current frame, all frames or all
checked frames.

Recalculate focus automatically

To replace the manual changes with the automatic focus, activate Automatic in the Software
focus panel and then use the ® button to apply the update to either the current frame,
all frames or all checked frames.
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Cell identification

Choose the Identify cells tab:

View Database Help

{ M4 0 [ '\J’iewim { 1 . Track cells | EAnalyzedata I E|Ceﬂcoun1 [ cua Export images I

In the Image frame list panel, select the Project, Group and the image of interest to make
it appear in the View area:

HstudiolmageDB &  Switch..
& Project =19 X |=D
‘ 2014-12-1916:22  Henrietta ‘ v|
& Group =/ (€] (%] =
2014-12-23 1%:51 Henrietta Tuesday 4:00 21 E]

2014-12-29 16:17  MatTek seeding 22
2014-12-22 17:03  Monday 5:00 217 D
2014-12-23 13:28 Seeded pal
2014 19 A3 ANEN Ta el B
= i Holographic (x20) Q
— 2014-12-21 12:17:38

Count: 95

Confl: 31% [Take 21: () |

Holographic (x20)
— 2014-12-21 12:27:38
Count: 89
Confl: 32% | Take £3: () |
3 Holographic (x20)
e — 2014-12-21 12:32:38
Count: 89
Confl: 30% [Take #4: () |
= ; Holographic (x20)
— 2014-12-21 12:37:38
Count: 71 ;
Confl:31%  WNERE  (Take #5: () |
5 DR toboorashic (20 =
Show only checked 241 frames
|App|y current] IAppIy checked | |hpply all | | Revert
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The software will then automatically suggest a cell identification:

CHANGE HOW IDENTIFIED CELLS ARE DISPLAYED

In the Options panel, it is possible to control how cells are displayed and how identification
adjustments are saved:

- I{]ptiﬁnz

[¥| Show threshold

[¥] Show cell markers

[¥| Show outline

[¥] Show edge cells cutline

[¥] View raw image

[¥] Auto-apply changes
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M show threshold

M show cell markers

M show outline

M show edge cells outline

M View raw image

M Auto-apply changes

displays non-background pixels in red.

displays the blue marker that identifies a cell.

outlines the cells.

outlines also cells touching the image edges.

displays the image without using pseudo coloring, see Change
image coloring (page 35).

adjustments are automatically applied when switching to
another image in the Image frame list.

ADJUST CELL IDENTIFICATION

There are several methods to automatically calculate the Background threshold in the
Adjustments tab. The background threshold determines which objects that will be identified
as cells in the image. The software uses the Minimum error method by default. The different
Background threshold methods will result in slightly different thresholds. It is advisable to
try out which method that works best for every type of cell sample.

Number of cells: 61

Manual
{Auto - Mini 1 Error
Auto - Otsu

Auto - Otsu in blocks

Auto - Adaptive mean

Auto - Adaptive gaussian

Background threshold| atq - Double adaptive gaussian

Auto - Double Otsu

Auto - Double adaptive mean =

Man

Miscellaneous
Use pre-smoothing

Method: | Auto - Minimum Error E
Adjustment: - 128
Object definition

Min object size: - 32

Manual

Minimum error

Otsu

allows the user to directly set the threshold level using the slider.

sets the threshold level using the minimum error histogram-based
threshold method.

sets the threshold level using the Otsu method.
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Otsu in blocks splits the image into blocks which are thresholded separately
using Otsu method. This is a form of adaptive threshold.

Adaptive mean sets an adaptive threshold using a mean filter.
Adaptive gaussian sets an adaptive threshold using a Gaussian filter.
Double Otsu is a threshold method where both a wide and a narrow threshold

mask are used. The narrow image is morphologically reconstructed
under the wide image. The final image is used as threshold mask.
The result is a cleaner threshold mask. Double Otsu uses double
thresholding with Otsu global threshold as mid-level threshold.

Double adaptive mean is the same as Double Otsu, but with two adaptive mean
threshold masks.

Double adaptive gaussian is the same as Double Otsu, but with two adaptive Gaussian
threshold masks.

In addition to the different automatic calculation methods for cell identification, the user
can adjust the settings in several ways using the Adjustments tab, which is found below
the View area:

ML Manualchanges |

Background threshold Miscellaneaus <
| Automatic |
Method: | Auto - Minimum Error | '| Use pre-smaathing

Adjustment: “ 128

Object definition ]
Min object size: - FOF Ste lese & Changes on this tab may affect your
. . manual changes,
adjustment click
slider button and
use arrow keys

The threshold between cells and background can be adjusted by using the Adjustment
slider, thus adjusting the cell area. Additionally, the minimum cell size is adjusted by using
the Min object size slider. When ] Use pre-smoothing is activated, the cell edges will be
smoothed. Automatic  sets the default values for automatic cell identification.

In other words, the identification adjustments are performed in three steps:

e Determine which threshold calculation method is optimal for the current cell culture.

e If needed, use the adjustment slider to adjust the threshold setting.
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e If needed, use the Min object size slider to ensure that every cell has a cell marker. @

Every identified cell has a border and a blue cell marker.

Save cell identification adjustments

When V| Auto-apply changes is activated, adjustments will be saved automatically for
the image frame display in the View area. To apply the same adjustments to other image
frames, use the Apply buttons below the Image frame list:

HOIographic (x2U]
e s - 2014-12-21 12:32:38
o B Vew | | M+ Center Count: 69 L .
Confl: 30% : = Take #4: (3}
) : ;I ;i Holographic (x20)
Automatic e 2014-12-21 12:37:38
Count: 71 2
Confl: 31% | i Take #5: ()
L B 8 3 Holographic (x20) E‘
[ Show enly checked 241 frames
Changes on this tab may affect your L ==
manual changes. < Apply current | Apply checked | | Apply all Revert
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MAKE ADJUSTMENTS FOR INDIVIDUAL CELLS

The identification of individual cells may be manually changed. It is possible to add, remove
and delete as well as enlarge or shrink identified cells. These functions are found in the
Manual changes tab below the View area:

ﬁ ”e Add or remove markers within the current threshold regions to split
| Add or remove d cells or merge existing ones, Use left mouse button to add a marker
—

and right button remove.

i Change the shape of cell regions by growing or shrinking. Use the left
Grow or shrink mouse button to select a cell and then use the mouse wheel, Finish by
left clicking. Hold down CTRL for larger steps.

i Removes threshold mask and marker from a cell area. This can be used

Delete area to remove small objects that could not be removed by the Min object
size adjustment. Use left mouse button to select.

Lets you circle a cell as you see it. First click right to clear area and then
i click left to start drawing. Set new points using left and click on start to

Draw cell R i
finish. Right click cancels.

[4] Snap to boundaries

Add or remove the blue cell markers that identify a cell. This results in mergers or
splits of identified cell areas.

Grow or shrink the identified cell regions.
Delete area identified cell areas.
Draw cell boundaries manually.

To the right in the Manual changes tab there are buttons that enable the user to edit the changes:

Edit manual changes

7 manual changes

| ¥y  Undo |
| Redo |
| X  Remove all |
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It is possible to undo the last adjustment step, to redo the undone step and to remove @
all adjustments.

Note that settings made using the Manual changes tab are applied only to individual
cells. These changes cannot be applied to other image frames.
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Cell tracking

BASIC CELL TRACKING

Cells can be tracked through a time-lapse sequence and analyzed both for movement and
for morphology changes over time. Go to the Cell Tracking tab:

£ Hsdio™ - enrierra

File View Database Tracking Help

{ M4 0 [ ﬁ View images .¢° Tdentifys 5 i Track cells ﬁ, Analyze data I E Cell count
—

-ua Export images I

START TRACKING

Start a new tracking
Choose the Track cells tab. If tracking has not been performed previously, a tab will appear
with the choices of starting a new analysis or opening a previous.

| & Newanalysis |~ Starta new tracking analysis

| ! Open.. | Load a previous analysis

After clicking &3 Newanalysis @ message will appear:

Start by adding frames from the
frame list to the right to create a
timeline.
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Add image frames to the analysis
Select a Project and a Group in the Image frame list, found to the right of the View area:

HstudiolmageDB & Sswitch..
Project =/ 2% |=0

| 2014-12-19 16:22  Henrietta ‘ 'I
& Group =)@ (][=D
2014-12-23 15:51 Henrietta Tuesday 4:00 n E]
2014-12-29 16:17 MatTek seeding 22
2014-12-22 17:03 Monday 5:00 217 D
2014-12-23 13:28 Seeded 21
2014 17 IF 1NED Tommecin | B
s Holographic (x20) @

2014-12-21 12:17:38
Count: 95

Confl: 31%

[Take #1: () |

Holographic (x20)

— 2014-12-21 12:27:38

Count: 689

Confl: 32% [Take #3: ()

= 1 Holographic (x20)

E—— 2014-12-21 123238

Count: 69

Canfl: 30% Take #4: (1)

= 3 Holographic (x20)

— 2014-12-21 12:37:38

Count: 71

Confl: 31% [Take #5: () |
_ Holographic {20} (=]

. Show only checked 241 frames

|Add selected | Add checked |Addall  Default color: [l

To track cells, select and add a series of image frames by using the Add selected orthe Add all

button, found below the Image frame list. Several images can be added simultaneously if
they are all selected. The shift key can be used to select several consecutive images and
the Ctrl-key to select non-consecutive image frames.
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Select cells to be tracked
The added image frames will be shown in the Source frames tab:

® Add cell

Select

] Show cell trails

[ export data

Features to export

[13 features

[=] | Timeindex 49 Age: 24 min 15 sec

® () Clickto start tracking
&

this cell from now on

0 tdertity | £ Sove. | | Cen

Timeline

24 min 15 sec

X Remove X Remove all

Project I Group

Henrietta Cell counts
Henrietta Cell counts
Henrietia Cell counts
Henrietia Cell counts
Eanristta Call eunte

[ Number|
21
22
23
2
>

Take £1: ()
Take #1: ()
Take #2: ()
Take #2: ()
Take 32: (4

¥ Group B3
[ 2014-12-29 1628 Captures se< (=]
| 2014-1223 1340 Cell counts 212 D
| 2014-12-26 1220 Friday 12:00 121
| 2014-12-26 1519 Friday 300 29
2 5 Hela trypsin 12-20 &
Lom 1w, Tomcde. s >
“ 2 Holographic (x20) g
Count: 64 -
Confl: 7% S (Take 10
d 2z . * Folographic (:20)
Count: 70 ok
Confi: 7% B [Take #1:0)
B = ' Holographic (20)
Count: 59 e b
ter Contl: 6% B (Toke 22,
2 2 .+ ° Holographic (:20)
Counts 66 . .
- Confi: 7% oz
2 2 o' Holographic 620)
o Sl - )
] Confl: 6% S Take #4:()
=1 =
| 20 Holographic (x20) =
Show only checked 242 frames
5] Add selected| | Add checked || Add all

In order to follow a cell through the added images, the cell needs to be added to the tracking.
Activate Add cell in the Select mode panel:

m Plot movement | Plot features |

& |Selact mode

The center of each identified cell is marked with a small orange +. Click the
to the tracking. Click each cell to be tracked:

Click to start tracking

this cell from now on

to add the cell

The cell will be tracked from the image where it was added. If the identification is not satisfying,
go to the Identify cells tab, and adjust the Cell identification (page 53).
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CELL TRACKING WARNINGS

When the cell tracking for some reason deviates from the previous image, the software will
give warnings. The warnings are listed in the Warnings tab, found below the Timeline:

Source frames \ Tracked cells W

|P955\b\e errors Sensitivity: Medium  [¥] Show icons inimage [/] List ignored warnings ‘
| I Message | Timeindex | Date | Tracked cel =
Ignere | Hide | /Y Volume increase (33%) 97 2014-12-23 14:33:05 M cei
|lgnore | Show| /B Volume drop (-25%) -1 2014-12-23 14:34:05 M cel U
[lignore  |Show| /b Volume incresse (25%) 101 2014-12-23 14:35:05 M cei
[lignore | Show| A Volume drop (-30%) 102 2014-12-23 14:35:35 M &3]

When the Show button is clicked in the Warnings tab, the previous, current and next
identification of the cell are shown. It is then possible to see if the warning is appropriate
or if it can be ignored:

There may be a problem with the cell identification or tracking of the cell.

5 This frame Next frame
| -
* |
A\ Volume increase (33%

5

+

Time index: 97 Age: 48 min 17 sec %9 Identify | | &3 Save. | |+ Center

If the warning is caused by a normal cellular event, such as cell division, click Ignore to
ignore the warning.

If the warning is caused by a cell identification error, as in the above example, click % identity

to go to the cell Identification tab. After adjusting the identification, click the Track cells
tab to return.
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DISPLAYING CELL TRACKING

When the Timeline slider below the View area is moved, tracks showing the cell movements
will be displayed.

Timeline 17 hrs 15 min 14

The movements can also be seen in the Plot movement tab:

Trd ‘ﬂ Plot movement .5 features \

e

-383 8
. B Population avg.
{ Bcat
g Cell 2
S \ B canz
\ B ceil4
| e
£ -2235 Cen
5 cir Click to include/
z
2 /
Soso] ( exclude cell from
| the diagram
63,3 *
S
18 T T T T 1
-1157 817 €76 -436 -185 448
X-position (um) Time index: 49 Age: 24 min 15 sec 30 Icentity | | @9 Save. | | %+ Center
[ Auto-scale X:[-1157|-| 45| v:-383,9|-| 194|pm [] Symmetric [ Square |Save plot.

Remove selected

Timeline

All tracked =~

or all cells from

24 min 15 sec

I tracking 3
r -
Source frames JREEEERTI g Warnings (3) cells are
Tracked Cells p lotted [ List only present cells 3 Delete X Delete all
Color| Name | Child of | Chiidren | Status Age Matility (um) Motility speed {um/h) | Migration (um) | Migration direct[+]
. Cell 1 (4] Present 23 min 2 sec 3527 3148 3157 090
O cen2 0 Present 24 min 15 sec 773 1840 292 038
W ce3 0 Present 24 min 15 sec 2683 6180 2192 082
W Cells 0 Present 19 min 32 sec 3094 3690 3864 097 =
[ | O]

The cell movements are given as x- and y-coordinates over time. Initially, only the average
movement is displayed, but by checking the boxes next to the cell names, individual cell

tracks can be displayed.

Set the axis display manually

The plot settings are found below the plot. The values of the x- and y-axis are set automatically
to fit all values from all added cells. To set the plot axis values manually, uncheck|[ ] Auto-scale
and then enter the desired x- and y-minimum and maximum values.
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ADJUSTING CELL TRACKING @

Sometimes the software will track the wrong cell, e.g. when cells are moving very close to each
other and then separate again. This needs to be adjusted manually. Note that the adjustments
will be active from the frame of adjustment and forwards through the time-lapse.

Select the cell to be adjusted
e Select the Tracking tab:

t movement | Plot features

- !Select mode |

@ Add cell

) Select

e Activate Select in the Select mode panel.

a |Select mode
1

2 Add cell
@ Select

e Click on the tracked cell to be adjusted. A new set of functions will then be available in the
Change tracking panel:

4 |Change tracking
|

Make changes for Cell

Medify lecation..

Unset

ndo for all frames

Delete

Division
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Transferring tracking from one cell to another
After selecting the tracked cell, click Modify Location
inthe Change tracking panel. Then click the cell to +

which tracking should be transferred. If the tracking il

was not transferred to the correct cell, repeat the
procedure.

Discontinue cell tracking

Sometimes a tracking needs to be discontinued, e.g. when a cell moves out of the image area.
After selecting the cell to be changed, click Unset in the Change tracking panel.
The tracking will be discontinued from the present frame. A new button, Set location... will
appear in the Change tracking panel:

a |Change tracking

Make changes for Cell

| <

Undo faor this frame

Undo for all frames

Delete

Division

Continue a discontinued cell tracking

When a cell has been unset, it will still be present in the Tracked cells tab, but noted as not
present. In order to resume the tracking in a future frame, select the cell in the Tracked
cells tab and click Set location... . Then click the cell in the frame where the tracking
should be resumed.

If the manual changes need to be undone, select a tracked cell and click either

Undo for this frame  or = Undo for all frames  which removes manual changes in the current
frame or in all frames, respectively. The tracking will be recalculated accordingly.
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Track cell divisions
When a cell divides, the tracking will follow one of the daughter cells:

WRUCEEM Plot movement | Plot features |

4 |Select mode

Add cell

@) Select

+

+
+A &t

 |Change tracking

+

Make changes for Cell

Meodify location..

Unset

There may be a problem
T wth the cell \dentlﬁcallon. '
Click to opefidetails.

A Volume drop (-44%).

Division?

Delete

Divisien

+

V| Show cell trails

[8 Export data

Features to export:

|89 identify | | 9 Save. | |44+ Center

‘15 features | Time index: 116 Age: 8 hrs 27 min 42 sec

Timeline L - - - 1 day 21 hrs 47 min 53 sec
.
Source frames | Tracked cells |JUUEITREIOEY
Possible errars Sensitivity: Medium  [¥] Show icons inimage [¥] List ignored wamings
| | Message | Time index Date | Tracked cell
Show | /i Volume drop (-44%). Division? 116 2014-12-30 00:56:50 W ca

[“J1gnore

In order to track both daughter cells, select the cell in the frame where it divides, and then
click Division . From then on, both daughter cells will have new names and will be
tracked individually. If the mother cell is named e.g. Cell, the daughter cells will be named

Cell-1 and Cell-2:

BRCEGEM Piot movement | Plot features |

- |Select mode

Add cell

@) Select

 |Change tracking

Make changes for Cell-2
Modify location...

Unset

Undo for all frames
: ‘
=

[¥] Show cell trails

Division

Eﬂ Export data

Features to export:

Time index: 116 Age: B hrs 27 min 42 sec

|13 features

| %9 Identify | | 80 Save. | | 43¢ Center
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If the semi-automatic daughter cell tracking does not find the daughter cells, they can be
added and named manually:

e Add the daughter cell by clicking on the
e Go to the Tracked cells tab.
e Select the added cell by left-clicking on it.

e Select the mother cell in the Child of drop down list. The cell will automatically receive a
“daughter” name.

TRACKING CELL MORPHOLOGY

Once the cell movement has been tracked, cell morphology can be followed over time by
using the Plot features tab:

Tracking | Plot movifinent [REEEIE

B B Fopulstion avg,
B cen
T.24E34
N Click to include/
E
6103 exclude cell from
E
15 .
s the diagram
T asee24
=
o
&
3.81E34 ?s
Bow b, ST
267E L L L R RN R LR R RN R R aaiansial
1217 13:32 14:47 16:02 17:17 18:32 19:47 21:02 22:17 23:3 00:4 02:02 03:17 04:32 0547 07:02 08:17
Time index: 150 Age: 189 Identify | | @3 Save. | | 4 Center |
Cell feature: | Optical volume (um’) \ =| [7] Show value balloons [¥] Show guide line [¥] Auto-scale | 2657,772 Re move se | eCted
Timeline All tracked Blei_ =i = or all cells from 20hrs6sec
cells are E tracking
Source frames |SRETEEECRY Warnings
Tracked Cells p | Otted [T List only present cells X Delete X Delete all
Color] Name | Child ¢’ g [ Children | Status Age Motility (um) [ Motility speed (um/h) | Migration (um) | Migration directnes|
W cel Auto | [(None) -l o Present 12hrs25 mindsec 1213 308 171 0.14
K1l L]
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In the above example the optical volume of a cell is tracked over a cell division. By changing
the Cell feature found below the diagram, a range of different morphological parameters

can be tracked:

Cell feature: |Upti-!:a| volume (pm?) | 1r|

For the full list of parameters and their description, see Morphological parameters (page 106).

Area {pm®) [El
Optical volume fum?)
Optical thickness max (pm)
Optical thickness avg (pm)
Perimeter length {pm)
Eccentricity

Irregularity

Area (pxl)

Area (pm®)

Boxed breadth (pxl)

Boxed breadth [pm)

Boxed center pos X (pul)
Boxed center pos ¥ (pxl)
Boxed length (px)

Boxed length (pm)
Centroid pos X (pxl)
Centroid pos ' (pxl)

Eccentricity [El

The following diagram options are found below the diagram:

N/ Show guide line
N/ Show value balloons

N Auto-scale

Save plot...

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se

displays the current time-point.

displays the value at the current time-point.

sets the y-axis scale automatically. When unchecked, the y-axis

scale can be set manually.

saves an image of the tracking diagram.
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MULTIPLE ANALYSES “rcknsS BN
e (Vose analysis m|

| a | Sglect mode |

' open.. Opens a saved cell tracking analysis.

Analyses are optionally saved when a Tracking
tab is closed:

@ Add cell ‘

- :
Plot| Start a new analysis.. iures L

| a | Select mode

Additional analyses are started by creating addi-
tional Cell tracking tabs:

@ Add cell

EXPORT TRACKING DATA

In the Tracking tab, selected tracking data may be exported. The data is exported to an
XML-file which can be imported to Excel:

IRCEEEM Plot movement | Plot features |

4 |Select mode

@ Add cell

Select

[¥#] Show cell trails

| Eﬂ Export data P.
[13 features : Timeindex 1 Age: Osec |20 Ioentity || &1 Save. | | 4§+ Center
s | ) =]

T+ (Defautt) - - 24 min 15 sec
[T Area (pxi)

¥ Area fum?)
| Boxed breadth (pxl)
] Boxed breadth {um)

—1w I |

| Baxed center pos ¥ (pxl) Remove X Remove all
=) Baxed center pos Y (pxl) Project i Group ‘.\lumayl T — g
1= Boxed length (pxI) Cell counts 21 Take £1: [})
¥ Boxed length [um) Cell counts 22 Take 21: ()
[T centroid pos X pxi) Cell counts 23 Take £2: ()
2] Centroid pos ¥ (pxi) Cell counts 24 Take #3: () -
(=[] Eccentricity Cell counts 75 Take #4: [ ]
= t—u\l conisiag =
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Analyze and export data

MEASURE CELLS INTERACTIVELY

A simple tool for interactively measuring distances and cells is found in the View images tab:

myDatabase Help

View images .Q,o Identify cells I Qb Track cells I I/i. Analyze data [=] Cell count xa Export images

Choose the View images tab. Click Measure in the Viewer options panel to make manual
measurements of objects in the viewed image:

- I‘-.-"iewer opticns 1]
.E. .E. Measure
|
F12n [ Sheww ruler

The measurement is started by left-clicking and releasing anywhere in the image. The
measurement is finished by left-clicking at a new point in the image:

i mao 20 1dentify cells [ Qg Track cells [ L Analyzz data I B Cell count [ L. Exportimages |
i = T ————
a |Viewer options (1) o
oalo] Measure|
3D [ show n
[FRotate [ Show -
[ Show image i
[¥] Light effect
[ Shiny surface
Background: [l
~ |Coloring o
Colorset ~]
4 0 22pm ‘
R
&
« Software focus o \
® Automatic - X
Manual 1367
5 ® A\
Line measure: 204 ym
| = Advanced J
+ |Calibration settings
Cell refractive index:
Medium refractive index
v

The measured distance is shown with a blue bar. A window displaying the results, including
a cell profile image, appears in the View area. The data can be saved as an image with the
@3 button in the Viewer options panel. It is possible to move the image in the View area
while the measuring function is activated. The image is moved by clicking and dragging.
When Measure is clicked again, the measuring function is deactivated.

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se
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ANALYZE RESULTS IN PLOT

Cell population analysis is performed in the Analyze data tab:

File View Database Analysis Help i

{ M40 I i View images [ .oo Identify cells I 045 Track ce 'i Analyze data ' 3

Cell count I cua Export images

Start a new analysis
Choose the Analyze data tab. If data has not been analyzed previously, a tab will appear
with the choices of starting a new analysis or opening a previous:

| & New analysis | Start a new data analysis

# Open.. | Load a previous analysis

After clicking & Newanalysis @ message will appear:

Generate the analysis by adding
source frames from the frame list to
the right.
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Select a Project and a Group in the Image frame list, found to the right of the View area:

,§

HstudiolmageDB

[ Project

‘ 2014-12-1916:22  Henrietta

[
o
x
@:

-

& Group =10 (%] (=
2014-12-23 15551 Henrietta Tussday 4:00 21 [
2014-12-29 16:17 MatTek seeding 22
2014-12-22 17:03  Meonday 5:00 217 D
2014-12-73 1398 Seeded n
M1A 17 1T 1T RED Termmim ™ E]
g Holographic (x20) Q
— 2014-12-21 12:17:38

Count: 95

Confl: 31% [Take 21: () |

Holographic (x20)

—_— 2014-12-21 12:77:38

Count: 69

Confl: 32% | Take 23: () |

cl 1 Holographic (x20)

— 2014-12-21 12:32:38

Count: 69

Confl: 30% Take #4: ()

= 2 Holographic (x20)

—— 2014-12-21 12:37:38

Count: 71

Confl: 31% [Take £3: ) |

= & Holographic [x20) E]
Show only checked 241 frames

lAdd selected]  Add checked lAdd all  Default color: [ |

To add data, select image frames and transfer to the plot by using the button,
found below the Image frame list. Several images can be added simultaneously if they are
all selected. The shift key can be used to select several consecutive images and the Ctrl-key
to select non consecutive image frames.
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The images that are included in the analysis are shown in the Source frames tab, found
below the Scatter Plot tab:

kel Filter | Regions [ Export |

Source Frames

X Remove X Remove all
[ Number | Group Project [ Comment [ Q
H: Sunday 12:00 Henrietta Take £1: )
H: Sunday 12:00 Henrietta Take #2:[) Remove F
H: Sunday 12:00 Henrietta Take #3: )
. 4 Sunday 12:00 Henrietta Take 24: (1)
H s Sunday 12:00 Henrietta Take 25: () se | ecte d ora | |

image frames

If several images frames are added to the plot, the data from all images will be displayed
in the same plot, unless[_| Only current frame is checked:

-ea,ng e f ! | | _
0,50 320 591 2861 113 14,0 )
Optical thickness avg (um) Frame 2 in Sunday 12:00
X-axis feature: |Oplica| thickness avg (um) '| [F] Auto-scale )(:': 501 -E-_ 14016/ um Show grid@nes [ Only current frame | .
Y-axis feature: | Area {pm?) v| Y: | - 6855,061; pm® Show labels i J
-

WA it | Fegons | Epot |

Source Frames

| MNumber | Group Project ‘ Comment

. 1 Sunday 12:00 Henrietta Take #1: ()

e Sunday 12:00 Henricita Take #2: ()

When M Only current frame is checked, only the data from the current frame is displayed. Data
from the other frames can be displayed when the frame is selected in the Source frame list.

MULTIPLE ANALYSES

Analysis 1*

=3

P :
open.. Will open a saved data analysis. Analyses HELlly Close analysis

are optionally saved when a Data analysis tab is

8,00E3

closed: ] A

Additional analyses are started by creating addi- 20 |

tional Data analysis tabs: H Start a new analysis.. L
Ei.DIIIES-l
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DISPLAY RESULTS IN SCATTER PLOT

The cell morphology data are first represented as a scatter plot, with the segmented cell
images displayed beside the plot. The data point for each cell is represented as a colored box.

If several frames are represented in the plot, the data points from all images will be dis-

played in the plot simultaneously, while the frame that is selected in the Image frame list
is displayed in the viewer:

[ B

68653 .

[
S

[ Project =]

[x

‘ 2014-12-191622  Henrietta

4

' Group =[5 [%]]=b

547E3: 2014-12-23 1551 Henrietta Tuesday 400 21

2014-12-29 1617 MatTek seeding
201412221703 Monday 5:00 n7
2014-12-23 1328 Seeded 21
2014-12-21 1211 Sunday 1200 241

40883

Area (um?)

£

w B0 o

ey —

Count: 95

Confl: 31%

4 5
P

L
13283 - .H‘_

Count: 64
Confl: 31%

[ci] 3
— s 0
Count: 69

Confl: 32% |

591 261 13 140
Optical thickness ava (um) Fram:

in Sunday 12:00

N ]
»| [lAutoseale x| 0501]-[ 14016/um [ Showgrid fines [ Only current frame 2 4
e

X
Y-anis feature: | Area (um’) - v:| -68.005|-| 6855061/ um* [ Show labels
- Confl: 30%
WS Fitier [ Regions | Expot |
o <
[ [ MNumber | Group Project | Comment
en

Confl 31% N [Take5:0)
Sunday 12:00 Take #1: () B
Tz @ ° Holoaraphic 620} =
Take #3: ) [ Show only checked 241 frames
Take #4: ()
Take #5: ()

g
e

Hole hi 20)
N oloarphic (20)

o =

W

H: Sunday 12:00
~ W 3 Sunday 12:00
~ M

I

-

Sunday 1200
Sunday 1200

TTT:T
iTiEi
FEGEG

5] Add selected | Add checked |Addall  Default color: [ll

The data points will be displayed in the plot with the color shown in the color box in the
Source frames tab, found below the Scatter plot tab. To change the display color, left-click
the color box for the added frame and select a different color:

BEER L Filter | Regions | Export

Group
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Identify data points as cells

Hover with the mouse cursor over a data point in the scatter plot. The corresponding cell
will then be identified in one of the cell images that have been added to the plot. Data for
that cell will be displayed simultaneously:

WS Fistogrom

£.86E3 -
L]
5.47E3
4 D9E3:
T
=}
L L3
<
2.70E3:
13263 "
Optical thickness avg: 9,5 pm
Area: 1760 pm®
Area; 1760 um?
Optical volume: 16700 ym®
591 IS Ovtical thickness max: 21 pm = 0
[T RSEEM  Optical thickness ava: 9,5 ym Frame 1 in Sunday 12:00 | %° Identify | | 0 Save. | | %4* Center
Perimeter length: 231 um
N N T Eccentricity: 0,90 =
X-auis feature: | Optical thickness avg (um) [=] ) Auto-scal “Ln) B Sty ricl K B Gy nicrert i armes
= T Imregularity: 0,58 T o z Define region... Save plot...
Y-axis feature: |Area {um?) | '| V] Show labels _ —

When hovering over a certain cell in an added image frame, the data point representing
that cell will be identified in the scatter plot, and data for that cell will be displayed:

Iy Histogram |

B8.24E3

6.39E3:

4 55E3
Optical thickness avg: 9,5 pm
Area: 1760 pm®

Area (um®)

2,71E3:

3636 1 Irregularity: 0,58

-979 3
058 301 6.61 102 138 7.4 . =
Optical thickness avg (um) Frame 1 in Sunday 12:00 | %° Identify | | @ Save. | |4+ Center
¥-axis feature: | Optical thickness avg [um) |- Auto-scale %:|  -0584|-  17404/um ¥ Show grid lines (] Only current frame .
= I o Define region...| | Save plot..
Y-axis feature: | Area (um?) [~ v:| -979,297|-| 8235303/ ym*  [¥] Show labels e R e e
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Change the scatter plot axis units
The axis labels of the scatter plot can be changed by using the listed x- and y-axis features
found below the scatter plot. For a full list of axis label parameters, see Morphological

parameters (page 106).

i
-68.0 + + |
0,50 3,20 .91 251 11,3 14,0 ]
Optical thickness avg (um) Frame 2 in S
-axis feature: | Optical thickness avg (um) | b Auto-scale X 0,501 - 14,016| um Show grid lines £ Only ¢
-axis featurs: |Area (wm®) | - ¥:| -68.005- 5855,061 pm Show labels

Set the scatter plot axis range manually

The scatter plot settings are found below the scatter plot. The area of the scatter plot
(i.e. the values of the x- and y-axis) is set automatically to fit all values from all added
frames. To set the plot area manually, deactivate [ | Auto-scale and enter desired x- and
y-minimum and maximum values:

kL
.D.Sﬂ 3.20 5,91 8.61 11,3 14,0 i
Optical thickness avg (um) Frame 2 in S
K-auis feature: | Cptical thickness avg (um) MV Auto-scale X 0,501 - 14,.016' pm grid lines [ Only ¢
Y-axis feature: |Area (um?) ' Y:| -68005|- 5855,061 pum* labels

Alternatively, the scatter plot area can be changed with the mouse scroll button. Left-click
in the plot and scroll using the mouse scroll button. To move the plot area in the scatter
plot, left-click in the plot, hold and drag.
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Create, hide or delete plot regions
The scatter plot diagram can be divided into regions to separate out data from certain cells
or cell populations. When right-clicking while hovering over the plot, a menu will open:

Iy Histogram |
B8.24E3
6.39E3
4 55E3
E §
i Define new region Arbitrary region
o
4 X-axis region
<
2,71E3 Save as image... Y-axis region
Linear region
8636
-979 3
-0.58 30 661 10,2 13,6 174 ™ R
Optical thickness avg (um) Frame 1 in Sunday 12:00 | %° Identify | | @ Save. | |4+ Center
¥-axis feature: | Optical thickness avg [um) | v| [Dhutoscale x| -0584)- 17404|um [ Show grid lines [C] Only current frame -
= b S Define region... | Save plot.
Y-axis feature: | Area (um?) [ v:| -078.297|-| 8235303/ ym®  [¥] Show labels )

When Define new region is selected, a region menu will appear. Alternatively, there is a
Define region... button below the Scatter plot tab, to the right of Auto-scale. There are four
region types:

X-axis region The x-axis values are the region cut off values.

Y-axis region The y-axis values are the region cut off values.

Linear region Clicking in the diagram results in straight lines that cut off the region
from origin.

Arbitrary region Repeated clicking in the diagram results in an irregular figure that

outlines the region. To finish the region, close it off by clicking the
starting point.
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Select a region type by clicking it. Then click in the plot where the region setting should
begin. For the Linear region and the x- and y-axis regions the second click in the plot
determines where the region ends. For the Arbitrary region, every click in the plot will add
to the region. Finish the region by clicking the starting point again. The starting point will
expand to indicate that the region is closed. If clicking the region does not make it “stick”,
try clicking a little slower.

B Fistosrom

8.DOE3:

6.24E3

4,48E3

Area (pm®)

2,72E31—

964,51

7946
00 0.14

0.23 0,43 D57 07 o =
Optical path length avg (um) Frame 2 in Sunday 12:00 2 Identify | | 0 Save.. | | 43¢ Center

X-axis feature; | Optical path length avg (um) | '| [[] Auto-scale x: 0- 0711|um (¥ Show grid lines [Z] Only current frame
V-axis feature: | Area (um?) [] v:| -794,557|-| 2000504/ ym®  [F] Show labels

Define region... | Save plot...

Scatter plot with two arbitrary regions.

The Regions tab

The regions are summarized in the Regions tab, which is found below the Scatter plot tab.
Regions can be hidden by unchecking the region:

Source frames | Filter WESEISE Export |

Regions other: [No selection |~ 3 Delete 3 Delete all
| Type No. of cells covered Part of population (3) |
. PN = %: Optical path length avg
¥l [0 Region1 Feature-region S FY 75 043 R emove se | ecte d

# H Regionz fReoture-region Ef:;i:?l‘” sty 17246 9957

or all regions

Regions can be copied from one analysis to the next by using Display from other in the
Regions tab:

Source frames | Filter |SISTEUEM Export
i play from other: [No selection |9) Delete 3

‘Co\cr‘ Name | Type No. of cells covered Part of population (%) ‘ ' ||_| (A
[T Analysis 1
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DISPLAY RESULTS IN HISTOGRAMS

In the Histogram tab, the results are displayed as histograms, where one cell parameter
is offset against the cell count. If several regions have been added to the scatter plot, they
will show up with the appropriate color in the histogram as well.

Cell count

o - - -
1,49 2086 4158 €22,9 8301 1,24E3 1,66E3 2,07E3 2,48E3 2,90E3 3,37TE3 3,78E3 4.20E3 481E3 5,08E3 5,49E3 591E3 6,32E3 &,79E3
Area (pm®)
: = Range: 15|-| 67856/ um® [¥] Show grid lines [Z] Only current frame
Cell feature: ‘ﬂrea (um?) ‘ '| [C] Auto-settings Save histogram...
No. of bins: ¥ (121 [¥] Show labels L |

Histogram with two arbitrary regions.

Change the histogram axis units

The x-axis label of the histogram can be changed by using the Cell feature list below the
histogram. A list of x-axis label parameters are found in Morphological parameters (page 106).

Scatter plot i;‘ E@

740

Cell count

<

D - - -
149 2036 41538 6229 8301 1,24E3 1,66E3 207E3 249E3 2903 337E3 3.78E3 4 20E3 461E3 5,08E3 5.49E3 S591E3 6.32E3 6.79E3
Area (um®)
Colfesture: | Area (o) N T — Range: 15/-|_6785,6/um* [ Show grid lines [[] Only current frame =
el ature: rea m X wto-settings ave nistogram...
ey “ﬁfLL e Tt @ 1 [ Show labels |eaxehisiogiam. )
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Change the histogram x-axis intervals and bins manually

The histogram x-axis interval is set automatically to fit in all values from all added frames.
To set the histogram x-axis interval manually, [ | Auto-settings must be unchecked. Enter
the minimum, maximum values and the number of bins:

Scatter plot i;' Eﬁ

T40-

Cell count

o - - -
1,49 2086 4158 622,9 8301 1,24E3 1,663 2,07E3 2,48E3 2,90E3 3,3TE3 3,78E3 4.20E3 461E3 5,08E3 5,49E3 5,91E3 6,32E3 6,79E3
Area (um®)
——
6785 6 um? =l
Range: 15|-[ 6785,6(pm [¥] show grid lines [Z] Only current frame
Cell feature: | Area (um” Auto-settings Save histogram..
| Area (um) E Ca s At ® = [7] Show Iabels e g
B

EXPORT PLOTS AND CELL DATA

In the Export tab, cell data from the current plot can be exported to an XML-file, which
can be imported into e.g. Excel. Images of the current plot and histogram can be saved
as bitmap, GIF, JPEG, PNG or TIFF by using the Save plot.. or Save histogram... buttons.

Cell count
" P

- - -
1,66E3 2,07E3 2,48E3 29083 3.37E3 3,78E3 4,20E3 461E3 508E3 5,49E3 581E3 63263 6.79E3
Area (um?)

e — Range: 15|-| 67856/ um* [¥] Show grid lines ] Only current fféme
Cell feature: | Area (um?) [*] [ Auto-settings = Save histogram..
No. of bins: @ 11 [7] Show labels e ol

Source frames | Filter | Regi

0
149 2086 4158 6229 8301 124E3

m Export to Excel™ Exports analysis data to an Excel™-compatible XML-file.

HE  Export to ICEFormat Exports analysis data to an Image Cytometry Experiment Format (ICEFormat) data directory.
| |
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Export cell data
The Export tab is found below the plot area. The Export buttons export cell data to XML

or ICE files:

Source frames | Filter | Regions m

I Eﬂ Export to Bxcel™ I Exports analysis data to an Excel™-compatible XML-file.

| H Export to ICEFormat | Exports analysis data to an Image Cytometry Experiment Format (ICEFormat) data directory.

e C(lick one of the Export buttons to export all cell data. A file browser window will open.

e The file will automatically be named with date and a code, but it is possible to rename
the file.

e Save the file to an appropriate place. All data pertaining to the image frames added to the
current plot are exported.

Save plots and histograms
To save a scatter plot or a histogram click the respective Save plot... or Save histogram...

button. A file browser window will then open.

7S —

5 - - -
149 2035 4153 6228 8301 1,24E3 1.686E3 2,07E3 2,49E3 2,803 3,373 3,733 42083 4613 5,083 5.49E3 Se1E3 63283 57953
Area (um®)
Range: 15/-|_ 67856/ um® [¥] Show grid lines [C] Cnly current f
Cell feature: | Area (um?) [] Eadtosettings = : g v
No. of bins: ¥ 131 [¥] Show labels

-

Source frames ‘ Filter ‘ Regions m

[0  Export to Excel™ Exports analysis data to an Excel™-compatible XML-file.

e The file will automatically be named, however it is possible to rename the file.
e Decide which image format you want (bitmap, gif, jpeg, png, tiff).

e Save the file to an appropriate place.
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Cell count

Cells are counted and analyzed for confluence, cell area and volume in the Cell count tab:

% Hstudio™ -
File View Database Help

{ M40 I i View images %‘ Identify cells [ 045 Track cells l I/i‘. Analyze &

[ | Export images

Choose the Cell count tab. A text will appear which says that five image frames or more
must be added in order to analyze images for cell count and confluence. The frames should
be captured at random positions in a cell culture vessel. Select or check the images to be
analyzed in the Image frame list to the right. Click the appropriate  Add  button, which
is found below the Image frame list. The added image frames will be shown in the Source
frames panel below the Cell count report.

File View Database _Help

ﬂ Image Database

U2 Project

| 2014-09-1011:22 kst

& Group

2014-09-10 11:22 deierborg

Create a cell count report by adding

at least 5 frames from the frame list I ma ge fra me | Ist e
0 — v
to the right. s R =
= |;onﬂ: % o bidil
-
| e
Count: 37 =1
Confl:5% . mt v [ibidil

4 s ¥ Holographic (x
NS SR 2010-05-04 22|
Count:44 &

Confl:5% =& At = [ibidil

5

Source frames e

» Confl: 4% v Ibidi |

pa n el ¢ Remove 3 Remove all 6

S Holographic (x
B9 2010-05-04 22}

Add buttons T ——

[ Show only checked

Add frames here to begin
H Add selected | Add checked Add all
L L

Fill in the correct cell culture vessel growth area and the volume of the cell culture vessel
medium content:

N 0-
Number of cells on image edge: 6375 211 22753 45383 GEOES G21ES 11504 136E4 161E4 16654

Count: 69

Confl: 32% |
] 2 a N
15|-[ 6785.6/um* N, of bins: (131 [ Include histograms g
| ) A — .0
2,1|-[ 185547 ym* No. of bins: 131 | 2TETEROE | ] Include source frames list Count: 63 B
= Confl:30% o [Toke24:0)
3 Remove X Remove all I s S
[ Comment @ Cout:71 i
it
1 Take #1: €) i 1
Confl: 31% | Take #5: ()
2 Sunday 12:00 Take #2:¢) <l oo el (6]
3 Sunday 12:00 Take #3:() 5 pE Holographic (x20) =
4 Sunday 12:00 Take #4: () [E She ly checked 241
5 Sunday 12:00 Take 25: (1) ow only checke rames
6 Sunday 1200 Take #6: )
7 Sunday 12:00 Take #7: () )| [Addselected Addchecked Add sl | % Clear|
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The images are then analyzed, and the results are presented in a Cell count report:

Cell Count Report Area (um?) distribution

Number of cells in vessel:  6,17e+005 *12% 63

Number of cells perml:  1,23e+005 % J

Confluency: 4% *0 Conﬂdence
Interval

0
26,3 70,5 158,7 247,0 3353 467,7 555,9 6442

Volume (um?) distribution

Report date: 2017-01-12 10:16

Capture at: 2010-05-04 22:02:00 - 22:02:31

Vessel growth area: 25 cm?

Vessel media volume: 5 ml

Total number of images: 8

Total imaged area: 0,980 mm?

Total number of cells in images: 265

Number of cells on image edge: 46 8148 127E3  1,72E3 239E3  284E3  3,29E3

If the confidence interval is too large (larger than 10-15%) more images should be added to
the analysis. The more unevenly the cells are distributed in the cell culture vessel, the more
images are needed for the cell count.

ADJUST THE HISTOGRAM PROPORTIONS

The x-axis of the area and volume histograms can be set automatically or manually. For each
axis the lowest and the highest value can be set as well as the number of bins that present
the data. These adjustments are found below the Cell count report:

Folographic G2U]
Number of cells on image edge: 6375 2014-12.21 122738

Pre———
211 227E3 453E3 680E3 921E3 1564 1,39E4 161E4 1.86E4

Count: 69 e
Confl: 32% | . e
Vessel growth areai |25 [em® ]+ 15|-| 67856/ pm® No. of bins: 131 | 2 4 4 Holagraphic (:20)
Cell count per ; T - - @ 2014 53238
Vessel media volume: [5 ETE Volume-histogram: [] Auto 21/-[18554.7| um® No. of bins: (131 Count: 69 - -
Confl: 30% | D [Take #4: ()
Sou =
= i Halographic (x20)
Number | Group Project Comment & 2014. 3738
Count: 71 .
1 Sunday 12:00 Take #1: ] X
unday El Q Confl: 31% | N [Take #5:()
2 Sunday 1200 Teke 22:) :
3 Sunday 1200 Take #3:() @ ¢ TGS i =
4 Sunday 1200 Take #4: )
5 i i Tt [ Show only checked 241 frames
6 Sunday 1200 Take #6: )
7 Sunday 1200 Take #7: () )| [Addselected Add checked Add sl |2 Clear|

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se



http://www.phiab.se
mailto:support%40phiab.se?subject=Hstudio

REMOVE DATA FROM PLOT

To clear the plot from all data from all image frames, use the X Remove all button. To remove
data belonging to a single frame from a plot, select that frame in the Source frames panel
and then use the XRemove button:

§ ~Folographic G20
2014-12-2112:27.38

T sy, . P 3 S
Number of cells on image edge: 6375 211 227E3 453E3 680E3 921E3 11584 139E4 161E4 18684

[Take #3:() ]

Holographic (x20)
2014-12-21 123238

clude histograms
Include source fr

Vessel growtharea: (25 |[em® | ¥] T Area-histogram:

Vessel media volume: "5 | Volume-histogram:

[Take #4:() ]

Source Frames X Remove X Remove all
Holagraphic (x20)
Number | Group [ Project [ Comment B 20141221 123738
[ Sunday 1200 Henrietta Take #1:() ey
2 Sunday 1200 Henrietta Take 22:() eeEE
3 Sunday 12:00 Henrietta Take #3:) A Holographic (x20) =
4 Sunday 12:00 Henrietta Take #4: () S e 241 frames
5 Sunday 12:00 Henrietts Take 25: (1)
6 Sunday 1200 Henrietta Take #6: ()
7 Sunday 1200 Henrietta Take £7: () )| - faddsioted (Addchecked)| phddial, ¥ Clear

EXPORT RESULTS

Clicking savereport.. below the Cell count report opens a window where the report can
be saved as a pdf or as an xml-compatible file containing all relevant data. Histograms and
image frame list may be excluded from the report:

—
Count: 69
Confl: 32%

"
Number of cells on image edge: 6375 211 227E3 453€3 6S0E3 921E3 115E4 130E4 161E4 18684

S Folographic (0]
2014-12-2112:27:38

|Take #:

5 | B i £l 4
Vessel growtharea: 25 | Area-histogram: 67856/ um’ No. of bins: [L3gff ude et s Holographic (x20)
s Tg554 7| —_— 2014-12-21 12:323;
Vessel mediavolume: 5| Velume-histogra 1]-[18554.7 um® No. of bins: /gl clude source frames lst — A1 221125258
= Confl: 30% i |Take £4: () |

[sMr:e Frames X Remove all

5

| Holagraphic (x20)
Number | Group [ Project [ Comment [ %] o B 20141221 123738
s v s = unt =
L nciy 121 Henoety L] | Confl; 31% [Take?s0 |
2 Sunday 12:00 Henrietta Take #2: () S
3 Sunday 12:00 Henrietts Take 23: () s IR * Holographic 620) =
4 Sunday 12:00 Henrietta Take #4: () S T
5 Sunday 1200 Henrietta Take #5: ()
6 Sunday 1200 Henrietta Take #6: ()
% Sunday 1200 Henrietta Take #7: () )| llddaslected; |Addchered | Addial X Clear
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Export images and movies

ADD AND REMOVE IMAGE FRAMES

In the Export images tab, image frames can be edited and exported either as individual
images in several standard formats or as AVI movies.

¥, Hstudio™ - Henrietts
File View Database Help =
{ M40 [ i View images [ .Q.o Identify cells I Qb Track cells [ I/i. Analyze data [ Fé Cell coul ‘l E Export images ’

Below the Image frame list there are buttons to add image frames to the View area. The
side panels become active when one or several images have been added.

By clicking the Addselected button, found below the Image frame list, the data from a
single image frame or from several frames can be added when the frames are selected in
the Image frame list.

Count: 69 4% S

Confl: 32% | D [Take#3:0)

A > Holographic (x20)

— e oot
Source Frames. Remove X Remove all Count: 69 -

Confl: 30% | L, [Takeza)

= s
°

Holographic (x20)
2014-12-2112:3738

Count: 71 NSRS
Confl: 31% | o [Take#5:0)

¢ ) =

Holographic (20

Add frames here to begin

Add selected  Add checked | Add all

The shift key can be used to select several consecutive images and the Ctrl-key to select
non-consecutive images. Images can also be selected by checking the box to the left of each
image, and then clicking the Add checked button. All image frames can be added by clicking

Add all . Alternatively, the images can be dragged and dropped into the Source Frames window.
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The View area contains a view of the currently active added image as well as thumb nails of
all the added images. By clicking an image thumb nail, it will be displayed in the View area:

4 |Viewer options. Export ¥4 wstudioimagens Swiiteh,
I S S
Henrietta 241 fr dded
; 5 5 rames added. . =
9 30 5 100 150 200 pm Shi a0 B Project __ X)=
9] Show rler el U T |
T i 2150 pee \
9] Show image info I Preview ¥ Group = x|
7] Light effect i s |
Shiny surface > P FlRepes | | 2014-12-23 1551 Henrietta Tuesday 400 21[a]
Backgrounc: [l z | 2014122916147 MatTek seeding 2
| 2014-12-22 17:03  Monday 5:00 n7 D‘
R | 2014-12-23 1328 Seeded all
| 1 Sunday 12:00 241
e )
X-rotation: 17
Y-rofation 136 I
el B . I
Z-rotation: 0 : Holographic (20) Q
X-offset: 3 Count: 95 s 2014-12 12173
Y-offset 38 e .
i 050 Confl: 31% ) [Takezi()
Use for selected v 2 . Holographic (x20)
- ¥ B : e
Use for all 0,3pm Count: 64
Confl: 31% Take #2: ()
 |Coloring | :
— g 3 - z AB
cotorst[pae B Remove B oo 20
Count: 69 5 o
2 ym b u tto ns Conti3ze I [Toke #:0
= £ 5 Holographic (:20)
it
Source Frames A . . X Remove X Removeall | | Count 60 p )
- ﬂ Ct ve | d ge = "n' = I ”u"* O] Confl: 30% | | [Take #2:()
= ] | s E . 7 o = [ : .
3t ] Rpee—— -, - 6~ St . 5 Holographic (x20)
1 . — . .
v Counti 71 [ -
0A A A D A B % % s Confl:31% | N [Take#s: ()
Frame no: 1 Frame no:2 Frame no: 3 Frame no:4 Frame no: 5 Frame no: 6 Frame no: 7 —
e Group: Sunday 1200 | | Group: Sunday 12:00 | | Group: Sunday 12:00 | | Group: Sunday 12:00 | | Group: Sunday 12:00 | | Group: Sunday 12:00 | | Group: Sunday 12:00 [E2 6 B icionesilie 8680 =
201412-21120738 | | 2014121122238 | | 201412.211227:98 | | 2014121123238 | | 201412-21123736 | | 2014122124238 | | 2004-12.21 124738 = e
) | Show only checked 241 frames
| = B 5 o
H e ! i ‘ 4 ¥ ‘ . « ‘ [)||  |Add selected Add checked | Addiall Clear

Clicking the X Remove buttons will either remove the selected or all of the added images.

EDIT THE IMAGES

Zoom, move or flip the image
The Perspective side panel shows how the image has been moved, flipped or zoomed:

] Light effect
[T] Shiny surface

Background:

K-rotation:

Y-rotation 136 ‘
Z-rotation: 0
X-offset: 3

Y-offset: 38
Zoom: -0,50

Use for selected

Use for all
a |Colon

CclursailDiUE -

-3 21 pm

e To zoom, left-click the cell image in the View area and then use the mouse scroll button.

e To move the image to a desired location in the View area, click, hold and drag using the
left mouse button.
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e To flip and move the 3D image, click, hold and drag using the right mouse button.

e Click one of the Use for buttons to apply the changes to either the added images that are
selected or to all added images:

9] Light effect
[T] Shiny surface

Background: .

= |Perspective

X-rotation; 17
Y-rotation: 136
Z-rotation: 0

K-offset: 3

Use for selected

Use for all

Cslursal‘ blue -

-3 21 pm

Adjust the image display
The Viewer options panel which is found to the left of the View area, is used to adjust

) A;\l'ieweroplions < ‘
- e S

7 3D ] 50 100 150 200 pm

the image display:

[¥] Show ruler
| Show color bar
7] Show image info
[¥] Light effect
Shiny surface
Background: .

- .F'ersp v

X-rotation: 17

Y-rotation: 136

Z-rotation: 0

X-offset: 3 -
Y-offset: 38

Zoom: -0,50

Use for selected

3D displays the image as a 3D representation.
Show Ruler displays a horizontal scale bar representative of the distance in X and Y.

Show Color Bar  displays a vertical scale bar representative of the height in Z.
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M Show Image Info displays additional information associated with the image: @
First row specifies in which Project the image is located.

Second row specifies in which Group the image is located.

Nbr specifies which number the image has in the group.
Date specifies the capture date and time of the image.
Channel specifies if the image is holographic or phase contrast
Size specifies image width and height in um.

M Light Effect applies an artificial light source to the image which may sometimes

render an improved image.

M Shiny Surface shows the rendered surface with a reflective visual effect. Shiny
Surface is only active when Light Effect is checked.

To change the background color, left-click the Background color box and select a new color.

Change the image coloring

Use the Coloring panel, which is found to the left of the View area, to add or change the
pseudo coloring to the images. The colors that are applied will color the image relatively to
the thickness of the cells. For additional information on how to set the coloring, see Change
image coloring (page 35).
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CREATE AN AVI MOVIE

When image perspective and color looks good, click the Useforall buttons in both the

Perspective panel and the Coloring panel.

A

Shiny surface
Background: [l

= |Perspective

Use for all

Use for all

e
X-rotation: 17
Y-rotation: 136
Z-rotation: 0
X-offset: 3
Y-offset: 38
Zoom: -0,50

‘Group: Sunday 12:00
2014-12-2112:17:38

Preview the movie by clicking » Py :

Group: Sunday 12:00
2014-12-21 12:22:38

R

Export

Export images

241 frames added.

Export movie

"

~ |Coloring
Colorset| piye -
a3 21 pm
Source Frames
R - - -
. 0 - @ -l
Lt
' ’ .
Frame no: 1 Frame no: 2 Frame no: 3

Group: Sunday 12:00
2014-12-21 12:27:38

iq HstudiolmageDB

4 Project

‘ 2014-12-19 16:22

Henrietta

¥ Group

2014-12-23 15:51
2014-12-29 16:17
2014-12-22 17:03
2014-12-23 13:28
2014-12-2112:11

N14 19 13 17.50

Henrietta Tuesday 4:0(
MatTek seeding
Monday 5:00

Seeded

Sunday 12:00

Fermarie:

Count: 95
Confl: 31%

v 2

b | — e

www.phiab.se
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Take #1:

Holograp
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Note that the preview speed of the movie is not the same as for the saved movie, as the movie
can be saved at any speed. If the preview looks good, click Export movie in the Export panel:

| Export ﬁ HstudiolmageDB

241 frames added.

£ H Export movie

1# Project

‘ 2014-12-1916:22  Henrietta

Export imag

Preview

:ﬁ‘ Group
P Py | Il Pause [ Repe: 2014-12-23 15:51 Henrietta Tuesday 4:0(

2014-12-2% 16:17  MatTek seeding
2014-12-22 17:03 Monday 5:00
2014-12-23 13:28 Seeded
2014-12-2112:11 Sunday 12:00

N4 19 I 10ED Towmcin

Holograp
La 2014-12-

Count: 95 0
Confl: 31% o [Take #1:
& 3 Holograp
» . @ MaAL

This will open the Export movie window:

Settings

Destination file: | Browse...

R T R T R A A S R A IR RO 50 frames per second

Use compression

[E use plain images Use palette Use coloring bounds

rt | Cancel |

Select the destination folder by browsing. By moving the slide bar, it is possible to set the number
of frames per second that will be shown in the AVI movie. When ready, click  Export
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EXPORT IMAGES

When the images have been set up nicely and look good, click Export images :

241 frames added.

| ’
l Export images P

ﬂ HstudiclmageDB

iﬁé Project

| 2014-12-1916:22  Henrietta

| Preview

P Play || Il Pause

55' Group

2014-12-23 15:51 Henrietta Tuesday 4:0(
2014-12-29 16:17 MatTek seeding

[¥] Repe:

This will open the Export images window:

2014-12-22 17:03 Monday 5:00
2014-12-23 13:28 Seeded
2014-12-21 1211 Sunday 12:00

1A 19 93 1ED Temein

Holograp
s 2014-12-
Count: 95
Confl: 31% Take #1:
= 3 Holograp
> SR LGP L)

[~ ~ i

Settings

Destination folder:

Append frame comments to filename

| Browse... |

Image file format: | Bitmap (*.bmp)

| '| ] Transparent background

[ use plain images Use palette

Use coloring bounds

Export |  Cancel

Select the destination folder by browsing. Check the box to add frame comments to the file
name. The Image format can be selected in the drop menu. When ] Use plain Images is
checked, no coloring or 3D will be displayed in the exported image. When M) Transparent
background is checked, TIFF-images can be exported with a transparent background. When

ready, click  Export
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Database handling and backup

Note that database data from earlier versions of Hstudio can be used with version 2.7.
However, the reverse is not possible. Once a database has been used by version 2.7,
it cannot be used by an earlier version.

To backup, copy or move data, go to the Image database handler. It can be reached from
Database menu or by clicking the  Switch  button above the Project and Group:

£ Image Database Handler

My Databases

4 wstudiolmageDB

mmmmm | [ HstudiolmageDB 2016 0223 1754

1 Project

‘ 2014-12191622  Henrietta

[T Show image info : % Group =] (G (3¢ (=0
Light effect g -
o 2014-12-23 1551 Henrietta Tuesday 400 2

=]
2014-12-29 1617 MeatTek seeding 22
2014-12-22 1703 Monday 5:00 27
2014-12-03 1328 Seeded 21 D
2014-12-211211 Sunday 12.00 a1 o
=]
e/

Count: 95
Confl: 31%

2

Count; 64
Confl: 31%

3

Count: 69
Confl: 32%

+ B
— |0
Count: 69

Confi:30% |

H

HstudiolmageDB

Available

Name: [HstudiolmageDB ID: D7FOSTM-€f7145e0-831e-0993672cd545

iolmageDB
‘dows7_OS” on Fixed drive (SanDisk SD53G2256G10528)

27868 free

Counti 71 [
Confl:31% | | [Teke 50

6

Holographic (x20]
o ey &

[£] Show only checked 241 frames

| Autoscron |

The Image database handler

SWITCH TO EXISTING DATABASE

Databases that are already known to the software are displayed as a list in the Image
database handler window. In order to add an existing database to the list:

e C(Click Browse... .
e |ocate the desired database, and click OK.

¢ In the lower part of the database handler window, information on the currently selected
database will be displayed. Click # Use for Hstudio to use the database in Hstudio.
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SWITCH TO A NEW DATABASE

Create a new database by clicking | & New.. . A new window will open.

e Browse to the desired location.

Name the new database.

Click cCreate . The software will now use the new database.

&) Create new database - o X

Location: | Browse... |
Name:

Please select a location and a name for the new database.

@ ==

MOVE A DATABASE

e Select a database in the Database Handler list of databases.

e Click |# Move.. | at the bottom of the Database Handler window. The Move database
window will appear.

e Browse to the new location and then click Move . The entire database will be moved to
the new location.

[ Move database - o b

i - Location: | C:\PHI\HstudiolmageDB | Browse.. |
Please select a new location for the database.
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COPY AND MOVE INDIVIDUAL IMAGES, GROUPS OR PROJECTS @

e C(Click the little arrow - beside the database that contains the data of interest. A list of Projects
contained in the database will appear. Click the little arrow - beside the Project and a list of
Groups will appear. Click the little arrow - beside the Group and a list of images will appear:

My Databases
I ﬂ Image Database 013-07-107715]
< I'i Example timelapse 0760274752
4 [ Example: Time-lapse  2012-07-06 14:46
B 1920 TL  2012-07-06 14:46 (7

p X Proliferation assay 2

I I'I Export 20156-09-23 14:49

e Right-click on the Project or Group or image you wish move and select Copy:

&9 MNew group.. Ctrl+N
o | Cut Ctrl+X
|| Copy Ctrl+C
[ Paste project Cirl+
= Rename. F2

¥ Delete.. Del

3 Remove empty groups..

e Goto the desired database and paste the copied Project or Group or image into the database.

BACKUP/RESTORE DATA

To create a database backup
e Go to the Image database handler.

e Click & New.. to create a new database at the backup location.

e Click the little arrow - beside the database that contains the data to backup. A list of
Projects contained in the database will appear. @
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e Right-click on the Project or Group you wish to backup and select Copy: @

&d Mew group.. Ctrl+M

e Cut Ctrl+X
Copy Ctrl+C

=0 Rename.. F2

¥ Delete.. Del

2 Remove empty groups..

e (o to the backup database and paste the copied Project or Group into the backup database.

To restore a database to the computer
e Goto the Image database handler.

e Click & New.. to create a new database on the computer.

e Browse and find the backup database. Copy and paste the backup data into the new folder.
The database data are now on the computer and can be accessed by Hstudio.

TRANSFER DATA FROM ONE COMPUTER TO THE NEXT

e Go to the top menu and click Database:

E‘# Hztudio™

File  View Databasel Help

Catabase Handler ;
a; Ify' cells qb Track ce
@ Import.
» Export.
i B
D Show ruler
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e Select Export. The Export from database window will appear:

.'3 Export from database ke O w

Source

n Image Database

Please select contents to export

]

« [] n Image Database 2013-07-10 11:51

O @ 373L1 diff  2015-09-21 13:43

[ (B 27301 Exp  2015-08-21 13:49

[ 0B 373-L1 T25cranalyse  2014-12-06 12:44
O Benayahu Lab 2016-03

[ I Birgits Fest 2012-7
O & Capture 1 2017-01-12

[ 8 cell cycle  2015-10-21 02:22

[ [ cell cycle amila  2016-06-02 12:26
& Deierborg2 2012- 08
] @8 ethan 2013-10-02 2035

¢ B Example: Cell count  2013-04-03 10:21
¢ O @Example:'ﬁme-lapse 2012
b [ @8 Garvan  2016-05-18 10116 =

Destination

| | v| | Browse... |

Start | | Cancel |

e Check Projects and Groups that will be moved.

e Browse and create a new folder at e.g. a USB hard drive.

e C(Click start

¢ When the process is finished, connect the USB hard drive to the second computer.

e Start Hstudio.

e Go to the top menu and click Database. Select Import. The Import to database window
will appear.

e Browse to find the transfer folder on the USB hard drive.

e C(Click start . The database data will be transferred to the database that is currently
used by the Hstudio software.
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Troubleshooting

LIVE CAPTURE
W i View images

The Live Capture tab is inactive

.¢° Identify cells [ o>b Track cells [ I/_J‘_ Analyze data i:é Cell count cwu Exportimages

The software cannot find HoloMonitor
e Check that the USB and power cables are properly connected.

e Restart Hstudio.

The drivers are corrupt

e Start the Windows Device Manager and check for any drivers with exclamation marks. Try
disconnecting the USB cable from the instrument and connect it again and wait a couple of
minutes. If the problem persists, try to run the installation program again. The driver files
are located under C:\PHI\Drivers as sub folders. If a driver displays an exclamation mark in
the device manager it may be possible to re-install it by right-clicking in the device manager
and selecting Update driver. Then browse to the driver folder under C:\PH\Drivers.

It is impossible to focus the live image

For HoloMonitor with spacer plates, the wrong distance plate might be used

e Make sure that the correct spacer plate for the cell culture vessel is used. The bottom of the
vessel (where the cells are) should be approximately 1 mm from the objective. Vessels with a
thick bottom or a high socket need the thinnest spacer plate. Vessels or slides which are thin
should be put on the thickest or medium thick spacer plates. A list of vessels and spacer plates
is found at www.phiab.se/support/vessel.

The cell culture vial is scratched or smudged

e Even wiping the cell culture vessel clean with ethanol will probably not help much as
traces of dirt will still persist. Instead, avoid touching the top and bottom surfaces of the
cell culture vessel when handling it, even when wearing gloves. Avoid anything that might
scratch the surfaces. Cell culture plastic is very easily scratched.

There is condensation on the inside of the cell culture vessel

e The PHI Hololids (page 22) are designed to handle condensation. It is recommended
to use Hololid whenever possible. If the cell culture vessel is a flask, tighten the cap and
gently rinse the condensation away with the cell culture medium by tilting the flask. Avoid
getting medium into the cap. If the cell culture vessel is a multi-well plate or a petri dish,
allow the vessel to reach room temperature, alternatively switch lids to a new lid or try
working without a lid.
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e Ifthe cell culture medium is replaced with cold PBS or cold cell culture medium immediately
after taking the multi well plates and petri dishes from the incubator, there will not be
condensation. Replace the cold liquid with medium again after the analysis.

The objective and the laser window need cleaning
e C(Clean the instrument according to the Cleaning instructions (page 18).

Auto focus has difficulties to find focus
e Allow the instrument to warm up in the incubator for at least three hours.

e The cells are very thin or very sparsely distributed in the vessel. Set the software focus
manually instead of automatically. Activate manual mode by clicking the Manual button
in the Software focus panel in the Live capture tab. Thereafter drag the slider to the
green area in the focus bar, and then adjust the mechanical focus. Thin cells have a very
narrow focal distance and focusing has to be performed with great care.

e Floating cells disturbed the automatic software focus. Follow the instructions in Re-focus
a captured image (page 51).

Something causes the instrument to vibrate
e Check that the cables connected to HoloMonitor are slack and not touching anything.
Ensure that no vibrations come from sources like centrifuges or hard working air vents.

The live image focus was OK, but it slowly turned bad and now it can not be set again

e There is probably a drop of water hanging from the top/lid of the cell culture vessel. As
the drop grows larger it will increasingly disturb the image focus. Gently tilt the cell culture
vessel and make the drop slide to the side of the vessel.

The cell image in the view area looks strange

The cells are very bright and blurry, showing no inner structures
e The image dynamics are not optimally set. Press the R button by the histogram in the
Coloring panel.

The cell image is completely white
e The image dynamics are not optimally set. Press the R button by the histogram in the
Coloring panel.

The cell image is black

e The laser unit may not be switched on or connected properly. Start by checking that the
laser unit is connected properly both to power and to the instrument. If the laser is connected
properly and the image still is black, please contact support@phiab.se.
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The images are either zoomed in or out too much
e Use the mouse scroll to scroll back.

The image dynamics are not optimally set
e Pressthe R button by the histogram in the Coloring panel.

The capture button is inactive

The Capture button is inactive when no project and group has been selected

e In that case, the software does not know where to store the captured images. Select or
create a Project and a Group.

The time-lapse sequence position is unstable

The time-lapse is drifting in X, Y or Z
e Sometimes there will be a slight drift the first half hour.

e The sample holder is not properly attached. Ensure that the sample holder is firmly put
in place.

e The cell culture vessel is not properly placed in the sample holder. Ensure that the cell
culture vessel is firmly put in place.

The motorized stage needs to be calibrated
e Contact support@phiab.se.

The images are not captured at the time points set at the start of the experiment
There are too many positions too far apart

e The motorized stage cannot move fast enough to be able to capture the images on time. Instead
it works as fast as possible. Set fewer capture points, or allow more time between captures.
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The image looks garbled

Wrong spacer plate may be used

e Ensure that the correct spacer plate is used for the cell culture vessel to place the cells approx-
imately 1 mm from the objective. Vessels with a thick bottom or a high socket should be put
on the thinnest spacer plate. Vessels or slides which are thin should be put on the thickest or
medium thick spacer plate. When the cells are not positioned within range of the auto focus,
the image appear as in the example images below.

Dirt, smudges, scratches, condensation or fingerprints on the vessel,

top laser window or objective will affect the image negatively

e Try moving around the culture vessel to different positions. Make sure that the laser
light has a free path through the vessel.

e C(Clean the instrument as described in the Cleaning instructions (page 18).

¢ Condensation on the roof of the vessel. Keep vessels at the same temperature and
humidity as the surrounding the instrument. Avoid transporting vessels immediately
before starting a capture sequence. Use vessels which are condensation free, e.g.
IBIDI-micro channel slides, or the PHI HololLids (page 22).

e Re-calibrate according to the Calibration procedure (page 19).

e Vibrations, check that the cables connected to HoloMonitor are slacking and not touching
anything creating tension.

The image dynamic display is off range
e C(Click the R button in Coloring panel to reset the image dynamics display, see Change
image coloring (page 35).
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The laser is not optimal

e Make sure that the laser beam intensity is adequate. When auto-exposure is on (camera
properties window in the left side window), the exposure time for an image without a
sample should be around 5 ms and never more than 10 ms. If that is the case, contact
the local distributor for advice.

Condensation has formed inside HoloMonitor

e The HoloMonitor may suffer from internal condensation if the incubator is excessively
humid, or if the instrument power cord has been unplugged. Remove the instrument
from the incubator and let it dry over-night in room temperature. After drying, calibrate
HoloMonitor according to the Calibration procedure (page 19) to ensure that the
Diagnostic Values are in the green before proceeding to incubator acclimatization.

Only one position in a capture pattern is captured

Even if several positions have been set in a capture pattern, only one is captured
e Ensure that the Capture Pattern box in the Capture side panel is checked.

The images from several parallel time-lapses are not sorted separately
Each position was supposed to go into a separate group,
as selected in the Capture Position window

e Recreate the Capture setup, and ensure that  Close is clicked. That will close the window
and save the set up.
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VIEW IMAGES @

ﬁ M4 0 = View images :.“ Identify cells qb Track cells Iﬂt Analyze data I E Cell count I cun Exportimages

No image frames are visible in the Image frame list
e No project and group has been selected. Select a Project and a Group.

o Ifthe M Only checked is checked, only checked images will be displayed. If no image frames
in the current Group have been checked, no frames will be visible. Uncheck[ | Only checked.

The cell image in the view area is white
e The image dynamics are not optimal. Click the R button in the Coloring panel.
In a series of captured images not all images were good

e There might have been a scratch or a smudge on the vessel where the bad images were
captured. Capture extra images and then discard the bad ones.

e A passing disturbance, e.g. floating cell debris, caused the software auto-focus to miscalculate.
Follow the instructions how to manually reset an unfocused image.
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IDENTIFY CELLS

cuu Exportimages

{ ﬁ M4 0 I i View images

qb Track cells [ I/_\{ Analyze data I E Cell count

No image frames are visible in the Image frame list
e No project and group has been selected. Select a Project and a Group.

o Ifthe M Only checked is checked, only checked images will be displayed. If no image frames
in the current Group have been checked, no frames will be visible. Uncheck[ ] Only checked.

The automatic cell identification looks strange
e The Background threshold method may not suit the cells. Try a different threshold method.

e Ifthe cells grow at a very high density, the threshold setting methods are not able to identify
individual cells. If cells are growing very close to each other they cannot be separated out.
Adjust the Background threshold in Adjustment tab. Make sure that only the background
and not any cells are defined as background. Then use the confluency or the cell dry mass
parameter to determine the amount of cells instead of the cell number.

There is background noise in the image that causes the
background to be set at an incorrect level
e Make sure that background and laser are calibrated prior to analysis.

Some cells are incorrectly segmented as two or more
e The minimum object size is set too low. Adjust the Min object size using the slider in the
Object definition box under the Adjustment tab so that each cell has one blue marker.

Two cells are incorrectly segmented as one
e The minimum object size is set too high. Adjust the Min object size in the Adjustment tab
so that each cell has one blue marker.

e The cell confluency is very high and the cells are difficult to separate out. Separate the two

cells by using the Add or remove button under the Manual changes tab in the Identify
cells tab.
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TRACK CELLS

cuu Exportimages

{ ﬁ M4 0 I i View images

%‘ Identify cells w I/_\{ Analyze data I E Cell count

The tracks are very irregular
e The cell segmentation is not properly done. Go to the Identify Cells tab and make sure
that the segmentation is properly performed.

There is a very high number of warnings

e The cell segmentation is not properly done. Go to the Identify Cells tab and make sure
that the segmentation is properly performed.

ANALYZE DATA

‘ ﬁ M4 0 I i View images

.¢° Identify cells [ qb Track cells . Analyze data E Cell count

No image frames are visible in the Image frame list
e No project and group have been selected. Select a Project and a Group.

cwu Exportimages

o Ifthe M Only checked is checked, only checked images will be displayed. If no image frames
in the current Group have been checked, no frames will be visible. Uncheck[ | Only checked.

The dots in the scatter plot disappeared

e The changes in settings and display has caused the dots to be outside the range of the
scatter plot values. Set the plot area to Auto-scale.

EXPORT IMAGES

‘ ﬁ M4 0 I i View images

.¢° Identify cells [ qurack cells [ I/_\J“Analyze data I ECellcount

No image frames are visible in the Image frame list
e No project and group have been selected. Select a Project and a Group.

o Ifthe M Only checked is checked, only checked images will be displayed. If no image frames
in the current Group have been checked, no frames will be visible. Uncheck[ | Only checked.

The cell image in the view area is white
e The image dynamics is not optimal. Click the R button in the Coloring panel.
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Morphological parameters

HOLOGRAPHIC MICROSCOPY

HoloMonitor creates label-free holographic cell images. Laser light is divided into a refer-
ence and an object beam. As the object beam passes through the sample, a phase delay
is imprinted on the light beam. By subsequently merging the sample and the reference
beam, an interference pattern is created. The interference pattern is the hologram. It is
recorded by an image sensor and then used to numerically reconstruct a so-called phase
image, which is displayed and analyzed (Mdélder et al 2008).

Diode laser _ 7 Laser light
ﬁ‘ Sample beam -
% g B _ - - B / O Ce” \

- [ ]

Cell culture

Reference beam

Image sensor Hologram Reconstructed image

The holographic setup showing how the laser beam is split. To the right, the laser wave
front passes through the cell and the phase delay is imprinted upon the light waves.

A phase image displays the phase delay, i.e. the phase shift of the light, caused by the sample.
When the light passes through the cell, it will travel slower. Once through the cell, it will regain
its former speed. This delay will cause the phase of the light waves to be offset, or shifted,
compared to the reference light. The quantified phase shift is the basic raw image data of
holographic microscopy. Cell below described morphology parameters are calculated by
the Hstudio software, based on the phase image.

The estimated cell thickness (T) of a cell in pixel i is obtained from the phase shift (@), the
wavelength of the laser light (A), the refractive index of the cells (n.) and the refractive index
of the surrounding medium (n,,):

T=—"—"¢
I nc-n

m

The default values used for n.and n,,(1.38 and 1.34 respectively) are average refractive index
values based on publications worldwide (Dunn & Richards-Kortum 1996, Farina & Verkman
1996, Rappaz et al 2005 and Kemper et al 2010). The default refractive indexes may be
changed, as described in Change default cell and medium refractive index (page 36). Small

variations in the refractive index do not cause any significant changes in the calculations.
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The refractive index of the surrounding medium should not deviate too much (+/- 0.08)
from the refractive index of the cells. It should also not be identical with the refractive
index of the cells.

Itis important to remember that the phase delay in each pixel in a phase shift image is the
sum of the phase shift created by variations in refractive index along the optical path. It is
therefore not possible to determine whether a variation in phase shift is caused by a change
in cellular thickness or by a refractive index change in the cellular area imaged by a pixel.

CELL MORPHOLOGY PARAMETERS

Area
The cell area (A) is calculated in the same way as when using conventional microscopy:

A=N-s,

where s, is the calibrated size of the area imaged by a single pixel and where N is the number
of pixels which image the cell area.

Optical Volume
Independent of its shape, the estimated volume of a cell (V) is calculated from the phase
shift (Kemper et al. 2010):

A sgy

Ne — N Psum

Where (psum = Zﬁo (pi :
Optical thickness

The average cell thickness (Ty,,) is obtained from the cell volume and the cell area:

VA P

Tavg A nc- nm N

Optical thickness max
The maximum cell thickness (T,,,,) is obtained from maximum phase shift:

T = ——  -maxe,
max n-n_ =N

© 2018 Phase Holographic Imaging PHI AB | All rights reserved | www.phiab.se | support@phiab.se

107


http://www.phiab.se
mailto:support%40phiab.se?subject=Hstudio

108

Optical path length
Optical path length or optical path difference (OPD) is the extra optical distance the illuminating
laser light travels when it passes through the more optically dense cell:

((nm,) =2 Lam

OPD, =T ~

avg

OPDmax = Tmax ) (nc_ nm) = A r_qa]{]( (pi
OPD is expressed in um. Notice that contrary to cell thickness, OPD is independent of the
refractive index of the cells (n.) and the cell culture medium (n,,).

Boxed length and breadth

In order to measure the length and the width of the cell, a frame is fitted around the cell.
The frame that fits the cell while covering the smallest area is selected for measurements.
The parameter depends on the threshold setting that distinguishes background from cell.
The boxed length (L) and boxed breadth (B) are the inside length and breadth of the rectangle
that precisely encloses the whole cell.

A
[So]
\/

Boxed center position x and y
The geometric center position of an area-minimized (aligned) bounding box that encloses
the cell.

Centroid position x and y

The center of mass is the arithmetic mean of all points weighted by the thickness of the cell.
If a physical object has uniform density, then its center of mass is the same as the centroid
of its shape. Usually, but not always, the mass center corresponds to the cell nucleus.
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Eccentricity

How elongated the cell is, or how much the cell deviates from being a circle. A value of 0
corresponds to a circle and the more elongated the cell is the higher the eccentricity value
becomes, approaching 1. The calculations are based on a threshold setting that distinguishes
background from cell.

Hull convexity
A measure on how much the 3D cell shape deviates from the perfect convex shape. A cell
is usually rather smooth in 3D. A higher value means less dips in cell thickness i.e. a more
perfect shape.

Irregularity

A measure of how much the circumference of the cell deviates from the circumference of
a perfect circle. A value of 0 means the cell is circular and higher values mean a longer,
more irregular outline. The calculations are based on a threshold setting that distinguishes
background from cell.

Migration distance
The migration distance is the shortest distance between the starting point and the end
point of the cell path.

Motility distance and speed

The motility distance is the actual distance traveled by the cell between the starting point
and the end point of the cell path. The motility speed is the motility distance divided by the
time it took for the cell to travel from the starting point to the end point.

Migration directness

How direct the cell movement towards its end-point is (migration distance/motility distance).
A number close to one represents a direct movement. A number below 0.5 represents a
non-direct random movement.

Peak position
The position of the pixel with the highest measured thickness in the cell. For healthy normal
cells this usually corresponds to nucleus and nucleoli.

Perimeter length

The length of the perimeter around the cell. The calculations are based on a threshold
setting that distinguishes background from cell.
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Phase shift

The shift of the light caused by the cells when the light passes through. Phase shift is the
original parameter that is measured with digital holography. The different ways to look at

the phase shift may reveal different effects of cell treatments.

Phase shift avg.
Phase shift max.
Phase shift min.
Phase shift std. dev.

Phase shift sum

Roughness

The average measured phase shift in each pixel within the cell area
The maximum measured phase shift in a pixel within the cell area.
The minimum measured phase shift in a pixel within the cell area.
Standard deviation of the measured phase shift within the cell area.

A different way of calculating the texture correlation. The phase
shift sum of a cell (¢, is the sum of the phase shift in all pixels

of the cell:
N
Psum = Zgoi
i=1

where N is the number of object pixels. ¢; is the average phase shift
in radians created by the area imaged by object pixel i divided by 2.

Roughness is calculated by subtracting a mathematically smoothed image from the actual

image in each pixel, and gives an indication of the smoothness/roughness of the cell. The
calculations are based on the phase shift in each pixel of the thresholded cell. A healthy cell
usually has a low degree of roughness, while a dying or dead cell usually has more roughness.
The roughness of cells may be differently distributed in the cell after different treatments.
The different ways to look at the roughness may reveal different effects of cell treatments.

Roughness avg.

Roughness kurtosis

Roughness RMS

The average of the roughness distribution.

How peaked the value distribution is. A positive kurtosis distribution
has a sharper peak and longer, fatter tails (e.g. a Student’s t distribution)
while a negative kurtosis distribution has a more rounded peak
and shorter, thinner tails (e.g. a Bernoulli distribution). A neutral
kurtosis distribution (=0) corresponds to a normal distribution.

The root-mean-square of the surface roughness. This value is also
known as the quadratic mean. All the values are squared, then
averaged and thereafter the square root of the quadratic mean
is presented.
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Roughness skewness

Shape convexity

How symmetrically the roughness values are distributed around the
mean. A negative skew indicates that there are more values that are
higher than the mean and a positive skew indicates that there are
more values that are lower than the mean. Zero skew indicates that
the values are symmetrically distributed around the mean.

A measure on how convex the outline of the cell is. The area of a cell is usually more or less
irregular and uneven. This is a measure of how uneven the shape of the area is.

Texture

Texture is a measure of the variation of the cell structure. It describes smoothness,
coarseness and regularity. The texture of an imaged cell may differ depending on where
the cell is in its life cycle or depending on different treatments. The provided texture
parameters are all different ways of presenting the texture. The different ways to look
at the texture may reveal different effects of cell treatments. These texture features are
reported in Haralick et al. 1973.

Texture clustershade

Texture contrast

Texture correlation

Texture correlation infol

Texture correlation info2

Texture energy

Texture entropy

Texture homogeneity

Clustering is the process by which the natural groupings are deter-
mined, such that the objects in each group exhibit more similarity
to one another than to objects in other groups. Cluster shade is a
measure of skewness of the gray levels. When the cluster shade
is high, the image is not symmetrical.

Measures the thickness contrast between a pixel and its neighbor.

Measures the joint probability occurrence of specified pixel pairs, i.e.
how likely it is that pixels with certain phase shifts occur together.

A different way of calculating the texture correlation.

A different way of calculating the texture correlation.

Provides the sum of squared elements in the gray-level co-occurrence
matrix. Also known as uniformity or the angular second moment.

Entropy is a statistical measure of randomness that can be used
to characterize the texture of the cell image.

Measures how many different gray levels the image holds.
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Texture maxprob High values occur if one combination of pixels dominates the pixel
pairs in the window.
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