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1-Welcome
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1.1 Introduction

Welcome to Andor Technology’s scientific imaging software Andor iQ, which is
focused on multidimensional image acquisition. iQ provides processing and analysis
functions closely associated with acquisition and now partners with Bitplane Imaris
as the preferred visualization and analysis platform . Andor iQ has been developed
with multi-dimensional live-cell and time-lapse imaging in mind and therefore has
many powerful features not found in conventional image acquisition products, but is

equally at home capturing data from fixed specimens.

Since iQ can control a wide range of experimental devices, including cameras
(EMCCD, Cooled CCD, sCMOS), illumination controls (e.g laser combiners with
AOTF, shutters, filter wheels etc.), motorized stages and microscopes, sophisticated
acquisition protocols can be easily setup and utilized. The current range of
supported devices is listed in section 1.8. Since this range is continually evolving
please contact Andor Technology or your local agent to confirm support of new

devices.

We are currently developing the Andor iQ 3 stream of releases. iQ 3 delivers a new
user interface called 6D view, as well as the old nD tree view interface. The new 6D
view interface is a simplified version of the nD tree view that brings all the settings
together in a single tab and offers rapid interaction. iQ 3 also delivers new multi-user
management under a single Windows logon. This new feature offers each user a

private imagelList, as well as private channels, protocols, and scans.

iIQ3 also offers the Python interface. The Python IDE is an open source module
available free of charge from Andor Technology and it provides a user-programming
environment which enables extension of iQ and an enormous resource repository of

open source libraries. See www.python.org for more information.

We are delighted that you have decided to use Andor iQ, and hope it will prove both

powerful and easy to use.
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Python IDE ClearView

s Integrated Python * Image blurring and haze
Development Envirohment reduction

* Embedded batch queve for + Deconvolution of 3D, 4D and 5D
script execution data

¢+ Support for data exchange
with Imaris and ImageDisk

+ Push and pull data from iQ
to ImagelJ

+ Handle huge data sets

I
Andor 1Q core

+ Extensive hardware control —filier wheels, motorized microscopes, confocal spinning disk
+ Optimized for EMCCD technology

+ Extensive and flexible multi-dimensional acquisition, analysis and visualization

+ Accessible wizards for protocol sel-up

+ Applications include: Time-lapse fluorescence microscopy; FRAP/FLIP; lon signalling;
Single molecule microscopy; GFP; Gene expression; Luminescence;
Immunofiuorescence microscopy.......

Andor IQ core

_ M

+ Fully automatic and interactive + Capture and analyze data from
motion analysis wells of microtitre plates

+ Multi-channel image management + Control of motorized stages

+ Comprehensive data analysis * High content screening

options for display of Multi-field * Drug dose response testing

displacement speed and direction . I

Overlay track presentation + Capiure and shtgh multiple fields

Applications include all motility » Control of motorized stages

and single molecule fracking * Autofocus [o enhance
performance over long-term

studies
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1.2 System Requirements

Andor iQ requires the following minimum computer configuration:

° Minimum Pentium 4 2.8 GHz running Microsoft Windows XP Professional.
We recommend the fastest possible PC with multi-core processor, high performance

RAM and graphics adapter.

° Minimum RAM 512 MB (2-4 GB recommended).

o Fast hard drive for the operating system with at least 30GB or 30% free

space.

Second fast hard drive (e.g. SATA) to make optimal use of ImageDisk. In Andor
supplied workstations we provide a pair of SATA hard drives in RAID 0 configuration
to ensure sufficient bandwidth for streaming high speed imaging data. This avoids

limitations of system RAM or slow-downs due to Windows file swapping.

o Graphics adapter with a minimum of 1280x1024 resolution and 16-bit color,
and a suitable display monitor. Andor iQ has been designed to make use of dual

monitor systems when provided. We recommend at least a 19” monitor.
° A sensitive CCD or EMCCD camera can be used.

° There must be either a vacant PCI slot for the imaging card (Andor CCI-23
card or CCI-24 (PCI Express) will deliver optimum performance) or alternatively iQ
supports USB 2.0 cameras such as the Andor Clara and Luca-series. Some
cameras running under Firewire (IEEE1394a, b) are supported (OHCI compliance is
required e.g. Texas Instruments chipset required). Other cameras supported by iQ
have their own interface boards and these generally require a PCI slot.

o To run the full version of Andor iQ, you will need either a license provided for
evaluation or a software protection key (dongle). The Dongle will be of USB type.

We are always pleased to hear from users with information on their applications,
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feature requests, suggestions and ideas. Please feel free to drop us an email to the

following coordinates.
Questions, Suggestions, Requests and Bug Reports to...

http://www.andor.com/contact us/support request/

L
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1.3 Access to Software and Installation

1.3.1 Modularity and Timed Evaluation Settings

Andor iQ is provided as a series of modules, which are available for evaluation and
can be downloaded from our FTP site. For more information please contact your
local representative or go to http://www.andor.com/contact us/support _request/ .

1.3.2 Dongle and Licensing and Updates

When you purchase iQ modules, you will be supplied with a dongle (key) which
plugs into the USB port. The dongle provides licensing for the specific modules
purchased. The current components are: Core, FastLZ, Tracker, ClearView, Multi-
field and Multi-well Analysis modules. Each Module has a specific dongle code and

will be accessible only if you have that license.

If you wish to evaluate any of the iQ modules you can obtain an evaluation license
file, which will be setup for 30 days. Andor Evaluation licenses are available by

contacting support at http://www.andor.com/contact _us/support_request/ .

1.3.3 Download version from FTP or Web

We provide a downloadable version of the software, which can be obtained, with
password protection, from a specified Andor ftp: or web site. Once downloaded and
installed the iQ software can be activated by the user sending the name of the
evaluation computer. Once the id is obtained, we will issue an encrypted license file

to run on that computer for a specified time period.

1.3.3 Installation from CD or Download

Insert the Andor Installation CD-ROM and run the program Start.exe from the root
directory. This will start the installation program which runs side-by-side with an

installation Online Help Guide, and will take you through the following steps:

L
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1. Andor Software Protection Key drivers for Windows 2000 Pro / XP Pro (Appeczmc:?;y
1.1). Plug in the dongle when instructed to do so by the installation program.

2. Windows Scripting Host for Image Disk Configurator (Appendix 1.5).

3. Andor Bio-imaging Software (Appendix 1.6).

4. Configuring your hardware devices (Chapter 2, Appendix 2 and 3).

5. Start using the software (Section 1.4, Chapters 2-6, How To Documents).

For a detailed description of the installation procedure, please refer to Appendix 1.

If you need further help, our technical support team will be glad to assist. To report

problems please go to http://www.andor.com/contact _us/support_request/. Or if you

prefer contact your local supplier who will then liaise with us directly.

If you are installing from a download then simply unzip the file you download and
then run (double click) on the self-extracting file that is unzipped with the extension
“‘exe”. Then follow on-screen instructions. The installation will provide Andor camera
drivers automatically, but third party camera drivers need to be ordered separately

and have a separate license.

iIQ will need to reboot after installation to allow Windows® to load and initialize the

drivers.
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1.4 How to Use this Guide

We recommend you use this guide as your primary local help. The iQ Help menu will
launch an Adobe Acrobat® view of this document which can be navigated by

bookmarks that allow you to drill down into the specific sections you need.

We have tried to produce a useful text, but please feel free to suggest
improvements. We suggest you read chapter 2 of this guide or there is an
alternative iQ Quick Start Guide (stored in location C:\Program Files\Andor

Bioimaging\Help\) especially aimed at analysis.

Before you start imaging with iQ please refer to chapters 3 and 4. Finally when you
want to Analyze, Process or Visualize your data then refer the relevant sections.
As aides memoires or quick reminders, we have provided some “How To”
documents following Appendix 4. These provide very brief step by step guides to
achieving certain goal like creating a Channel or a Protocol, loading or saving an

image in various formats.

The user guide is arranged as follows:

Chapter 1 provides useful information on product access, overview of installation,
use of the user guide, imagedisk technology and some notes about other related

software and hardware products.

Chapter 2 delivers an outline of the way iQ can be configured for multi-user
scenarios and the roles of administrators and users via the Configuration Manager. It
also provides a condensed review of the iQ user interface, windows, dialogs and

controls.

Chapter 3 focuses on Wizards which are used for Calibration, Alignment and Setup

of instrumentation prior to acquisition of quantitative image data.

Chapter 4 addresses acquisition explaining how Channels, Scans and Protocols are

14 © Andor Technology



Andor iQ User Guide AN DOR
an

company
created and ends with a number of examples from ratio imaging to 4D with FRAPPA
actions.
Chapter 5 provides details of how the Analysis and Visualization tools operate and
what you can do with them. For more heavy-weight analysis and visualization we
recommend Imaris.
Chapter 6 looks at the Processing and Analysis tools in iQ.

Appendices 1 and 2 address Installation and Configuration Manager in more detail.

Appendix 3 includes detailed explanation of some of the hardware device interfaces

and their operation in Andor iQ.
Appendix 4 explains how metadata is stored in iQs’ multi-dimensional image inside.

How To Documents are just that, recipes on how to achieve a certain goal with
Andor iQ.
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1.5 Andor ImageDisk Technology

ImageDisk is Andor’s image-oriented virtual memory system, which is optimized for
the capture and treatment of large image sequences. In Andor iQ the ImageDisk is
either shared or held in a separate folder for each Window’s User and is located on a
Drive specified by the (Local or System) Administrator during system configuration.
In this way users’ data are isolated from each other, leading to improved security and
performance. When you first run iQ, a directory called ImageDisk will be created on
the root of specified hard drive. The ImageDisk is non-volatile and so images will be

retained between logon sessions.

In general you will obtain best performance if you use physically separate disks for
ImageDisk and the operating system (Windows). For optimum overall performance,
please refer to Section 2.3.6. Data is managed by Andor iQ’s Image manager,
which allows you to treat multi-dimensional image data as a single data object,
similar to a movie clip. Thus you can capture, review, save to disk in TIFF or multi-
TIF file format and analyze large image sequences with great ease and at high

speed.

On a more technical level ImageDisk provides a virtual memory system, which co-
operates with Windows’ own virtual memory system. Windows’ system is optimized
for general computing, so when it comes to images its performance is slow and
unpredictable. ImageDisk interrogates Windows prior to virtual memory operations
(disk swaps) and ensures that for image operations it maintains free system memory
by swapping frames in and out of RAM depending on usage. This ensures that
access times are optimized and provides the best performance with the large blocks

of data created with multi-dimensional images
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1.6 Related Andor Systems Products

We hope you are aware of the range of products offered by Andor Technology for
guantitative fluorescence and luminescence imaging. Having entered the field with
iQ, these other products might also help in your application of scientific imaging.
Further information can be seen on the Andor Web Pages at www.andor.com. Full
details will be sent on request.

° Imaris — Andor acquired Bitplane AG, the creator of Imaris in December
2009. Imaris is the leading 3D and 4D interactive image visualization and analysis
suite for life sciences. Our teams are working together to bring optimum compatibility
between our software products and will make announcements as progress is made.
In the immediate future please visit the Bitplane website for more information -

www.bitplane.com

o KOMET - enables you to image and analyze the samples produced using the
Single Cell Gel Electrophoresis (Comet) Assay. The Comet Assay is a technique
allowing DNA damage in a single cell, to be detected using a fluorescence
microscope. Live images from the microscope may be examined directly using a
sensitive CCD camera or digital images may be imported from other sources.
Operations are initiated from a convenient toolbar and all data is stored in standard
spreadsheet format for plotting and statistical analysis. Excel™ Macros are provided

to automatically manipulate and view the data.

L Revolution XD laser spinning disk confocal systems — Andor is a global
distributor of the Yokogawa CSUX dual spinning disk confocal scanner. We integrate
the CSUX with Andor and third party-manufactured products to create industry-
leading live cell confocal microscopy systems. Our systems provide ultimate
sensitivity with extreme flexibility offering confocal, TIRF and FRAPPA and ablation
laser microscopy solutions. Visit our website to discover more —

www.andor.com/microscopy/

° Revolution DSD spinning disk structured illumination systems — Andor
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co-exclusively distributes and creates solutions built around the Aurox spinning disk
confocal scanner, which is based on the principal of “aperture correlation”. Unlike
other white light confocal instruments, DSD provides strong optical sectioning even
at low magnifications because out of focus light is sensed via a second optical
channel and actively rejected. Laser-free operation makes the system highly cost-
effective and provides freedom in choice of excitation and emission filters. Visit our

website to find out more.

o Photonic Instruments Photo-Stimulation Systems — Andor acquired
Photonic Instruments in April 2010. the Photonic products include Mosaic and
Micropoint systems which can be used for photo-switching, bleaching, activation and
ablation. The products can be configured with Andor and third party products and
provide market leading performance and functionality. Please contact us for more

information or see the Photonic Instruments web site. www.photonic-

instruments.com .

o Andor Custom Imaging Systems — Andor will tailor-make a system for
guantitative fluorescence or luminescence imaging to meet your requirements. Visit
our website to find out more. Solutions for calcium, GFP applications, super-

resolutions and more — visit our website for more details.

Andor Systems Division has extensive development facilities and expertise in both

fluorescence imaging hardware and software. Custom solutions can be developed.
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1.7 Software Development Kits (SDK)

If you have programming effort available and would like to investigate writing your
own OCX for a camera or other instrument, SDKs are available on request from
Andor. The following SDKs are available and include skeleton OCX and example
code provided for Borland Builder and Microsoft Visual C++.

1) The new Python IDE is a fast way to extend iQ3 for your specific activities.

2) Camera OCX SDK, to allow integration of cameras with Andor iQ.

3) Auxiliary Device OCX, to allow integration of instruments with Andor iQ.

4) Plug-In dynamic link library (DLL) SDK, to allow creation of specialist tools for

image analysis and processing.

5) Memory manager SDK, to allow third parties to integrate with Andor’s powerful

memory manager and gain benefits of ImageDisk technology.

6) Andor Laser Combiner control SDK is also available and has been integrated with
3" party products including LabView and MatLab.

7) Photonic Instruments photo-stimulation products can be integrated into third party

solutions and an SDK is available on request and agreed terms.

If you are interested please contact us at

http://www.andor.com/contact us/support request/ .
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2 - The User Interface
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2.1 User Management and Logon Procedure

Andor iQ 3.0 introduces the ability to have multiple Application User Accounts
while still using one common Windows logon. This is now the preferred way of
managing multiple users. These accounts control which Configurations a user has
access to. In addition, they also provide private Protocols, Channels, Scans and
ImageDisks for each user.

By default, iQ Application User Accounts are not switched on and the iQ application
starts without prompting the user for credentials just like previous versions.

All user account configuration is performed with the Configuration Manager utility.

When Application User Accounts are switched off, Andor iQ has a 2-level logon
procedure. First is the Windows logon and second the iQ logon, both are significant.
To setup iQ, logon to Windows as a (local or system) Administrator because this
gives you full access. When you logon to iQ you select a “configuration” from a drop
down list to initialize the software into the desired configuration. Configurations are
created by the Administrator using the Configuration Manager utility (Section 2.3.1).
The configurations specify which hardware is to be controlled and loads the
appropriate software controllers or start iQ in the Analysis mode if no hardware is

used.

The Configuration Manager allows the Administrator to control Global Settings for
ImageDisk and Multi-level User Access (MUA). When MUA is ON, permissions
are varied by Windows User Status. Administrators are able to run the Configuration
Manager and change hardware settings, while all users have permission to Run iQ,
create, edit and execute instrument control and image acquisition Protocols. If the
ImageDisk folder is set to Private the ImageDisk folder name is based on Windows
logon name. This offers data security and privacy, but only if usernames and logons
are used correctly. It is important therefore to ensure proper use for this mechanism

to function robustly.

If MUA is OFF, all users have full access to hardware settings and probably share

the same Windows logon. In this case multiple users can be managed in a slightly
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different way. If they share a hardware configuration, they can control the same
hardware, but under different names, so that their settings and protocols are stored
independently. In this case the ImageDisk is Shared by all users and so is less
secure, but it can work well in multi-user environments when users clean up and
save their own data after each session — OR a robust policy of “the ImageDisk will be
deleted every night at midnight” with Windows automation routine executing a

scheduled clean up.

IQ Application Administrator Account

A special account is available that permits administration access to the Configuration
Manager utility as well as the iQ application as a user who has permission to use all
configurations. The account username is admin.

Access to Configuration Manager is now restricted to administrators who know the

admin password.

Administrator as iQ User

The administrator account also has access t0 [ iquse Login ———

the iQ Application and can use it as a normal AndoriQ 3.0
user with one difference; all configurations are || Leaintstartusing AndoriQ

available to the administrator account.

Lser Account |admin

To log in as Administrator, supply the ‘admin’ || Besswerd =
username along with the password that has

been set in Configuration Manager:

QK Cancel
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User Accounts

Login

When Application User Accounts are switched on, users must supply their username

and password credentials in order to use the iQ application.

( |

iQ User Login

Andor iQ 3.0

Log into start using Andor i0)

User Account |i|::| user 001

Fassward |""“"‘""“""“"‘1

(8] Cancel |

LS -

Note: clicking Cancel at this point will terminate the application.

L
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Once authenticated, the user is prompted to choose a Configuration to use:

i~ | E:g |"\

Registration | J

Hello ic Llser 007.

Flease selectthe Configuration for this session:

Camera: -
Andor virtual Camera

Auxiliary Devices:
Maone

0] Cancel |

The user can only choose from the configurations that they are authorised to use:

bosaic j

ConfigMName
Analysis

Note: Analysis mode is always available. If a user has no permissions to use any
configurations, then iQ will choose that automatically. (Analysis mode was formerly

called NoGrab mode).

Once the configuration is chosen, iQ starts up and initialises devices:
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2.1.1 Running iQ While Logged onto a Domain

Some customers may wish to run iQ on a computer while logged onto a remote
domain. In this case, Windows grants limited access to certain areas of the local
machine. Therefore it is very important that the LOCAL Administrator runs iQ first

and sets up the hardware device settings.

By default (in Win2000/XP) all Domain Users are treated as restricted users on the
local machine. iQ allows Domain Users full access to the Software e.g. to be able to

create, edit and delete Protocols and Channels.

A Note to Administrators:

To find out more about this go to the Windows 2000/XP Start Menu, Settings,
Control Panel and Select Users and Passwords and use Windows on-line help. To
summarize the Access Levels provided in Andor iQ depend on Local Status and are

summarized in the following table:

Access Levels in Andor iQ with MUA ON
Log On Status Full + Configuration Full
Local Admin Y
Local User
Domain Admin
Domain User

Domain+Local Admin

Zz Z2 Z2 Z
< < < < <

Domain+Local User
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2.2.1 The iQ 3 6D view User Interface

Image

Window  pepeesr————

O X g Gepe e el

hMenus R*qaq +\22 DOOB T i

Image Toolhar”]

Image

Image Mavigator

.— AndoriQ 30 - Andor Camera i - -

=X

File Imagelist Settings Wizards

Process Analysis  Plug-lns  Help

= = . — .

Y = B B v | =E | &

Oper Imaris Save Live Chi Image List | Device Setup | Channel Manager
Acquisition IAﬂaIysls] BGB Analysis | Movie Editor | Spot Analysis |

Acquisition Calibrat Status

EE\‘ Default_20Xai ( 0.05)

Aulo Save

I [Ehandor @D atawser Test ADTF Autolmagess J

Channels Thi Protocol

- s S ||| PO

R Soa

Time Lapse Chatt {n/ ﬂ

Excitation Intensi

ity

Duration Interval Nurber Stream

20.0 sec w| (40000 |ms «| |5 =

] ™ Loop Experiment
) a0z [i56 [« | M7 pisplapimege
_’él i ¥ Show All

= €3 Chanel Opiiors
oo Close All Shutters | £g Prtoco
Global Settings
S e
MuliSnap -
MND Tree View

9- Setup Multi-Point
Prealkcate al images  Disabled [

Save bz

& Optians

@) Help

§) £dd Phase

AP Remove Phase

Initialize AF
AF frequency [1

When you have logged onto Windows and iQ as described above, the default User

Interface will open in 6D view form. This interface is aimed to simplify the setup of

the most common experiments by presenting all the settings together in a single tab.

The other form which is shown on the startup is the Image view window. If hardware

is specified in the configuration, then the Device Setup window will also be shown.

We can switch to the nD tree view form using the ND tree view button.
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2.2.2 The iQ 3 nD tree view User Interface

Image
Window B BEE
«° paula_drosophila.tif_RunningBrightest 16 Bit 642 (0.107) x 1020 (0.107) 4D. - X ® Andor i .0 Beta - Kin ummy Camera = |0
Menus T 0P D P ot __\_
R xlalajal + N[22 0oo/F T/ i« o m iQ Control
Menus
Image Toolbar. D
Status
Auto Save
r \: \AndorifData M. BrownehRevalution Time LapsebAutalmagesh J
‘Acquisition Calibration
seeer ||[2%3 | 897_d0xwi
Image Window = o Tes
Acquisition
Analysis
H B Movie Editor
[ save ss.. SpOt
4 Dptions
Image Navigator MU o ek o e et i
CEEEERER [T7 ol o] Seitn| Seva|
S| s | |00 | g2 113,184 % [w w03

The above picture shows the nD tree view format in iQ which is intended for more
complex and advanced experiments.

Options . .

e metion You can select which functions you want to be
Select ths funciions required: visible on the iQ interface via the Function option in
[t . .

@ Andlyais the Settings menu of the Control Window. Please
BGE Analysis . .
™ Calibration refer to Section 2.6.3 for further details. The

hovie Editor

¥l Spot Analysis following dialogue is displayed, enable the

appropriate check box and then press the OK

button. Page tabs will be displayed for all selected
0K Cancel

functions.
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2.3 Concepts in Andor iQ

Before we begin an overview of iQ functionality, the reader should be aware of some
key concepts. These are straightforward, especially if you have some experience of
optical microscopy, and once understood will clarify how to utilize iQ to best effect.

Please read this section.

The key concepts are Channels, Scans, Protocols, Triggers and Events,

ImageDisk, nDims, Device Setup, and ROI's and Classification.

To get started we include the following check list of actions to ensure proper effective
use of Andor iQ. These should be completed by the Administrator/Installation

personnel or key user of the system before general access is provided to others.

Check List

1) Configuration Manager — specify hardware to be controlled.

2) Run iQ and test hardware communications, boards, etc. through Device Setup
dialog.

3) Calibrate optical system (um m™ )- objective(s), optivar, C-mount, camera
pixel size.

4) Run Stage Align Wizard if a multi-well or micro plate specimen is to be
scanned.

5) Create one or more Channels (Wizard or Device Setup)

6) Create and Edit Scans.

7) Create and Run Protocol(s)

8) Acquire Images and Data.

9) Export and Transfer Images and Data for storage and further use.
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2.3.1 Configuration Manager

NOTE: The Configuration Manager is only available to Administrators.

To run the Configuration Manager, click on its icon in the Andor Bio-imaging Folder
on the Windows Start Menu.

AFTER INSTALLATION ASK LOCAL ADMINISTRATOR TO RUN
CONFIGURATION MANAGER. FOR DETAILS SEE APPENDIX.

2.3.1.1 Configurations

Hardware Configurations can be created, edited and deleted in the Configuration
Manager (CM). The CM interface is shown below with one configuration expanded

to show details of device controllers.

[:-‘ Kinetic Device Configuration Manager x|

Fle Edit Settings Tools About Exit

~Kinetic Configuration Wizard

New | Edit | Delete | Exit | Current Usar:- [\iark

— Current Configurations
2 Test

ummy camera,

orwith Rinetic Trigger

w Created By~ Mark
@ Date Created:-17/06/2003 12:28:38
é Date Last Modified:- 17/06/2003 12:28:38

=I| Acguisition Device:- Standard Video with Meteor ||

@ Diriver File:- KIDStdGrabiithhMetearllLocx

Ml

=
;6 Auxiliary Dewice 1:- Kinetic Trigger Dewvice

Auxiliary device DCX files used by this configuration.
K TriggerQ.ocx
K Trigger.ocx

K Triggetlnocx

30 © Andor Technology



Andor iQ User Guide AN DOR
an

company

The available configurations are listed in a Tree View, each comprising the following

information:

Created By The name of the Administrator who was logged onto
the Local Machine when the Configuration was created.

Date Created The date the Configuration was created.

Date Last modified The date the configuration was last modified.

Acquisition Device The Camera Device used in the configuration.
The Camera Device Driver (OCX) used by the Camera
Device can be seen by expanding this part of the tree.

Auxiliary Devices The Auxiliary devices that are contained in the
configuration are listed.

Auxiliary OCX Files The Auxiliary Devices Drivers (OCX’s) used by the

Auxiliary Devices can be seen by expanding this part of
the tree. This is useful for troubleshooting.

2.3.1.2 Global Configuration Settings

For Details on Global Configuration Settings see Appendix 2.

2.3.1.3 Software Protection Key

Selecting Software Protection Key from the drop down list opens the Software

protection Trouble shooter Page.
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E Device Configuration Manager @

File Edit Settings Tools About Exit

Software Protection Troubleshooter
Read Your Software Protection Key

Done ‘

Product Version Level
iQ Core 6
iQ Fast LZ
i@ MWA
iQ MF

iQ Analysis
i@ Camera

(o>l => 2 e) o) o)}

Get Dongle ID For Kinetic Customers who are Upgrading Existing Software, Installing A Second Kinetic Product or
9 Activating Kinetic Plugins, contact Kinetic with this Dongle ID number and you will be supplied with an

initailisation code.
Initialise Dongle [

Select the Read button to list programs enabled on dongle. Select Done when

complete.

2.3.1.4 Upgrading iQ versions

If you are upgrading from a previous version of the software, then your device
settings will be retained between versions. You should “Uninstall” the previous
version of iQ before installing the new version unless you are installing iQ 3.0 on top
of a version of iQ2 or earlier If provided, please use Andor upgrade tools to ensure

backward compatibility of hardware and software.

When you start to use iQ 3.0 you will notice some differences, which we will outline
here.

a. Whenever you select a Configuration, iQ 3.0 will function with your existing
Protocols, Channels and Scans from the configuration, but you will need to use the
Protocol importer tool to perform a manual copy (see A5.27)
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2.3.2 Channels

Channels are settings files, created and managed in the Channel Manager.
Channels specify all the settings for capturing an image of a specimen in a given
contrast mode or with a specific fluorescence probe e.g. phase contrast or DAPI or
TRITC.

Channels describe how your hardware devices are set up to illuminate control
devices to the sample and capture the image. They are set up using the Channel
Manager, which is opened by pressing the Channel button on the Acquisition
dialogue. Channels also control light source Shutter actions before and after taking
an image, and in order for this to be defined correctly, you must set the shutters in

the Channel Manager wizard as you will see in Chapter 4.

Once a channel is configured through the Channel Manager (shown here) you can
use it to snap single frame images, share it with other users and build it into more

complex acquisition sequences

File Imagelist Settings QC ‘wizards Flug-Ins Help

et Wizerd (Protocols). Channels specify settings for

Channel

Channel Manager cameras, microscopes, filter wheels and

shutters — in short anything affecting

sample illumination and image capture.
= Edit Caopy I Delete | Clase |

—Channel Summarie
Current Channel:

Channel 1 To create a new channel press New. A

wizard will take you step by step through

4 mer ghness—128
- Camera Contrast- 128 ) . )
- Camers Binning X -1 the creation of the channel, displaying
i Camera Binning Y -1

€T3 Camera Exposure Time (s) - 0.04 H H

o LT~ Greyy information to help the user at each step.
The first dialogue in the Wizard will ask

you to enter a name for the channel.

Subsequent dialogues in the wizard will

depend upon the hardware devices

included with your system. Detailed tutorials for setting up channels for different

types of Experiment are included in Chapter 4 in the User Guide.
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To edit a channel select it in the list and press Edit or use Device Setup. You will
then step through the wizard as with setting up a new channel (except you will not be
asked to name the channel), setting up your hardware devices.

NOTE:

Because the channel will be available to all users for a specific hardware
configuration, it is important that you have a clear naming convention. For example
we recommend the following. Prefix Channel names with a lower case letter for the
mode and use upper case for the fluorophore. E.g. vVGFP means visual GFP for
switching to the eyepieces for user viewing of data, while cGFP means confocal GFP
and tGFP means TIRF GFP settings. In this way you can agree and maintain clean

and robust system setups.

Copy allows you to create a new channel, having the same setup as an existing
channel. Select from the list the channel you wish to copy then press the Copy

button. A dialogue will prompt you to enter a name for the new channel:

Type the name into the text box and press OK.

Name: lch2 The new channel will be added to the list, where

0K | Cancel | it can be Edited as required.

To delete a channel, select it in the list and press Delete.

Press Close to exit the Channel Manager, returning to the Acquisition dialogue.
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2.3.3 Scans

Scans are created, edited and managed in the Scan Manager. Scans specify the
co-ordinate sets for image sequence capture when more than one field of view
and/or more than one focal plane in the sample is to be observed. This requires
motorized XY and/or Z control. Scans are configured through the Scan Wizard and
are inserted and deleted to and from Protocols to specify acquisition sequences.
Scan types include multi-well, multi-field and montage types. iQ allows insertion of
multiple Z scans, but only one XY scan. Scans specify settings for motorized XY
stages, microscopes and piezo focus mechanisms. They can be re-used and edited
directly in the nD Protocol Tree (Section 4.3). More options are revealed by using a

right mouse click.

Scans are set up using the Scan Manager, which is opened by pressing the Scan

button on the Acquisition dialogue:
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File Imagelist Settings QC Wizards Flug-Ins Help

—Setup Wizard

Scan

Scan Manager \ qi&

MNew Edit Delete | Close |

—Scan Summarie
Current Scan

Scan - DemoScan

& Uger-Defined Fields -
L8 Setup Channel - Channel 1

2.3.4 Protocols

ANDOR

company

Existing scans are displayed in the list at
the bottom of the dialogue. Clicking on the
plus sign to the left of each item will display

summary information about the scan.

To create a new scan press New. A wizard
will take you step by step through the
creation of the scan, displaying information
to help the user at each step. The first
dialogue in the Wizard will ask you to select
the type of scan. The following options are

available:

Protocols specify acquisition sequences. An example screen shot from the Protocol

Manager is illustrated below. Protocols are created as prototypes (basic forms) and

then edited as required by inserting and deleting elements. Protocols persist

between iQ sessions and are expressed as a Tree structure on the Acquisition page

(Section 2.6.1). The Tree structure is an active component, which can be edited

with right mouse pop-up menus. The prototype protocols in iQ 3 are always of type

Time Lapse and are created with one Repeat-Interval and a single channel named

Current. The user can edit protocols and insert nested Time, XY and Z Repeat

actions with Channels and other actions as desired. The iQ 3 Protocol structure

makes iQ one of the most flexible acquisition platform available.

L
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File Imagelist Settings QC ‘Wizards Flug-Ins Help

More advanced Protocols can [ SetupWiard

Frotocal

include multiple channels, scans,
Protocol Manager

moves, trigger in/out, user-

defined delays, on-line

prOCGSSlng, On-“ne graphlng’ [RI= Delete Copy Select | Cancel |

pauses which require user input.

—Protocal Summarie

Current Protocal:
Furaz

Please refer to Section 4.5 and

4.6 for a description on how to

create and use protocols. -

/ Channel - Fura3glnm
" Channel - Fura340nm

2.3.5 Triggers and Events

Andor iQ now has a powerful set of Trigger commands for protocol control. External
synchronization of imaging systems with other forms of data acquisition, specimen

stimulation or specimen treatment is important in various scenarios.

Triggers are grouped as “Trigger IN” and “Trigger OUT” commands for inclusion in
the acquisition protocol from the Right mouse pop-up menu. Triggers are given
simple text names, to ease user interpretation, through the Trigger manager and are
used to monitor and control 8 inputs and 8 outputs. Each of these input/outputs is
associated with a TTL level signal linked into the imaging system through Andor’s
PCU or BOB Trigger Boxes. Each signal is coupled through a BNC connector on the

Trigger Box and can be assigned to a specific text label.

In the Protocol a Trigger IN command pauses the acquisition sequence UNTIL the
Trigger IN matches the desired state or transition (Hi or Lo or Hi-Lo or Lo-Hi). A

Trigger OUT command sends the appropriate signal level (Hi or Lo) or transition (Hi-

L
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Lo or Lo-Hi) on the selected output(s). In this way synchronization events can be
passed between systems or devices to ensure that image capture coincides with

specimen treatment or exposure whatever it may be.

The Trigger In Signals can also give rise to event markers which are stored within
the acquired image sequence. Event markers can be set manually by pressing the
Space bar or may be associated with an external hardware input as discussed
above.

All event markers are stored with a simple text description and can be edited and
added to an image series retrospectively, post-acquisition. Event markers generate
graphical cues during Analysis (through series) or data review using the Navigator.

Further information concerning the use of Event Markers is provided in Section 5.6.

2.3.6 ImageDisk

ImageDisk is virtual memory system which uses a dedicated directory on the system
hard disk, or preferably on a separate fast hard disk or RAID array. ImageDisk
buffers images for rapid access during capture, processing and analysis and
provides permanent storage of data, making it readily available between imaging

sessions.

Users will need to manage the ImageDisk to release space when it starts to get
full or to Save important data to standard image file formats like (multi-TIFF).
Note that Imaris 7.1 now reads the ImageDisk directly and greatly reduce data
exchange times between the two.

ImageDisk performance will suffer if a drive becomes too full (80% or more), or if
NTFS file format is NOT used. In order to check, double-click My Computer and
Right-click each Hard Drive, selecting Properties from the pop-up menu. This will

show the current file system and free space.

The ImageDisk in Andor iQ now warns the user when the disk is becoming full and

provides a warning at each 5% increase above 75%. At 90% iQ will demand the
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disk be cleaned up and/or backed up.

In Multi-Level Access different Windows users will be provided with a separate
ImageDisk folder to ensure that they do not delete or corrupt another user’s image
data. All images are acquired to the ImageDisk, and the memory management
ensures that when system memory (RAM) is limited, rapid disk transfers are used to
buffer images not in use. In this way the ImageDisk provides a substantial
enhancement to memory management and performance with the large data sets
commonly acquired, processed or analyzed in Andor iQ. ImageDisk access and

control functions are controlled from the ImageList menu item.

2.3.7 n-Dimensional Images (nDims)

nDims are multi-dimensional images, first introduced in Kinetic Imaging’s Lucida , a
legacy product for multi-dimensional processing and analysis. nDims are important
because they are multi-dimensional containers of the image data, held on the
ImageDisk and created when Protocols are run for acquisition or loaded from file.
The main advantage of an nDim is that it allows visualization, processing, analysis
and storage of all image data as a single object. Selecting and defining the
dimensions is achieved with multi-dimensional tools, such as the Image List
(Section 2.5.2), Navigator (Section 2.9) and Selector (Section 2.8.2.6). All this
combines to makes operations on the large data sets simple and rapid - a real
benefit to the user. It also helps to minimize the difficulties associated with file

management of multi-dimensional datasets.
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2.3.8 Device Setup

The Device Setup button on the
Image and Control windows opens
a dialogue for setting up and
configuring all external hardware
devices included with your system.
This dialogue is available to all
Machine

Users. Only Local

Administrators can change
hardware settings (e.g. COM ports,
board configurations, etc).

Dependant upon the devices
included, different options will be
available which are accessible from
additional page tabs. Information
for most devices supported by iQ
can be found in the manufacturers
supplied manuals or in Appendix

3.
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2.3.9 ROI's and Classification

Regions of interest (ROIs) can be readily defined and subsequently analyzed using

iQ’s analysis tools.

©° Paula drosophila PBC_VerticalFlip_Rotate180 16 Bit 642 (0.107) x 1020 (0.107) 4D
Fle Edt Imagelist Regon View Fast MIP

@ x/ajalal + N[22 OCOS T|i|mef oM

Analysis parameters

such as mean pixel
intensity, peak intensity,
etc are readily computed
for a complete data set
or from user defined

regions on the image.

Copy

e ' 9 ¥ ROIs may be constructed
Delate . o

Delete A8 using any combination of
Classfy o ) .
tood ~Crop size and shape. Regions
Save _Cycle

_FRAPPA can be of line, polyline,

Set Reference

Edit Classification(s)

rectangular or elliptical in

type and more complex

figures can be drawn

Toe |2 | Wavelength| using the polygon or

0:00:00:000 hecsme  Frame Number  Minrange Maxrange lnaemed ln(ecvd{s ms)
<] 2 o P B fooion
< <[ie]m[pi] o] [T cofan] _Sebin| Setmax freehand polygon tools.

@z | s | roavemsm | | 1ex | ns0s7g 644,145 [w [w w|F@ 2

The analysis of ROIs is
useful for the through-series analysis of temporal or Z-series data. Discrete regions
drawn using the same color can be classified and assigned to a particular feature or
class assigned by the user. Multiple regions from the same class may be analyzed
individually or combined as a group and a background correction can be applied
during analysis using background ROIs. Further information regarding ROI
classification and the use of the Feature Definition function is described in Section
2.8.4. The use of ROIs during image analysis is discussed in Section 4.6.1.
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2.4 Supported Image File Formats

Andor’s file handling tools allow for import of wide a range of file formats as

described subsequently in Section 2.5.1

Imported file formats supported by iQ are listed as follows:

AVI, BioradMRC, Bitmaps, Fenestra (Kinetic Imaging), Olympus GB200, JPEG
(*.Jpg, *.jpeg), Kontron (IMG), Micro Voxel, MIF, Multi-Load (*.*), Photometrics,
Princeton Instruments, Targa, Adobe TIFF standard, Andor Multi-TIFF, UserDef
(allows Raw import of images with known bit depth, XY and header size), Visilog,
Zeiss LSM (*.Ism), Andor Solis (*.SIF).

Images may be exported from iQ using any of the following formats:
AVI, BioradMRC, Bitmaps, Fenestra, JPEG (*.jpg, *.jpeg), Kontron, Micro Voxel,

Photometrics, TIFF files.

2.4.1 Five TIFF formats are available for saving images:

TIFF (multi-image file) - Image saved in a multi-frame format retaining its original bit
depth.

TIFF (8/24 bit multi-image file) - Image saved in a multi-frame format. Bit depth
information is retained if the original image is 24-bit or 8-bit data. For 12 bit and 16
bit depth images, the image is subsequently saved as 8-bit data.

TIFF (single image file) - Image saved in a single plane format retaining its original
bit depth.

TIFF (8/24 bit single image file) - Image saved in a single plane format. Bit depth
information is retained if the original image is 24-bit or 8-bit data. For 12 bit and 16
bit depth images, the image is subsequently saved as 8-bit data.

TIFF (LZW) - A compressed image, saved as a multi-frame format.
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2.5 The iQ Control Window

The Control Window has three main parts:

¢ Window Menus,
e Toolbar

e Function Tabs.

Qinior 230 pircones) AN W ol

File ImageList Settings Wizards Process Analysis  Plug-Ins  Help

] 1 o =y
Y m| B B 4 NS @
Open Imnariz Save Live Chi Image List | Device Setup | Channel Manager
Acquizition |.-'-‘«nalysis| RGE Anal}lsisl Movie Editorl Spot .-’-‘malysisl
—acquizition Calibration Status

Ell Default_20Xoi { 0.05)

Ao 5 ave
r IE: "WhndortilD atauzert T est AOTFubotolmagesh |

43 © Andor Technology



Andor iQ User Guide

ANDOR

company

2.5.1 The File Menu

The File Menu is used to load images from and save images to disk, to specify the

default directory for saving Experimental data and also to exit from iQ.

#l=8 Image Lisk Setktings

Open Image Open Image - open an image from disk. If you open an

Favadage a image while Live, the system will return to Idle and the
Set Save Path - _
Settings 12 image will be opened.
Tl
Exit ;

The example below shows the dialogue when opening

Image Importer
| ) | =

images using the Multi-Load option. Multi-Load enables the import of multi-

dimensional data following the selection of a single file in the appropriate directory

Laok ir; Iﬁ decon j = IfF '

21

i/
C

%

by Documents

@ decon_test0l ki
@ decon_test0z2, kf
@ decon_test03. kF
@ decon_test04, ki
@ decon_test0s, kif
@ decon_test0a, ki
@ decon_test07 kif
@ decon_test0s, kif
@ decon_test09 ki
@ decon_test10.kF
@ decon_test11.kf

@ decon_test12 ki
@ decon_test13.kF
@ decon_test14.kf
@ decon_test15,kf
@ decon_test16,kif
@ decon_test17 . kif
@ decon_test15,kif
@ decon_test19,kif
@ decon_test20 ki
@ decon_test21 . kf
@ decon_test22 kf

@ decon_test23 ki
@ decon_test24,kf
@ decon_test25, kF
@ decon_test2e, kf
@ decon_testZ7 kif
@ decon_testzg kif
@ decon_testz9,kif
@ decon_test30,kif
@ decon_test31 ki
@ decon_test32, kf
@ decon_test33.kF

@ decon_test34 ki
@ decon_test35, kF
@ decon_test36, kF
@ decon_test3 7 Lf
@ decon_test3a, kif
@ decon_test39 ki
@ decon_test40,kif
@ decon_test41 kif
@ decon_test42 ki
@ decon_test43.kF
@ decon_test44,kF

by |_-I_TF|IF'|.JtE!r ‘ I I _}I
File name: I j Open I
Files of type: Olyrpus GE200 =] Cancel |

Olyrpus GBE200 ;II P

Image Cytametry Standard [*ics]
JPEG [*jpar”.ipeal

K.ontron

Micro Wosel

MIF

Photometrics
Princetan [nstruments

Targa ﬂ
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Laok jr: | () Cathy2_confocal_20100722_135321 > e ® ek E

- [Z] cathyz_confocal bxt ) Cathyz_conforal_t0000_z0014.4F (&) Cathyz_c
I_Wﬁ &) Cathy2_confocal_tOO00_z0015.HF [ Cathyz_c
My Recent  ||&] Cathyz_confocal_bO00O0_20001.0F &) Cathy2_confocal_b0000_z0016.6F 8] Cathy2_c
Documents =) Cathyz_confocal_bOO00_z0002.6F &) Cathy2_confocal_tO000_z0017.6F (=] Cathyz_c
e ] Cathyz_confocal_toooo_z0003.kf &) CathyZ_confocal_t0000_z0018 . 4F (&) Cathyz_c
] cathyz_confacal_toooo_z0004.kF &) CathyZ_confocal_t0000_z0019 . HF (%] Cathy2_c
Desktop =) Cathyz_confocal_bOO00_z0005.HF &) Cathy2_confocal_tO000_z0020.6F [ Cathyz_c
, ] Cathyz_conforal_toooo_z0006.4f %] CathyZ_confocal_t0000_z0021 bF (&) Cathyz_c
'__)' =) Cathyz_confocal_bOO00_z0007.4F &) Cathy2_confocal_tO001_z0000.6F ] Cathyz_c
My Doouments ] Cathyz_confocal_tooon_z0008.4f %] CathyZ_confocal_t0001_z0001 bF (%] Cathyz_c
=) cathyz_confocal_bOO00_z0009.6F &) Cathy2_confocal_tO001_20002.6F =] Cathyz_c
— ] Cathyz_conforal_toooo_z0010.tf &) CathyZ_confocal_t0001_z0003 4 (&) Cathyz _c
s =) Cathyz_confocal_bOO00_z0011.6F &) Cathy2_confocal_tO001_z00046F =] Cathyz_c
My Computer ] Cathyz_conforal_tooon_z001z.bf &) CathyZ_confocal_t0001_z0005 . 4F (%] Cathyz _c
=) Cathyz_confocal_bOO00_z0013.6F &) Cathy2_confocal_t0O001_z0006,6F [ Cathyz_c

‘.‘] S >

-
Mypfl\l ehwork. File name: |Cath_l,l2_cnnfDcal_tEIEIDD_zDDDD.tif j Open |
[ACEE
Files of lype: |Mu|ti-Load "7 ﬂ Cancel

Once a file has been selected and the Open button pressed, the status of the import
operation is displayed in a progress bar as the image files in the directory are
constructed into an n-Dimensional image. The default 3rd dimension is time, but this

can be edited using the Dimension Editor as described in Section 5.2.5.

Only files with matching names are imported using the Multi-Load option (e.g. If two
image series [redOLl.tif - red80.tif] and [red_01.tif - red_80.tif] are resident in the
same directory.
[redOL1.tif - red80.tif] image series. If the red_0L1.tif image is selected, the [red_01.tif -

Initially selecting image redO1.tif will subsequently Multi-Load the

red_80.tif] series will be loaded).

Save Image - save an image to disk.
This opens a standard Save File dialogue, in which you can specify a filename and

directory to which to save the image.

When saving files the user should be aware of the fact that some file types support
multi-dimensional images while others support on single XY frames. The main types

handled by each format are listed below.

Single frame formats: Bitmaps, Fenestra, Kontron and TIFF

L
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Multi-frame formats: AVI (usually compressed), Biorad MRC, ICS, Microvoxel, STK,
TIFF, TIFF LZW.

A list of all supported file formats was discussed previously in Section 2.5

Note: Bear in mind that if you try to save a multi-dimensional image into a single
plane image file then only the first frame will be saved.

Set Save Path - specify the default directory to which experimental data is saved.
When you save experimental data, the Save File dialogue will point to the specified
directory by default.

Image Importer — import an x

image or series of images from a

d - .
3" party program. iQ uses its own Image Impart Options:

naming convention when Select Cammon Name

importing or exporting a

multidimensional image as a

series of single files. E.g. |

MyImage t0001 w0001l.tif

LCancel |

H H i Firztly, you should select a directary that has all the image files you want
|ndlcateS that the Image haS bOth ta load in, then type in a common name that iz contained by the files.
time and Wavelength dimensions. You can alzo specify a name for the destination image.

When the images dO not meet thIS Finally click the Mest button to go to the nest page.
requirement, |mage |mp0rter Comman File Mame: Destination lmage Mame:

. . .. I Impartedimage
Wizard, in addition to some user
Directory:

input, can open them as a familiar D KinshioCOMMON-1 |

multidimensional image for

Files:

viewing, manipulation and export. avapz dl =]
aliaz.dll

The first step is shown here. AOMAE kil

AQMAdvanceE. exe

AOMConvert. exe

bantarn. dll LI

L
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Browse for Folder

Select a Folder

2 x|

= @' Desktop
14:} My Documents

My Computer
-age Local Disk (C:)
-age Local Disk (D)
-2, DVD/CD-RW Drive (E:)
-Z# jwainwright on 'Oaklusers' (Z:)
[+ %4 My Network Places
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Pressing the _| button brings up a
browser window from which the
directory containing the images can be

selected.

o I Cancel
x

Image Impart Options:

Setlmport Dimensions

<¢ Back Mext >

LCancel |

In this page, you need ta check on thoze dimenzions that the resultant
image will cantain.

If you have zelected Multi-Channels, pou alzo need to chooze the
number of channels for the image.

r—Impaort Dimensian:
¥ Multi-Channels
[z

Murber of Channels: |2 vI

Files:

FURA_time0000_wavwe0000. ki ﬂ
FURA_time0000_wawe0007 ki

FURA_time0001_waweQ000 ki

FURA_time0001_wawe0007 ki

FURA_time0002_wawe000 ki

FURA,_time0002_wawe0007 tif

FLIRA tine 003 van=N00N HE ;I

47

In this example, the beginning of the file
name (FURA time) is common to all the
files we wish to import, so this is entered

into the Common File Name: box.

Pressing Next will show the following
step:

In this step, the dimensions of the images
must be entered. In this case, there are

two channels and series through time.

If there is only one channel, untick the
Multi-Channels checkbox.

Press Next.

© Andor Technology
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Image Importer Wizard

Image Impart Options:

Set Channels

<« Back Mest »>

Lancel |

file names for a channel.

should be different from the others.

If there is mare than one channel chosen, each Channel |dentifier

Chatinel |dentifiers should be a text string that iz contained salely by the

Channel |dentifier Wavelength [nm)
0 fwave0000 [340
T fwaven0 EEE

Filest  [FUIRA,_time0000_wave0000.ti

Image Importer Wizard

Image Import Dptions:

SetTimeand 2

<< Back Finizh

LCancel |

identifier should be the text stiing that precedes the
index for the dimension.

“'ou need to input Time or £ dimension ldentifier in thiz page. The

hurnerical

Set Time

Time Idertifier |'me

Unit Resolution

Origin

fms |

Files:  [FURA_time0000_wa=0000.tf

ANDOR

company

x|l Now the two channels must be identified by

their file names.

Channel 0 files end wave0000 and Channel
1 files end wave0001. These are entered in
the Channel Identifier boxes respectively
and the wavelengths (if known) in the

Wavelength(nm) boxes.

Press Next.

Whereas the wavelength identifier was
wave0000 and wave0001, the time identifier
in this example is just time. The units are
known to be approximately 0.6 seconds,
starting at time 0. Specifying ‘ms’ in the Unit
box (and consequently ‘600’ in the
Resolution box) gives the more familiar
h:m:s:ms time format in the navigator
toolbar. Specifying ‘s’ will give the time

format in s only.
Press Finish.
The Multi-Load progress bar will appear

and the images will be loaded into the

Image Window to be analyzed in the same

way as a single multi-dimensional image file.

[
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2.5.2 The Image List and Metadata

Settings

The Image List shows which images are held on the Image Disk. All images are
opened or acquired and buffered on the Image Disk. This provides rapid and
efficient access to the large data sets associated with multi-dimensional imaging.
Note: Flexible protocol execution may create multiple image entries to support
complex tree structures. For more information see Chapter 4.

Clicking on the Image List menu item opens the dialogue shown below.

<< Image Manager : C:\KineticimageDisk\Shared\

File Edit Comments Options
Image Details
Name : RAT LIVER STACK.TIF A
Path: CADOCUMENTS AND SETTINGS\M.BROWNEADESKTOPNO IMAGESAYDSD - FIRST DATANICT 2009% E
Type : 14 bit grey/pseudo
Intensity : 1.000000 lux
%: 1392 *0.161250 : um
v: 1040 * 0161250 : um
T
v
< >
Image List
Image Name | # | Date - Time | Type | Frames | 3rd Dim [ 4th Dim [ 5th Dim [ Bth Dim
IFE2WELL 3 MONTAGE TALIN BS PHALLOID... 1 - Sbitgrey.. 1
MONTAGE-KOHLER.JPG_RotateS0 2ol I 24 bitcal... 1
MONTAGE-KOHLER.JPG Sl 24 bitcol.. 1
CAGEDCAMP_1PORUY_5MS_4X4_0000.TIF 4 - 16 bitgre... 1
MFMONZT2CH-2X2-16102009.TIF_Montage 5 16/10/2009.. 14bitge.. 150 Wavelength... Z-5 XY -5 Time - 3
MFMONZT2CH-2X2-16102003.TIF B 16/10/2009.. 14bitgre.. 900 Wavelength... Z-5 Montag... XY -5
TOPRIGHTALIGNMON.TIF 7 22/06/2006.. 12 b!! ge.. 1 Time -1 Exposur... o
< >
Close ‘ Refresh ‘ Show Rename Image | Save Image Delete Images

Image Details - When an image is selected in the Image List, the meta-data
information about the image is displayed here. Details of the content and layout of

the Image meta-data are included in Appendix 4 of this user guide.

If more than one image is currently selected, details are displayed of the latest one to
be selected.

Image List - click on an image name to select. Selected images are highlighted.
You can use standard multi-select key strokes, click with CTRL and Shift to select
more than one image. You can Delete or Save the single or multi-select with the
appropriate button click.

.
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Most buttons are self explanatory, but where more information is needed we provide
it below
Refresh - this button refreshes the Image Manager interface. Function key 5 (F5) will
achieve the same result.
Show - this button displays the image. Double mouse click in the list will also show

the selected image.
Rename Image — Simply type the new name into the text box and press OK. The

name of the image will be updated in

the Image List. You can copy and paste g new name for image:

to the edit box here. |

1] Cancel |

Save Image — When a single image is selected this button opens a standard
Windows Save File dialogue, in which you can save the image to disk

When Multiple Images are selected then you are provided with an option to delete an
image once it has been successfully saved.

Browse for Folder EH E |

Select falder for zaving images

Before the file save operation can

EIQ [y . ]
#-( _bin commence, a folder must be selected
+1-_7 Ampdio . .
----- (] AQM2002 Screen Shots for storage of the multiple image set.

..... |: |
C' s After clicking the OK button, the save

% :?Sfm process commences and a message
- Kinetic appears at the end of save operation.
+-C7 KometData

El Cl Fulbi-Load

----- (] NDimData - Multiple File Save |

F.0T7 Mnklaz Snat Sennsnes

All filez zaved successiully
(] I Cancel |
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S Edit Comments File — this menu item opens the following dialogue.
SevEiiids . This provides an alternative route for saving image data and
Delete Selected Imageds)
Delete All Images deleting images from the Image List.
Cisk Info

Exit

Edit Comments — Clicking on this button opens the following dialogue.

*= Image Comments - C:\DOCUMENTS AND SETTL... [= |[B][X]

This is the comments field where you can add any information regarding the
images, conditions, specimen etc. This will be kept with the image so long as it
remains in the image list or is saved in ABD multi-tiff or single tiff formats.
Conversion to other formats may lose this information.

Cancel

Comments can be typed into the text box as illustrated above and are saved in the
image header by clicking on the OK button. The comments associated with any
image can be viewed by scrolling down the Image Details field in the Image
Manager. They are stored in an image header field named

[Comments]

Text here...

[Comments End]

For more information on the image header Metadata see Appendix 4.
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2.5.3 The Settings Menu

To aid in desktop management, iQ allows you to select the functionality to be
displayed. Clicking on the Function option enables selection of the functions that
you wish to be displayed. Page tabs will be displayed for all selected functions in the
iQ Window.

Funckion

Hat Eeys
Interval Setup
Max Auka TimeCuk
Options E|
Functions

aelectthe functions required:

viAcouisition

v Anabysis

v BGE Analysis
v Calibration

v kowvie Editar
v Spot Analysis

K Cancel

The Max Auto Timeout setting allows you to specify how long that a timed iQ dialog
will show before it closes and takes default action. These dialogs are intended to
allow unsupervised actions like shut down in the event of power failure, editing

settings after a Load Protocol action and so forth.
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A comprehensive description of iQ functions and page tabs is provided in Section
2.6.

Clicking on the Hot Keys menu item enables function keys to be assigned to any
channel previously defined using the Channel Manager. A maximum of six keys can

be assigned during any iQ session.

-

Pressing a function key will change the current

F1  FReserved
_ channel to that specified by the hot key. If the Force

FZ  Live/ldle

Live when Pressed checkbox is enabled, a live
F3i  Snap

video image will be displayed in the Image Window
F4  Run . . . . .

using the appropriate image acquisition settings.
Fo  Reserved
F& |N':'”E j Pressing the OK button exits the Assign Function
F7 |Nane -l Key dialogue. The Reset button returns all the hot
Fa |N|:|ne j keys to the None state, no channels are associated
Fq |N|:|ne j with any of the function keys.

F10 Reserved

F11 |Maone

Three of the function keys are reserved and cannot

Lol e

F12 |H|:|ne

be assigned to a channel. The F1 key is used to
[ Force Live when Pressed . ) . .
access Windows Help information and the F5 key is

ol | i | used to refresh the iQ Image List.

L
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The Interval Setup item enables a list of intervals to be created which can be
subsequently accessed during the execution of a protocol, allowing different
repetition intervals to be used. This function allows sampling rates to be adapted to

the experimental condition.

Edit Intervals

10 ms

5 zec TR =
2 min i Add Interval. .

T

Delete Interval...

]9

Repetition intervals may be inserted in the list by clicking on the Add Interval button

and pressing OK.

Interval lengths may be specified in milliseconds,

Select interval length:

i = seconds, minutes or hours.

k. Cancel |

Intervals are removed from the list by highlighting the unwanted item and clicking the

Delete Interval button.

During a live acquisition sequence, the list of repetition intervals is accessed by right
clicking on the Interval item in the nD Protocol Tree.
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- §* Protocol - Test The appropriate sampling interval is
- Image - Test . .
“'.E Pratacol Type - Time Series selected by clicking the right mouse

q.ﬁ' Camera Binning - Use Current
7 Wit Allocation - Off
% Camera Selection - Uze Current
+-g Ewerts
) ¥ Scan - MPx3F-Mon
[ Montage Acquisition
= Focus
4% Pausze - Click OK to start protocal
-
¢ 3] Auto Foc oy 2 Hrnes
—|-+ % Fepeat -
|§"] Auto R
-I-[ 7] Fepeat - Montage
A& Montage Positions [4 [ 2 by 2
+- Ay 5 Positions [3)
-z RepeatZ - 9umin 11 planes
+ & Move Channel - Current
C& Snap
W End-Z
ﬁ End - Montage
W End -y
W End-TO

button.

Insert
Delete

2.5.4 The Wizards Menu

The Wizards menu offers access to all calibration related actions and to Channel

and Protocol wizards. Further information on the use of the Wizards is described in

Chapter 3. %7 Andor i0 2.2 - An =3

File Image List Settings

o b Zalibration _J ?
m Stage Alignment
Open Imaris Seleck FRAPPA Device =r Current
Aequisition ] Analysis ] RBGE  Select DSD Light Source nalysis ]
Channels
Status Protocols

DsD Calibration
FRAPPA Calibration
DSC Filker Change
Camera Alignment
Stage Registration
Seleck Y7 Device
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2.5.5 The Process Menu

Selecting Process from the file menu accesses additional functions. These
functions are listed in the adjacent picture. A comprehensive description of the
Process options currently available may be found in Section 5.1.

2.5.6 The Analysis Menu

3% Andor iQ 2.2 - Andor Camera
Further information on the use of | fie Imegelist Settings Wizards Process [EUEIEEN Plug-Ins  Help

i L] E ié Reqgion Histogram (
these functions is described in ‘ 5 = “ FRAP Analysis ¥

Open Imariz Save Liv Depth Calculator Current
Sections 4.6. Acquisition ].t’-‘-.ﬂalysis] RGE .-’-‘mal_l,lsisl Mowie Eq  Tracker

Line Profile

Status
2.5.7 The Plug-Ins Menu
Help | Selecting Plug-ins from the file menu accesses
ji_ Options additional functions.
B RGEMerge

Photobleaching Compensation

The selected functions are now available for use during subsequent iQ sessions. A
comprehensive description of the Plug-In functions currently available may be found

in Section 5.2.
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; m | Selecting Help from the file menu will give you three options.

Help
Configurakion
Product Activation
About

file.

Selecting Product Activation from the
Help Menu opens the Status window.
From here you can see the available
Andor A tick mark
indicates activated products. The right

iQ modules.

side of the dialogue shows which
modules are activated and the existing

time limit (if any).

First selecting Help from the menu opens the iQ Online Help

Status
i0_Core
O i0_Fast L7 Product : i0_Care
!Q_MWA This product does not have a time limit!
i0_MF
i0_Analysis Product : iG_twa
!Q_Camen_a Thiz product_does nat hawe a time limit!
i0_Clearview
i0_Tracking Product : il_MF
Thiz product does not have a time limit!
I Product : i0_analysiz

This product does not have a time limit!

Product : i_Camera
Thiz product does not hawve a time limit!

Product : i0_Cleariew
This product does not have a time limit!

Product : i_Tracking
This product does not have a time limit!

Refresh |

Select the Refresh button for changes to show.

Please contact Andor Bio-imaging
division for further details on activating
iQ Modules.

Pressing the About button displays
information about the software and
contact details for Andor Systems

Division.

L

57

About

]

Andor Bioirmaging Division

AndoriQ 3.0

-
Build Tirne : 15:42:14 Dec 9 2013 Build Murber; 7.0.0.41

Copyright : Andor Bioimaging Divigion 1993-2013

Corporate Headguarters
7 Millennium Way
Springvale Business Park
Belfast BT12 ?AL

United Kingdarmn

Tel: +44 (0)28 9023 7126
Faw: +44 (0725 9031 0792

rowe tmicroscop

suppont{@andar.com

wnw. andor.com
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2.6 Function Tabs

2.6.1 Acquisition

The Acquisition tab enables set up and execution of experimental Protocols.

E AndoriQ 3.0 - Andor Camera X - ‘ - E= X
File ImageList Settings Wizards Process Analysis  Plug-Ins  Help
5 o ey s —— = .
o E| % ¥ | E J g
Imariz Save Live Chi Image Lizt | Device Setup | Channel banager

Acquizition } nalysis] RGE Anal}lsis] Movie Editor] Spot .-’-‘malysis]
T AcauiEtan Calibration Status
EE‘E% Default_20Xoi ( 0.05)
Auto Save

N |E: "WhndortilD atauzert T est AOTFubotolmagesh

2.6.1.1 Status Box

The Status Box displays the current status of your system. A message describes

the current status and the box is color coded:

Pink - Idle - The system is Idle - i.e. not capturing.
Cyan - Live - Live video is currently displayed in the Image Window.
Yellow - Arming system - Run has been pressed and system is initializing

or waiting for Trigger IN.

Green - Acquiring data - Busy State Protocol is running and shows
progress.
Blue - Exposing node (time remaining) - If one of the Channels in the

Protocol has an exposure time > l1second, Status will turn blue and the time

remaining to complete exposure will be displayed.

The progress of the Experiment is displayed in the progress bar below the Status

Box.

[ = 4
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2.6.1.2 Toolbar

The toolbar provides quick access to the Open, Open with Imaris, Save, Live, Snap
and Channel functions.

Click on Open or Save to obtain a standard Windows Open/Save File dialogue, in
which the image can be loaded from or saved to disk.

Click on Open with Imaris to launch Imaris (if installed on the system) with the

current iQ image automatically loaded.

When Live button is pressed, its text changes to Idle and live video is displayed in

the Image Window until the (Idle) button pressed again.

Live mode is used for interactive focusing of the system and adjusting the imaging
device prior to Protocol execution. Adjustments to the camera etc. can be made

directly via Device Setup or Channel Manager.

Snap is used to acquire 1 frame of an image. On pressing Snap the label on the
button will change to Stop. To cancel Snap with a long exposure time, press Stop
to abort it.

Channel button - shows the current selected Channel - see screen shot.

B ‘ ‘E

Save Live

ks

- ‘

Dpen Imariz

: pr e ; When you C“Ck on

Shap

curent | the button a popup

fequisition l.-'l‘-.galysisl EGE .-“-‘-.nalysis] Movie Edih:ur] Spaot .-i‘-.nalysis] menu shows the list

Status RFP of Channels available
Idle VPP

- and allows selection
of one of these.

If you select a Channel from the dropdown and then press Live, iQ will drive the
system hardware to the recorded Channel settings, pre-frame events associated with
the channel will occur (e.g. shutters will be opened) and then Live video will be

displayed in the Image Window.
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2.6.1.3 AutoSave

Auto Save can be toggled on and off by clicking in the checkbox. When selected

the checkbox is labeled with a tick and on completing the current Protocol the image

will automatically be saved to disk with the name

given in the Protocol and an extension including the | saect a rolder

date and time.

= [ Deskiop
+ ,.'J My Documents
= _é Iy Cornpuker
Auto Save +- 44 3% Floppy (A
ETTTINTNE +-=ge Local Disk {C)
[ |E."~K|net|c:h|DDalah 5 (2, CD-RW Drive (D3}

To specify a folder in which to Auto Save, press the
button on the right. A dialogue will ask you to select
a folder. Note this can be a remote or network drive.

+- 5% users on 'elrond' {L:}
4% filestore on'elrond’ (Z:)
+ Q-JJ My Metwork Places
H- ) iQ pickures

Select the drive and folder then press OK. The folder name will be displayed in the

Auto Save text box in the Acquisition dialogue.

&uto Save
[ |CMKinetichitlD ata

2.6.1.4 Protocol

Pratocal
I@ Run

™ Loop Experimen
v Display Image
v Show Al

= Protocol

B s
-~

HD Tree Yiew

Save bz .

,ﬁj] O ptionz

(#) Help

t

[ = 4
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The Protocol section of the dialogue is used to set up and control

experiments:

Pressing the Protocol button will launch the Protocol Manager. The
Protocol Manager allows you to Select or Delete a Protocol from the
list or create a New Protocol. New Protocols are created as
Prototypes, which are then either edited in the nD Protocol Tree by
Edit, Insert, Delete and other keyword specific actions or in the new
IQ3 6D view interface. After completing the setup you will return to the
Acquisition dialogue, where the Experimental commands are
displayed in a tree-type structure. Further details regarding the use of
the Protocol Manager are described in Section 4.4. Note that any

Channels or Scans to be included in the Experiment must be set up
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first from the Channel (Section 4.2) and Scan (Section 4.3) Managers (press the

Channel or Scan buttons, respectively to access these functions).

2.6.1.5 Run, Channel, Scan, Device Setup, Store, Store As

After an Experiment is set up, press Run to start. The button label
will change to Stop. To cancel an Experiment before completion,
press Stop.

The Channel button opens the Channel Manager (Section 4.2), which allows the
setup of channels. (Channels describe how your hardware devices are set up to

illuminate and expose the sample).

Click on XY Scan to open the Scan Manager (Section 4.3), which allows the setup
of scans. These are used to analyze samples at more than one field of view in the
XY plane and/or at different Z coordinates in a Z series. A scan pattern defines at

which XYZ coordinates the sample will be illuminated and exposed.

The Device Setup button opens a dialogue in which all the hardware devices

included with your system can be set up and configured (Section 2.3.8).

Loop Protocol is toggled on and off by clicking in the checkbox. When selected the
checkbox is labeled with a tick and on completing the Protocol it will repeat using the
same specified criteria, overwriting the previous acquisition. To end the Protocol
press Stop.

If Loop Protocol is deselected, the current Protocol will run to completion and then
the system will return to Idle.

A possible application for Loop Protocol is where you want to capture an event
whose starting time is unknown. Simply waiting for the event to begin and then

pressing Run would result in you missing valuable data at the start of the event. You
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can therefore leave the Protocol Looping, ensuring that you capture the whole of the

event, after which you can stop the experiment.

If Display Image is selected, live video is displayed in the Image Window during the
image acquisition. If de-selected, live video is not displayed. This option has the
advantage that the image acquisition is quicker.

The Store / Store As buttons are used to save Protocols. The information in the
Protocol Command Tree will be loaded/saved.

L
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The 6D Protocol panel provides an intuitive interface for creating complex acquisition

sequences and allows a maximum of 6 dimensions. You can configure the details of

the protocol actions using the panels that are shown below. Protocol actions are

placed into an execution stack when iQ prepares to Run the Protocol.

ES Andor iQ 3.0 - Andor Camera

File Imagelist Settings Wizards Process Analysis Plug-Ins Help

K4

Open

&

Live

e

Imnaris

=

Save

%
o
Chl Image List

N

Device Setup

Acquisition | Analysis I BGE Analysis I Moavie E ditar I Spot Analysis I

Channel M}d/

Acquizition Calibratior

)

Default_20Xoi ( 0.05)

Status

Ao 5 ave

r IE:\Andor\iQData\user\T ezt AOTF\AUtolmagesh

=

Chanrels

®

Add/Remove

Chl

:;é] Live

Ch2
-
Ch3 T |
*Joo]
Multi-Snap

— Chi

ExposureID.DD‘I Ims ;Iu_l j
Excitation Intensity
480 rm [%] [232 = = |
561 rm [%] [70.8 [«] B =

L1

Cloze &ll Shutters

S L
M Channel Options

rProtocol——————
y

O Run

™ Loop Experiment
¥ Dizplay Image
¥ Show &l

'Eg Fratocol <

— Global Settings

Chi

Cha

Size
’V :D:Sub Array

Binning
’]7 xer [T ~|

Save Az

Z5Scan

V4

/e,zlutio{

HG

* Setup Multi-Point

_y

k_

T

ITime Lapse I Chart ﬂ ~§| Pre-allocate all images Disahled@ | L/_
Duration Inkerval Mumber Stream @ Add Phasze
IM'D ISECLI |3555'?‘I Ims LI I4 = ‘ a Femove Phase
[140 [sec v| [3585.71[ms ] |4 = ‘ Initislize AF |
|2a.45 Isec ~| |3555.?1 Ims ~| |8 = | AF frequency |1
A
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2.6.1.7 nD Protocol Tree

You create nD Protocol Trees from the Protocol Wizard using New. But you
configure the details of Tree Actions with the right mouse menu which shows Edit,

Insert and Delete when the context allows it. Tree Actions are placed in to an

execution stack when iQ
prepares to Run the Protocol.
Stack construction allows iQ to
build complex protocols with
Repeat loop nesting to many
levels, subject to final image
dimensionality not ten. If a Tree
Node has a plus sign (+) to its
left, a mouse click on the (+) will

expand the tree as shown here.

A right mouse click on an Action
in the Protocol will open a pop-
up menu, in which the
appropriate options for that
command are displayed. For
example, right clicking on a
Channel node will display the
following options:

= Focus
4 Pause - Click OF to start protacol
- &D Repeat T - 50 times [1 min)
3] Auto Focus Activate - Every 2 times
—|-+,+ Fepeat - =Y
Iil Auto Focus - £ Motor
- Fepeat - Montage
4 Montage Positions (4 [2by 2 1)
+-i%, #T Pogitions [3]
-« Repeate - Jumin 171 planes
= Jove Channel - GFP
% LCamera Brightniess - 128
Carmera Contrast - 128
Carnera Binning # - CURREMT
Carmera Binning " - CURREMT
Camera Expozure Time (=] - 0.004
LUT - Green
Map Min - 0
Map Max - 293
Trigger - Pre : s 2 s X 2 W %, o Post
Analyzer - 1
Fluo Filter 1 - 3
Fluo Filter 2 - 4
Fluo Filker 3 -1
Fluo Filter 4 - 2
Fluo Shutter 1 - Current
Mikaon T1 Port - 1
TIRF -0
TIRF Angle - 0
Tranz Filter 1 -1
Tranz Filter 2 - 0
Tranz Shutter 1 - Current
FRAPPA, - Current
FRAPPA Dwell Time - 40
FRAPPA Repeat - 1
LYFST -DELTA_Z 0
Sutter Shutter Shutter 1 - Current

FofoFoFodofoFodofFofododFodododo oo o dodofFo o FoFin &
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Live Go live with that channel
Move To all hardware devices will move to the settings specified for that
channel

Adjust Camera Adjust the hardware settings for that channel

Delta Z Adjust a new Z position - an offset which allows you to correct
for chromatic effects in the optics and acquire.the channel at a
different Z positions for any reason.

Acquire Acquire an image with the hardware devices set up as
specified by the channel

Edit Allows for editing the channel and brings up channel manager

Insert Insert a new keyword below this move channel. The Tree Insert
dialog containing a list of valid keywords for insertion will
appear to allow the user to choose.

Delete Deletes the channel from the protocol

The available keywords or Actions

- Repeat - Montage
that can be used in a nD Protocol % Montage Positions (4 [ 2by 2]
+-i% AT Pozitions [3]
Tree are described in some detail in -« RepeatZ -3 umin 11 planes
Chapter 4: a? Snap Live
@ Erd-Z Mowve To
@ End - Montage Adjust Camera
@ End -5 Delka 7
W End-TO Acauire
Edit
Insert
Delete
Change Channel
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2.6.2 Analysis

The Analysis Tab is used to calculate statistics for the current image or, if drawn
onto the image, user-defined regions. Results are displayed in both graphical and
numerical format. Further details concerning the Analysis page are provided in
Section 4.6.

Graph lData ] Dptiuns]
bl ear

v AutoRange [ Show Event Labelz [ Show Legend Prin...

| Mean Intenzity
To zoom in drag to bottom right. To zoor

|
Acuisition  Analyzis IEGE .-’-‘-.nal_l,lsis] Calibration | Mavie Editn:-r] Spot .-’-‘-.nalj,lsis]

Analyze | Eave | ﬁ|

Graph Data lEIptin:nns]

R egion | |.ﬁ.rea [prnprm] |Frame |Time [mz] |BIue[1]MeanIntensit_l,l |I3reerA
1 i1 405328 ] 153 17.8717 1018
1 1 408328 1 336 18.7213 1014
1 1 408328 2 516 19.0174 10.37

B L =]
3

[v Automatic Directory Selection
[T Group Analyziz
[ Greys Per Second

[ Background Caorrection -

[ Threshold
v Clipping

v/ bMean Intensity
Peak [ntenzity
SD
Area
Zhrea
Integrated Intenzity
Zlntegrated |ntenzity
Integrated Intenzity Per Unit Area

Return To Graph |

Channel 5elechor

B~ Ble) Solid =

[ ¥ Green(2) Dash -
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2.6.3 Movie Editor
The Movie Editor is used to create animation sequences from frames of interest,

which can be subsequently saved as AVI Movies.

gcquisitiun] .-’-'-.ﬂal_l,lsis] BGE .-'-‘-.nal_l,lsis] Calbration Movie Editor | Spot &nalysis

Selected Imaoe

E dit
u | “| 4 | "| O| "| Fl— %?%FDEETI:ELDPMENTJEST
N 1 el REPORTSATEST

IMAGESSCALCILMYFURA.TIF
|1 |:2 |1 2h i‘ Snimation dirm ; %W avelength
kin ke Frame Rat Tat frames ; 2

are

i 2 i 2

I | Out | Fepeat

Sawve List| B Load List

Animation Dimension |Wave|ength j

Mowvie Scaling Factor 1 i‘

Sawve List as Mowvie

= Delete Selected Images
Increment 1 z‘
[ hultichannel * SetFrame
[ Usze Current Begion " Play List
[ Sawve Owverlay
|mage List
Mao. |File Mame |In |Out [fpz |MC  |Repeat |Ani Dim Scaling Factor [Wa

1

The use of the Movie Editor is described in Section 5.8.

To get started, select this dialogue use ImageList to show an image in the Image
Window, it will then appear in the list. Use Set Frame option to edit parameters and

Play List to preview. Then Save List as movie to save window’s AVI.

L
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2.6.4 Spot Analysis

The Spot Analysis Tool is used to quantify the morphology, density and intensity of
discrete objects. Further details regarding the use of the Spot Analysis Tool can be

found in Section 4.10 of the User Guide.

&cquisitiunl .-’-‘«nal_l,lsisl BGE .-’-‘mal_l,lsisl Ealibratiunl Movie Editor Spot &nalysis

tdanage |Analyse| Reviewl

=0 Edit | Delete |

Currentanalysis:  Floidy

E""&: ot Anakssis iy

- B Betup Image - CiWY DOCUMENTSYMAGESVFOR TESTIN
Bright Ohjects

-4a Lower Threshald - 110

-k Upper Threshaold - 255

- &9 Area Filter- 100 to 359

2% Shane Filter- 05101

-am INtegrated Intensity Filter - 5000 to 30000

L
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2.7 The Image Window

The current image is displayed in the Image Window.

#° Paula drosophila PBC_VerticalFlip_Rotate180 16 Bit 642 (0.107) x 1020 (0.107) 4D
File Edit Imagelist Region Yiew FastMIP

O alalal + \[2[2] Oolo/F T[i|me)|ro

Hello World

Time ] z | Wavelength |

KIl| 2o [o B 1 ~{[o0100
ﬁidll«il-lnlyl»l m Q]qu Set Min | Set Max
*

s | s | Automap | |||1000% | (335) 341, 1444 [w FI_I s0 3|

0:00:00:000 him:sims  Frame Number  Minrange Maxrange  Increment i| Interval (s:ms) —;—I
v

The Image Window will update the displayed image in response to several actions.
For example whenever the Live or Snap buttons are clicked on the Control Window,
or when the Run button is clicked with the Display Image option selected, on the
Acquisition tab. The Image Window updates when you Show from the Image List or
use the Open Image File menu. When iQ opens from it displays the last image
displayed in the previous session.

When on-line Ratio processing is executed during a Protocol, a tab named Ratio will
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be visible below the Image Toolbar. This tab allows you to switch the display

between the Ratio and the Raw images.

The Image Toolbar:

x ajaje| + \[2|2] OoloF T

ma Q| roi [

Regions of Interest (ROI’s) can be defined about features of interest on the image,
using the Define Point, Define Line, Define PolyLine, Freehand Polyline,
Rectangle, Ellipse, Polygon and Freehand Polygon buttons, and classified
according to user-specified features using the Current ROI button in the Image
Toolbar (Section 2.10.17). Statistics can then be calculated for each ROI (or class

of ROI) in the Analysis or RGB Analysis dialogue.

2.7.1 Image Contrast or Mapping Control

0 The Manual Mapping button opens the Image Contrast dialogue, which
presents histogram(s) and tools for setting the Maximum and Minimum

mapping values. This is shown on the next page. The mapping transfer function is
shown as a red line overlaying the histogram plot. For multi-channel images one set
of tools is provided per channel. Changing the Max and Min values and adjusting
the transfer function will modify the display in the Image Window, to improve contrast

or view specific image features. The underlying image pixel intensities remain

unchanged.
]
Options  View
v
. e B [E =] e
gquafeR : I Invert W [1057.000 — Min
quare hoo [~ Exclude =
Sine [1:000000 ~ step
Cosine oot
Gammaboelicient s b e e ,,|1.0U
Loge
Log10 ; :
Exp e o— =] / W [7727.000 = Max
= a—
Eed - ":'Env?td W [1600000 — Min
U I [1000000 = step
Gamma Coe’fiCient 'l 1 I, 1 1 ' 1 1 1 ) ' 1 1 1 ) 1 1 1 1 ' " |1'UU
Automap : Off
[V Smocth [~ Use Begion of Interest Ok I Cancel I
¥ 991 Eontrast [~ Map on mouse up
-
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2.7.1.1 How the Mapping Table Works

255
Display
Intensity
[output)
0 -
aiin Mapping max |mage Range
Range (input)

To display images of dynamic range greater than the computer monitor, we need a
method to convert image grey value to display value, which is limited to the range 0-
255. To do this we use a “Mapping Table”. For display, the intensity of each image
pixel is converted to a display intensity value based on the transfer function of the
mapping table as shown in the figure. The Mapping Table form can be manipulated
in iQ with the Mapping dialog to achieve an extremely wide range of display effects.
When combined with pseudo-color LUTs (look up tables) image intensities can be
rendered for virtually any purpose. Section 4.1.1.

2.7.1.2 The Mapping Dialog Tools

In the sequence of figures shown here you
can see the uses of the various tools W [251.000 ﬂ”
nvert W [1067.000 —=| Min
[ Exclude =
available in the Mapping Dialog. The figure | ————"""2"2 & = e
here shows typical histograms from a two | = | l S W [z | = e
H FIEr:fh':de - IM::! i
channel image. El —
Gamima Coalficiaht i Lo e e e W
‘ Dk Cancel

Set the Max and Min mapping (or scaling) values in the image using the spin buttons
or typing a number into the edit boxes on the right of the dialog. Spin button step size
is set by the Step setting. Alternatively, you can grab (click and hold down the
mouse) the Blue (Min) and Green (Max) vertical bars on the histogram graphic and
drag left or right. The left mouse button controls the Min value, while the right mouse

[ = 4
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button controls the Max value. The image will be updated on the “mouse-up” action.

To invert the mapping (flip contrast) check the

Options  Yiew

Invert option. To set values above Max to zero |[eame - | = e

[~ Invert u | | IM ﬁ Min

[~ Exclude

check the Exclude option. To change the

Gamma Coefficient ’ 1.00

Channel Mappings together, select the “Link

Garma <] K W [3853000 = Max
., i [~ Invert e [} Igg‘l—ﬁ-ﬂ-ﬁ.ﬂ— ﬂ Min
Channels” check box and use the Edit L ke 000000 ] step

boxes or graphical tools as described | view
. Log Scale Histogram
above and now both ranges will change s

T 1000000 ] Step

3 Cancel

together. Link Channels

7% Image Contrast

Options  Yiew

The horizontal scaling of the histogram is ﬂ oo
X X i L Aetee —— 1000000 ] Ste
linear, which may make it difficult to study Gamma Cosficent —f——————————[07 -

histogram details in images with a low Garma ] W (700000 =
| View Wm0 (e

dynamic range. Selecting “Zoom to —

v Log Scale Histogram =100 |
Map” scales the histogram X axis v Zoom oiep
Link Channels | e

around the Min-Max values, as shown

opposite.

The vertical scaling is also linear by default, so that low frequency grey values may
be difficult to see on the graphic. Selecting the “Log” checkbox transforms the
histogram Y axis to a logarithmic scale, emphasizing the low frequencies, as shown
opposite. This situation occurs in fluorescence imaging, where the image histogram

may be dominated by high frequencies of background.

L
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2.7.1.3 Auto-Mapping Tools

- l Automatic mapping can be [EEEIER |

Options  View

used “single shot” by clicking on this |[cama -] - i|
[~ Invert
| Exclude

button or checked on a Right mouse 1

Gamma Coefficient

popup in the Image Window or lower

Gamma ﬂ
Image toolbar. The Automap function | L=t m

estimates the Mapping range values |Gematefent T . .
Aul TOn
from a sample of the image pixels and @Wiﬁeﬁ:ﬁ:;ﬁ:ﬁj ‘ ok Eapesl

adjusts the table to provide a high

contrast, bright display. When checked, Automap operates every time the image is
updated, as in Live or Animation. Further options are available when Automap is
enabled. “Use ROI” operates on the currently selected ROI for mapping, allowing the
range to be adjusted as the ROI is roamed over the image. “Map on mouse up”
activates an Automap action whenever a Mouse Up event is detected in the Image

Window e.g. when a ROI is moved over a captured image.

2.7.1.4 Reduced Flickering

Automap now provides additional improvements to reduce flickering when using
automap. The “Smooth” option only rescales the image when the min or max value
changes by a significant amount (configurable in the Options dialog). The default
change required is 5%.

The “99:1” contrast option autoscales to the center 98% of pixels. This cuts out

outlyers in the high and low ends resulting in less flickering and more punchy image.

L
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2.8 The Image Window Menus

The Image Window Menus are used to manage images, image views and to provide

Tools for ROI's used in analysis.

2.8.1 The File Menu

“3= CFP 16 Bit 672 (0.333) x 104
SN Edit  Image List Region  Yiew |

< N\

Open Image, Save Image and Exit Loads and
) . . ) Open Image
Saves images to and from disk and Exits from iQ. Save Image
Save Display (BMPY  »
Save Display (JPEG)

(Section 2.6.1). | it

Open with Imaris. ..

This has the same functionality as the iQ File Menu

Open with Imaris provides the same functionality

as the main toolbar and launches Imaris with the

currently loaded image.

The Save Display menu item includes the ability to save several different features of
the image to disk in Bitmap or JPEG format:

Regions - the positions of all user-defined ROI’s are saved,

superimposed on a blank image.

Highlight - all parts of the image highlighted by, for example, adjusting
the threshold settings for an Analysis are saved,

superimposed on a blank image.

Image - the source image is saved to disk.

All - all contents of the Image Window are saved to disk, including the original

source image, user defined ROI's and image overlays.

The Print item enables the contents of the Image Window to be printed using a
standard Windows printer interface.

.
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2.8.2 The Edit Menu

¢° Paula drosophila PBC_VerticalFlip_Rotate180 16 Bit 642 (0.107) x 1020 (0.107) 4D
File B[ Image List Region VYiew Fast MIP

E Copy to Clipboard \l 2‘8' DlOlOI 5' T

i

m Q| rol [l
Edit Event Markers
Add Event Marker
Crop Image
Dimension Editor

Format Converter

Selector

2.8.2.1 Copy to Clipboard

The Copy to Clipboard item allows the contents of the Image Window to be copied

and pasted into other Windows applications such as Word, Paint, etc.

2.8.2.2 Edit Event Markers

The Edit Event Markers item enables the modification of image event markers.

The edit dialogue displays a text box containing the event marker name together with

information identifying the dimensional location and associated frame number.
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=~ Edit EvEREREEEE Xl| Event marker information is
Store Event? Ewvent N Event Informati .
are CWenmn WE ame WEMTINTarmation Subsequently Stored Wlth the
¥ 1 IInterrupt 1| Frame: 33 (15454 ms)
image by enabling the
W 2 Frame: 50 (19692 .

! VRS A SRR appropriate  Store  Event
~ 3 | Frame: 77 (26492 ms) check box and exiting the
=4 | e 95 (25732 me) dialogue by clicking on the

OK button.
W 5 | Frame: 110 (34702 ms)
V & | Frame: 130 (46372 ms)
W 7 | Frame: 170 (56432 ms)
Enter names for the ewvents
oK |

On exiting the dialogue, a message box is displayed prompting the user to confirm

that events with no name are to be deleted from the list.

Edit Event Markers X|

@ There are events for which no name has been entered. Do vou wish to delete these events?

Cancel

:

A revised event list following the removal of redundant is displayed below.

T ZEdit Event Markers x|
Store Event?  Ewent MNarme Ewent Information
Wi Irtermpt 1 Frarme: 33 (15454 ms)

Enter names far the events
(0] |
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2.8.2.3 Add Event Marker

The Add Event Marker item allows additional image events to be added to the event

list.

ol

Fleasze zelect a name for the MNew Ewvent Marker

IInterru pt 2|
Frarme: 142 (4941& ms)

Add Cancel |

<< No Acquisition
File M=G[# Image List Region VYiew Fast MIP

I—' Copy to Clipboard H M .l .J L 1 Iﬂ

2.8.2.4 Crop Image

The Crop Image Tool is " Edit Event Markers
. | Add Event Marker
accessed from the Edit &
Calibration
menu. Crop Image

Dimension Editor
Format Converter
Selector

It is used to isolate regions of interest so subsequent processing and analysis need

only be carried out on that ROI.

When Crop is selected it sets ROI class to a Crop type and then you can drag out a

rectangular ROI for extraction. Crop works through all image dimensions.
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- < No Acquisition
2.8.2.5 Dimension Editor | File B3 Image List Region Yiew Fast MIP

Copy to Clipboard |
N—— |t N2 mle|e]e]
The Dimension Editoris § ' % BB ek S QPR JLA W Qe Wi L4 W4
accessed from the Edit | Add Event Marker
o Calibration
menu. Clicking on the Crop Image

Dimension Editor
Format Converter
the panel shown below. Selector

selected item brings up

<< Dimension Editor

About

Name : MFMONZT2CH-2<2-16102009.TIF A

Type : 14 bit grey/pseuda i

Intensity : 1.000000 lux

%502 * 0.400000 : umn

v : 501 *0.400000 : um

‘Wavelength : 2

225

Montage : 6

XY 5

Time: 3 v

Dimension  Dimension Name Units Size  Resolution Origin
Tst | |um 502 04 0 Modiy |
2nd [y |um 501 04 0 i
3rd IWaveIength Inm 2 1 0 adify
dth |z [ 5 1 0 Modiy |
Sth |Montage [ 6 1 0 Modify |
Bth [y | 5 1 0 Modify |
Tth lTime |ms 3 1 0 Modify l
Sth ]Exposure | 1 1 0 Modify I
Sth |Event | 1 1 1 Modity |

NE : To edit 1st and 2nd dimension use XY calibration Add | Delete | Reset |
Ok I Cancel l Help I

The Dimension Editor is used to change dimension names and units or to remove
redundant dimensions from an image that is currently displayed in the Image
Window.
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Nimfension Defails @ Dimension editor has a special function for

Channels as shown left to edit Channel

Dimension 2
m nd names. Thi n ful in
Wt r— stamps and names s can be usefu
e o cases where wavelength stamps have been
nis
assigned the same value and then analysis
Resolution |1
e T cannot proceed. Changing the Stamps to
nagin

different values will correct the problem.

Edit Channels Name and Yalue:

ICurrent IU
|test I‘I
ok | [[TEned

After using the Multi-Load file opening tool, which defaults the 3rd dimension to time,

you may wish to edit this for visualization or analysis purposes to Z, wavelength, etc.

A dimension is removed from the table by pressing the Delete button; the deletion
process works sequentially such that the highest dimension in the list is removed
first. For the example shown above, pressing the Delete button will remove the 8™
and 9" dimensions from the list. The Dimension Editor panel following the deletion of

all redundant information is shown below.

[
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<« Dimension Editor

About

Name : MFMONZT2CH-2X2-16102009.TIF A~

Type : 14 bit grey/pseudo i

Intensity : 1.000000 lux

%2 502 *0.400000 : um

v 501 *0.400000 : um

“Wavelength : 2

25

Montage : 6 . |

KY 5

Time : 3 v

Dimension  Dimension Name Units Size  Resolution Origin

Tst |« |urn 502 04 0 Modiy |
2nd |y Jum 501 04 0 Modiy |
3rd IWaveIength ]nm 2 1 0 Modify I
dth 2 furn 5 1 0 Modiy |
Sth IMontage [ﬁelds 3 1 0 Modify I
Bth [y furn 5 1 0 Modiy |
7th [Tirme [ms 3 1 0 Modty |

NE : To edit 1st and 2nd dimension use XY calibration Add Reset
Ok Cancel Help |

Dimensions may be added to the list by clicking on the Add button and completing
the appropriate text boxes. This function is especially useful for correcting corrupted
image data (e.g. where the Event dimensions may have been lost from an nDim

series).

Modifications to the edit table may be cancelled by pressing the Reset button. Any
changes made to the Dimension Editor are permanent and irreversible and are
accepted by pressing the OK button. Pressing the Cancel button exits the edit panel

without accepting any changes to the selected image.
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2.8.2.6 Selector

The Selector is accessed from the Edit menu.

Selector - ND range selection |

Mame : PluglnTest. TIF

Type : 32 bit floating point grey/pzeudo

Intenzity : 1.000000 lux 1 1

e oo Clicking on the selected

120 1.000000 : um
Time : 20 mzec

item brings up the panel
shown on the left.

Resultant Selector Detailzs

Dimension [Dimension Mame |Start |End |Interval |Units |Size |

Tt ® 1] 155 1 um 160
2nd y 0 119 1 um 120
3rd 4 g 1 mzec B
Time
Min L = I-’l Interval Get Mavigator Set Mavigator |
FiEERmIEnl - ol ol |9 |1 = [ Set Navigatar |
Rezultant Image M ame
IF'IugI nTest TIF_Selector Create |
Ok |

The Selector enables images to be sub sampled along any dimension, the resultant
image copied to the Image List. However, the Selector has the benefit that it does
not create a new copy of the data, but an “access filter”, which only operates on the

specified frames. This makes it extremely efficient and fast to create.

In the above example, the image file PluginTest.tif comprising twenty time frames
has been sampled using the Selector to create an image file PluginTest.tif_Selector

comprising six time frames.

The Selector operates on the image currently displayed in the Image Window; the
image details are displayed in the top panel of the Selector dialogue. The name of
the image created as a result of the sampling process is shown in the Resultant
Image Name text box. The image name can be defined by default (i.e.
ImageName_Selector) or given a unique identification by typing a name into the text

box.

L
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The range of each dimension to be sampled is selected using the Min and Max
slider bars. For the example shown, the resultant image will contain a total of six
time frames. The first frame in the series is equivalent to a time of four milliseconds
in the original data set; the last frame is equivalent to a time of nine milliseconds.
The separation between frames during the sampling process is determined by the

Interval parameter and may be adjusted using the spin buttons.

The Selector is linked directly to the Image Navigator and hence to the features
displayed in the Image Window. Pressing the Get Navigator button records the
position currently shown in the Image Navigator. This function can be used to adjust
the position of the Min and Max slider bars.

Similarly, pressing the Set Navigator buttons updates the Image Navigator with the

information represented by the position of the Min and Max slider bars.

The new sub sampled image is copied to the Image List by pressing the Create
button. Clicking on the OK button exits the Selector tool, ignoring any changes to

the Selector dialogue panel.

2.8.3 The Image List Menu

This opens the Image Manager, which displays all images in memory manager,
together with image information. This has the same functionality as in the iQ Menus
(Section 2.6.2).
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2.8.4 The Region Menu

+° Paula drosophila PBC_VerticalFlip_Rotate180 16 Bit 642 (0.107) x 1020 (0.107) 4D
Wiew Fask MIP

File Edit Image List W=
0 ‘*\ q\| o\ ; Current Region T
- Load Set Defaulk

Save

i m® ro O

Spiok Reqion Colour
Options

The Region menu item enables ROI's on the image to be assigned to a particular

Class and to be saved to disk from where they can be subsequently reloaded.

Classification — this assigns the selected ROI to a particular class, the current ROI
class is displayed in the Image Toolbar, as illustrated below. The ROI you wish to
classify is selected by clicking on it using the Hand tool (Section 2.10.1) or the

Pointer tool located in the Image Toolbar (Section 2.10.2).

Selecting the Current Region option opens the panel shown below.

v alala + \[2el OcO/B T/ i|m| ro]

_Background

_Zrop I
_Cwcle

_FRAPPA

i

) T This enables the current ROI displayed in the image to be
Edit Classification(s)

reassigned to any class in the definition list. Alternatively, the

current ROI can be reassigned to a new class, created using the Edit

Classification(s) function.
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New classes can be created by clicking
on the Add button or removed from the
classification list using the Delete button.
Pressing the OK button accepts any
the ROI

exits from

modifications to class list.

Cancel the classification
editor, ignoring any changes that have

been made.

The Background, Crop and Cycle
features will be there by default and
cannot be deleted. These are always
assigned the color Red, Blue and White,
respectively. Features must be assigned

unique colors.

To add a feature, click on the Add button and the following dialogue shown below

will be displayed.

_lo/x
Enter Phase Mame
IFeature 1
k. Cancel

Enter a name for the new feature in the text box
and press the OK button. Following the definition
of a feature name a color for the feature can be

selected from the color menu shown below.

Clicking on the OK button will add the new feature to the Feature Definition list

84
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2| x|| Features can be modified at any time by double
Basic calors: clicking on the color box above the Delete button.
ST ST A color palette will open from which you can select
W T EC NN

ErrPEEEEE an unused color, then press OK. The palette will
HEEEEEE close and the color will be updated in the color box.
HEEEEEEEN
O W

Cuztom colors:

Define Cugtom Colors »» "

0k, I Cancel |

To delete a feature select it in the list so that its name is displayed in the text box,
then select Delete. You cannot delete the Background feature. When you have

added a new Class, in this case “Feature 1” it is added to the ROl list as shown.

¢° Paula drosophila PBC_VerticalFlip_Rotate180 16 Bit 642 (0.107) x 1020 (0.107) 4D
File Edit Imagelist Region Yiew FastMIP

&% alaa) + \[2[2] Oo/o/S T/ i|m < rom

_Background
_Crop

_Cycle

Hello World ; _FRAPPA
. Feature 1 D

Edit Classification{s)

Selecting the Set Default option displays the panel illustrated below, allowing the
current ROI to be reassigned to a new class. In the example shown the ROI class
has been changed from Cycle to Feature 1 and the new class definition for the
Current ROl is displayed in the Image Toolbar. Any new ROI(s) subsequently drawn

on the image will be classified using the new default class.

Load / Save — load and save the ROl’s.

The ROI positions and classes are saved to disk, from where they can be reloaded.
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Spot Region Color — this enables the user to alter the color of the bounding
rectangles used to identify features analyzed during Spot Analysis. A

comprehensive discussion of Spot Analysis is provided in Section 4.10.

Options — this allows the user to change the line width for drawing regions as well

as the bitmap for drawing user-defined points.

2.8.5 The View Menu

¢° Paula drosophila PBC_VerticalFlip_Rotate180 16 Bit 642 (0.107) x 1020 {0.107) 4D
File Edit Image List Reqgion BYEEM Fast MIP

Olx alajafq i O[Sy T i |mai | roi [

AutoMap

Image Background v Mavigator

Hello  YWorl Ry s v Status

Chart Image

Strip Yiew

4D View

3D View

Montage
Kymography
Orthogonal Slice Yiew

The
View menu provides all the necessary tools for the display of images and features in
the Image Window.

The LUT item allows the selection and editing of look up tables. Selecting the
Mapping or AutoMap items accesses the necessary tools for the adjustment of
image contrast and brightness. Please refer to Sections 5.1.1 and 5.1.2,
respectively for further information.

Image Background — opens the image background color options. The Image
Background item enables the background color of the image to be changed in order

to improve visualization of image features.

Center Image — when checked locates the current image view in the center of the

Image Window. When unchecked the image origin is located at the top left of the
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Image Window.

Chart Image (formerly) On-line Graph — opens an intensity real time plotting
window for the whole image or a user defined area (Sections 4.4.2.1 and 5.2).

Strip View - opens the Strip View dialog where you can create a file strip type view
which is useful for showing changing processes or Z planes on the printed page or

when movie capability is not available.

4D View - opens up the 4D View Window to display a high quality volume rendered
view of the current data. 4D View shares much functionality with Fast MIP, except
that it renders the data set with higher quality at oblique angles.

3D View - opens up the 3D View Window to display a three dimensional view of the

current image (Section 5.3).
Montage View - opens up the Montage Window and allows you to stitch images
together into a large field of view after they have been acquired in montage or

mosaic scan modes. Montage is sometime called mosaic or tiling images.

Kymography — Allows oblique and polyline slicing of time series and other

multidimensional images (Section 5.4).

Orthogonal Slice View - opens up the Orthogonal View Window to display

orthogonal slice views of the current image (Section 5.5).
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Clicking on the Toolbars option displays the dialogue shown below.

la PBC_V¥erticalFlip_Rotate180 16 Bit 642 (0.1

Region BUEEN Fask MIP

JR A s

AukoMap

Toolbars 4w ToolBar
Image Background v MNavigakor

v Cenker Image v Skatus

Chatt Image
Skrip Wiew

40 Views
30 View
Manktage
Kymography

Crkhogonal Slice Wiew

ToolBar - toggles the display of the Image Toolbar (Section 2.10), which is
displayed above the Image Window. Please note that some of these icons can be
repositioned as necessary.

lx a4+ N[22 OOOB T

i | Q)

Navigator - toggles the display of the Image Navigator (Section 2.9), which is

displayed below the Image Window.

Time lz ]Wavelength]
[ 00: 00000 himcsims  Frame Mumber  Minrange  Mav range Incremehti‘Intewal[S:mS] "

4] | > 0 E 1 - {[oo-100 =
wo| | 1a| m 1| o (ow| [[] o am|  Sethin| Setbhax
L

Status - toggles the display of the Image Window Status Bar, which is displayed

below the Image Window.

St | W Automap || 100% | [21,208) 39 ® |' \'f| 500 4

[
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2.9 The Image Navigator

The Image Navigator is displayed below the Image Window when Navigator is
selected in the Image Window - Tools Menu. It is used to animate through

multidimensional images, and to select frames of interest for analysis.

Time |Wavelength| z I
0:00:15:189 him:zms  Frame Mumber  Minrange Maxrange  Increment | Interval [sms] .
o LNE o EE [ Ehnn:mn -
| | 1] || o] [T cofaw| _SetMin| SetMas| Inject1
®

IGD ta Ewent... j

On top of the navigator shown above there are three tabs as Time, Wavelength and
Z. These are the image’s dimensionality tabs, whose number and name are
determined by the displayed image. Selecting e.g. Time tab will display the
information about this dimension, such as the number of frames along the
dimension, and their respective time points. It also specifies the animation to be

carried out along this dimension.

If the selected image dimension corresponds to Wavelength, this has an effect on
the behavior of the Multi-Channel view function and hence the features displayed in
the Image Window. The relationship between the Image Navigator and the Multi-

Channel view is discussed in Section 3.4.4.
aava]m[oi] o o] [ o] o
L]

The nDim animation buttons are used to animate through the frames of an nDim:

| The First Frame button animates backwards through the nDim to the first

frame.

| The Play Backwards button animates backwards through the nDim, one frame

at a time.
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| The Jog Back button is used to rewind the animation back one frame.
=] The Stop button stops the animation.
™| The Jog Forward button is used to advance the animation forward one frame.

*»| The Play button animates the nDim, displaying the changing x,y dimensions for

each time frame.

(18] While the nDim is animating, the Play button label changes. Clicking on the
button will Pause the animation, and change the button label back to Play.

™| The Final Frame button animates forwards through the nDim to the final frame.

[i’i When the Normal Mode button is selected, on animating the nDim with the Play
button (forwards or backwards) it will animate through the frames of the image once

and then the animation will end.

=] The Loop button animates the nDim as does the Play button, but on reaching

the end of the animation it repeats it, starting from the first time frame.

=¥ The Bounce button continually plays the animation, forwards then backwards

and so forth.

0 The scrollbar above the animation buttons can be used to

[T [

scroll through the frames of an nDim. Simply drag the
scrollbar with the mouse or click on the arrow buttons. The stamp value of the

current frame is displayed above the scrollbar

When animating through an nDim, the number of the current frame is displayed in
the Frame Number text box. This text box displays information only, values cannot

be input.
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When animating through an nDim, you may not wish to view every time frame in the
image. It is possible to specify the frames for viewing, the remaining frames are

ignored.

To select a sequence of frames, the number of the first frame in the sequence is
selected in the Min range text box. Animate to the first frame in the sequence and

press the Set Min button to accept the value.

The number of the final frame in the sequence is selected and displayed in the Max
range text box. Animate to the final frame in the sequence and press the Set Max

button to accept the value.

The Increment value is used to specify which frames to include in the animation. An
increment value of one will animate through all frames, a value of 2 will display every
second frame etc.

This value can be set either by pressing the arrow buttons or by typing a value

directly into the text box.

The Interval is used to specify the speed of the animation, while navigating through
an nDim. The time that each frame is displayed should be entered into the text box

by pressing the arrow buttons.

If the image displayed contains Event Markers, these will also be reflected in the
Image Navigator dialogue. For the example shown, three events are identified and
labeled as Inject 1, Inject 2, and Inject 3, respectively. By accessing the Go to
Event dropdown list it is possible to move directly to the location of the nDim series
associated with a particular Event label. If the Navigator is positioned at an Event
Marker, the marker label is displayed above the dropdown list as shown below.
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Tirne |

0:00:04:333 kemesims  Frame Mumber  Minrange Maxrange  Increment | Interval [sms]  a

i B DRE [0 [3 [ zhuu;uun -

'"l"'l“l‘l”l"l“'l mﬂlﬂl SetMin | SetMax| Inject 1

N 1 - Inject 1 -]
Goto Event...
“ et || e " 5 | (G92546) [RAICEND >

{3 - Inject 3

The Jog Left and Right buttons can now be controlled from the keyboard, by holding
down CRTL and using the Left Arrow (<) and Right Arrow (=). This keys the
frames to be played back and forth. Use the CTRL plus the Up Arrow (1) Down

Arrow (V) to select the tabs in a multidimensional image.
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2.10 The Image Toolbar

The Image Toolbar is only displayed when ToolBar is selected in the Image Window
View Menu. It is used to define and manipulate Regions Of Interest (ROI’s) on the
image and to magnify the image view. The tool bar can be rearranged to fit the
user’s needs by holding down the left mouse button and dragging to the preferred

location.

lx a4+ N[22 OOOB T

i | Q)

2.10.1 The Hand Button

’E ‘K| Q\| °\| q\| If regions have been defined on the S

image using one of the region tools,

Auto Map
the hand lets you select and move the region.
. . . . . Edit
Right clicking on the image or a selected ROI will provide a |
popup menu. Delete Al

Load
Save

Set Reference

Frappa Device
Frappa Channel
Frappa &l Regions

[ = 4
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[owe
Painker
Zoorm In
Zoom Cuk
Auko Zoom

Iser Defined

Poink

Lire:
Palyline

Freehand Paolvline

Rectangle
Ellipse
Palygon

Freehand Paolvgon

Texk
Stamp
Scale Bar
Scale Line

Select Tool - The Select Tool has its own menu. When
selecting Select Tool the available options are shown in the
picture on the left. This is a shortcut for accessing the options
on the Image Window Tool Bar without recourse to the ToolBar

itself.

Copy -

Paste -

Copy the selected region.

Pastes a region that has been selected with the Copy command. The

pasted region will be identical in size, shape and class to the original region. It will

overlay the original region, but can be moved using the Pointer button on the Image

Toolbar.

Delete -

Delete All -

94

Deletes the selected region from the image.

Deletes all regions from the image.
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Classify -  Assign a color to the selected region. This is relevant when performing
a Group Analysis (Section 4.6), in which results are calculated for all regions on the
image in the same class (i.e. for all regions of the same color), as opposed to being
calculated for each individual region.

Also with Group Analysis, regions in the same class will exclude overlapping areas
from analysis. Regions can be drawn within regions to create holes and regions

within holes to create islands.

Load/Save - The Feature Definition list (Section 2.8.4) can be saved to disk from
where it can be reloaded, together with the position and class of all ROI's defined on

the image.

Move To and Set Reference - If a motorized XY stage is currently under iQ control,
then images acquired with iQ have stage coordinates attached in the Metadata.
Using this information (and providing the stage has been registered or “sent home”
with the Stage Registration wizard, then selecting Move To allows the image feature
under the mouse to be brought to the center of the field of view. Thus when the user
goes Live the feature will be visible. Set Reference allows the user to specify a
different location on the screen to move the feature on Move To. An example where
this is useful is with a fixed laser beam system, where features of interest are

brought to the beam location for photo-stimulation.

FRAPPA Device - selects which device should be active for either interactive
FRAPPA or Protocol FRAPPA actions.

FRAPPA Channel - specifies the Current FRAPPA Channel, not that FRAPPA
Channels are specified in the Select FRAPPA Wizard as shown below.

FRAPPA All Regions - allows you to choose modes between FRAPPA the currently
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«° Configure FRAPPA E@@

FRAPPA Channels
Activate EOS R CFP
Hetereresesssnssesna—————. ; GFP
RFF
Remove »> ER
Femowve All =
Feszet
FRAPPA Device

+ FRAPPA - FRAPPA

Ok

2.10.2 The Pointer Button

°\| If regions have been defined on the image using one of the
A

w QA

Q

region tools, the Pointer button lets you drag, resize, delete,
copy, paste and classify regions. Move the mouse over the image. When the cursor
“passes over” a user-defined region it changes to a hand. Holding down the left
mouse button and moving the mouse will drag the region to a new position. Release

the mouse button to drop the region.

When the hand icon is at a corner or the middle of an edge of the user defined
region it displays the sizing arrows. Holding down the left mouse button and moving

the mouse will move the edge or corner in the direction of the arrow.

Right clicking on the image or a selected ROI will also bring up the same menus as

discussed in Section 2.10.1.
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2.10.3 The Zoom Button

¢| q.,.\| Iq o\|q\| The +Zoom button enables you to magnify the image
displayed in the Image Window, enabling you to view the fine

detail of features of interest more clearly:

When the Zoom Icon is selected, left clicking on the image will zoom in on the image,
centered about the point clicked, whereas clicking on the image with the CTRL key
held down will zoom out from the image, centered about the point clicked.

The Zoom Tool can be used in conjunction with the vertical and horizontal image
window scrollbars, which enable you to zoom to higher magnifications and then
scroll to the feature of interest.

The current magnification of the image is displayed in the text box below the Image

Window, expressed as a percentage value:

50% - represents a half size image (one right mouse button click).
100% - represents a normal size image (no magnification).

200% - represents a double sized image (one left mouse button click).

Etc.

The -Zoom tool zooms out from the image without the need for the CTRL key.

2.10.4 The Auto Zoom Button

Q % q\|o\ q\ When selected, the image will be auto scaled into the image

Window as shown below.

L
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[iw ajafa + \[2[e] Oolo[g T/ i|me)]|r

Hello World

2.10.5 The Define Point Button

ﬁ \ 2 2 The Define Point button allows you to define specific point

markers on the image window for reference. They will be assigned
to the feature currently selected using the Current ROI button (Section 2.10.17) and
will be drawn in the corresponding color. Point markers assigned to a feature are

numbered sequentially, in the order that they are drawn on the image.

Position the mouse where you want to place the marker and click the left button, and

the marker will be drawn in the image.

Right clicking on the image or a selected ROI will also bring up the same menus as

discussed in Section 2.10.1.

*00
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2.10.6 The Define Line Button

+| K Z|<.:.’| The Define Line button allows you to define line regions on the

image for analysis. They will be assigned to the feature currently
selected using the Current ROI button (Section 2.10.17) and are drawn in the
corresponding color. ROI's assigned to a feature are numbered sequentially, in the

order that they are drawn on the image.

Right clicking on the image or a selected ROI will also bring up the same menus as

discussed in Section 2.10.1.

2.10.7 The Define PolyLIne Button

+| . S e| The Define PolyLine button allows you to define a user-defined

line on the image for analysis. They will be assigned to the feature
currently selected using the Current ROI button (Section 2.10.17) and will be drawn
in the corresponding color. ROI’s assigned to a feature are numbered sequentially,

in the order that they are drawn on the image.

Click the mouse button at the either end of the line, and then click in turn to define
the positions of all subsequent vertices. Click the right mouse button to complete the

construction of the polyline.

Right clicking on the image or a selected ROI will also bring up the same menus as

discussed in Section 2.10.1.

2.10.8 The Define Freehand PolyLine Button

~__ The Freehand Polyline button will allow you to define a user-
ﬂ N 2 < defined region on the image for analysis. They will be assigned to

the feature currently selected using the Current ROI button (Section 2.10.17) and

will be drawn in the corresponding color. ROI’s assigned to a feature are numbered
sequentially, in the order that they are drawn on the image.
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Click the mouse button at the position of the first vertex of the line, and then drag the
mouse on the image to define the rest of the line structure. Right click to end the

construction of the polyline.

Freehand Polyline regions can be moved and deleted with the Hand or Pointer
button, but cannot be resized. Right clicking on the image or a selected ROI will also

bring up the same menus as discussed in Section 2.10.1.

2.10.9 The Rectangle Button

EO 0|5 The Rectangle button allows you to define rectangular regions on

the image for analysis. They will be assigned to the feature
currently selected using the Current ROI button (Section 2.10.17) and will be drawn
in the corresponding color. ROI's assigned to a feature are numbered sequentially,

in the order that they are drawn on the image.

Position the mouse where you want to place the top left corner of the rectangular
region, and holding down the left mouse button, drag the mouse to the bottom right

corner of the region and release the button.

Regions can be moved, resized and deleted with the Hand button or the Pointer
button (Section 2.10.1 and 2.10.2). Also, right clicking on a selected ROI will also

bring up the same menus as discussed in Section 2.10.1.

2.10.10 The Ellipse Button

O 6 D|$| The Ellipse button will allow you to define ellipsoid regions on the

image for analysis. They will be assigned to the feature currently
selected using the Current ROI button (Section 2.10.17) and will be drawn in the
corresponding color. ROI's assigned to a feature are numbered sequentially, in the

order that they are drawn on the image.

Position the mouse where you want to place the top left corner of the ellipsoid, and
holding down the left mouse button, drag the mouse to the bottom right corner and
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release the button.

As with the Rectangular regions, ellipsoid regions can be moved, resized and
deleted with the Pointer or Hand button. Right clicking on the image or a selected

ROI will also bring up the same menus as discussed in Section 2.10.1.

2.10.11 The Polygon Button

|:||Q e} g| The Polygon button will allow you to define a user-defined region

on the image for analysis. They will be assigned to the feature
currently selected using the Current ROI button (Section 2.10.17) and will be drawn
in the corresponding color. ROI’s assigned to a feature are numbered sequentially,

in the order that they are drawn on the image.

Click the mouse button at the position of the first vertex of the polygon, and then click
in turn to define the positions of all subsequent vertices. Click the right mouse button

to complete the construction of the polygon.

Polygon regions can be moved and deleted with the Pointer or Hand button, but not
resized. Right clicking on the image or a selected ROI will also bring up the same

menus as discussed in Section 2.10.1.

2.10.12 The Freehand Polygon Button

|:||CJ D§ The Freehand Polygon button will allow you to define a user-
defined region on the image for analysis. They will be assigned to

the feature currently selected using the Current ROI button (Section 2.10.17) and
will be drawn in the corresponding color. ROI’s assigned to a feature are numbered

sequentially, in the order that they are drawn on the image.
Click the mouse button at the position of the first vertex of the polygon, and then

drag the mouse on the image to define the rest of the polygon. Right click to end the

construction of the polygon.
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Freehand Polygon regions can be moved and deleted with the Pointer or Hand

button, but cannot be resized. Right clicking on the image or a selected ROI will also

bring up the same menus as discussed in Section 2.10.1.

2.10.13 The Define Text Button

Eﬂﬂ ﬂ The Define Text Button will allow

the user to insert text onto an

image. After selecting the Define Text button use
the left mouse button to define the upper left hand of
a box and drag mouse until box is the necessary
size. Release mouse button. Right click on box and
select Edit. The Region Details dialogue box will
appear allowing the user to change the size of the
box, select a ROI Classification, change the font,

and enter a message.

Select the Ok button to continue.

2.10.14 The Information Field Button

1

Region Details

Region Type : Text

[ Left, Top] |38 |93
(width, Height] 233 [150

=tel . Fant

Itzert text by right clicking text box ahd selecting Edit fram
the list. Adujust Region Type, color, fort, and message as
necezzan). Click ok to accept.

e Selecting the Define Stamp Field Button brings up the menu seen
T -;||$| g p gs up

on the right. Select the item from the list to insert and use the right

mouse button to drag a box on the image. Release the button to complete. The

selected stamp will appear in the drawn box.

Right clicking on the image or a selected ROI will also bring up reation Time

the same menus as discussed in Section 2.10.1. To edit the

stamp, select edit and the user can select

Irage Mame
Creation Date

WWavelength
z

Time
Exposure
Ewvenk
Ewvenk

Current Date
Current Time
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2.10.15 The Define Scale Bar Button

T

1 ma $| Scale bars can be drawn on the image with measured length

readout in Euclidean distance —point to point.

2.10.16 The Define Scale Line Button

e Scale lines can be drawn on the image with measured length
NUREL N 9 9
readout in Euclidean distance —point to point as shown below.

m/Q

i.,

2.10.17 The Current ROI Button

¢° Paula drosophila PBC_VerticalFlip_Rotate180 16 Bit 642 (0.107) x 1020 (0.107) 4D
File Edit Imagelist Region Yiew Fast MIP

ol ajala + N[22 O/O/O[S] T i (sl oM

| _Backaround
_Crop

_Cycle

Hello World B TRAPPA
Feature 1 .

Edit Classification{s)

A mouse click on the Current ROI button enables the current ROI displayed in the
image to be reassigned to any class in the definition list. Alternatively, the current
ROI can be reassigned to a new class. The creation and classification of ROIs was

described previously in Section 2.8.4.

L
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Live Cell Imaglng So tware

3 - Calibration and Alignment Tools
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3.1 Wizards - Help Setting up Your Imaging System

Andor iQ can be configured to control a wide range of hardware for many
applications. Not surprisingly, we strongly recommend that you setup your hardware
carefully in iIQ before you use it for research imaging. To help you we have created
a number of Wizards for calibration of the system camera(s) and other devices such
as microscopes, motorized stages and photo-bleaching and activation devices.
Many of these Wizards are outlined in this chapter, and while we understand your
desire to “leap in”, it will serve you well to follow the relevant steps below to obtain

the best performance from the software and imaging system.

The Wizards are accessed via the iQ 1.X Wizard menu and listed here together

with the hardware they are designed to support and sections in this chapter in which

they are described.
o Calibration — Camera pixel, microscope objective and C-mount adapter —

basic requirement for real measurements in images. See section 3.2.

o Stage Registration - iQ tries to send the stage to its coordinate origin
(this step is explained in section 3.2) and is used to ensure that iQ can
reproduce stage positions from coordinates stored in previous sessions. It is
a basic tool to allow re-use of scan patterns. So if you try to cancel at start-

up, iQ will keep reminding you until it is completed for your current session.

e DSD Calibration — Andor’s Differential Spinning Disk (DSD) is a spinning
disk, structured illumination system with optical sectioning capability. In other
words, it is a confocal scanner which uses computer image processing to
achieve optical sectioning. The calibration procedure for this device ensures
precise alignment of two images of the specimen and should be executed

daily or whenever a filter turret is changed. See section

e Select XYZ Device — in some configurations multiple XY or Z devices

might be present — e.g. there may be a piezo Z as well as a microscope
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motorized focus. This wizard allows you to specify which device iQ should
control for Z scanning. It is important for performance and range reasons — a
piezo will provide fast control over small movements (100’s microns), while a
motorized microscope focus will provide relatively slow control over a much
wider range (millimeters). The same comparison is true for other axes -
piezo XY and stepper motor XY stages can co-exist. In order to manage
multiple z devices, iQ 2.1 introduced what we refer to as “Reference Z” and
“Scan Z”. “Reference Z” represents the slower more course Z device, such as
a microscope Z motor. It is used to associate a Z position with XY
movements. “Scan Z” represents the faster, fine changing Z device. It is used
for scanning through a series of z positions. This wizard allows you to select
the device associated with each of these. You can use the same device for

both Reference Z and Scan Z.

Camera Alignment — This allows you to co-align two cameras, and in

combination with the Field Split plug-in allows for co-alignment of data from
two cameras. This Wizard is described in section 3.4 along with the Field
Split for dual camera systems. More details on Field Split for single camera

use in provided in Chapter 5.

Stage Alignment — Camera and motorized stage orientation and motion

alignment — necessary for correct montage and multi-well or micro-plate

scanning. Follow the details in section 3.5.

Select FRAPPA Device — Choose which Channels are FRAPPA

channels to help iQ identify their special needs. Note in general iQ 1.X only
controls the laser combiner and FRAPPA scanner in these Channels.

FRAPPA Calibration — FRAPPA calibration helps you create a

correspondence between the camera pixel positions and the FRAPPA

scanner angular positions. This allows you to bleach and activate user-
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specified ROIs. See section 3.6 for a description of FRAPPA and FRAPPA

calibration.

Channels — the Channel wizard helps you set up and record the state of all
the instruments in the system to acquire images for specific modalities or
fluorophores e.g. DIC, epi-EGFP, CSU-mCherry, TIRF-CFP. More details can
be found in section 3.6. Please note that the exact sequence and form of the
Wizard depends on the devices you have configured in your system, so you
need to extrapolate from the examples to your specific configuration.

Scans — Scan Wizard provides tools for defining XY and Z scans ranging
from simple multi-point or multi-field scans to micro-plate or multi-well
patterns typically used in multi-treatment screening experiments. In addition
the user can include a Z range, with or without Autofocus and montage (or
mosaic) patterns can be recorded around the field centers in cases where an

extended field of view is required.

Protocols — the Protocol wizard helps you set up and record the channels

and scanning patterns, repetition and timing of multi-dimensional image

acquisition sequences. See sections 3.8, 3.9 and 3.20
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3.2 Calibrate Your System

IMPORTANT: Before you use Andor iQ to capture or analyze images, you should
calibrate the system. If your system has a motorized stage then you should also
complete Stage Alignment in order to ensure that scan patterns are accurate and
in the correct orientation. Careful attention to this process will help to yield the best
results.

For multi-camera systems and field splitting devices, for simultaneous multi-

channel imaging, calibration tools are accessed from the Wizards menus.

o
The stage has not been registered in this session of iQ!
This is required for correct scanning.
Scanning will not be available until this procedure has completed.
Click "Cancel" to exit without registering the stage.

Or Complete the following sequence.

1. Click "Start" to move to the Home position.
2. The stage will then return to the original position.

1
.| Please ensure that there is no chance OP BUTTON!

of damaging optical components during movement!
Ok to continue

Cancel to stop
Cancell
Cancel

START

NOTE: If your system has a motorized stage then you will see the dialog above
when the system starts up (if the stage has been moved or powered off between
sessions). Make sure your lower the objective lens to avoid damage and allow iQ to

calibrate your stage. This will ensure your scan patterns are repeatable.

Andor iQ has a Calibration Manager which provides two modes to calibrate

camera pixel and system optics to specimen dimensions for quantitative analysis.
L
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The first is Automatic and relies on knowledge of the optical magnifications in use
and the pixel size of the camera chip. We will briefly describe this mode here. The
second is Interactive and requires use a calibration device such as a graticule or

haemocytometer with the selected objective.

Sk . :
File Imagelist Settings QC Wizards Process Analysis Plug-Ins Help The Ca“bratlon Manager QUIdeS you
—Setup Wizard

through creating calibrations. It is opened

Calibration

by pressing the Calibration Manager
button on the Calibration XY tab, or

Calibration Manager

selecting Calibration from the Wizards

ew Edit Delete | Close | menu.

Calibration Summaries Here we show the Calibration Manager
Current Calibration:
887-iXon_10Xwi

& ¢ X Calibration - 887-iXon_1 0w cameras and a range of objectives.
[+ f XY Calibration - 887-iXon_20X

& X Calibration - 887-iXon_40%wi
+ f XY Calibration - 887-iXon_B0Xoi

with an existing set of calibrations for two

-¢” X Calibration - 887_10%wi From this dialog you can create (New
- XY Calibration - 887_20%
B¢ XY Calibretion- 887, 40% Button), Edit and Delete calibrations.

[+ ﬁ XY Calibration - 887_B0Xoi
& Xy Calibration - Luca 20X

& X Calibration - Luca, 10w Click the New button and you will see 2
w-¢F XY Calibration - Luca_40X . ..
#-¢” XY Calibration - Luca_d0xwi options pop-up — choose Automatic if

B¢ XY Calibration - Luca_B0Xoi
you are sure of your scope and C-mount

magnification. Choose Interactive if

you are unsure. Either way the Wizard

will guide you. Here we illustrate the
Automatic method.

Please note that the “Default” calibration present when the system is first run

cannot be deleted. It is replaced on the creation of a new calibration file.

L

109 © Andor Technology



Andor iQ User Guide

<< Back | Next>> | Cancel
~Objective Selection
Edit Objective List |
Name|Mag NAILensRI'ImmTyp{lmmRIIDescription |
4.0 0.3 1515 None 1.0 Default setting
104 100 0.3 1515 MNone 1.0
20X 200 .0.3 1516 MNone 1.0
20%oi 20.0 .0.7 1515 0Oil 1515
40X 400 .0.3 1515 MNone 1.0
40%wi 40.0 05 1515 ‘Water 1.33
40Xoi 40.0 0.7 1515 Oil 1.515
60Xoi B0.0 .D.El 1515 Oil 1515
<< Back Next >> Cancel
~Objective List
Add | Edit | Remove |

Name |Mag
4.0
20X

HNA |Lens Rl Ilmm Type Ilmm Rl IDescription

03 1515 None 1.0 Default settin
10 100 03 1515 None 1.0
200 .0,3 1515 None 1.0
20%0i  20.0 .0.7 1515 0l 1515
40X 400 .0_3 1515  None 10
40%wi  40.0 .0,5 1516 Water 133
40%ai  40.0 07 1515 Ol 1515
G0Xoi  50.0 09 1515 Ol 1515
R A
"9
110
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You should create a new Calibration set
when you first set up your system, add a
new camera (if it has different size pixels)

or if you add an objective to the system.

This panel here, lists the objectives in use
in your system. iQ populates a default list,
but you should edit the list to reflect the
objectives in your system by selecting Edit
Objective List.

Note that the colors used with each
objective ease identification and reflect the
standard colors used by all manufacturers

on objective bodies.

In the Edit Objective List dialog you can
i) Edit the objective settings with the
Edit button (a new dialog allows you to
enter description, NA, immersion
medium and refective index properties).
i) Extend the list by Add - a new
dialog will provide a list of objectives
magnifications from which you can
choose and then edit for the speific
properties of your objective.

iii) Make sure  you Remove
objectives that are not installed on your

system to avoid confusion for users.
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i~ Setup Wizard

Define Ohjective

Define the objective parameters :

File

ANDOR
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** Here you see the Add Objective dialog.

Complete the description box, set the NA,
Lens RI (defaults to glass 1.515) and the
immersion medium (air, water or oil) and

Select the objective magnification from the

<< Back Next >>
e list that iQ pop-up when you click on the
~Objective Definition 16X (16 ) Q p p p y
j;:iig; button to the right hand edge of the Lens
e Magnification box, which is highlighted
40% (40)
50%(50) . . . . .
Temml L with an elipse in this figure.
lWater Immersion 63x (63)
100% ( 100 )
~Objective Lens 150% { 150 )
Lens Magnification: X 250X ( 250)
60X 60
~Numerical Aperture—— Immersion medium——
L& IWater v]
~Lens Refractive Index —
S Rl [1.33
e | e el | When you click Next you return to the Edit
el Objective List dialog and the new objective
~Ohjective List
is added to the list. Repeat this sequence
until you have completed your list. Once the
Add | Edt | Remove | o _
list is complete click on the Next Button and
Mag I iNA lLens Rl Ilmm Type Ilmm Rl !Description J A . .
100 B03 11515 MNone O you will then been shown the Camera List
20.0 .0.3 1515 None 10 box.
20.0 .04? 1515 Qil 1515
40.0 0.3 1515 None 1.0
40.0 05 1515  ‘Water 1.33
40.0 0.7 1515 Qil 1515
60.0 0.9 1515
K1
>
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<< Back | Next>> |

Cancel

—Camera Selection

—Optovar
[~ Present rMagnification———
[ In Light Path ’ l1
—C Mount
’-—Ma nification——————
l1
*CCII nera
Pixel Size
(88? 16 um [ J[BE '
EditComeralList |
Back Next>> LCancel I
~Camera Definition
iXon 885 (8 )
N iXon 887/897 ( 16 )
DU 888/DU 934 ( 13)
iXon 860 { 24 )
Alia Luca 658 ( 10)
|Luca R Luca MegaPixel ( 8 )
| Orca AGJER ( 6.45 )
Caen U C9100-01 (7.4)
~Camera Type amatsu C9100-02 (8)
Luca MegaPixel 8 (m l:l

t 10rcal{6.7)

%atsu 4880(9.9)
Cascade:650 ( 7.45 )
Cascade:512B ( 16 )
Cascade:1K (8)

_ CoolSNAP HQ { 6.45 )

CoolSNAP cf { 4.65 )

Quantix:57 { 13)

PCO Sensicam QE ( 6.45 )

PCO Dicam (9.9 )

COHU 4920 ( 8.6 )

Qimaging Retiga EX { 6.45 )
Qimaging Retiga 1300 (6.7 )
Qimaging QICam ( 4.65 )
Qimaging Micropublisher { 3.4 )

ANDOR

company
The Camera dialog shows the currently
selected camera — in this case an Andor
iXon 887. At this stage if there are no
other cameras in use then you simply
specify whether you have an Optovar in
the system — optional additonal
magnification lens following the objective.
This is mounted on a slider and can be
pushed in and out of the optical path. iQ
provides a check box to specify whether
in use or not. You also define here if you
a C-mount with a

have adapter

magnification different from 1X.

You can add cameras to the by
Edit

button. iQ will show this dialog. You

clicking on Camera List
can enter a Name/description in the
Alias box and then select a camera
from the list iQ provides. We
suggest that you keep the alisa
short because it is used to name
the calibration setting in conjunction
with the magniification of the

objectives chosen. When you click

on the down arrow box, highlitghted

with a circle here, the list of cameras supported in iQ is automatically populated by

iIQ, along with their pixel sizes.

L
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<< Back | Next>> |

Cancel I

—Cameras List

Name |Camera Type IPierSizeI
Luca MegaPixel 8.0

887 ixXon 887 16.0

Add Edit Remowve

<< Back | Next>>

Cancel I

~Calibration Summary

Pixel Size {um) : 16.0 No Optovar CMount : 1.0X

Name Magl ]Resolutio[NA ILens Rlllmm Typ{lmm RIlDescri

887_10X :10.0 16 0.3 1515 None 1.0

867_20X 200 .048 0.3 1515 None 1.0

887_40X 40.0 0.4 0.3 1515 None 1.0
887_60X0i 60.0 0.2667 0.9 1515 Oil 1515
887_B0XwiB0.0 .D.ZEB? 12 1515 ‘Water 133 ‘Waterl

AND

Now you have a list of cameras, as
shown here, and you can complete the

Calibration process with one more click

on Next.

Here is the updated calibration list we

have created. In this case we chose the

887 as our camera in use.
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3.2.1 Binning

Binning is not fixed in the calibration settings. The calibration settings are

automatically adjusted to reflect the binning chosen during acquisition.

L
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3.3 Differential Spinning Disk (DSD) Calibration Wizard

The Andor Revolution DSD is a spinning disk structured illumination microscopy
scanner or SD-SIM. Because it uses a structured illumination technique, it requires
computer processing of two image halves to create a single confocal or epi-
fluorescence result. The image processing required is simple enough, either
weighted addition or subtraction, but in order to obtain high quality results the images
must be very closely aligned e.g. 0.1 pixels. The DSD Calibration Wizard is

described in section 3.3.2.

3.3.1 DSD and SD-SIM Principle of operation

The DSD is the first confocal instrument to successfully deliver high-performance
confocal imaging using a cost-effective white-light source rather than lasers. The
differential spinning disk (DSD) scanner can provide multifluorophore imaging from a
single light source at a cost substantially lower than laser scanning instruments.
However, unlike previous white-light systems, DSD performance is comparable to
that of point scanning systems, but with higher speed and lower photobleaching.

DSD is competitively priced and uses a patented optical detection principle known as
“aperture correlation” to reject out-of-focus light. Key benefits of the DSD scanner
include frame rates up to 10 times those of most point scanning systems; optical
sectioning with objectives ranging from 10x to 100x; operation with many
fluorophores by selection of appropriate filters; and, as will be discussed, acquisition

of confocal and epifluorescence images simultaneously.

In a DSD system, the spinning element comprises a single synthetic quartz disk
supporting a thin layer of aluminum in which the structured illumination pattern (SIP)
is created by photolithography. The aluminum SIP has a 1:1 mark to space ratio (half
metal and half space), which means that approximately half of the light falling upon it
is reflected (R) and half transmitted.

The disk is located at an image plane of the microscope optical system, so that an
image of the SIP is projected into the specimen, and about half of the illumination
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intensity arrives at the specimen while the remainder is reflected back into the
illumination pathway, where it is baffled to minimize background. In the detection
pathway, the resulting fluorescence signal comprising what is in focus (confocal, or
C) and out of focus (wide field, or W) is imaged back onto the disk, where we make

use of its transmissive and reflective properties.

Clara Emission
Camera . Filters

Spinning
Disk

Excitation \
Filters ‘ \‘
~ -

Emission
Path (Refiected)

Exg;?'t:on = Emission

Path (Transmitted)

The fluorescent light transmitted by the DSD disk comprises the C signal plus about
half of the W signal, while the light reflected from the disk comprises about half of the
W minus the C signal. In confocal terminology, the SIP is located in a conjugate
image plane and hence acts as both the confocal source and detection apertures.
However, as it is not a pinhole, we must undertake some further image processing to
separate confocal and wide-field signals. The optical path is illustrated in Figure
above - green is the excitation path and yellow and orange the fluorescence

transmitted and reflected paths respectively.

From the description above, we can see that the transmitted and reflected signals
can be approximated as follows:
T=05W+C;,R=05W-C, (Eq.1)

and simple algebra shows us that
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2C=T-R,W=T+R. (Eq. 2)

As Equation 2 highlights, we need to collect both transmitted and reflected light
signals (images) to compute the confocal signal. Furthermore, we can easily
compute the wide-field (conventional epi-fluorescence) signal as well as the
confocal. The figure below shows how the T and R images are projected onto the

CCD detector - transmitted image, T on the left and reflected image, R on the right.

The simple mathematics of Equations 1 and 2 hide one complexity in the principle of
the DSD; i.e., the T and R images must be very well-registered for the calculations to
provide high-quality images. Any misalignment between the two will result in
registration noise, so an essential feature of image processing for the DSD is a high-
performance, real-time registration algorithm. The DSD Calibration wizard delivers

the parameters needed for the algorithm to be successful.

3.3.2 DSD Calibration Wizard

The DSD has an internal calibration mask which can be switched into the imaging

path and used as a reference pattern to align the two image halves projected onto
the image sensor. The calibration mask pattern has a unique high contrast pattern
to ease image matching and the T and R images of the pattern follow the same

optical paths as the T and R images from a real specimen. Consequently the pattern
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images are distorted in exactly the same manner. The distortion is wavelength
dependent and so the registration algorithm is applied at all filter and disk positions
and parameters stored so that they can be applied during image capture based on
the filter and disk combination in use. The pattern can be manually turned on from
the DSD settings panel; this is useful when manually aligning the system after

assembly (or adjustment) and prior to running the automated calibration process.

Executing the DSD calibration alignment wizard creates alignment calibration for all
the installed filters. Note — for the DSD2 unit the optical geometry and resolution of
camera used are different. Calibration now requires an alignment per filter (4 off) for
each disk position (3 off), requiring a total of 12 alignment files to be generated.
Calibration may take 10 to 15 minutes to complete.

(Acquisition/Auiniary Devices i @\ There is also the DSD BaCkground
% ‘& + | @ |HEEEN|| correction calibration wizard which
2 Live Shap Record |~ StayonTop

. . . ; measures the background signal

Camera Selection | | Camera | AndorAMH | Andor DSD .
(or image) for each wavelength,

DG-1524COE-FI 26 Satings  DSD Processing | with the light source in the correct

IeliEnsbled Calibrate DSD | state and filter position. So it

Imaging Mode
" Confocal ¢ Confocal & Widefield
" Wwidefield vE .
o HA‘W‘ v Background Correction
' 1 =

corrects for optical distortion and

background to provide the best

guality result with the widest

dynamic range.
Both DSD Alignment and

Confocal Black Level

Background correction wizards are
R Seer | available from a single button
“Calibrate DSD” click on the
Camera user interface as shown
left. Simply click on the “Calibrate
DSD” button highlighted in red.
Each wizard is available through its

associated tab and button.

L
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Note you can select and deselect the Background Correction option by clicking on

the blue highlighted checkbox. The only reason to deselect is for reasons of speed

as the process adds about 90 seconds to the Alignment step of about 2 minutes.

DSD Alignment Calibration wizard:

(13 0D Calibration Wizard =[BT As Highlighted in the left image
Calibrate Alignment launches the
DSD alignment process.
Calibration

The first step in the process is Land-

marking, which is identifying the

l identical spots on the left and right

hand images. Placing accurate

Alignment | Background Correction

manual landmarks helps calibration
Calibrate Alignment

algorithm create a better alignment

Last callibration on:

that matches the left and right hand
Next calibration due:

images. You can see a snap shot of

land-marking wizard in below. Once
the landmarks are placed press done
to continue to the alignment wizard.
There is also a refresh button as you
can see in the image which refreshes

the land-marking image.

When there is no existing alignment calibration the “Last calibration” and “NEXT
calibration due” fields are empty but once you run a calibration the “Last calibration”
text will show you the time stamps of the latest calibration created on your system.
“‘NEXT calibration due” suggests you the next time you should run the alignment
calibration again. The DSD calibration Wizard should be run each day before starting
work - the system will remind you if you do not do this. The wizard should also be run
whenever a filter turret is changed.

L
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3 DSD Landmarking Wizard

Choose a bright point near the centre of either image. Click it and the corresponding point on the other image, then press "Done'’.

l?_‘,—J Ready.

After Land-marking step is done the alignment wizard will be executed and shows

you a progress dialog as shown below:

(G DSD Calibration Progress [ =irs ‘ﬁ&-j\

Status : Calibrating...
disk mode 1 of 3; filter 1 of 4;

HEN

DSD Background Correction wizard:

As explained in the previous section, the DSD Background correction calibration
wizard creates correction keys for different filter, light source and camera setting
combinations by measuring the background signal for the corresponding setting. The
correction keys are used to correct for optical distortion.
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DSD Calibration Wizard N oco (o1 )

DSD
Calibration

Alignment  Background Correction |

‘ Calibrate Background Correction |

Background Corrections

[ .
| |Light Filter DSD Filter 1- _’l
| X

0 Corrections

deselect those settings.

ANDOR
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Note that background correction
wizard should be run after alignment
calibration. This is because it
requires some information which is

created during alignment calibration.

The image on the left shows the
“Calibrate Background Correction”
button which can be found under
Background correction tab. Pressing
this button launches the background
Correction Selection form. Here you
can select whatever hardware
combination you want to run the
background correction for. All
possible combinations are by default
selected but if you think it is unlikely
to have some specific hardware

setting combinations you can

For DSD1 and DSD2 users the available hardware combination and hence the

selection form are different. This is due to the fact that for DSD1 and DSD2 and their

associated cameras the settings that affect background signal are different.
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':I ! = i !-"3

[ Background Correction Selection

Please choose the configuration you would like to calibrate for.

—DSD Filter —Light Source Filter

| 1.GFP D1
2.RhoB vl D2
V] 3.Cy5 D3
4.DAPI vl D4
vl D5
D&

Calibration Time: ~4.1 mins v Select &l

Cancel

After you have selected the required settings, pressing the “ok” button on the
background Correction Selection form will execute the Background correction wizard
as you can see in the below image. It is recommended that you run Background

correction wizard once a month:

3 Background Correction Calibration Progress

Status : Calibrating... DSD Filter{ 1.GFP ] Light Source Filter[ D1 ]

[
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A filter turret change Wizard is also available from the Wizard menu or the DSD
device control tab as shown below. Note that Andor DSD turrets (shown below) can
be switched with the DSD attached to the microscope.

DSD Filter Change Wizard

DSD Device Step1 | Step2 || Step3 | Stepd | Stepf | StepE | Finish

-Flease Note:
-You don't need to remaove the DSD ar camera frorm your microscope to
perfarm this operation.
- Individual components are shown far clarity anly.

- Frepare to remaowve vour filter turret as follows:

1 Liftthe lid using finger groowe taking care notto lean on the camera,
(Fig. 1).
2 Remowve the 2 screws with 3rmm Allen wrench (Fig. 2).

k] Thread the screws into the open M3 holes leawving the heads high
enough to comfartabily grip with wour fingers (Fig. 3).
Bl Remowve the last screw and keep itfor later (Fig. 4).

Click Mext to continue.

Mexst Cancel
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dpdor D50

..............................

Camera Selection | Camera |

Control | Setting$|
"DSD Filker wheel

2 Cyh 636 nm - Change...

For the DSD2, rather than using an independent filter change wizard, it has a wizard

built into the control tab.

w3l The DSD2 utilizes 4 individual filter

cubes, these are changed using an

access door on the side of the unit.
Again the filters can be changed

with the unit in situ. The filter change

wizard will guide you through the

process.

Next |
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AcquisitionfAuxiliary Devices ﬁl

|Eurrent j %Idle %Snap ‘-H Record| Mew |

Camera | Andor AMH | Andor DSD | Andor AFZ |

Once the system has been
D328 1158 Setiings  DSD Pracessing |

|+ Enabled Calibrate Alignment

Imaging kode

calibrated it is very easy to use. The

Camera dialog houses a new tab

¢ Corfocal € Confocal & Widsfield called DSD Processing as shown

" Widefield

OOl =TT [+ Background Correction

here. This should be enabled and

then the user can select the Imaging

Confocal Black Lewvel

' J

Mode as Confocal, Wide field or

both and this will determine which

images iQ captures during a

Protocol. The Wide field mode can

be very helpful in focusing the specimen in the first instance.

A slider is provided to set the Confocal Black level. We recommend that the black
level is set by imaging a region of the specimen where there is little no real signal or
where the specimen is out of focus and ensure that the resulting confocal grey levels

are in the range of a few tens.

L
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The following figures show wide field and confocal images of the same field in a
three-color tissue preparation. The high levels of detail, lack of flare and dark

background is apparent in the confocal image.
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3.4 Dual Camera Image Alignment (TuCam)

Modern imaging systems can be readily configured for capture, processing and
analysis of data from one or more cameras. In multi-camera systems the images
may be combined for a variety of reasons. These can include comparison or
combination of imaging modalities e.g. TIRF and confocal, DIC and fluorescence, or
as a processing steps to characterize some property of the specimen e.g. FRET or

ratio imaging.

Andor has developed a flexible optical solution to split information between two
cameras. The dual port camera adaptor (TuCam) shown allows dual wavelength or
polarization imaging depending on which optical components are included in its

modular optical cassette system.

The procedure that follows can be applied to images from other optical
configurations, but will be described from the perspective of the Andor TuCam. For
accurate data to be acquired from a dual camera system, it is important that the
magnification, orientation and XY position of the cameras match each other as
closely as possible. Assuming the optical paths are matched then we can use
software to optimize the pixel-to pixel match. On the other hand if the images are of
disparate linear resolution on the grounds of binning or pixel size, they can be
overlaid for visualization, but would need to be re-sampled for pixel to pixel

processing. Image re-sampling is not covered here.
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In the following description, use of two identical cameras is assumed. The process
described here is in 3 phases and refers to the Master and Slave iQ systems,
running either on two PCs or two instances of iQ running on a single PC. The
alignment procedures apply to both scenarios.

1. Align mechanically - First undertake basic mechanical alignment with a spirit
level and make sure the two cameras are in focus.

2. Select most frequently used objective - Complete steps 3-6 for both cameras —
this is the fine mechanical alignment phase. If using a microscope, select the

objective you are using most for dual camera

== Camera Alignment

operations. This phase will adjust the cameras =

Camera Alignment——————

alignment to within a few piXE'S. Note that due Define Feature of Interest

to the beam splitter, the images from the two = 3

Intensity threshold range (+/-):

cameras, assuming the same physical

. . . . . <¢ Back Mest > Lancel
orientation, will be flipped about the vertical o |t | Lo |
—Carmera Alignment

aX|S Adjustthe camera as required the points
will automatically be tracked.

3. Select 2 spots for alignment - UsiNg | , . ceer ot pegiess): 1577558

transmitted or fluorescence light, make sure

you have a suitable Live Image on each

system from the cameras — use a specimen
with punctate features e.g. pollen or multi-
spectral beads. The exposure time does not

have to be the same, but the intensities should Point1:  363.0 188.0

be matched closely between the 2 images for PliiZ: 1200 1250

reasons that will become clear later.

Adjust to match angle and XY - Using the Align Camera Plug In, which is
accessed via the Wizards menu, select the 2 feature method to allow you to
measure orientation and XY position of 2 user-selected spot. The camera physical
rotation should not need further adjustment, but the cassette does allow for some
adjustment of angle of the beam splitter angle. Use the TuCam cassette
adjustments (see the description at the end of this document and figure below to
optimize the XY positions of the spots until the Plug In reports angle, X, Y positions

match as closely as possible. (Note that the dichroic mirror in the TuCam cube

L
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introduces a vertical flip of the image from that camera — so make sure to introduce
the correct flip/rotate in the Camera interface prior to matching alignment). If this is
done correctly, you will be able to match angles between the two cameras, within a
degree or so, when well aligned. Note also that angle or rotation is most critical here
as small translation errors can be adjusted in the next phase using the alignment
software. Once this step is done, reset the Flip/Rotate option on the camera GUI to
None.

A maximum of two regions can be used for the alignment procedure. Select 2

Regions for registration by clicking on the appropriate radio button.

4. Lock down and adjust cassette (applies
to Andor TuCam) - Once you have completed
step 3, carefully and systematically lock the
barrel set screws, checking that alignment is
maintained. Minor adjustments to the cassette
system may be needed once external supports
are tight.

5. Use matched intensity images for

software alignment - Snap images of closely

matched intensity on each system for the
software alignment step — if you have to adjust
exposure time that is OK for setup. Use the
Dual Image Disk Plug In on the Master
system to connect to the Slave system and
show the two Image Lists. See chapter 2 for

information on setting up a Dual ImageDisk

PCs.

6. Make sure both lists have been Refreshed - select the two images at the top
of the Image Lists. These two images will be merged into a dual channel image on

the Master system, which will be used to create the software alignment file.
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3% Dual Image Disk 2.0

= |

Name:
{ Construct 'DP
ignmment File

‘ -

 None & ImageRegistration  ( Aligrment

Dynamic Image Disk:

Current150
C Current143
Current] 48 Current148
Current] 47 Current147
Current1 46 Current148
Current145 Current145
Current144 Current144
Current143 Current143
Current] 42 Current142
Cumrent] 41 Current141
Current140 Current140
Current133 Current133
Current138 Current138
Current137 Current137
Current] 36_split Current136_split
Current] 36 Current136
Current135 Current135
Current]34 Current134
Current133 Current133
Current] 35_split Current135_split
Current] 32 Current132 v

Disk Selectior
Local Selected
Setup Remate Disks in
<t Copy the configuration manager
if required.

Local Image Digk Optiory
M

Deselect thiz option to reduce the data on the image disk.
ME Source may be modified by the alignment and/or resize process

ANDOR

company

This dialog shows the

Dual Image Disk
dialog which IS
accessed from the
Process Menu. The

red ellipses high light
the Refresh buttons
which update the lists.
The
button highlighted with

Constructor

green ellipse is used to

create a dual channel

image based on matching the dimensionality of the image data selected on the right

to that to that existing in the selected image on the left. This means that you can

“construct” a dual-channel image from two single channel images.

7. Create a merged image - In

the Constructor Edit box enter

your chosen name

merged

image and  click

file Edt Imagelist Region Yiew Fast MIP

57 MOUSEKIDNEY109.TIF1 16 Bit 2560 (0.163) x 2160 (0.163) 2D

the

Construct. The Master system
will copy the file from the Slave
and create a merged image with
your chosen name. Show this
image by selecting it in the
Master List and clicking the Show
button. The example shown here
exhibits the expected vertical flip

and has been misaligned to

emphasize the need for alignment.

w alalal + \[2[2] O[OS T/ i[me)|ro M

T R B ® L
s b Fe et

ik | | T Automap

24% | (1457.44) 243
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8. Use Field Split to adjust alignment and rotation of the 2 channels - Now
select the Field Split Plug In from the Process Menu. The merged image will be
displayed in the Plug In. If you select the Merge button you will see the channels
overlaid and any shifts between the two will be apparent. In the main iQ Image
Window, two rectangular regions will appear on the image and these can be moved
around to adjust the relative shift between images. The 4-way arrow buttons are
used to shift them in one pixel increments or the regions can be dragged on the
Image Window if large steps are needed.

57 Field Split: C:\DOCUMENTS AND SETTINGS\WA, JAFARIDESKTOPXEIRYMOUSEKIDNEY 109. TIE 2

Mode D
Process Cancel Dual v ,': Nlorm M&Jg_“q
T

Alignment Image Registration

Load Save tive J1sec =ffl = Calibration...
E

=
RN »
widh 1188 | |[Ron | [000 Al [T | Wavelength [g50 rm o Bed || % B
Height [1338 ,‘iggf:‘i"” ﬂ;ﬂ v |2 Fed = I Profiey || Yp [337
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9. Check with Difference image - If you want to make sure the alignment is

%7 Field Split: C:\DOCUMENTS AND SETTINGSA. JAFARNDESKTOPAEIRWAOUSEKIDNEY 109. TIF 2

Process Cancel

v Multi

[
L=

widh[1188 || [ron <] [o —
Height [1393 —I ngeecnon _| R _] Y

Wavelength |650

lﬁ

Alignment

kgjg_“q Load Save [~ Live [1sec ~ r

I Profile Y

Image Registration

Calibration...

%o [723
Yo [337

&

e

optimum, use the Diff check box at the top of the Plug In. This creates a difference

image in the display and also computes the maximum difference in this image. You

should try to minimize the Difference image to obtain the best match.

10. Save the alignment file - Once you

have the best result you can

achieve, use

the Save button at the top of the dialogue to

choose a name and Save the alignment file.

You can use this file in the Dual Image Disk

Plug In to perform alignment during the copy

and merge steps to make the alignment

Save As

Save in: I 123 Alignment J = £F B
duak#1,AL1

[ Fiprat-zchaz. AL

&= fliprat-zch.ALT

LastSession.ali

TestAIlgmentGSlGSZ.ALI

File narne: |E>{ample Save I
Save as tupe IAIignment Files [ ali] LI Cancel

process as close to automatic as possible for general use.

11. Use Field Split for Image Registration and rotation of the 2 channels — If

you want to have more precise alignment, the Field Split plug-in provides users with

an Image Registration algorithm to align images from two different channels more

accurately. In order to use Image Registration you should load a high contrast

.
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image and then follow all the steps described for adjusting the alignment. Once you
have the best result you can achieve for the high contrast image, instead of saving
the alignment file you should press the calibration button on the top-right of the Field
Split Window. Follow the calibration wizard steps to create and save a calibration file
which will be used for merging images from two channels in the Dual Image Disk.
The calibration wizard for the Field Split plug-in is described in details in section
Ab.24.

12. Dual Image Disk Plug In - applies alignment automatically. Refer to Steps 5-6

above to explain the basic use of the Plug In.

13. Select alignment file for automatic use - To make sure that the images you

merge from the Master and Slave systems are pixel-aligned as part of the copy and

= Wz merge steps, select the
Local Disk Dynamic: Image: Disk . .
Current125 ~ | Current125 ~ Allgnment rad|0 button
Current124 r 1
Current123 a ﬂ
Current122 | H
Clnentzt Look n [ 2 Algpment = 5 - as shown in the
urrent
gunenﬂ }g e Alignmentz.ALT
urren
a1 S stgmenes.au screenshot. To select
Current116 Alignment1.ALT
Current115
Current114 1 1
e 1 the desired Alignment
Cument112
Cument111 . .
C 110
e file, click the square
Current109_split -
E:::::H EIE?SDI File name: [Lastsession.aLl %
Bty ™ Fle e [Bigrment s (20 B . folder button and use
Disk Selection . .
Show | Refresh | Refresh Local Selected.
aoisdzed the file view to select
<< Copy the configuration manager
Name if required .
e the file named
Alignment File Local Image Disk Option . | R 10
‘ Deselect this option to reduce the data on the image disk. p reVIous y I n Ste p -
" Mone " Image Registration & Alighment MEB Source may be modified by the alignment and/or 1esize process

[ = 4
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14. Select calibration file for automatic use — If you used Image Registration to

create a calibration file in order to have more accurate alignment, you should use

= mmg the calibration  file
Local Disk Dyniamic Image Disk -

Cument150 ~ |Eurrent1 50 ~ Created In Step 11 .
Current149 "_
Current148 ‘
Cument147
epiind = - Select the Image
Current143 a3aaa Load
Current144 . . .
ot o Registration  radio
Current142 bb Delete
Eunenﬂ fl] [

LITEN! -
Coneni 0 hender button as shown in
Current138 header?

Current137 ibkj
Curent136_split kk H
Coment K oo the screenshot. Click
Curent135 v
Cumrent134 v v Cancel
Cumrent133
Curent135_split CumentT35_spiit th e Sq u are fo I d e r
Eunent] Eg R v Eunent] Eg R v
Disk Selection
shon_| Refesh Raegn [ [CFk Selectorr button and select the
Setup Remote Disks in
the configuration manager - - -
Nare o || aamat calibration file named
Constuct |Dua\|mage
Alighment File = Local Image Disk Optior pr6VIOUS|y I n Step 1 1 .
| B
Deselect this option to reduce the data on the image disk.
" Mone " Image Reqistration o Alignment ME Source may be modified by the alighment and/or resize process

15. Construct the aligned and merged files - Now when you select the Master
and Slave images which you wish to merge, and click on the Constructor button, the
copy will be done and the alignment/calibration specified by the file in section 13 or
14 will be applied automatically. If you select the None radio button in the Alignment
File section no alignment will be applied to the merged image.

16. Remember to match the number of frames - in normal Master-Slave
operation, Master drives a multi-dimensional acquisition and the Slave is triggered
to acquire frame for frame. The user must make sure that the Slave is set to acquire

the correct number of frames to match the total number in the Master image.

If you follow these steps all should work smoothly and you should gather well-
aligned, high quality data for your studies.
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3.5 Stage Alignment

Stage Alignment should follow System Calibration and once completed you will be
ready to start acquiring images with your scanning stage.
NB If you never want to acquire images from a micro-plate (multi-well) or a montage

(mosaic) then you can skip the stage alignment step.

Acquisition/Auxiliary Devices _]
= I = e | o | -Jl Feeod] Nt [T} £ you are using a camera which contains a
Camera | Prior ]

DUES?_ B 3771 Setins | back-illuminated chip e.g. iXon 897BV or

Exposure  General I Devicelnfol << I
Temperature/Shutter | Speed/Ampliier Image Orientation I

888BV, then you may have to flip the chip
about the horizontal or vertical axis to

—Flip (first}
" None " Wertical (¢ Horizontal ‘

correctly align the stage axes to the

~Rotation in Degrees(second}
* None
" Clockwise 90

" AntiClockise 50 housing to present the back of the CCD
180

microscope. The chip is reversed in the

chip for illumination. Thus when the camera
R — ¥ is readout one of the axes is reversed or

flipped. Make sure you do NOT enable
FLZ for Stage Alignment.
Click ta Lock or Unlogk ------eeeseeemseeeeeees 55> E‘ g g

If you are using the side port on an inverted microscope, you may need to physically
rotate the camera by 90 degrees. If that is not possible then you can use this
software rotation step, but it does have a speed overhead so only use it if you
cannot rotate the camera. This requirement results from the fact that the side port
sees X motion of the stage in its Y plane and vice versa. These precautions will
make the system feel more comfortable to use and avoid confusion or errors in scan

patterns.

Access to the camera orientation controls is via the Device Setup dialog on the

camera tab.

L
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Z AndoriQ 1.9.1 - Andor Camera

File Imagelist Settings QC Wizards

Process Analysis Plug-Ins  Help

=Io]

~Setup Wizard

Camera Orientation

Multi Well Plate and Petri Dish

<< Back | Next >> I

~Camera Orientation

If a MultivWell Plate or Petri Dish is to be used
then the arientation of the camera is important.

1 Use the stage to move of feature in the
stage x direction. Rotate the camera so that
the feature aligns to the image window x
direction.

2. Please select "Multi Well® if you intend to
scan multi well plates.

v Multi well
1€1C,©) o] [l [
cIclc L] [ [
Current Channel Itest vl

Select Channel for viewing. If no channel exists or needs
to be edited close this dialog, create or edit the channel
and return using \Wizard->Stage Calibration

ANDOR

company
The Stage Alignment Wizard is accessed
via the Wizards menu. In the first dialog,
select the Multi-well option and follow
instructions. Select a channel for the
camera settings if you have one existing.
Place a micro plate onto the stage, move
the first well into position above the
objective lens and focus onto the bottom
of the well. You can use a low power
objective (e.g. 10X) to make this process
as simple as possible.

Make sure there is some feature to focus
upon, even a scratch or debris in the
micro-plate base will do. Move the stage

in the X direction and make sure that the

feature moves parallel to the horizontal axis of the Image Window.

- #Andor iQ 1.9.1 - Andor Camera

File Imagelist Settings QC Wizards Process Analysis

=1olx]

Plug-Irs. Help.

~Setup Wizard

Camera Orientation

Multi Well Plate and Petri Dish

<< Back I Next >>

~Camera Orientation

Steer to the centre of the firstwell.

@10, C)
\Q‘(‘ ®)

Press the Next button and then find the
approximate center of the first well as

shown.
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File ImagelList Settings QC ‘Wizards Process

Analysis  Plug-Ins  Help

o]

~Setup Wizard

Camera Orientation

Multi Well Plate and Petri Dish

<< Back I Next >>

LCancel

~Camera Orientation

1. Move the stage as shown below so that the
LEFT edge of the first well enters the field of view

gy
|\ Well 1

2. Does the Edge appear in image window from

Left OR Right |

c 9

ANDOR
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Now move the left hand edge of the first
well into the field of view of the objective.
The left hand edge of the well is the
nearest edge to the border of the plate.
Select the Left or Right button in the
wizard depending on which resembles
most strongly the Live image in the Image
Window as the stage plate makes its way

to your right.

At this point, you click on the Right button
if you see the left edge of the first well
move into the field of view from the right
and Left accordingly. If you choose Right
you may see the message below and you

may have to rotate the camera physically by 180 degrees to ensure correct scan

operations. If you can not rotate the camera you can modify the camera orientation

in the device setup dialog if your camera supports this feature (see the beginning of

this chapter for more details).

Orientation Y¥arning

N

Please rotate the camera through 180 degrees
or select rotation option on camera options panel (if available).
To access camera options go to device setup and select camera.

Then click on OK and 1Q will return to the stage above, where you will need to

rediscover the left edge of the first well.
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Now relocate the approximate center of the first well again and move the top edge

<< Andor iQ 1.9.1 - Andor Camera =101 x|

File Imagelist Settings QC ‘Wizards Process Analysis Plug-Ins Help
[~ Setup Wizard

Camera Orientation

Multi Well Plate and Petri Dish

<< Back I Next >> Cancel

-Camera Orientation

1. Move the stage as shown below so that the
TOP edge of the first well enters the field of view

Stage Movement

e |

7=\

2. Does the Edge appear in image window from

OR Bottom I

T L

that mosaics and micro plates are

accurately scanned.

This dialog asks you to make sure you
have a feature in your field of view of a
small size (< 50 pixel diameter) and of
high contrast — this is often easier in
transmitted light, but fluorescent beads
are also fine - even the debris on a
cover slip or the previously used micro
plate will act as a suitable target. See

below for an example specimen image.

of the first well of the micro plate under the
objective. The top edge of the well is the
nearest edge to the border of the plate.
Select the Top or Bottom button in the
wizard depending on which resembles the

Live image in the Image Window.

Click on the Next button.

Now follow the steps to ensure that the
camera axes are closely parallel to the
stage axes. This is necessary to ensure

. AndoriQ 1.9.1
File ImageList Sett

—Setup Wizard
XY Calibration

—ioix]

Wizards Process Analysis Plug-Ins Help

Setup calibration settings:

<< Back Next>> | Cancel |

~Stage Calibration

o Please select a slice, with a small high
contrast feature such as calibrated
. . graticule (bright field) or fluorecsent
head. Focus on a feature of interest.
Move the stage to ensure thatthe x and
y axis are aligned correctly.

The feature is defined by clicking on a
pixel within it. When the feature is
moved, repeate the procedure to get

the new position. This will help to define
the field of view in stage coordinates.

o

Make sure the correct calibration is chosen to match the objective being imaged.

This allows the system to make the correct sized moves when it is computing the

camera angle relative to the stage.

[
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File Imagelist Settings QC Wizards Process Analysis Plug-Ins  Help

—Setup Wizard
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-loixi| As this process proceeds you will be asked

XY Calibration

Setup calibration settings:

<< Back I Next>> | LCancel |

to rotate the camera or the stage. On an
inverted microscope the latter is not
possible, so the camera may need to be
adjusted. So be prepared!

~Stage Calibration

Click on the Next button.

Please select a dry objective for calibrating the stage.
The higher the ohjective the better the precision.

”Cuii'uluiiuu

897_20% 08 urn [ v ‘

In this step of the stage alignment, iQ will
put a grid on the image Window (see below)
and ask you to steer a high contrast feature

into the top left region and then to the
bottom right region.

By identifying the feature and reading the

stage motion, iQ can make an automatic

stage and the camera.

<< Back | Next>> Cancel |

calculation of the relative angle between the

B
File Edit Imagelist Region View Fast MIP

& sl alafm o] \[: (<] a[e[s]s] T[o[=|x] [ro Mty [e -

~Stage Calibration

1. Use the stage to move itin xthen y. Rotate the camera
so that the feature aligns to the grid.

2. Move the feature into the top lefthand quadrant.
Click on the feature.

4
U
:.

Current Fill Colour -

NB if you Zoom the image, please reselect Pointtool. :J

Reset Stagel 25327 um 54978 um

(Stage Position
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The screen shot above shows the first stage of the angle measurement sequence. A
high contrast feature has been placed in the top left grid region using the stage

joystick, identified by a user mouse click and Point tool “+” selected.

Next the feature will be navigated down to the bottom right grid region using the
stage joystick. A mouse click on the feature will allow iQ to capture its new position.
The screen shots are shown below.

=~ Andor Camera =101 x|

File Edit Imagelist Region View Fast MIP

o xJ efofm o] \[2[c] m[o[s[s] T[o]=[x] /w0 B[ tis [eom[Foe

<< Back | Next>> | LCancel |

~Stage Calibration

Using the stage move the original feature into the bottom
right quadrant. Click on the feature.

NB if you Zoom the image, please reselect Pointtool. j-_l

—Stage Position

Reset Stagel 26171 um 55979 um
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=10l

File Edt Imagelist Region View FastMIP

e xlefofm + \[2[2] mle[e[¢] 1]o]-[«]|F M

|| s ive | 0 S [[rene

<< Back | Next>> | LCancel |

~Stage Calibration

The stage will now scan to check thatthe camerais
parallel to the X axis.

Fotation Error (Degrees) : 1.04981
Error Tolerance (Degrees) : b

—Stage Position

Reset S(agel 25862.788 um 55824.0 um

L%
| ¥ Automep H ”W‘ (269334) | 2580 ”HR [« il | ‘”

In this final step of the Stage Alignment Wizard, you will see in the Image Window
that iQ moves the stage from the left to the right, snaps a frame and then computes
the feature’s position. Each move and compute generates two coordinates which
correspond to a move in the X axis of the stage. From these coordinates the relative
angle can be computed. iQ displays the computed angle in Bold red characters.
Below this you can edit the acceptable error for your purposes. The default is set to
0.5 degrees, which is our recommendation for good performance.

The quality of Montage or mosaics may be especially susceptible to large errors (>1

degree) in the angle.
In order to change the rotation error angle, simply rotate the camera and wait for the
next computed angle to be computed and displayed. Go on with this process until

the rotation error drops below the error tolerance.

Click on the Next button.
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Note: After you click Next iQ moves the stage around, automatically identifies
and measures the feature movements in order to calculate stage X and Y
resolution as a sanity check for the stage calibration. This may take some
time e.g. 10 seconds. The cursor may flash during this process. This is normal

behavior.

This last panel contains a summary of your new settings (left) It provides a good
“sanity” check regarding your motorized stage calibration. You can indeed compare
the result calibration with the resolution set in the Device Setup dialog in the stage
panel and update the latter, but please make sure that you check with the stage
user guide or our support team to confirm the correct setting. Note that an error in

the Calibration Wizard (section 3.2) such

=< andor iQ 1.10.0 - Andor Camera ¥¥ith Fast 2 =10 =l . . X

Hlo Imagelst Settngs QC Wleards Brocess Analysis Floios e as incorrect specification of the C-mount
—Setup Wizard

Y Calibration————————— e magnification can give rise to scanning

Setup calibration settings:

errors when pixel to stage movement is

incorrect.

<¢ Back Mest»> Lancel |

Stage Calibration Summar

% Resolutior
Pixels:  Actual Distance: Calibration:
I‘IDE_93 |1283.9999 0.08 ur
7 Resolutior
Pixels: Actual Distance: Calibration:
|1 05.066 |1 2609939 0.08 um
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3.6 FRAPPA Devices and Calibration

‘FRAPPA” — was the name we gave to our first innovative photo-stimulation product
which is described in more detail below. FRAPPA is an acronym for Fluorescence
Recovery After Photo-bleaching and Photo-Activation. In April 2010 Andor acquired
Photonic Instruments and with it the patents and designs for two other innovative
photo-stimulation products, namely Mosaic and MicroPoint.

3.6.1 Mosaic - solid state digital illumination

Mosaic is a digital illumination system which utilizes digital mirror device (DMD)
technology to control the illumination field of a fluorescence microscope. Using laser
or arc lamp sources, Mosaic achieves real time and near-diffraction limited
resolution. Mosaic can simultaneously and precisely excite multiple regions of
interest with complex geometries (parallel multi-region illumination) and allow
simultaneous imaging. Mosaic is unique, yet flexible, operating over wavelengths
ranging from 365 to 800 nm with applications including uncaging, photo-conversion,
activation and bleaching.

Mosaic is in use with laser scanning and spinning disk confocal systems as well as
wide field or epi-fluorescence microscopes. iQ software drives Mosaic to map a
mask defined in image view directly into the specimen plane at a rate exceeding 60
fps. Its simple optical design is readily integrated with complex optical microscope
systems designs to realize diffraction limited imaging with minimal loss over a broad
spectral range. Unlike traditional galvo-scanning systems where pixels are
addressed sequentially, Mosaic provides truly parallel illumination of multiple
complex ROIs.MOSAIC exploits solid state digital mirror technology (DMD) to create

a digital illumination systems ideal for parallel multi-region FRAP and PA.
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3.6.2 MicroPoint - tunable, galvo-steered, pulsed laser delivery

MicroPoint is a pulsed laser delivery system with bio and industrial imaging

applications. It is available in manual and galvo-steered versions and delivers

337 nm pulses from a Nitrogen pulsed laser (~3ns, 70 pJ) via optical fiber to a dye

cell resonator. Dye cells are available to convert the UV pulses to more than 20 user-
selectable wavelengths ranging from 365 to 580 nm. Custom-designed achromatic
microscope adapters ensure that near diffraction-limited pulses are delivered to the
specimen. MicroPoint is an excellent photo-stimulation tool providing ablation,
uncaging, activation and bleaching capabilities, adapted by tuning wavelength and
energy. Simultaneous and precise illumination and ablation of multiple regions of
interest minimizes collateral sample damage. Angular and spatial alignment of the
illumination at the sample target is manually controlled via a 2-axis joy stick. Focus in

the z-direction is manually controlled with a knurled focus ring.
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3.6.3 The FRAPPA Device

Andor’s FRAPPA uses a patented dual galvanometer
scan head to provide a computer-steered laser beam
delivery system with no scan or “f-theta” lens. It can be
configured in line with a CSU and/or camera and

operates in two modes and has the following key

functions.
e Pass-through mode — FRAPPA acts as an optical relay system with 1:1
imaging — orange path in the image below.
e FRAP mode — galvanometers are aligned to steer and image laser light from a
single mode optical fiber onto the specimen in a point scanning mode - Red
path shown in figure above.

Mode switching occurs in <5 ms.

Integrated control with iQ software provides “point-and-shoot” and sequenced
protocol modes. Both allow arbitrary, multi-region scanning of points, lines and
polygons. The dwell time of the laser, or the length of time the laser is exposed on
each point, can be controlled from Device Setup. Also, the same region can be
bleached a specified number of times thus allowing accumulated exposure. This

allows control over exposure control at the point level as well as the region level.

Under Andor iQ control, the user commands FRAPPA to bleach or activate regions
of interest with user-defined times, laser lines and powers. Laser switching is tightly

synchronized with FRAPPA modes of operation, using our proprietary laser
L
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combiner multi-port switch (MPS).

There is a limit in FRAPPA region definition for a single FRAPPA action. This is
based on the number of scan lines (rows) in the set of FRAPPA regions. Each time a
new region or group of regions is FRAPPA'd these are uploaded to the scan head
electronics which has a finite memory size. Essentially the scan pattern is stored as
a run length sequence in which each region is stored on a row basis with On and Off
X coordinates like this (on and Off are shown for clarity only):

Row X coordinates for On and Off

76 On: 4 Off: 20 On: 103 | Off: 214

77 On: 4 Off: 21 On: 102 | Off:216 | On:243 | Off: 307
78 On: 4 Off: 22 On: 101 | Off: 218

213 On: 89 Off: 303

214 On: 89 Off: 303 | On: 370 | Off: 432

The scan processor gates the laser blanking output On and Off in each scan line as
required. When the scan processor executes the final Off action in a line it resets to
the next On position in the list. If it encounters the end of the list it either goes back

to repeat the list or returns control to iQ.

The maximum number of On-Off actions is approximately 1250-(n*3) where n is the
number of regions. The internal storage format is a little quirky so you may see some
small variation around this number. And of course it becomes more of an issue with

small pixel cameras like Neo/Zyla.
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3.6.4 What Information Can FRAPPA Reveal?

Imaging the effects of FRAP or PA in living cell specimen can reveal qualitative and
guantitative information about intra-cellular molecules, structures and their
environment. UV uncaging is used to deliver agonists to specific cellular
compartments, while photo-activation is applied in studies ranging from repair of
photo-induced DNA lesions, to manipulation of light sensitive channels

(channelrhodopsins - http://edboyden.org/07.03.han.html) and the study of molecular

assembly and disassembly of cellular structures (e.g. actin and tubulin filaments).
The techniques can even be applied at the cellular level to drug candidates for

photodynamic therapy.

An example of a photo-bleach recovery sequence intensity profile is shown to the
right. A represents the pre-fluorescence intensity, B the bleach depth, C the recovery

phase where time constant information is revealed and D the recovered level.

FRAPPA techniques allow measurement of molecular recruitment rates, trafficking
and turnover in single cells
and sub-cellular organelles Phatabloach

and applications include
'ﬁ' L

membrane and protein -
3

Recovery D

binding, mitosis and
cytoskeleton function. In these  Fsativie
Intensity

studies GFP is commonly farb units) | X c Y

used in a fusion protein

complex to label a protein of

interest. The bleach or —
activation phase “marks” those

molecules for observation. Quantification of motion or recovery can provide a useful
measure of molecular mobility. FRAP is used increasingly in analytical devices to
determine the identity of unknown substances (based on diffusion analysis),

understanding cellular transduction and identifying ligand binding sites.

L
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3.6.5 FRAPPA Calibration Wizard

The following sequence provides step-by-step instructions on how to calibrate the
different FRAPPA devices that may be included in an Andor system. Note that it is
possible to use more than one device in a system. Refer to Section 3.6.6 for multiple
FRAPPA device calibration.

3.6.5.1 FRAPPA device

Before you start running the software, make sure the FRAPPA is correctly installed
and aligned. Here are some tips on the installation procedure, but if the unit is

already installed then skip to step 3 below.

1. Couple the FRAPPA unit to the microscope C-mount and (if present) the CSU.
Using a spirit level, ensure that sure the FRAPPA, camera and other components
are level and are adjusted to the correct height. The system should be mounted on
an optical table or breadboard for best results and once the components are aligned
vertically make sure to fix adjustable feet etc. Note: Incorrect vertical alignment

will lead to significant errors and may frustrate alignment of the FRAPPA unit.

2. Horizontal alignment must now be adjusted. This can be done with transmitted
light imaging if desired. Focus a specimen and adjust for Kohler illumination. Sliding
the components left to right may be sufficient for alignment and should be done so
that no vignetting/occlusion of the camera field is observed. Once this is achieved
then clamp components onto the optical table so they are now locked down.

Using the CSU imaging Channel focus the specimen in confocal mode and make
sure that no vignetting is seen. If there is an issue here repeat step 2 until this is

resolved.

3. Preliminary setup requirements: a) we assume that you have an iQ
Configuration that includes all the devices you wish to use (including the ALC with
MPU), selected camera and CSU). b) Make sure that you have a suitable sample for
photo bleaching — either Andor Test Slide #001 or a fixed Molecular Probes©

specimen e.g. Cells#2 where microtubules are labeled green — excited at 488 nm. ¢)
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Start Andor iQ 1.8.1 or later (exe dated Nov 15 07 or later). d) Make sure that
FRAPPA is connected on a suitable COM port and let FRAPPA complete its self-
calibration — the scanner goes through a self-test a start-up and when completed will
show green lights on the controller front panel. This takes about 30 seconds.

Note the FRAPPA calibration is independent of objective magnification, but depends

critically on the camera orientation, alignment and pixel organization.

<< FRAPPA Selection Q@@

FRAPPA Channels

488-FRAPPA << ddd 488-CsSU
chl
Remove >>
Remave All >>
Reset

FR&PPA& Device

Ok

i

e) Create CSU Imaging Channel and a FRAPPA Bleaching Channel and then
assign the FRAPPA Channel in iQ in the Select FRAPPA Device as shown in the
figure above. It is sensible to reduce the laser power to about 10% in FRAPPA
channels, as all of this power will be concentrated into a single laser spot during
FRAPPA actions.

4. Run the FRAPPA Calibration Wizard from the Wizards menu. If there are
multiple FRAPPA devices in the configuration, select the FRAPPA — FRAPPA radio
button to calibrate the FRAPPA device. Choose to create a New FRAPPA calibration
or choose the FRAPPA calibration you want to Edit.

5. Next, you must centre one of the FRAPPA galvos for imaging as shown in the
figure below. Select the CSU imaging channel and make sure that you can see a

clean confocal image. Note this step is not required for Mosaic and MicroPoint.

L
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=2 FRAPPA Calibration

View
Setup Wizard

FRAPPA Calibration

[s sl =(eim] 3] N2 12 mlels[s] slal=Ix][ro

Setup FRAPPA alignment
and calibration settings

K Newt>> Cancel

FRAPPA Alignment:

Adjust the light path using the control below.

Please indicate direction of image motion
XorY

Once the image is centered click "Next".

Light Path : 6.-15

Galvo Pos Observed Image Motion
* X
cy

- +

Imaging Channel
GFPWidefield  ~|
0.1 v
Min | Max | Scan [

_}3—:] _;J I™ Avtomsp | | 1000% ‘ [w [ —Y—l 500 =

Using the single axis control as shown above, set the Imaging Angle to the value
shown on the Calibration label — this label should be attached to the unit. Note that if
you are Editing a FRAPPA calibration then the Wizard should reset this value
automatically. Then change the angle in steps of 0.1 degree and then indicate on the
radio buttons whether the image moves in X or Y. This allows iQ to establish which
axis is under control for the following steps. Return FRAPPA to the Imaging Angle
to the calibration value before proceeding. Then click Next.

View
Setup Wizard
FRAPPA Calibration

slx]ejalml[+ l:|¢] mlolsls] r|o]=]x][w M

Setup FRAPPA alignment
and calibration settings

<« Back Next>> Cancel

FRAPPA Calibration
Point0:142,198,-0.2,-0.1
Point1:112,220,0.1.-0.1
Point2:48,52,03,04
Point3: 430, 64.-0.9,0.4
Point 4: 450, 460,-0.9, -0.8

Light Path : -0.899. -0.799
Solvobos [ B
Delete Last Point
» | I, Bleach Time and Channel
| [FRAPPA |
_ Bleach Sample
01 5 1000 o

NB if you Zoom the image, please reselect Point tool. iJ

(o | I_AulorﬂaD‘ 1000% | (2421) 1042 % Flj .

E
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6. The FRAPPA Calibration panel allows you to calibrate how the FRAPPA angles
translate to camera pixels. This ensures that interactive FRAPPA operations can be
executed at the correct position. Start by setting the X and Y values to the Scan
Centre values recorded in the calibration label. Note that if you are Editing a

FRAPPA calibration then the Wizard should reset the center values automatically.

Now with the specimen in focus, select a suitable FRAPPA channel and click the
FRAPPA button. If the system has been pre-aligned, you should see in the image a
region of the specimen which has been bleached. A bleached region will appear
darker than the rest of the specimen and should be localized. Note: if the bleach
cannot be seen you may need to scroll the XY stage a little, or increase the FRAPPA
time if the bleach is still not visible. This step of finding the initial bleach may be tricky

the first time you calibrate the system.

Once the bleach spot has been identified (in the field of view), then you must create
corresponding pixel coordinates and angles for the calibration procedure. To do this,
for each bleach point (region), click on your best estimate of the region center (with

the + marker) and then click on the button labeled “Add Calibration Point”.

Select 0.1 degree steps and incrementally adjust the two axis controls. Using 0.1
degree steps, establish which directions correspond to the camera X and Y
directions. Each time you increment the angle by one or more 0.1 degree steps, then
FRAPPA, locate the bleached region center with the “+” and click on Add
Calibration Point. Create at least 4 and preferably 7-8 points for calibration. Use the
angle adjustments to create bleach points at the corners of the image as well as

around the center.
When you are satisfied that you have sufficient points over the image, then click on

Next and the FRAPPA Calibration will be created by the system and used henceforth

whenever a FRAPPA action is requested/demanded.
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7. Setting the FRAPPA focus control

Now that the FRAPPA system is calibrated in X and Y you can use it in “FRAPPA
on Demand” mode. This means you can go live and use a FRAPPA region type
with a FRAPPA on Mouse Up action.

Place a “+” FRAPPA region on the focused specimen image and right mouse on the
region. Select the “FRAPPA on Mouse Up” option — when selected it will be checked.
Assuming the calibration above is accurate, when you mouse up after moving the
region the area immediately below the region in the specimen will be bleached. It is
possible that the spot size will be larger than desired — this depends on the exact
optical configuration, but in general it should be possible to bleach a spot of <1.0

micron.

If the spot size is much greater than 1 micron, or appears to be in another optical
plane (Z position) then you can (carefully) adjust the fiber input focus position. To do
this, remove the laser safety shroud (see above) and you will find a thumb screw
which when rotated moves the fiber position in and out. Adjust the position in small
increments, while using the Mouse Up action to bleach. Once the spot size has been
reduced to 1 um or so then you should consider this a good setting. If the beam
cannot be reduce to about 1um, then you may need to reduce laser power or bleach

time.

Note: Make sure to replace the laser safety shroud if you remove it to make

any adjustments to the fiber focus position.

Finally perform a series of FRAPPA tests within iQ making sure to test points and
ROls.

3.6.6 MicroPoint Calibration

MicroPoint must be installed and aligned by a fully trained Engineer.

1. Preliminary setup requirements:

A) we assume that you have an iQ Configuration that includes all the devices you
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wish to use (including the ALC with MPU), selected camera and CSU).

B) Make sure that you have a suitable sample for photo bleaching — either Andor
Test Slide #001 or a fixed Molecular Probes© specimen e.g. Cells#2 where
microtubules are labeled green — excited at 488 nm.

C) If the MicroPoint is being used for ablation, use the fist surface mirror (provided
with the device) to properly calibrate the system. The MicroPoint ablates a series of
holes in the mirror that are illuminated in transmitted light and used for calibration.

D) Start Andor iQ 2.0 or later (exe dated July 28 10 or later). d) Make sure that

MicroPoint is connected on a suitable COM Port.

Note: the FRAPPA calibration is independent of objective magnification, but
depends critically on the camera orientation, alignment and pixel organization.

You may wish to create a Frap channel for MicroPoint as with the FRAPPA, but this
is not essential, as the MicroPoint device is not in the light path, and you may use

the current channel settings to Calibrate.

2. Run the FRAPPA Calibration Wizard from the Wizards menu. If there are
multiple FRAPPA devices in the configuration, select the MicroPoint — FRAPPA radio
button to calibrate the MicroPoint device. Choose to create a New FRAPPA
calibration or choose the FRAPPA calibration you want to Edit.

3. Next, you may select the Manual checkbox if you wish to manually select a range
of positions / points to calibrate, but we recommend you keep the Manual
checkbox de-selected as this will automatically provide a list of positions / points

which will deliver the best calibration for the device range.
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«° FRAPPA Calibration M=i3] 4. The Calibration panel allows you

Help . .
Setup Wizard to calibrate how the device range

FRAPPA Calibration

translates to camera pixels. This

Setup FRAPPA alignment
and calibration settings

ensures that interactive FRAPPA

operations can be executed at the

correct position. Below the combo

Bty i box of pre-defined device positions, if
Alignment Steps “Auto-Increment” is checked, the
To align the FRAPPA unit use a device will automatically move to the
specimen which can be bleached.
e.9. Andor Slide #1. next position when the “Add

Calibration Point” button is clicked for

Step 1 : Annotate Add descriptive comments.
the current position. If “Bleach on

Step 2 : Imaging Focus on afeature and adjustthe

image center. Selection” is also checked, the new
Step 3:Bleach  Focus on auniform fluorescent region position will be bleached, allowing
and map hleach positions.
I~ Manual Position Selection the calibration to flow more easily.

Now with the specimen in focus,
select a suitable Frap channel and
click the Bleach Sample button. If the

system has been pre-aligned, you

should see in the image a region of

the specimen which has been
bleached. A bleached region will appear darker than the rest of the specimen and
should be localized.
Note: if the bleach cannot be seen you may need to scroll the XY stage a little, or
increase the FRAPPA time if the bleach is still not visible. This step of finding the

initial bleach may be tricky the first time you calibrate the system.

Once the bleach spot has been identified (in the field of view), then you must create
corresponding pixel coordinates and angles for the calibration procedure. To do this,
for each bleach point (region), click on your best estimate of the region center (with
the + marker) and then click on the button labeled “Add Calibration Point”.

L
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The MicroPoint device requires a minimum of 17 points for an adequate calibration.
When you are satisfied that you have sufficient points over the image, then click on
Next and the FRAPPA Calibration will be created by the system and used henceforth

whenever a FRAPPA action is requested/demanded.

5. Setting the FRAPPA focus control
Now that the FRAPPA system is calibrated in X and Y you can use it in “FRAPPA

on Demand” mode. This means you can go live and use a FRAPPA region type
with a FRAPPA on Mouse Up action.

Place a “+” FRAPPA region on the focused specimen image and right mouse on the
region. Select the “FRAPPA on Mouse Up” option — when selected it will be checked.
Assuming the calibration above is accurate, when you mouse up after moving the

region the area immediately below the region in the specimen will be bleached.

Finally perform a series of FRAPPA tests within iQ making sure to test points and
ROls.
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3.6.7 Mosaic Calibration

The Mosaic Device must be installed and aligned by a fully trained Engineer.

1. Preliminary setup requirements:

A) we assume that you have an iQ Configuration that includes all the devices you
wish to use (including the ALC with MPU), selected camera and CSU).

B) Make sure that you have a suitable sample for photo bleaching — either Andor
Test Slide #001 or a fixed Molecular Probes© specimen e.g. Cells#2 where
microtubules are labeled green — excited at 488 nm. Alternatively, Mosaic can use
the fist surface mirror that is provided with the system in order to properly calibrate
the system. Mosaic illuminates a series of points or patterns that are reflected off the
mirror and used for the calibration routine.

C) Start Andor iQ 2 or later (exe dated July 28 10 or later).

D) Make sure that Mosaic is connected on a suitable COM Port.

Note the FRAPPA calibration is independent of objective magnification, but depends
critically on the camera orientation, alignment and pixel organization.

e) You may wish to create a Frap channel for Mosaic as with the FRAPPA, but this is
not essential, as the Mosaic device is not in the light path, and you may use the
current channel settings to Calibrate.

2. Run the FRAPPA Calibration Wizard from the Wizards menu. If there are
multiple FRAPPA devices in the configuration, select the Mosaic — FRAPPA radio
button to calibrate the Mosaic device. Choose to create a New FRAPPA calibration
or choose the FRAPPA calibration you want to Edit.

3. Next, you may select the Manual checkbox if you wish to manually select a range
of positions / points to calibrate, but we recommend you keep the Manual
checkbox de-selected as this will automatically provide a list of positions / points

which will deliver the best calibration for the device range.

4. The Calibration panel allows you to calibrate how the device range translates to
camera pixels. This ensures that interactive FRAPPA operations can be executed at
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the correct position. Below the combo box of pre-defined device positions, if “Auto-
Increment” is checked, the device will automatically move to the next position when
the “Add Calibration Point” button is clicked for the current position. If “Bleach On
Selection” is also checked, the new position will be bleached, allowing the calibration
to flow more easily.

Now with the specimen in focus, select a suitable Frap channel and click the Bleach
Sample button. If the system has been pre-aligned, you should see in the image a
region of the specimen which has been bleached. A bleached region will appear
darker than the rest of the specimen and should be localized. Note: if the bleach

> FRAPPA Calibration d cannot be seen you may need to scroll the

Help

Setup Wizard XY stage a little, or increase the FRAPPA
FRAFPA Calibration

time if the bleach is still not visible. This

Setup FRAPPA alignment
and calibration settings

step of finding the initial bleach may be

tricky the first time you calibrate the

system.

Alignment Summaries

Current Frappa Alignment.  Full auto Mosaic calibration

ew | _ean | pee | [t ] &4 | | Once the bleach spot has been identified
SelectC Diervi . . .

slect Current Device (in the field of view), then you must create
& Mosaic- FRAPPA corresponding pixel coordinates and

angles for the calibration procedure. To do
+- Full auto Mosaic calibration
this, for each bleach point (region), click on
your best estimate of the region center
(with the + marker) and then click on the

button labeled “Add Calibration Point”.

The Mosaic device requires a minimum of

3 points for an adequate calibration. When

you are satisfied that you have sufficient

points over the image, then click on Next and the FRAPPA Calibration will be
created by the system and used henceforth whenever a FRAPPA action is

requested/demanded.

[ = 4
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5. Setting the FRAPPA focus control

Now that the FRAPPA system is calibrated in X and Y you can use it in “FRAPPA
on Demand” mode. This means you can go live and use a FRAPPA region type
with a FRAPPA on Mouse Up action.

Place a “+” FRAPPA region on the focused specimen image and right mouse on the
region. Select the “FRAPPA on Mouse Up” option — when selected it will be checked.
Assuming the calibration above is accurate, when you mouse up after moving the

region the area immediately below the region in the specimen will be bleached.

Finally perform a series of FRAPPA tests within iQ making sure to test points and
ROls.

3.6.8 Multiple FRAPPA Devices

Andor iQ software allows control of more than one FRAPPA device. The following
sections describe how to setup and select calibrations for multiple FRAPPA devices,
how to create a multiple device protocol and how to select a required device when

performing manual FRAPPAs.

3.6.8.1 Multiple Device Calibration

The following descriptions assume familiarity with section 3.6.5: FRAPPA Calibration
Wizard.

Open the Calibration Wizard and select the device from the radio list, as shown in
the diagram below. Now run through the Wizard steps as described for the particular
device in section 3.6.5. Repeat this process if required, ensuring that you have a

calibration for each of the devices you need control of.
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Alignment Summaries

Current Frappa Alignment None

M e | | | Seleu:t| Exit
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On creation of the calibration the ‘Current Frappa Alignment’ will be automatically

assigned to the new calibration:

Alignment Summaries
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In order to control multiple FRAPPA devices iQ needs to know which calibration to
use with each of the devices. If you have multiple calibration files for a device you
can instruct iQ which one to use by selecting the device in the radio group, then

highlighting the required calibration in the tree and clicking the Select button.

3.6.8.2 Multiple Device Calibration Dependency

Note that a device calibration may be dependent on certain other system variables
and calibration may be lost if these variables change. For example, if a FRAPPA
device has been installed in the optical patch between sample and camera and a
calibration is carried out for a rear mounted FRAPPA device (e.g. the Mosaic or
MicroPoint) then the calibration may be lost if a different FRAPPA calibration is

selected which changes the FRAPPA registration position.
L
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3.6.8.3 Including Multiple FRAPPA devices in a protocol

Multiple devices in a protocol are distinguished from one another via a device
keyword. When the protocol switches to a FRAPPA channel the current device will
switch to that indicated by the keyword and the selected calibration for that device
will be used.

The device keyword is set in the ‘Channel Select’ dialogue which displays when a
FRAPPA is inserted into the tree.

Channel Select S Pratocol - Protocoll

. - Image - Protocoll
Select channel: . e (139

FRAFFA Fegion f# Protocol Type - Time Series
R | | - Ssisced © Al B CaneraBovio - Uss uren

T Wait sllocation - Off
Camera Selection - Uze Curent

FRAFFA Device + g Ewents

: : 4% Pause - Click O ta start protocol
© MicroPaint - FRAPPA -4
- @ FRepeat T - 1 time [0 mg - faztest)

+ hosaic- FRAPEA - Frappa-hamﬁll]
+ & Mo Channel - Current

& Snap

0K, | Cancel @ End-T

The second keyword, ‘All’ in the above example, indicates whether to FRAPPA the

currently selected region or all of the defined regions.

3.6.8.4 Interactive or “Click and Fire” FRAPPA with Multiple Devices

When a FRAPPA region is selected on the ImageView the user can perform manual
FRAPPAs via the right click context menu. If the user has multiple FRAPPA devices
in the system he will need to set the current device. He can do this either in the
‘Select FRAPPA Device’ dialogue as selected from the ‘Wizards’ Menu, or more

directly, using the right click context menu as shown below:

L
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2 (0.333) x 512 (0.333) 2D
Region VYiew Fast MIP

Q% \[2[2] OOOIB T i[ma®]| ror O

Select Tool
Auto Map
Copy

Edit

Delete
Delete all

Classify

Load
Save

Set Reference

Frappa This

v Frappa On Mouse Up
{Frappa Device »—— v FBAPPA_
Frappa Channel MicroPaint

Frappa all Regions
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4.1 Configurations

When you create a Configuration in iQ you choose all of the hardware components
you want to control. An example is shown in Figure 4.1.1. You can create multiple
configurations for different scenarios and choose which one to use when you start
iIQ. More details on the Configuration Manager are available in Appendix 2.

In iQ 3 you cannot use Fast LZ mode.

&= Device Configuration Manager

File Edit Settings Tools About Exit

Configuration Wizard

New ‘ Edit | Delete | Exit

Current Configurations

= Rewvolution Time Lapse

o
w Created By:- Revolution Time Lapse - Creator - Not Found

evolution FLZ

@ Date Created:- 04/11/2009 17:21:34
@ Date Last Modified:- 04/11/2009 17:21:34
4F Acquisition Device:- Andor Camera
Hé Auxiliary Device 1:- Andor Laser Combiner
Hé Auxiliary Device 2:- Andor FRAPPA Device
né Auxiliary Device 3:- Piezo Device
!é Auxiliary Device 4:- Nikon Tl Microscope
Eé Auxiliary Device 5:- Sigma KOKI Device
Hé Auxiliary Device B:- Sutter Instruments Filter Device
Hé Auxiliary Device 7:- Kinetic Trigger Device

=
é Auxiliary Device 8:-Yokogawa CSU Device

4 ‘ Auxiliary device OCX files used by this configuration.

Figure 4.1.1 Configuration Manager shows a Time Lapse Configuration. Note that every device which
is to be controlled must be listed in this Configuration. The Configurations will control the same
devices in these two examples.

For details on how to import pre-existing Configurations, refer to section 2.3.1.4 of
this User Guide.

To build a new Configuration, select devices to control from the lists shown in the
Configuration Manager, starting with the camera driver. Check the boxes against the

selected devices as shown in the screen shot below.
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r

e Device Configuration Manager. e Device Configuration Manager.

Edit an existing configuration- -1 ~Edit an existing configuration -
<< Back Next >> << Back Next >> ‘
Select the devices from the list t Select the devices from the list that
i~ &vailable Auziliary Devices - = i~ Available Auziliary Devices -
[l Andor MicroPoint Device "] Olympus [X81/BX61 Device
[l Andor Mosaic Device [|CRILCTF Device
[l Andor UVPulsed Laser [ Leica DM(]) X000 Micro/Macroscope
CITillMIC Device ] Ludl Stage Device
[ Zeiss Axioplan Device [ Ludl Filter Wheel Device
[ Kinetic Aktuator Device | Piezo Device
[ 1Andor APZ Device [ IMad City PXY Device
vl Andor Laser Combiner I Mad City PZ Device
[1ASI Stage Device "I Marzhauser Stage Device
[ ASI Filter Wheel Device I Kinetic Monokromator Device
[] Atta KlAttoAIC Device [ Nikon IntensiLight Device
["] Caim Filter Wheel Device I Nikon TE2000 Microscope
[ Cairn Monochromator Device v Nikon Tl Microscope
["1 Conix ZMotor Device ] Prior Filter Wheel Device
[ | precisExcite CoolLED | Prior Stage Device
[1CRI MicroColor Device v Sigma KOKI Device
[ | Leica DMR Device V| Sutter Instruments Filter Device
[INikon E1000 Device ] Sutter Instruments DG4 Device
vl Andor FRAPPA Device CITill Monochromator Device
[]Andor Generic Shutter Device LI Till Palychrome 5 Device
CaKinetic Trigger Device
[ IKinetic Stage Device
= vIYokogawa CSU Device
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4.1.1 6D User Interface

iIQ3 delivers new intuitive 6D View which greatly simplifies the setup of complex
protocols (up to 6D), providing an improved graphical user interface (GUI) look and
feel. A single tab based GUI allows easy selection of Channels, Z, XY and Time
settings. Because iQ3 supports sequencing of up to 3 repeat loops (multi-phase) and
has the capability to define a reference channel (acquired every n™ frame), it is
therefore possible to acquire data in both “regular’ and “sparse” patterns (the tree
view must be used to acquire truly “irregular’ patterns). So for example, you can
create a multi-phase acquisition with different acquisition rates in the different

segments of the Protocol.

w

EAndur iQ 3.0 - Andor Camera ==
File Imagelist Settings Wizards Process Analysis Plug-Ins Help

]
?  =m| B % ¥
Channel kanager

\
Open Imaris Save Live Chi

]

Image List

ol

Device Setup

Acquizition |Analysws| RGE Analysisl Movie Editorl Spot Analysisl

rAcquisition Calibration Status

%| Default_20Xoi ( 0.05)

AUt Save
r IE WndorviQD atahusersT est ADTF\AutoImages\

Channels - EhW rProtocol——————
E 0.001 |4 4
xposurel ImS _I | | 0 Fun y
Add.-"F!emove Excitation |ntensity

]
- ) g N ) - i
I :.%’ Live 561 nm [%] [70.8 [«] B N

¥ Shaw Al
| ‘Eg Protocal

1N

'e'J Shap ICKQ‘

Close &ll Shutters

4 Channel Options

—* | e _ &
Multi-Snap — [Global Settings O-m
- . I Binning Size MD Tree Yiew
L ’Vp ><=Y|‘I w1 'l ’7 ziﬁESubAna}l
Save Az
- ol
Chi
.,é Options
&
Z Scan |
)—Heb/"—
¥ Scan | *Setup Multi-Paint $—— B ———
I ITime Lapse I Chart IQ‘{ ﬁ Pre-allocate all images Disabled@ |
Diuration Interval Humber Stream @ Add Phaze / B
—1 ()
[140 [see | [3585.71[ms ] [4 - | B Remove Phase &<
140 feeo »| [3555.71 fms +] |4 [= | Inilislize AF |
|2645  |sec »| 388571 |ms ~| |2 | | AF fiequency [1
4
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4.1.1.1 Channels Panel

In the Channels Panel a user can select channels (5 max) and adjust channel
parameters for the current protocol. The user can also change the Global Setting for

the experiment such as camera binning and image sub-array

[orssecrscirrs |
/

[ Channels / = Chl
_ Expusure 200 5
Add/ﬂ EMO¥E | | [ Eycibation Intensty —————————————————|
4z 2 [ M B <=
* :g&__ i1 %] [201 @ [ |

_ JSnap 231-.* J & Ehaganpmns

Ch3 Close All 5 hutters

ki — Global Settings
N 1 - me
Chd v =

Ch5
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Excitation Intensity scroll bars allow the user to change the laser intensity levels for

the selected channel. This dialog only shows the laser lines that were previously

selected under AOTF tab in the Device Setup dialog.

Excitation [ntenzity

Mo Lazer Channel Selected in "Device Setup”

é_/

The user can select a laser line for the channel by ticking the appropriate check box

as shown below.

Acquisition/Auxiliary Devices

) =

v

Chi

]

Live

a'J

Snhap

-
[~ StayonTop

Record

ALC I Settingsl
Andor Laser Combiner
"F‘ower LTV (17 E—

Lager St

Statuz Ok |.

420
561

5&0
E40

Lazer Line

14.6 (250.0)
AOTF T[]
a4 W =z
r W s
r 1o
T .o

[~ Shutter

The user can select up to 2 laser lines for the channel.
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Channel options

When the user clicks on “Channel options” button the channel options dialog will pop
up allowing the user to set a reference channel. These options are only available for

protocols with Time Lapse defined and the second option is valid for Z scan defined.

Channel Cptions u
|1 ime cycle

I~ Acouire DMLY at IMid vg plare
oK | Cancel |

“Add/Remove” Channels

When the user clicks on “Add/Remove” button the Channel dialog will pop up
allowing the user to select/unselect channels for the current protocol. The user can

select up to 5 channels for the experiment.

"3 Repeat Chan =

~Selected Channel
Chi << Add Chd
Ch2 Chie
Ch3

i Remove »» §

Remove All »> “
S —
Sort List K‘_
Move Up |
Move Down |

| Cancel |

0

=
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4.1.1.21Q 2 Protocol Tree View

When the user clicks on “ND Tree View” button the Protocol Tree View will show up.

In order to come back to the 6D Protocol view uses has to click “6D View” button.

(3 AndariQ 3.0 - Andor Camer ST ===

File Imagelist Settings Wizards Process Analysis Plug-Ins Help

Al W[ ¢ | &

i Open Imaris

Live Snap Ch1 Image List

Acquisition |Aﬂa|ysis| Jalct:] Analysisl Mavie Editorl Spot Ana\ysisl

"Acqu\s\linn Calibratiorr Statu

mﬂ Default_20Xoi (0.05)

Ao Save
’]_ IE ndorhifD atahusersTest AD TP Autolmagesh ‘

=] ﬂ Protocal - Pratocol Protocol—————

= ED Yiew Compatible - Yes

Image - Protocol Run

---.e,“ Camera Binning - Use Cunent 0

- T Wait llocation - Off —
Camera Selectian - Use Current I™ Loop Frotocol

% Scan - LastSessionScan ¥ Display Image
g Events ¥ Shaw &l
= Repeat T -1 time [213834.27 ms)
e

.+ Repeat- Xy Pratacal
A ¥ Positions - (1) ES

@ Repeat - Channel [Ch1.Ch2 Ch3.Chd.Cha)
.}e Channel Description

é A
= Fepeat 2 - -29 umin 30 planes [centre]
"] Snap - Frame HeEE=
ED Wi
%P Channel
[ 1] Sean

3’& Device Setup)
Save s |
.,@ Options |
(Z) Help | ‘
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4.1.1.4 Z Scan Panel

For information how to set Z scan for the experiment refer to Z Scans sections in this

document

4.1.1.4 XY Scan Panel

XY panel is now table based which makes it easier for users to review and refine

scan patterns.

XY Scan | ? Setup Multi-Point

XY scan button will activate XY scan in the current protocol.

& Scan No Points = 6 '9— Setup Multi-Paint

i

The panel displays an illustration of the current scan pattern and also shows the

number of fields.

Modifying a scan pattern

To define the scan pattern click Setup Multi-Point

%Y Scan I 9' Setup Multi-Point
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("Multi Field Scan A . 3l Clear All — delete all entries

Cleor 1| R Clear — delete the selected entry

1122491 1999.775
Clear || 111249.125 139965
Update (B 110243.075 999.725 : .

|10243 425 1399 65 : ; Update — record the current stage
Update All |{F 1124915 999.675

aga 113249.05 1999725 : j position into the selected entry

Sort

Update All — as Update but will
e also calculate the change made to

Test the field position. The difference is

then applied to all other fields. This

is useful for making quick

Options v ||

adjustments due to XY or Z drift.

Add - record the current stage position into a new entry at the end of the list

Sort - Shortest route calculator means that the scan is executed in the most efficient

manner.

Undo - rewind any changes made in the dialog such as Add or Sort

Move To — quickly move to the selected field. Note that there is an option to move

on double click.

Test - allows quick review of the fields of interest. Note that this may also be useful
for rapid scanning of a sample when looking for a field of interest (exhibiting behavior
to be studied). Once detected, stop the automatic movement of the stage and then

execute a protocol to record the behavior.

Entries will record the XY and Z position of the stage. Where applicable an addition
focus drift compensation parameter will also be recorded (several motorized
scopes), allowing long time lapse protocols to be executed without the fear of losing

valuable data due to miss focus.
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Map - A touch of the button switches from grid to graphic view.

r N

~Mult Field Positions-

400 4

[ Current Position —}— Current Position ]
T

Rescale I Copy to Clipboardl Save | [V Legend

Options v | Save | Close

Table — will return to the Grid view
Load and Save - allow the scan to be saved to disk
Options — Will show/hide the option for the dialog

Options * Map I Load I Save | Close ]\

| Sort

Setup XY options: i & NearestXY (" NearestZ
e e
Select XY Device Initialise I ‘ v OnDouble Click
[ MoveZ
Device Setup l Refocus I s o - :
~Time Between Field Change
DIC d w%’ ‘ [1000 ms

Sort — options for the sort algorithm
Move to Field —
On Double Click - will move to the selected field when double clicked.
Move Z — will only move the z device when selected.
Time between Field Change — time between fields when reviewing fields (see Test

above).

Note that this scan panel does not support Multi-Well or Montage, for these
features please use the Scan Wizard under the ND Tree View.
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4.1.1.5 Time Lapse Panel

When the user click on the “Time Lapse” button the Time Lapse Panel expands
allowing the user to set single or multiple Time phases for the protocol as well as

some other options such as Auto Focus, On-line chart and Pre-allocate all images.

= L
Time Lapse Chart I/ 'ﬁ;fu/ |Pna-a||ocatea\|imwsabhatﬂ@|
Dration Interval T Stream aAdd Fhaze f
||14.n [sec ~] [255571 fms <] [4 r &) Remove Ph
[0 [sec ~] [40000 fme ~| [5 2

L

N

Iritialige &F
AF frequghcy |1 =
N

/
/ N

y A

=

Time Phase Controls

In the Time Phase Controls panel the user can change time duration, time interval,

number of time points and select snap mode for the current protocol.

Duration

In order to change time duration the user should enter a value in Duration edit box.

*-o@

173 © Andor Technology



Andor iQ User Guide AN DOR
an

company
Note that changing Duration will update the number of time points in Number edit

box using the calculation Number = Duration / Interval.

Interval

In order to change time interval the user should enter a value in Interval edit box.
Note that changing Interval will update the number of time points in Number edit box
using the calculation Number = Duration / Interval.

The user is not allowed to enter the value below the minimum interval value which is
calculated based on the exposure times of the currently selected channels, number
of Z planes if Z scan is enabled for the experiment and number of XY points if XY

scan is available for the experiment. The minimum value can never be below 10ms.

Number

In order to change number of time points the user should enter a value in Number
edit box. Note that changing Number will update the duration value in Duration edit
box using the calculation Duration = Number * Interval.

Maximum number of time points for the experiment is limited by number of the
currently selected channels and number of Z planes if Z scan is enabled for the

protocol.

Stream

In order to set Snap to Stream mode the user should tick the Stream check box.
Note that the Stream mode is only available when a single channel is selected for
the protocol otherwise the Snap is set to Frame and the check box becomes
disabled. The Frame mode is always the default mode for the protocol and also

whenever the user unchecks the box.
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4.1.2 Getting Started with Acquisition using nD tree view interface

When you first start iQ3 it is by default in 6D view and you can then switch to nD tree
view. If you have not transferred iQ2.X Protocols using protocol importer, as outlined
in A5.27 then iQ3 will start up with a default Protocol as shown below. In this case
only the Channel “Current” will exist. “Current”, as the name suggests, takes
whatever settings are currently assigned to devices in the Device Setup dialog. This

default Protocol lets you start

G AndoriQ 30 - Andor nsw o o
File Imagelist Settings Wizards Process Analysis Plug-Ins Help using IQ3 to acquire time
- | B =] o] ¥ =. series data right away. You
Open Imaris Save Live Shap Current Image |

— can adjust the camera and
Acquizition ].-’-‘«nal_l,lsis] BEGE Anal_l,lsis] HMovie Editor] Spot Anal_l,lsis]

.-’-‘«c:qulmhon [Calibratiorr Status other device Settings at will
Eefd] 279" ixon Ultra_40Xoi (0.025) and Edit the Protocol by
Auta Save changing editing Repeat T

I |E:‘\Andnr\iﬂData\confncal\Eeta Bhtutolmagesh, J
loop parameters Number and

Eﬁ' Protocal - Protocoll Protocol
:':; BD Wiew Compatible - Yes i Interval.
H g Image - Protocoll ,@ Fun
s Camnera Binning - Usze Current
w1 Wiait Allocation - Off .
-ifd Camera Selection - Use Cunent Loop Pratacal
% - v ﬁs"s'?'“",iﬁ'e Be sure to select the correct
=- Fepeat T - 1 time [30 ms) v Show . . .
£ ) Fepeat - Channel [Curent] Calibration setting for the
! B4 Channel Description . . . .
B Srep - Frame £ Protacal microscope objective in use.
-l End- Channel — . . .
Al End-T During Calibration you can
=nnE= add an Optovar
B0 i
@@ Charnel magnification setting. You
¥ Sean can check Optovar “in” or
o DevieeSelp) || «qut” with the checkbox - see

Savebs..

blue rectangle on left screen

qﬂ% Optianz h i
> e shot.

More sophisticated multi-channel and multi-dimensional sequences can be easily
created. Read on to find out more about Channels, Scans and Protocols. These

Topics are covered in the following sections.

L
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4.1.3 How to Acquire a Single Frame Image

< 2 - o] | ¥
Open Save [dle Shap __________________ Ll Curre:nl:
Acguizition ].ﬁ.ﬂal}lsisl Movie Eu:Iitn:ur] 5 pot ﬁ.nalysis] Chi
Status E,fppa
Live DIC
Ch3

Select the Acquisition tab.

To see a Live Image from your camera press the Live button, which you will see
toggles to Idle, indicating that pressing again will stop live imaging. The Status panel
changes color to Cyan when live. To acquire a one frame image press Snap. This

can be activated whether in Live or Idle mode.

If you click on the Channel button a pop-up menu appears showing Channels
available to the current user. If you select a Channel then the hardware devices will
move to the positions specified for that channel. In Live mode the system show a
Live image of channel. On pressing Snap an image will be acquired, after which all

post frame events will occur such as all shutters will be closed.
For more complex image acquisitions you will need to set up a Protocol. Before you

can do this, a valid XY Calibration (Section 3.2) must be loaded and appropriate
Channels (Section 4.2) and Scans (Section 4.3) must be defined.
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4.2 Channels and the Channel Wizard

In the Acquisition Dialogue (Section 2.7.1) press the Channel button.

Auto Save
B IC:'\Andor\iQData\M.Browne\Revolution Time Lapsehautolmagesh

Acquisition Calibration Setup Wizard
; || [ Optovar z

E)| 7790 897_a0xwi Channels

- £% Protocol - Test || [ Protocol

Channel Manager
= uma IMmage - Test

=
@ Protocol Type - Time Series ﬂ‘
#% Camera Binning - Use Current @ Bun
7 Wait Allocation - Off —IU
Camera Selection - Use Current - L
+ @ Events M >
XY Scan - MFx3F-Mon BEas| .
& Mirtsos e imiion ___XY_Sﬂ_ W= ‘ Edit ‘ Copy ‘ Delete ‘ Close
: Fani A Device Selupl
4 Pause - Click OK to start protocal .
= @) Repeat T - 50 times (1 min) [ Loop Protocal ChiEnmelSnmmeies
213 Auto Focus Activate - Every 2 times V¥ Display Image Current Channel:
- #+ Repeat- XY [~ Show Al ed
=14 Flvepeat - Montage
% Montage Positions (4 (2 by 2]) = —
.38 %Y Positions (3] Save As... -8 Chanrel -red

+-% Channel-green
+- %" Channel - blue

* Move XY (1035.5,755.6,28.85) o
= MoveZ (26.85) A8 plons
-1 €& Repeat - Channel (CFP.YFP) @) Help
+ % Channels Description

d

The dialog above shows a nD Protocol Tree, which is used to specify the sequence and timing of
instrument controls functions, including movements of stages, excitation sources, emission detector
optics, triggering and actions such as photo-bleaching. Channels define the system state required to
create an image on the camera of a chosen fluorophore including illumination ports and techniques
and usually will be set prior to a Snap action, which opens shutters, exposes the camera, acquires the
image data and closes the shutter. Channels also contain image display information such as look-up-
table (LUT) for pseudo color display and mapping (max-min range) settings to ensure good image
rendering.

This opens the Channel Manager where channels are set up and stored. All existing
channels are listed here for the current user.

Press the New button to continue.

L
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e Enter a name for the new channel into the

Creata Channel

text box.

MNew Channel:

The channel will be private to the current

— =n user unless the administrator is creating it,
—— in which case it will be available to all users
Please enter & name for the channel: USing the same Conﬁguration.

EGFF
It is recommended that the channel name
should describe the fluorophore and/or

imaging mode where possible.

Press Next to continue through all
connected devices. This depends on your

hardware configuration. Set each device

settings as desired.

4.2.1 Important Note about shutters

File ImageList Process Function Help . . .
- SetupWizard Various devices have shutters e.g. filter

| wheels, ALC, CSU. The state of the

Setup Sutter Filter Wheel
shutters must ensure that the desired

for Orcal Sutter MC1

imaging path is “open” for illumination and

s
«Back | News> | Cancel . L )
detection. To minimize specimen exposure
Shutterl Experiment Action: IOpen-Closed _vJ
Shutter2 Experiment Action: SN and the side effects of photo-bleaching
Wheel A | Settings |

select the Open-Close Option for the fastest
shutter in the path.

Set slower shutters in the light path to the
Open state and then they will not introduce
unnecessary delays to every acquisition. An

example of a filter wheel Channel Wizard

[ Ensble Wheel dialog with shutter set is shown left.
[V Enable Shutter [~ Shutter Open

* et
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The Shutter Experiment Action state for shutters is only seen in the Channel
Wizard hence all Channels must be created in the Wizard, but can be edited -bar
shutters - in the Device Setup dialog:

Shutter2 Experiment Action: ICurrent j ' ) _
2 The experiment action for the shutter is

selected from the drop down list.

Open-Closed
Closed-Open
Current - the Shutter will not move
Open - the Shutter will be opened immediately before channel
acquisition and remain open until another channel closes it.
Closed - the Shutter will be closed immediately before channel
acquisition and remain closed until another channel opens it.
Open-Closed - the Shutter will open at the start and close at the end of the
acquisition of each channel of the image
Closed-Open - the Shutter will close at the start and open at the end of the

acquisition of each channel of the image

Press Next to continue.

E=posure lﬁenerall Devicelnful Statusl 4 Finally, you will be prompted to
Wiindow Size [5|123 81} | Gai configure your Camera, which
Full Chip | wWindow [~ EM Gain Enabled |2 . . :
- AnEnshE in this example is an Andor
Binning J J
v 3y 1o - iXon. The Wizard camera

Ewpozure Time

Shutter . i

- SEe—— ™ Frame Transfer (Live] control panel is shown left.
Frame Aweraging - OFf |70.0 ms | Deeper levels of camera
 Use s o] || Ll 1 | settings are treated as global
Digplay Control :

= Fact Refiosh Readout (ms): 19,379 and not recorded in the

i+ Digplay Every Frame Frame Rate ] Channel.

i Display Framesdz Actual Rate: 7.80

Pressing Live will display a
live image enabling interactive setup of the camera. The controls include Pre-Amp
Gain, EM Gain and Exposure time. Higher EM Gain can be used to reduce

exposure time in low light level applications. For some applications good image
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guality can be obtained by adjusting only the exposure time. Higher EM Gain will
reduce dynamic range but can completely overcome any read noise in the camera.

See Appendix 3 for further information regarding different camera setups.

The Channel settings include a Look Up Table (LUT) or palette which is applied to
images acquired with that Channel’s settings. When contrast or Mapping (Section
4.2.1) is adjusted Live in the Wizard the settings are Recorded in the Channel. This

ensures images are displayed with satisfactory contrast.

Setup Wizard Press Next to continue.

Channels

Channel Manager .
2 The Channel setup is now

complete. The new

e channel is listed in the
M ew Edit Co Delete Cloge .
| | Py | | | Channel Manager — a click on
Channel Summaries the + sign displays summary
Current Channel:

EGFP information about the channel

as illustrated below.

+- 8% Channel - red

%% Channel - green Press Close to exit the

+- % Channel - blue

- % Channel - EGFP Channel Manager. The channel

A Camera EB Gain-0
## Camera Binning - CURRENT
Camera Exposure Time (s) - 0.04
Anc LUT - Green
A Sutter Filter Wheel 1-0
& Sutter Shutter 1 - Current
A0 Sutter Filter Wheel 2 -0
& Sutter Shutter 2 - Current
+- %" Channel - Fura-2 340 nm

can now be incorporated into a

Protocol.

L
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4.2.2 Important Note - EM Gain and Multi-Channel Imaging

Many Andor and third party systems are supplied with Andor’'s award winning

EMCCD cameras (http://www.andor.com/). When EM Gain is used in multiple

channels in the same Protocol, EM Gain must be EQUAL in ALL channels. EM

Gain switching takes time to settling (a few hundred milliseconds) and if switched
between channels may not have time to stabilize before the exposure is started (or

completed). The result will be poor quality or even missing data.

L
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4.3 Scans and the Scan Wizard

OR

company

AND

Acquisition ].-’-‘«nalysis] Movie Editor | Spat &nalysis

Status
Idle
Autg Save Setup Wizard
B |I::\.t’-‘-.ndor'\iE!Data'\M.Bmwne\Hevnlution Time Lapgetdutolmagesh Soans
Acquizition Calibration Scan Manager @E‘
Optovar 3 .
[~ 10 897_40Xwi
- tﬂ'F‘_rotocoI - Test Caze 1 Frappa Muli-Phase Protocol Z
= Imaqge - Test Caze 1 Frappa Multi-Phaze
]
B Protocol Type - Time Series £ Protocol RE Edit Dealata | Close
q_.” Camera Binning - Uze Current R
5 wait Allocation - Off & un Scan Summaties
| Eamera Selection - Uge Current %. Channel Current Soan:
+-g Events MFx3F-Man
& Pauze - Click 0K to start protocol WY Goa
+-3® Move Channel - Chi — #1% Scan - MPx3F-Mon
- @ Fepeat T - 20 times [200 ms) % Device Setup + 1§ Scan - MFxEF
& Sha - | +-% Scan - Test MF Compatibility
- R ™ Loon Praotocol +- 8 Scan- Test bF Man
m End-T0 Hop Fronen +- Scan-TestxvYZ Compatibility
+-54 Frappa - Frappa [FRAPPA, Al v Display Image ‘% Scan-Z Scan
+-3® Move Channel - Chi [~ Show &l
- @ Repeat T - 200 times [0 mg - faztest)
Z Shap =
@ End-To & 5ave ts..
& Options
(Z) Help

The dialog above shows a nD Protocol Tree, as described in the previous section. Scans can be
INSERTED into this tree at the Repeat keyword by clicking the right mouse button and selecting Scan
from the displayed list of Action keywords. You then choose from the list of existing Scans. To create

a new Scan you must have a motorized XY and/or Z device under iQ control.

On the Acquisition page press Scan to open the Scan Manager. Press New to
create a scan and the dialog left will show.

IMPORTANT: ALL Multi-well and Montage scans require that the system has been
calibrated with Stage Alignment Wizard (Section 3.2). Resulting scan patterns will
not be correctly aligned and well sequencing may be incorrect if you fail to complete
this step.
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Please note that not all of the options above may be listed for your system. The

Setup Wizard scan list depends on the
Scan hardware devices available
Set Up New Scan 3‘?&& and whether you have a

license for multi-field or multi-

well scanning.

™

‘ Mewt > | LCancel

Scan Setup
3@" Flease enter a name far the new Scan:
;_? |Mi|:r|:|titre 46

Scan Options

v Muli-=ddellf Petri Scan
" Swstematicall-sampled fields
+ |ser-defined fields

[ hulti-field Scan

W hontage

The Procedure for creating scans is shown in a convenient flow chart format in figure
4.3.1 on the next page. The list of scan types supported in Andor iQ includes:

e Multi-field or multi-point (user defined fields of view).

e Montage allows several fields to be scanned and “stitched” together to
increase the field of view for larger specimens, while maintaining resolution.
Montage patterns include Rectangle - NxM fields; Edge - NxM fields are fitted
to user-defined feature edges (boundaries); and Linear — a series of fields
along a user-defined line specified by fields at the ends of a feature.

e Multi-well scanning is used for micro-plate or multi-slide patterns e.g.

useful for multi-treatment experiments. Multi-well allows capture of multiple

183 © Andor Technology



Andor iQ User Guide AN DOR
an

company
fields per well, using either systematic sampling or user-defined fields.

e Multi-field and Multi-well can be extended with a Rectangle Montage at each
field position.

e Multi-field, Montage and Multi-well constitute the XY scans.

e XY scans can be combined with Z scans to study e.g. 3D development.

e XY scans can be enhanced using Autofocus to correct for stage drift over
time.

e Autofocus settings must be recorded at each field during field selection for
proper operation.

e Autofocus support currently includes Olympus ZDC, Nikon PFS and Zeiss DF
systems.

When you decide to create a new scan pattern, enter its name into the text box.
Make sure you use a descriptive name to aid your memory if you wish to re-use
them in future. Select the appropriate Scan Options by enabling the relevant check

boxes. Press Next to continue.

As examples using the Scan Wizard, we illustrate creation of Multi-field, Multi-well
with well rejection list and Montage scans. We hope that with a little practice the

Wizards will become easy to use.

Note on Z Scans: Although only one XY scan can be used in a nD Protocol Tree, it
is possible to use multiple Z scans. Whenever you Insert (or Edit) a Repeat Z in the
Tree you will be taken to the Z scan Wizard to define Start, End and Step size of the

scan as shown in section 4.3.2. When you click Next you return to the Tree view.

Note that ALL Z scans are relative not absolute. The currently Z position is used
as the center of the Z scan rang
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4.3.1 Flow Chart of Scan Setup and Options

Set Scan Name set7

And Properties Panae Montdass e Check Stage Alignment
Z, Montage, 9e. ges * Set Area Fields Or mm
MF. MW Intensal

Edit
Scan

» Check stage alignment ’Q‘
» Select, Create or Edit Well Pattern

« Set Origin and Skew o Visit and Adjust Field (s)
» Define Rejection/Inclusion List * Set Focus Plane
* |niticlize AFC if required

Set Sampling

SSoruD Density of Uniform

Fields

Random®* fields

Set Number of ]
Fields per Well J

Set Number
Of Fields
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4.3.2 Z Scans

Z Scan Panel:

Z panel has been redesigned to provide an intuitive and improved user experience.

The Z scan button will activate Z scan panel from 6D view.

Z Scan \

The panel will also be displayed in the scan wizard when you Insert (or Edit) a

ZRepeat Action within the nD tree view.

Andor APZ Unit - AndordPZ

Range Nat Set. Click 'Options' to specify the working distance. 7=

The selected Z device, used for Z scanning, is displayed at the top of this panel. If
this is the first time that you have used the device with the Z scan wizard, you are
prompted to specify the working distance. Select “Options” to define the working

distance.
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Options

The title of the dialog specifies the current Z scan

Device. Andor APZ Unit - An

Live Channet
Current v

Live Channel — selects the channel to be used for

Z Move

[v Complete Z Before Channel

setting up the Z scan. (Applies o Sitmplied GUI Orip)
Z Range

I | Curent Posiion ~ |7.0
Z Move — Whether to complete all Z moves before e T

changing channel. A Lower Limit o

Z Scan Range (um) |1 00.0(-100.0 to 0.0) __]

ZRange - ShOWS the Working dIStance for the Scan Device : Scope or other non Piezo Sta
device. The settings button will start a wizard

which will allow you to define the working distance. | W SclectZ device

Cancel |

Select Z device — used to change the Z scan

device.

Working Distance

The wizard is used to determine how far and in which direction the sample will move.
Once the working range is defined the GUI will provide better feedback on the
current stage position and allow easier control when using the mouse wheel or and

scroll bar.
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Z Range

Are you using a Piezo device (stage or
ohjective) or microscope for the Z scan?

Piezo I Scope |

ANDOR

an Oxford Instruments company

/

\

v

Z Range

Is this a Piezo Stage or Objective?

Objective j;I

pa
™~
P
™~

~Z Range

Is this a Piezo stage on an Inverted or Upright
microscope?

Upright

A

~Z Range

Select Scan Range

Z Scan Range [um) 15[1,0 -75.0to 75.0 vl
Nexst |

~Z Range V-
Current Position |2.El
Upper Limit -75.0

Lower Limit I75.U

Z ScanRange (um) [150.0 (75010 75.0) |

Scan Device : Piezo Stage on Inverted Scope
Settings

Piezo

~Z Range

Current Position |5UUU‘025

Setthe upper Z limit.
Focus deep (higher Z value) into the
specimen without touching the cover slip.

Take care notto damage the objective or
specimen!

Next |

—Z Range

Select Scan Range

Z Scan Range (um] |EEUREENRRERSN| «

Next

\lz

Z Range \ 4
Current Position EUUIJ.IJZS

Upper Limit l5000.0
Lower Limit |4800.U

Z Scan Range [um] IZUU.D (4800.0 to 5000.0) ;]

Scan Device : Scope or other non Piezo Stage
Settings

Scope
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The Z panel workflow is from left to right as follows.

Z scan modes
There are 3 modes of operation

1. Start/End
2. Centre
3. Start

Simply toggle the selection button to change the mode.

Andor APZ Unit - Andor&PZ
’ Z Scan - -
Y Live | B centeZ l End /\;]

+& Options | Z step [um) I |1 W Start

Nyquist l Cubic I Z Value (um})

o

I Z Flanes [#) l ~Scroll Units [um)

| — ;él? pd

L

Into specimen

Step/Planes/Range

Live will also activate the channel specified in the Z
P ¥ LiveJ E Centre Z l

| Z step [um) |1

Nyquist Cubic I

scan option panel.

Centre Z allows easy movement to the centre of the

working range.

I Z Planes [#) |1—

The Step, Planes and Range buttons specifies which

parameter will be calculated ( depressed). You can

enter values for the other parameters in the edit boxes. _

Nyquist and Cubic buttons offer a convenient way to calculate the Z step for the

selected calibration.

L
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Z control and scan selection

Start, End and Centre buttons allow the | :_' -
iy . End /\3
current position to be recorded into the scan. | ————— ;

The buttons will change to match the current W st
~ZValue [um} |

mode. \ ’2—

lllllllllllﬂill

|nto specimen

~Scroll Units {um]

Z Value shows the current Z position. ‘
1.0 v

Scroll Units sets the sensitivity of the scroll

bar. Scroll bar and mouse wheel are used to adjust Z.

Status Indicator shows the current position and current selection. The colours will

be explained below.

Start, Mid and End indicators show the selected Z scan range, the associated
buttons offer a convenient way to navigate to each. These will enable as the

positions are defined.

Start/End Mode

’ Andor AFZ Unit - AndordFZ
Z Scan , —
P Live I & centez | /\:_I

—Seroll Units [um]

; J End | = =
8 0905 | | 2 step fum) | [ -_ st | [ | =
——————d =
Nyquist | Cubie | |[2Vauewm— 18l | [0 7
\ 100 % UE
| ZPlanes i) |1 E | =

C
L

Yellow indicator shows current position, no scan is defined

L
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Andor APZ Unit - Andor&PZ
Z 5can
I Live | & centre Z | N\

P End |4 *jg 132 =
& Options Z step (um) | |U.U1 ‘ Start s g
Myquist | Cubic | | 2 Value fum)— § = X
EY =
1 =
| zPires ) ['— | o iy [ =
Range [um) | |“32 I'I.U "l JE EI

Blue indicator shows recorded Start position

e, Andor APZ Unit - AndoréFZ
% Live | @ convez | - "‘*Z'EIW;J
& Options 16 - s |- % (adjusted)
Cubic | W § J%ng
| zPeresin 10— | i B | S
Rangefum) | [58 [0 ] j% e ;Z_l

End position is defined.

Orange area shows scan range,

End position will highlight in green,
Current position will highlight in yellow.

Centre

Andor APZ Unit - AndordPZ
Z Scan

¥ Live E Centre 2
: : Centre
#& Options | | Range (um) |-58 L

I Z Planes (#) |1_ —Z Value [um}—
100

—Scroll Units [um]
1.0 v

||

Z step (um) | |41 B

[
||||l|||||||lI|||||ll||llﬂ!lllllllllllllllllllll
<]

Le

Yellow indicator shows current position, no scan is defined
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I Z5can
& Options I

P Live I B Centre 2 I

Range (um) | |'53

I Z Planes [#] I1 5

Z step (um) | I"“S

Cubic |

Nyquist |

Andor APZ Unit - AndordPZ

ANDOR

an Oxford Instruments company

AAL

]

‘ Centre|

—Z Value [um}—

|115.5

—Scroll Units [um]-

IU.S 'I

=]

Into specimen

Le

7]
Xl
a2

100

Centre position is defined.

Orange area shows scan range.

Centre position will highlight in red.

Current position will highlight in yellow.

Start

I Z Scan
& Options |

Andor APZ Unit - AndordPZ

@ Live I & centez | O=
Range [um]l |'53 ‘ Start < g
[ZPranes ) [5—— | [2Valetm)— I8 | =
130 @ JE

|-4.1B 2 —

M] ~Scrol Units um)| (5| =
Nyquist I Cubic I |1.0 ,I —Ig

=

X
R

|1 24
[adjusted)

124

Yellow indicator shows current position, no scan is defined

Z Scan

.ﬁ Options

@ Live I E Centre Z |

[

| | Range [um]l |'53

| ZPlanes () |59

Z step [um) | |'1

Nyquist | Cubic I

Andor APZ Unit - AndordPZ

OH[AE

| Start £ %
~Z Value [um} § g
130 gl L=
~Scroll Units (um] < g
I 1.0 X I LI g

101 ZJ
1320 g]

Start position is defined.

Orange area shows scan range.

Start position will highlight in blue.

Current position will highlight in yellow.

*0&
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Multi-field Scan definition is the simplest because the system requires no knowledge

of stage axes alignment or orientation. Multi-well and Montage need that information

so that iQ can interpret well-plate layout and stitch fields together. In multi-field

scanning you simply record a series of XY positions to be revisited when the

Protocol executes.

~Setup Wizard

Set up Wroptions:
-Auto Focus

Select XY Device Initialise
Device Setup Refocus
Settings Off

Next>>

Multi Field Positions

I3 Andor iQ 3.0 - Andor Virtual c;u!,s '

File Imagelist Settings Wizards Process Analysis Plug-Ins Help

s

P

)\

LCancel

_ﬂl —

Iz [aF

[ [5399.7
Clear _ ||55 [4999.7

-3999.9 6000.025 0.0

i 39999 6000025 0.0
Update T4999725 1999875 6000025 0.0
4 699975 -199985 6000025 0.0
Update All
Add
Sort
Move To
Test
14500 : : :
14300 4!
15000 4!
15200 4
15,400 4+
15,600 1
15,800 4
16,000 , ; . ‘
13,000 13,500 14,000 14,500 15,000 15,500 16,000
EFields [ Currert Position —— Current Position |
S

Copy to Clipboard I

Save I v Legend

Only a summary of the field recording
dialogs will be shown here. Choose
Multi-field from the Scan Manager and

press Next.

Using the joystick, move the XY stage to
the position of the first field. The x and y
positions will update in the blue
highlighted text boxes (as will the z

position if you have a Z motor).

Click Add or Update to record the field.
Repeat to specify the positions of each
field.

During the field definition iQ will show a
graphical view of the current stage
position (+) and the fields selected so far
as shown left — in this case 4 fields have
been defined and you can see their
relative positions in stage coordinates
(2000 um — 1mm).

This graphic will update whenever you run or change the scan in a Protocol.

*8—
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Note: When editing a multi-field scan iQ will allow you to choose to reposition the Z
stage at the XY fields listed in the scan. This is essential if you are reviewing
fields in a scan. You can also choose whether to allow iQ to re-use previous focus or
Z positions during repositioning. We make this an option to reduce the risk of
resetting incorrect focus positions which may damage the objectives. To enable Z

movement click the Settings button.

Autofocus — when you want to record and Autofocus setting at each field, make
sure that you have the Device Setup dialog visible and the microscope tab selected.
Then initialize the Autofocus button in the interface. iQ should indicate if the
Autofocus was successful. When you click Add or Update, iQ will record the current

Autofocus setting from the microscope.

File Imagelist Settings QC Wizards Process Analysis Plug-Ins Help
Setup Wizard

Scans

Scan Manager
Press Next to return to the Scan

Manager, where the new scan has been
added to the list.

New Edit Delete | Close |

Scan Summaries
Current Scan: Clicking on the plus sign to the left of the
_La'ge”eas scan name  displays = summary
) ]Ids-4 information for the selected scan file.

Select Z Device
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4.3.4 Multi-well or Micro-plate Scan

File Imagelist Settings QC ‘Wizards Process Analysis Plug-Ins Help
Setup Wizard

Scan

Set Up New Scan

I Next >> I

Scan Setup

- Please enter a name for the new Scan:
l? |Large areas|

Scan Options
v Multi-well/ Petri Scan
+ Systematically-sampled fields
" User-defined fields

™ Multi-field Scan

[ Montage

[ Zseries

Select Create new well pattern, then
press Next to continue.

Note: If you have previously created a
well pattern you can Use existing well
pattern, or Edit existing well pattern to
modify its parameters).

If you want to apply the same Well
pattern, but for a different experiment,
then use Edit.

ANDOR

company

To start Multi-well definition, select the
appropriate radio button in the Scan
Manager. Then choose whether you
want Systematic Sampling (computer
chosen) or User-defined fields to be
imaged in the wells. This will be
explained later.

Note: BEFORE you define a multi-well
pattern or montage scan, you MUST

successfully run the Stage Alignment

Wizard.

Press Next to proceed to the next

step.

File Imagelist Settngs QC Wizards Plug-Ins Help
—Setup Wizard

tulti-vell/Petri

S
Setup Well settings: a} -

s

z

<¢ Back | Mest »» |

rSelect Fattern

Cancel |

Select one of the following options:

 Use existing well patiermn

 Edit existing well pattern
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File Imagelist Settings QC Wizards Plug-Ins Help From the dropdown ||St box on the
—Setup Wizard

MuliwellPeti————————— dialog (red highlight) select the type of

Setup Well seflings: scan I’eqUired:

<¢ Back Mewt s>
[ Setup New Scan Enter a unique name for the scan
Enter @ name for the new patiem: pattern into the text box. Scan patterns

Costar S5F-3x2-35-29 . . .
will be available to all users, so it is
Thiz name must be unigue az it will be yuzed az the
fileniame when the well patterm is zaved.

therefore important to have a clear
naming convention that describes the

scan setup. In this example we have

named the scan pattern:
Costar-ssf-3x2-35-39

Costar Model of the micro plate

Type of scan (systematically

ssf sampled fields)

32 Number of columns and rows

of wells
35 Well diameter (in mm)
39 Well separation (In mm)

Press Next to continue.
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Select whether you are using a

Setup YWizard
Multi-AelliPeti————

Setup Well settings:

<< Back Mext >>

circular or rectangular well. If
Circular, enter the well diameter in
the box. If
Rectangular, enter the well height

and width.

mm into text

—wWell dimengian
Select the type of well and enter the well dimensions

& Circular

diameter: |35 mm @ (@ u’-‘
cICIO

{~ Rectangular

Press Next to continue

Enter into the text boxes the number of
columns and rows of wells.
the Well

For the

distance in mm from the start of one row

Separation, enter

to the start of the next, and from the start

of one column to the next.

Press Next to continue.

*—0—

File Imagelist Settings QC Wizards Plug-Ins Help
Setup Wizard
kulti-w'ell/Fetri
Setup Well settings:
< Back Mext »> Cancel |

hdultizwell plate

Number of wells:

Mumber of columns: |3 ﬂ "—l—'_‘

(® (@ Q
—s —L940)

MNumber of rows:

Well separation:

Between rows: |3E| mrn F @ F
r-\;(—\ r
= =

Between columns: |39 li] |
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File Imagelist Settings QC Wizards Plug-Ins Help

S etup Wizard
rulti-ell/Petri
=S
Setup Well settings: a‘%‘“
Z E
<< Back Mext >3 LCancel |
—wWell Pattern
Summary of well settings:
Mame: Costar 35F-3x2-35-29
~Sefting
Type: Multi-Well
Mumber of Well
M 3 My 2
el Separation
D 39 mm  Chy: 39 mrm
el Shape
Circular diameter: 35 mrm

ANDOR

company
A summary of the well settings is now

displayed.

Press Next to continue.

Once the Well or plate pattern has been defined (or selected if you are re-using or

editing the pattern) then the user needs to show the system the top and left edges of

the first and second wells of the first row of the pattern. This is needed to allow iQ to

<< Back ‘ Next >> ‘

Cancel
Reagistration point offsets

The registration point offset is the distance from the stage
registration point to the top left corner of the firstwell.

1. Steer the stage so thatthe top edge of the firstwell
touches the harizontal line. G : l

2. Click Record Y Offset

Y Offset: |r0 rmrm

3. Steer the stage so thatthe left edge of the firstwell
touches the vertical line. - J

4. Click Record X Offset

X Offset: |EI mm

| S—"

deal with pattern Skew i.e. rotational
offset relative to the camera and stage
coordinates. This can occur in various
scenarios when a pattern is fixed
manually to a carrier or substrate and is

not perfectly aligned.

There are two dialogs to handle this.

This first dialog asks to define the first
well edges as shown in this dialog on the
left. Click on the Record Y offset and X

offset buttons at the relevant time.
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The second skew dialog, shown below, requires the user to define the top and left

edges of the second well. The system will move to its estimate of the top left of the

second well if you click on the “Move to Second Position” button, to help the user

<< Back ' Next >> 1

Registration point offsets
The skew is calculated using the second well on first row.
The stage has been moved to its approximate position.

Cancel

1. Steer the stage so that the top edge of the second
well touches the horizontal line. -

2. Click Record Y Offset

Y Offset [13.8396  mm

h !
3. Steer the stage so thatthe left edge of the second
well touches the vertical line.

4.Click Record ¥ Offset

X Offset; |14.7393 mm

<< Back Next >>

Cancel

Rejection List

Enter pattern for the rejection list:

[2.5.6

This should be of the form : 1,3,4-7,12-30
Rejection / Selection
" Include Selected ltems

* Reject Selected ltems

with a starting position. When
identified the top
edge click on the Record Y
Offset button and the left edge
click on the Record X Offset

you have

button. The system will now

compute  the Skew or
Rotational offset for all wells in
the pattern and apply this to the

well coordinates.

The Rejection/Inclusion List panel is
shown next and here you can define
which wells should be included in the
Scan pattern. This allows you to define a
list of wells which either have not been
used or contain no viable specimens.
The list is created by typing the numbers
of the wells or ranges and you can
choose whether this is the Rejection or

Inclusion list with the radio button.
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In the next stage you will define the fields to be imaged in each of the wells. Two

options exist: one for Systematic Sampling and the other for User-defined fields.

4.3.4.1 Systematically-Sampled Fields:

File Imagelist Settngs QC Wizards Plug-Ins Help
Setup Wizard

Randomized meandar

Select Mumber of Fields:

<< Back Hext >

Sampling Setup

LCancel

Flease select calibration ect Calibration x40

Please selectthe number of fields required
within each well:

+10

-]

MNumber of Fields per'well: 1

L]»

Sampling Factor (Murmber): 2.94E-04
Sampling Factor (Areaflength): 2.94E-04

N '/”"*_\ D
o (

]

File ImagelList Settings QC Wizards Process Analysis Plug-Ins Help
Setup Wizard

Setup XYZ options: S
SelectZ Device [ Device Setup ‘ Z !;
<< Back I Next>> ‘ LCancel ‘
Multi_Field options
Select Number of Fields: [ perwell

Press NEXT FIELD to select position and move to nextfield.
Press PREVIOUS FIELD to select position and move to
previous field.

Please ensure image is focussed as z position will
he recorded (if available).

Next Well >> ]

X position: FEADEQ—
Current Well 1

ition: [-24654 i
il Current Field 1

2 position: [0 Newt Field»> |
ZPosiion-—————————————
«< << < |0 > 3> 3

From the Calibration dropdown, select the XY
Calibration that you will use for the acquisition
and ensure that the correct objective is
selected.

Specify the number of fields to sample within
each well. The arrows change the value by 1;
the +/-10 buttons change the value by 10.

A uniform random grid will be “thrown” into
specimen space, in which the X and Y
repetitions are at a uniform distance and the
grid is positioned so that the specified number

of fields lies within the well.

The following step allows you to review the
position of the computed fields and modify

them at will.

Note: Autofocus — when you want to record
and Autofocus setting at each field, make sure
that you have the Device Setup dialog visible
tab selected. Then
the
microscope interface. iQ should indicate if the

and the microscope

initialize  the Autofocus button in
Autofocus was successful. When you click
Next Field or Next Well, iQ will record the

current Autofocus setting from the microscope.
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4.3.4.2 User-Defined Fields:

e e e e The stage will move to the top left quadrant
[ of the first well. Enter the number of fields
Setup XvZ options: for each well.
Channel - CH1
Using the joystick, move the XY stage to
«Bock | Mews» the position of the first field in the first well.

The X and Y positions will update in the text
boxes (as will the Z position if you have a Z
Press NEXT FIELD to select position and move to next field. mOtOI’).
Pres_s PREVIOUS FIELD to select position and mowve ta
previous field. Press Next Field, and then repeat the
Please ensure image is focussed as z position will . . .
be recarded (i available). above to specify the positions of each field
x positon: [0 Current Well 1 for all wells.
Current Field 1 At the start of each well, the stage will
ypositiun:lﬂ ' g
<< Previous Field | NewtField»» automatically move to the top left quadrant
iti :ID
sposten of that well.

= < Multi well Montage ) o ] o

When you enter the field

RN . S ST T SRS SIS NS .. 8

definition phase the scan : bgsres  menetl el : boese |
graphic will show the well ::Egg m{{ U\f/qlz\{/ﬂ#n\\f%\{/z U\if“
pattern and the fields within the :jzzz ' l ‘ | K : | |
wells as shown on the right. 18,000 -

This example shows a 24 well 122222 Y

plate with systematic 21:0005 X2 1 ‘
sampling, density 5 fields per i e A L e e
well. Note that wells 9,10,15 jjzzz ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
and 16 have been Rejected. 12,600 14,600 15,600 18,600 20,600 22,600 24,600 25,600
The First well is shown at top Ef:‘j:f:m s T o bed oA et CARcied el gn

left and identified as blue, while

Copy to Clipboard | Save | v Legend

remaining wells are green.

Note: Autofocus — when you want to record and Autofocus setting at each field,
make sure that you have the Device Setup dialog visible and the microscope tab

selected. Then click on the Initialize the Autofocus button in the GUI for each field
B
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required. iQ should indicate if the Autofocus was successful. When you click Next

Field or Next Well, iQ will record the Autofocus setting from the microscope.
Press Next at the top of the field definition dialog to continue.
You will now return to the Scan Manager, where the new scan has been added to

the list. Clicking on the plus sign to the left of the scan name displays summary
information about the scan.

File Image List Process Function Wizards Plug-Ins Help
—aetup Wizard

—oCans

Scan Manager

[ e Edit Delete | Close |

—Scan Summaries

Current Scan:
bdii-5 5-CH1

ﬁ Systermatic Sampling Density -1
¢ Calibration - x40 objective
L..&® Setup Channel - CHI
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4.3.5 Montage scans

Montage uses a motorized XY stage and collects neighboring images to construct a

field of view larger than the camera sensor.

We can use Montage scanning in either a single scan definition or as part of a multi-
field or multi-well scan. In the multi-field and multi-well cases, montage is
constrained to be a rectangular region, specified in mm or fields, centered on each
field of those scans. The montage fields are automatically included with each field
when you select Montage with Multi-Field or Multi-well in the Scan Manager. You

choose how large the montage at each field will be.

Setup steps before Montage scanning is possible:

1) Always select an accurate objective calibration.

Typically the automatic calibration is not sufficiently accurate to move the XY stage
the correct distance. If you do not have a calibration created by manually imaging a
reticule slide, run an interactive calibration with the objective and camera
combination you wish to use for Montage as follows:

Protocol Menu > Wizards > Calibration > New > Interactive

Before proceeding you must have your newly created calibration selected via the

objective icon in the protocol window.

Please see Section 3.2 for further details.

2) Run the Stage Registration Wizard once.

XY stages have movable limit switches. Thus the software needs to find where the

stage origin (0, 0) exists by moving the home position. By default the software

requested to do this on startup. If you cancelled this process or did not see the
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screen (i.e. the checkbox to not prompt for Stage Registration is enabled), involke
this wizard from:

Protocol Menu > Wizards > Stage Registration Wizard
Please see Section 3.2 for further details.
3) Run the Stage Alignment Wizard once.

This wizard tells the software how the XY axes of the camera match the XY axes of
the stage. Run this as follows:

Protocol Menu > Wizards > Stage Alignment Wizard
Please refer to Section 3.5 for further details on the Stage Alignment process.

Note:

- The current state of your Andor camera image flip and rotation are applied to the
Wizard (non-Andor cameras do not have these settings in iQ). If you change these
properties of the camera or change your stage XY behavior this step is invalidated
and you have to run the Stage Alignment Wizard again. Before proceeding make
sure the camera rotation and XY stage joystick movement is to your liking.

- The camera flip and rotation properties are stored on a per Protocol basis. If you
have Montage working in one Protocol, it will not work in another Protocol if the
camera flip and rotation differ. Although objective calibrations are shared

between all configurations, these camera properties are not.
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4.3.5.1 Linear Montage Scan

File Imagelist Settings QC MWizards Process Analysis Plug-Ins Help
—Setup Wizard

Setup XYZ options:

SelectZ Device| Device Setup ”

< Bac | Nest >> |
~Montage Definition
] 10 will automatically adjust to the
I selected calibration
EEN Luca_40X

& Linear Specify the start and end of a linear feature

" Edge Use the stage to define the boundary
of the region to sample

o Region Specify the width and height of the region.
Use the stage to define the boundary or
centre of the region.

Field Overlap : |5 il %

~Montage Linear Definition

Please ensure image is focussed at each field

the linear feature and prompt for
end position.

|
|
I
|
I
|
I
|
I
|
I
|
| xposition: |15259.375
|
I
|
I
I
I
I
I
I
|

~Z Position

<K< << < I108.33 > 3> 3>
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The Linear method is designed to
support observation of filamentous
structures, vessels or regions of
feature boundaries. We show some
examples of vessels from H+E
stained brain sections later in this
chapter. Other users are exploiting
this technique for applications

including imaging of “combed” DNA.

Select Linear and then click Next.

AT N *\;;w Now move the stage with the joystick
?' and choose start and end fields
(e (vl - defining the line to be scanned. You

| Feh| Co | should ensure that you focus each field
- iQ will interpolate the Z values for the
intermediate fields. Click on Next Field
- Z position will be recorded (if available). when you have specified the start and

Press Next Field to select start of want to the end field.

y posiion: 20810017 Click on Finish to select the last field
z position: {10833 <Previus Fiid | NextField>> and terminate the Wizard.
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4.3.5.2 Region and Edge Montage Scan

Setup XYZ options:

SelectZ Device| Device Setup | Z E

LCancel

iQ will automatically adjust to the
selected calibration

Luca R_10X

<< Back I Next >> J

Montage Definition

" Linear Specify the start and end of a linear feature
" Edge Use the stage to define the boundary

of the region to sample
* Region Specify the width and height of the region.

Use the stage to define the boundary or
centre of the region.

Region Options

Please define the width and height
of the region to be sampled.

Width: |3
Height: |3

Number Of Fields : 9 {3 by 3)

Field Overlap : |5 ::j %

" mm
(* Fields

OR

company
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The Region and Edge montage scan
definition wizards result in a rectangular
set of fields to produce an image of a
feature that exceeds a single Field of
View. In the Region case you can
specify the area to scan in Fields or in
millimeters as shown below. While in
the Edge mode, you specify fields that
are at the edge or boundary of the
iQ
computes the enclosing rectangle for
fields

feature you want to image and

scanning and defines

automatically.

e

Setup XYZ options: \\\\\\f‘"'

4

SelectZ Device l Device Setup } Z

<< Back l Next >> |

LCancel

Steer the stage to locate an edge or centre position
Press the appropriate registration button.

x position: [-63467

y position: -28506

z position: |0

Z Position

<<€ << < ]U > 3> >>>

In Region mode you define the size
of the region at the first step and then
with the wizard panel shown here,
you can adjust the stage and when
you click on one of the 9 (3x3)
buttons you specify the current field
of view to be at that location within
the Montage. E.g. if you click to top
right button the field becomes the top
right field of the Montage and if you
button then it

click the center

becomes the central field and so on.
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When you define the Montage scan, the stage graphic will be shown as below to

provide a context and visual feedback.

- -lLarge Areas =101 x|
16.200F 7= rmmrr P S E T Lt SR B S e SRR N e
1) EER RN, ta e R PR R bl H SRS !
LT 11 R T e B B B

: + ; :
16,500 === =zmmpmmemaabonronaaa)as
F 1T e S P A L JORN T S :
([l T A J T T PR p—— :

15,600 15,500 16,000 16,200 16,400 16,600
|[:]Montage QCurrem Position —— Current Position |
Copy to Clipboard Save [V Legend
== Andor iQ 1.10.1 - Andor Camera -izixi| In both Edge and Region cases you

File ImageList Settings QC Wizards Process Analysis Plug-Ins Help

—Setup Wizard-

Setup XYZ options: -Ss

SelectZ Devicel Device Setup |

N

<< Back | Mext>> |

Cancel |

Please steer the stage and focus on at least 3
points to allow a focus plane to be calculated.

Press NEXT FIELD to select position and prompt to next
reference point. Press PREVIOUS FIELD to ignore this
position and mowve to previous reference point.

X position: |1 5198.234
y position: |2081 9.964
z position: |1 08.33

PR I Next Field 5>

{2 Position

<K< << < |1DB.33 > 3> >

use the field values you specified.

can give iQ some help with focus

control and it will fit a best
approximation focus plane to try to
keep the feature in focus throughout

the scan.

To make use of this feature use the
joystick to move to some fields within
your scan and focus the feature of
interest and click on Next Field. You
will need to specify focus for at least 3
positions to allow fitting of a focus
plane.

If you want to ignore the focus plane
tool, then simply Click on Next at the

top of the wizard panel. Then iQ will

*8—
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You can use the microscope hardware Autofocus to compensate for drift and in that

case, iQ should apply the focus plane taking into account the drift-corrected Z

values.

In all cases you can add a Z scan (in Time Lapse) or utilize FLZ to ensure that you

have sufficient Z range to obtain a focus image across the entire feature.

22 Andor iQ 1.10.1 - Andor Camera =l0ixll When you have finished creating or
File Imagelist Settings QC Wizards Process #nalysis Plug-Ins Help
- Setup Wizard editing your scans they will appear in
Scans
- the Scan Manager list of scans,

Scan Manager w

clearly identified as Montage scans

7z as shown here.

S
New Edit Delete | Close |

—Scan Summaties

Current Scan:

Large Areas

SR Scan - Large Areas
BH Montage Acquisition - Region
BH Current Fields -1
& Calibration -

=1 Scan - Linear Montage
BH Montage Acquisition - Linear
HH Current Fields - 1
& Calibration -

Select Z Device I

4.3.5.3 Montage Scan Review and Visualization

When iQ executes a Protocol with a Montage scan within it, it will acquire the data
and organize into a logical n-dimensional structure, which can be navigated in the
Image Window.

The Montage dimension specifies the individual fields within the montage. An
example is shown in the first image on the next page.

If the Montage is associated with a multi-field scan, then there will be a Field
dimension and a Montage dimension.

.o
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If the Montage is associated with a multi-well, multi-field scan then there will be Well,

Field and Montage dimensions.

Montage scanned images have a Montage dimension in the Navigator as shown
above, which allows exploration of the individual tiles or fields.
To create a stitched or tiled view of the fields you can use iQ’s Montage Plugin

which is accessed form the View menu in the Image Window.

»
Qs _’I [~ Automap | || 35% | (1202503) 1158 |—; I—:l[ 500 =

The image above shows a blood vessel in a brain slice and was acquired with a
Linear Montage in iQ.

L
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it | s | osuomap | ||| 48% | (102.48) 0 ‘ [w IT_‘u_fJ 500 =

This example shows the result of stitching a diagonal Linear Montage scan.
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. iR ’
Qi | ok [ Auomap| || 70% | (1091,.255) 146 R_ F lﬂm

A Montage reconstruction is shown above from one well of a micro-plate. We see
cell nuclei (labeled with Hoechst) and F-actin associated with focal adhesion protein

Talin (labeled with Rhodamine-phalloidin). Image supplied courtesy John Locke,
Karolinska Institute, Sweden.
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4.3.6 Inserting Scans into nD Protocol Trees

Once you have created XY Scans it is an easy matter to include them into a

- &r Protocal - Mewtest
- ; Image - Test Casze 1 Frappa Multi-Fhase

% Frotocal Type - Time Senes

:F’ Camera Binning - Uze Current

7 wait Allocation - OFf
Camera Selection - se Current

+w= Events

-ei' Fause - Click OF. to start protocol

Move Channel - Chi

gg Flepec E'j't Ch2.Ch)

+ E}'
f S DE|E|ZE
m End - Channel
W Erd-TO

Select item to insert;

[;H"] Auto Focus

(133§ At Focus Activate

Channel Repeat

ik Delay

ﬂ' Frappa
Mowve Channel
Move Channel AMD Shap

;? Move #7

= MoveZ

& Pause

& Snap

&0 Time Repeat

.,;? Trigger In

# Trigger Out

L 7 Repeat

Hint: Iterate through #7 [£] coordinate lizt

k. Cancel

(7) Help |

Protocol.

In this example a multi-channel time-
lapse protocol is shown with 3

channels.

To add a scan into this nD Protocol
Tree select the Repeat T keyword in
the Tree and then click the right
mouse button and a pop-up menu

appears - choose Insert.

The Insert Item dialog shown on the
left appears and you choose an Action
- XY Scan in this case.

Next the Select Scan panel appears

as shown over the page.

212

© Andor Technology



Andor iQ User Guide

Scan Setup

e

Scan Summ(hFxEF
Test MF Compatibility
Montage | Test bMMF ban
Current Fi| Test <2 Campatibility
CalibratinZ Scan

Flease select a scan to use:

- §*¢ Protocol - Mewtest
- ; Image - Test Caze 1 Frappa Multi-Phaze
% Pratocal Tope - Time Series
q.ﬂ’ Camera Binning - Use Current
7 wait Allocation - OFf
Camera Selection - Use Curent
+-4 Events
% #1 Scan - Test MF Compatibility
= Focus
4% Pauze - Click DK to start protocal
+ % kMove Channel - Chi
Fepeat T - 20 times [200 ms)
—|-+% Repeat - Y
¥ A ¥ Positions (6]
¥ % Fepeat - Channel (Ch Ch2 Cha)

End - Channel
W End -
W End-T0

= = Multi well Montage

13,000 ;
14,000 —~
15,000 - -

16,000 : ‘
17,000 §--featd-3-- .
18,000 .
19,000 4 - -
20,000 § - -39
21,000 -
22,000 4 --
23,000
24,000

12,000 14000 16000 15000 20000 22000 24000 26,000

[_IFields
[—] Current Position

<> Included Well Region

Rejected Well Region
—— Current Position

Save

Copy to Clipboard ¥ Legend

ANDOR

company
You can then select a Scan from the
drop down list box — in this case a 8

position XY scan was chosen.

After you click on Next the Scan will
be inserted into the nD Protocol Tree

as shown on the left.

Note: when you Insert the scan into
the Tree, iQ will either update or
initialize the scan graphic with the well
pattern (if applicable) and the fields to

be scanned as shown here.
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4.3.7 Adjusting Scan coordinates using the nD Protocol Tree

Scan coordinates can be adjusted easily using the Protocol Tree. It is not
necessary to resort to the Scan Wizard to modify an existing scan pattern; scan
coordinates can be modified by a click of the mouse.

4.3.7.1 Modifying a Multi-Well Scan

The nD Protocol Tree corresponding to a Multi-well scan experiment is illustrated

below.

~~Pratocal
=-§% Protocol - pratocal I

=g /Mage - imageM ame Protacol .
" @ Protocol Type - Soan fataco | The details of the scan pattern are

- Scan - Multiwell [Systematic Sampling) = . Lo
== Centre on Registration - 2" [dave test) % - disclosed by C“Cklng on the +
[n] Pause - Click O to start protacol Chanrel . ) .
% Interval - 1056 mes [fastest] — | symbol adjacent to each item in
=13 Repeat - 1 times Scan .
=+ Q3 Repeat - Macra<y Device Setup the nD Protocol Tree using the left
L:_Ilg Scan Pattern - B well costar -
:3 bl ™ Loop Protacal mouse button.
L By 5 - (27625,11341.0) ¥ Display Imags

o B3 - (3667411341 1)
o JB 50y T - (49522,11341.0)
,9 C\? lT;r 8 - [27625,5040,0] Stor As
- o . .

w9 el 4 comprises 4 XYZ locations for
B 8wl 5 )

w8 el § each well in a 6 well plate.
I:I--& Repeat - x5
@] End-xv
@ End - Macrasy

@ End The individual XYZ scan positions

Store

The example scan illustrated

Pl

are displayed for the second well.

Expanding the nD Protocol Tree and clicking on the appropriate XYZ position using
the left mouse button can select any set of coordinates in the scan pattern. An

example is shown below for the scan coordinates XYZ 5 in the second well.

Clicking on the highlighted coordinate set with the right mouse button displays a pop
up with two commands Move To and Record Current.
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=% Frotocal - protacel

& |mage - imageMame
% Protocol Type - Scan

----- [n] Pause - Click OF. to start protacal

Intereal - 1056 mx (fastest)

Repeat - 1 times

EI& Repeat - Macroey

Elﬁ Scan Pattern - B wel costar

- 8 well 1

- 8 well 2
o A - 27625,

------ B RV E - [38574,11

e By T - (4952211

% Scan - Multi wel [Systematic Sampling)
= Centre oh Registration - XY [dave test)

Mave T
Record

rProtocal—————

Protocol I
%Hun |

Channel

Scan

Device Setup

[ Loop Frotocol

oo leage

]
Current

-8 el 3
E]---,/g Wiell 4
- 8 wel 5
-8 well &
[]--& Repeat - =Y
) End-xv
@ End - Macraxr

-~ End

b JB Y B - (27625,5040,0)

Stare As... |

4.3.7.2 Modifying a Multi-Field Scan

OR

AND
an company
By moving the stage and clicking on
the Record Current option using the
left mouse button, the current
coordinate position is updated in the
list and permanently recorded with

the scan.

Highlighting a coordinate set and
selecting the Move To option moves
the stage to the coordinate positions
listed.

An expanded nD Protocol Tree corresponding to a Multi-field scan experiment is

illustrated below.

The XYZ coordinates for each location in the six-position scan are displayed in the

tree.

Selecting the coordinate of interest and clicking the right mouse button

accesses the Move To and Record Current commands as described previously in
Section 4.3.7.1.
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=- tff Pmtocol protocol
= g IMage - imageM ame
- Protocol Type - Scan
- Sean - Mulli Field
-.[m] Pause - Click O to start protocol
35 Interval - 264 ms [faztest)
=~ Fepeat - 1 times
2-2% Repeat - XY
E,g 7 Positions [B)

B R 2 - (82904 430
- Sy 3 (52924482

Move To

Pratocol

Protocol

@ Run

Chariel

Fl

Scan

Device Setup

Record Current Pratocol

- fl-# Chaninel - Ca380nm

----- @ Shap

€ End -3

@ End

,9 w4 - [7HER1,48237.1.6]
,g ¥ B - [75EE1,60E76,1.6]
,g # B - [B0534.47123.1.6)

v Display Image

Store

Store &s... |

4.3.7.3 Modifying a Z scan

= t} Pratocal - protocal
= e 1308 - imageN arme
-8 Protocol Type - Scan
@ Scan- Dave Z series
== Cantre on Registration - Z [t)
] Pauze - Click OF to start protocal

g Interval - 132 me [faztest)
= d Repeat - 1 timez

_:P[lDtDCID'i

Protocol |
@ Fun |

Channel

Scan

Device Setup

||- Loop Protocol
¥ Display Image

Store

Store A

Il
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For the example shown, adjustments
to the first XYZ position can be made
using either the Move To or Record

Current commands

Note: Autofocus — when you edit
fields adjust Autofocus at the new field.

Use the Device Setup dialog

microscope tab. Then click the Initialize
the Autofocus button in the GUI. iQ will
the  Autofocus

indicate  if was

successful. When you click Record
iQ will

setting from the microscope.

Current, record the current

An expanded nD Protocol Tree
corresponding to a Z series is shown

on the left.

left

mouse button and then clicking the

Clicking on Repeat-Z with the

right mouse button displays the Edit
and Insert functions. Pressing the Edit
button accesses the Scan Manager
and allows the Z scan settings to be
modified together with the channel

specified for acquisition.
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4.3.8 Focusing During a Scanned Acquisition

The microscope hardware Auto-Focus feature which corrects for focus drift during
the execution of a Protocol has been explained. However, if this hardware is not
available, you may find that during the execution of a scan or single field imaging it is
necessary to adjust the focus because of thermal drift. The acquisition can be
interrupted by pressing the Live button and refocusing the image. The effect of
refocusing is to alter the coordinates of the scan. The acquisition is restarted by
clicking on the Idle button after which the scan is reset to the first field and the Z
stage coordinates at all XY positions are modified by the offset introduced in the

refocusing step. A revised image series at that time point is acquired.

Please note, the resultant image data does not contain the new position stamps
corresponding to the revised positions in the Z series. The Z positions calculated at

the start of the acquisition are used.
For multi-field or multi-well protocols, the right mouse action on the current field is

used to update the X, Y and Z values. This can be done sequentially on each field of

the scan to ensure good focus throughout.
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4.3.9 Editing a Systematic Scan

The coordinates for each field in a systematic scan can be recomputed based on

uniform random sampling using the nD Protocol Tree.

The scan pattern is highlighted using the left mouse button and the Edit function
accessed by clicking the right mouse button. Clicking on the Edit function launches
the Scan Manager setup wizard, where modifications to the acquisition channel scan
pattern type and number of sampling fields can be made.

If no changes are made to the scan pattern and the current number of fields is

= §% Frotocol - protoce] —| Patecsl | Mmaintained, the positions of
5.5 | 1 — .
E““%‘aﬁmfﬁiﬂ e Protocel | each XY pair are recomputed
% Scan - Mult well systematically-=

=i Centre an Registration - XY [dav ﬂl and the prOtOCO| can be

----- [w] Pause - Click OF to start protoce

3% Interval - 792 ms [Faztast] Channel SUbsequently repeated USing a
=3 Repeat - 1 times . .
=0 Repeat - Maciady Lo | revised sampling set.
Elp Scan Pattern - Coztar B well plate Device Setup
= 8 wel 1 -
R - (6240,-3150.0) I Loop Protocal _
- B K 2 (10219-3150.0) ¥ Display Image Note: Autofocus — when you
o By 3 - [-6240,13307.0)
- g el 2 Stare | want to set new Autofocus
[ &1 Well 2
u—--g wiell 4 Store As... | values at the new fields, you
- & well B
- B el must visit the field, focus the
EI--& Repeat -+
B Sampling Density - 3 specimen at that location and
[:I---;i/ Channel - dave test
9 Snap use the microscope tab on the
4 End %y -
o D End Moy - Device Setup dialog to Initialize
1] | ]

Autofocus for every field or well

as required. iQ will indicate if the Autofocus was successful. When you click Next
Field or Next Well, iQ will record the current Autofocus setting from the microscope.
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4.4 nD Protocol Tree Actions - Insert, Delete and Edit

4.4.1 Protocol Manager

Protocols are created and stored with a specific hardware Configuration and they are
not accessible outside the Configuration. You can use this feature to allow different
users to keep their Protocols private. This can be done by making a suitable
configuration for each user (include the user’'s name in the configuration). In this way
you can allow multiple users to control the same hardware, but maintain independent
Protocols, Scans and Channels

Setup Wizard

Protocals , The Protocol Manager is accessed
Protocol Manager by clicking on the Protocol button on
the Acquisition Page or from the

Wizards menu. A Protocol contains a

o Delete| Copy ‘ Select‘ Canc:el| series of keywords which define

Actions.
FProtocol Summaries

Current Protocol:

New Protocol

MNewtast To create a new protocol is click
Select name for new Pratocaol

+-§¢ Protocol - Bad (Mt phase MCZT] New. Enter a name to identify the
+-§*% Protocol - MNe

% Protocol - nong [ ok | [ comcel | protocol. A prototype Protocol is then
+ ﬁ Frotocol - Prot
+-§% Protocol - Test Case 1 Frappa MURFEhEse created and it can be edited either in
+-§% Protocol - Test Case 10 T-L MO MF 2 .
+§ Protocal- Test Case 11 MC MF Man AF Mon * the nD Protocol Tree or in the 6D
+ ﬁ Frotocol - Test Cagse 12 MC MF AF 2 . .
+ ﬂ' Fratocal - Test Case 2 Multi Fhase With Repe view interface.

+-§% Protocol - Test Case 3 Multi Fos one with z ste
+-§% Protocol - Test Case 4 2 repeat level Frappa
+ ﬁ Frotocol - Test Case b BurstWithin 2

+ ﬁ Frotocol - Test Case b Multi Phase with AutoF
¥ ﬂ' Frotocol - Test Case 7 2 First

+-§% Protocol - Test Case 8 Channel First

sl - . . e =

< » panel where you can edit as desired.

Once the Protocol has been created

iQ will switch back to the Acquisition

Examples of Protocol editing are

reviewed in the next section.

Existing Protocols can be selected by highlighting the name in the Protocol Manager
list and pressing the Select button. The nD Protocol Tree will be updated and from

there it can be executed by clicking on the Run button the same applies to 6D view
.
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interface. Modifications to any protocol can be made using edit boxes in 6D view or
by using the right mouse edit functions in the nD Protocol Tree, the original protocol

can only be overwritten by users with administrative rights.

Duplicate versions of any protocol can be created by highlighting the appropriate file
name and pressing the Copy button. Files can be erased from the list by

highlighting the appropriate file name and pressing the Delete button. Cancel exits

from the Protocol Manager dialogue ignoring any changes.

Further details describing the creation of experimental protocols can be found in

Section 4.8.

4.4.2 The Flexible nD Protocol Tree

- §% Protocal - Test
= ; Image - Test
% Protocol Tepe - Time Seres
#% Camera Binning - 2, 2
7 wiait Allocation - O
Camera Selection - Uze Current
+ #. Eventsz

@ ¥ Scan - MPx3F-Mon

b ontage Acguizition

= Focus
4% Pauze - Click OK to start protocal
) Auto Fog  Edit rery 2 Hrnes
—|-i+ .+ Fepeat - Insert
@] Auto Delete r

- Repeat - Montage
% Montage Positions [4 [ 2 by 2]
+o% #17 Positions [3)
—l-s2 RepeatZ - 3umin 11 planes
+ (% Move Channel - GFP
&| Snap
W End-Z
@ End - Montage
W End -y
W End-T0

Andor iQ3 had a nD Protocol Tree. The
nD Protocol Tree defines the acquisition

Action sequence.

A typical nD Protocol Tree is shown left.
All Trees, including prototypes, have a
series of Actions which cannot be
removed from the Tree. They are used for
system-level control settings and some
can be edited as discussed in section
4.4.4.

Selecting Edit on an Action item iQ will

show an Insert Item dialog - section 4.4.3

- from which you can choose, or a dialog

allowing text or value entry.

To Insert an Action keyword into the Tree, you point to the Action above the insertion

point and right click the mouse. A popup menu will appear as shown to the left and

the new Action will be inserted directly below the selected item - in this case at the
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In general insertion rules have been minimized to support Protocol flexibility. Where

rules do exist, they are expressed by restricting the list of Action items presented in

the Insert Item dialog.

4.4.3 The Insert Item Dialog

The Insert Item dialog shows the list of Actions which can be inserted at the selected

point in the Tree. Each Action keyword has a name, an associated icon and a text

Select item to inzert;

|§"] Auto Focus
13§ Auto Focus Activate
Channel Repeat
ik Delay
r Frappa
tove Channel
tMove Channel AND Snap
/'-:' More 20y
= MoveZ
& Pauze
& Snap
@ Time Repeat
‘j Trigger In
‘3 Trigger Out
s 7~ Repeat

I Hint: [terate through list of Channel

Help | (] | Eancel|

Hint to help you see its function at a
glance. When you click an Action item in
the list a text Hint is shown at the bottom
of the dialog as highlighted left. We hope
the Hints are instructive and clear, but if
you need more clarification please read on
where we provide more details for each
Action.

IMPORTANT NOTE: When you insert any
Repeat Action an associated End Action
will be included immediately afterwards.
You can drag this End Action downwards
to enclose the Actions you want to enclose

e.g. Channels, Snaps etc.

A List of Action keywords and their Hints is shown in the next section and from there

we explore each Action in more detail.

4.4.4 Action keywords an overview

Iltems here are coded as follows -

Red - Always in the Tree, but not in the Insert Item list

Blue - Added to the Tree as part of an XY Scan. User can Edit via a popup menu on

*&
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any XY Scan component (blue).

Find the Action keyword in column 1 and then click on column 4 (with CTRL key) for

more details.
[J Keyword 1 Icon O Hint ] Click below
Auto Focus 0 & Execute Autofocus action 1 Autofocus
Auto Focus [ Specify frequency of Autofocus  [1 Autofocus_Activate
Activate action
AutoSave O Not strictly in nD Protocol Tree, 1 Auto_Save
but related
Camera - Set camera binning to specified 1 Camera_Binning
Binning value
Camera Select camera for current (1 Camera_Selection
Selection Protocol
Delay ) Wait here for defined period, d [ Delay
End x ol | End of iterator loop type x - see "1 End
Repeat x. End x can be dragged
downwards to bracket other
Actions
Frappa R 1 Execute a Photo-stimulation [ Frappa
action
Image alk- | Root name of the images created _ Image
by the Protocol.
Load Protocol ] g% Load and execute Protocol at [ Load_Protocol
End of current Protocol
Montage View ] & Show and execute Montage View [ Montage View
Move Channel [ & Set devices to state recorded in 1 Move_Channel
Channel
Move Channel [ 3 Set devices to state recorded in | Move Channel_Snap
AND Snap Channel and capture a frame
Move XY o 4 Set XY stage to specified 0 Move XY
position (with Z)
Move Ref Z 0 € Set Reference Z stage to 1 Move Ref Z
.
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Move ScanZ ] = Set ScanZ stage to specified [0 Move _Scan Z
location

OnLine Chart I/ Show region of interest (1 On_Line_Chart
intensities in chart

Pause ] @ Show user-defined message and [ Pause
wait for OK

Protocol Type ] for internal use only O

Ratio 0z} Compute on-line Ratio [ Ratio

Repeat 0 Iterate through list of Channel (1 Repeat Chanell

Channel

Repeat 0 lterate through overlapping fields [ Repeat Montage

Montage for mosaic

Repeat Time 0 @ Iterate n times with defined [1 Repeat Time
interval, t

Repeat Well 0 lterate a series of Wells in a | Repeat Well
multi-well plate

Repeat XY - Iterate through XY coordinate list [ Repeat XY

Repeat Z N Iterate a series of Z positions (Z [ Repeat Z
scan)

Snap - Frame & Acquire a frame [J Snap

Snap - Stream o Acquire a frame in Stream mode [J Snap Stream
— (device sync not guaranteed).
Overlap ON/OFF

Trigger In na Wait for specified Trigger input O Trigger_In
pattern

Trigger Out 0 e Output specified Trigger output ) Trigger_Out
pattern

Wait Allocation o I Wait for image allocation to ] Wait_Allocation
complete before

XY Scan ol Iterate through XY coordinate list [0 XY_Scan

.

specified location
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4.4.6. Actions in more detail

Autofocus - Execute an Autofocus action based on the currently selected device.
This will typically be a microscope hardware autofocus action e.g. PFS, ZDC, DF.
Note that the Autofocus device MUST be already initialized for this to function
correctly. iQ will warn you if the Autofocus is not initialized when you try to Run the
Protocol. The location of this Action within Repeat XY, Montage and Well will define
whether Autofocus is executed for these fields.

Note also that Autofocus Activate Action (below) must be in the Tree inside a Repeat
Time Action. [Return to Table]

Autofocus Activate - Specifies Autofocus Action periodcitiy. So if this Action takes
the value 2 the Autofocus Action will be executed on every 2™ Time loop, or if the
value is 3 it willl be executed on every 3™ Time loop. This Action MUST be inserted
at a Repeat Time Action. [Return to Table]

Camera Binning - Edit this item with Use Current and Adjust Current. In the Use
Current case the Protocol uses the value of binning set in the Camera page of the
Device Setup Dialog. Alternatively the binning value can be forced by using the
Adjust Cuurent setting. When you select Adjust Current you will be directed to the
Camera control page within the Channel wizard and the value you set here will be
used within the Protocol. Note that the exposure stting is automatically adjusted e.g.
at 2x2 binning exposure will be multiplied by 1/2x2 = 0.25. [Return to Table]

Camera Selection - Edit this item with Current or, if there is more than one camera
loaded into iQ, with the camera ID specified in the Camera Selection page of the
Device Setup Dialog. In this way a Protocol can be associated with a specific camera

and you can switch cameras using the Load Protocol Action. [Return to Table]

Delay - Set a delay period (ms, seconds, minutes, hours) between Actions. This
Action can be used to ensure that a state change e.g. Channel or XY has reached
stability before proceeding. [Return to Table]

End - Always inserted with a Repeat Action and therefore associated with Montage,
L 2
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T, Well, XY or Z e.g. “End T1” or “End XY”. If there is nesting of Repeat T loops, then
each loop parameter has a postfix single digit T1, T2 etc and the associated End will
have a matching index e.g. End T1, End T2.

IMPORTANT NOTE: When you insert any Repeat Action an associated End
Action will be included immediately afterwards. You can drag this End Action
downwards to enclose following Actions as you wish e.g. Channels, Snaps etc.
[Return to Table]

Frappa - execute a Frappa Action, specifying the device (FRAPPA, MicroPoint or
Mosaic), Frappa Channel and “Single” or “All” regions. The last parameter defines
whether the currently selected Frappa region will be stimulated or all Frappa regions
existing on the Image Window. The Frappa Channels are defined in the Select
Frappa Device item form the Wizard menu. You can use more than one Frappa
device in a system. [Return to Table]

Image - Edit this item to specify the root name of the image(s) created by your
Protocol. Note that this name can be used for AutoSave and so should not use illegal
file characters such as” \” (backslash). [Return to Table]

Load Protocol - Load the named Protocol when the execution of the current
Protocol has ended. This allows you to switch between different acquisition modes
sequentially. A different camera can be selected in each Protocol if required. It is
possible to create endless loops of acquisition which can only be halted by User
input or a fault condition if a sequence of Protocol loads the next in a circular
manner. When a Protocol loads itself this will become an endless loop and can be
useful in various ways, e.g. to decimate storage activity (with AutoSave enabled) or
provide bursts activity with known delays or with triggers. To make sure that Loaded
Protocols do not “block” execution, ensure that no Pause Actions are in the nD
Protocol Trees. [Return to Table]

Montage View - Creates a new image which is a mosaic or montage of the fields in

a Montage scan. Can only be instered into the Tree if a Repeat Montage exists in the

Tree. Its location in the Tree determines the frequency of its execution. If within the
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Montage then every field will be updated in the Montage. If it appears outside of the
Repeat XY Action then it will only be called after the montage for all XY locations
have been captured. [Return to Table]

Move Channel - Move the devices associated with a Channel name into the
recorded state. This might include illumination and detection wavelength, optical
configuration, camera settings etc. Channels can also be assocaietd with FRAPPA
actions or simply instrument states which are required for a given experimental
protocol. [Return to Table]

Move Channel AND Snap - Move the devices associated with a Channel name into
the recorded state AND acquire a frame. Acquring a frame with Snap executes: Pre-
frame action e.g. open a shutter; acquire a frame and; Post-frame action e.g. close a
shutter. [Return to Table]

Move XY - Move the XY stage to the coordinates specified in the Action
parentheses. The coordinates will be absolute if the Stage Registration wizard has
been run. In other words you will have a common zero position between sessions
and the coordinates will be re-usable. By default the XY and Z coordinates at the
current position will be selected and specified in the Action. But you can drive the
stage with joystick (or GUI if one exists) to a desired location and then right mouse
click and select Record Current. You can also select Move To from the right mouse

Edit list if you want the stage to go to the recorded coordinates immediately. [Return

to Table]

Move Ref Z - Move the Reference Z devices stage (or Objective) to the coordinate
specified in the Action parentheses. The coordinates will be recorded from the
Reference Z device which is selected in the Select XYZ Device under the Wizard
menu. If you switch between Z devices in a session e.g. between microscope and
Piezo, then you should Edit the Move Ref Z Actions to avoid out-of-range or risk of

collision between the objective and stage. [Return to Table]

Move Scan Z - Move the Scan Z devices stage (or Objective) to the coordinate
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specified in the Action parentheses. The coordinates will be recorded from the
Current Scan Z device which is selected in the Select XYZ Device under the Wizard
menu. If you switch between Scan Z devices in a session e.g. between microscope
and Piezo, then you should Edit the Move Scan Z Actions to avoid out-of-range or

risk of collision between the objective and stage. [Return to Table]

On-Line Chart - Insert the on-line graphing tool. This tool will show a graphic which
is updated on frame Snaps, showing the mean in regions of interest drawn onto the
iQ Image Window. It can also show the mean of ratios of the regions when two or

more channels are present in the Protocol. [Return to Table]

Pause - Pause lets you enter text which will be shown on a Windows Message Box
with an OK button. Execution of the Protocol will Pause until a User clicks on the OK
button. You can use the message to give instructions to the User or to make sure
certain conditions are fulfilled prior to continuing e.g. adjust some manual equipment

such as switching a port or opening a shutter. [Return to Table]

Ratio - Allows you to specify an on-line image ratio. When you insert the Action, iQ
guides you through a setup Wizard in which you define Numerator and Denominator
of the Ratio and you can capture two channel images on which to define the Ratio
settings. With the interactive tools available in the Wizard you can specify the
background for subtraction either by stored image or region of interest on the image.
After background subtraction the ratio is computed pixel-by-pixel for non-zero values
and the floating point result is displayed in a second image tab in the Image Window
so that it can be viewed during acquisition. You can Edit the Action to change the
settings if you wish. [Return to Table]

Repeat Channel - Iterate through a list of Channels held in the parentheses. When
you insert this Action, iQ allows you to choose from the Channel Wizard the first of a
list of Channels to be looped. This is an efficient way of defining Channel
sequencing. The right mouse menu on this Action allows you to Add and Remove
Channels form the list. [Return to Table]
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Repeat Time - Iterate a number of times with a defined interval. When you Edit this
Action you get a dialog to Edit both number of Repeats and Interval. When the
Protocol is running, if you right mouse on the Action you can Edit the interval, but not
the number of repeats. If you use Interval Setup under the Settings menu, then you
can create a predefined list of intervals from which you can select during Protocol
execution. [Return to Table]

Repeat Montage - Iterate through a series of Montage fields. This Action is implicit
within the XY Scan settings it is not inserted independently. If this Action is deleted
the entire XY Scan will be removed from the Tree. If you choose to Edit this item it is
possible to Edit the entire XY Scan. [Return to Table]

Repeat Well - Iterate through a series of Wells in a multi-well or microtitre plate. This
Action is implicit within the XY Scan settings it is not inserted independently. If this
Action is deleted the entire XY Scan will be removed from the Tree. If you choose to
Edit this item it is possible to Edit the entire XY Scan. [Return to Table]

Repeat XY - Iterate through a series of XY fields, with optional Montage and Well
iterators if defined in the XY Scan. In the Insert Item dialog you select an XY Scan.
Note that you can insert only ONE XY Scan in the iQ nD Protocol Tree.

The field coordinates will be absolute if the Stage Registration wizard has been run.
You will have a common zero position between sessions and coordinates will be re-
usable. The XY and Z coordinates of the fields are listed under the XY Positions
keyword and can be Edited in the Tree by driving the stage with joystick (or GUI if
one exists) to a desired location and then right mouse click and select Record
Current. If you select Move To from the right mouse Edit menu the stage will go

listed coordinates immediately. [Return to Table]

Repeat Z - Iterate through a series of Z planes to create a focus series. Specify
number of planes, n; range of motion, m um; step size, Az = m/(n-1). Z Scans are
computed relative to the current position, z; as center. This makes the maximum and
minimum z values, Zmax = Zc + m/2 and znyin = z¢ - m/2. If you have more than one Z

control e.g. microscope and Piezo stage you can choose which one to use for the
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scan execution. In the XY Scan Wizard you access the Select XYZ dialog and
choose the device. [Return to Table].

Snap - Frame - Acquire a single frame from the camera with the following sequence.
Open the shutter(s) with Open-Close status (preframe action), trigger the camera,
wait for the exposure time, Close the shutters with Open-Close status (postframe
action), and transfer the data to the ImageDisk. This action will communicate a
message the Image View to display the frame if the “Display Image” check box is
selected on the Acquisition tab at the bottom of Protocol-related buttons.

Note: The timestamps for snapped frames are added as the frames are acquired.
Due to software jitter and varying time for device movements this may mean that the
timestamps for images are not uniform. The recorded time is a truer acquisition

measurement compared to a computed timestamp. [Return to Table].

Snap - Stream (Overlap ON/OFF) - Acquire a series or burst of frames from the
camera while the camera is set to Free Run (Stream) mode. The sequence differs
from Frame mode (above), in that frames are not triggered one by one, but are taken
as soon as they become available. The camera is continuously acquiring and at the
end of each exposure iQ will start to move devices (if required) during the camera
readout period. Hence synchronization will depend on the speed of the devices and
is not guaranteed, but is recommended for fast devices like Piezo Z, Laser
combiner (AOTF) or other fast light sources. Slower devices may not be
synchronized. Devices which can stabilize within the camera readout period will
ensure the highest performance. If synchronization is unreliable then revert to Frame
mode.

If Overlap is set to ON, the camera will run in Overlap or Frame Transfer mode and
achieve maximum frame rate. Pre-frame and post-frame actions are executed so
fast shutters can be used, but may be unnecessary.

Note: As the camera is running continuously in Stream mode the fire pulse will be
generated continuously. When using an ALC device with the fire pulse connected to
the Active Blanking input this can have undesirable behavior.

Stream mode is not suitable for use with the Andor FRAPPA device. This device

relies on the Active Blanking capability of the ALC to draw shapes but the fire pulse
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will be high when the FRAPPA device is firing.

Also, Stream mode is not suitable when using the ALC with large delays between
snaps e.g. use of intervals. The sample may be over-bleached by the continuation of
the fire pulse when iQ is paused in the interval.

Snap Frame mode is recommended to ensure correct behavior for these scenarios.
Note: The camera Fire signal may not reflect exposure state when running in Frame
Transfer mode. If this is the case then include Trigger and Event device control in the
Configuration and ensure that PCU or BOB DO?2 is set to High or “1” at Preframe
and Low or “0” in Postframe. Couple the DO2 signal to one of the Active Blanking
Inputs on the rear of the PCU (for Laser combiner) or other fast (ms) shutter input on
other sources. [Return to Table].

Note: Snap stream in SCMOS cameras introduces the “Frame Rate Control” option
(FRC). Enabling the FRC check box allows users to control the camera acquisition
speed and change it from the maximum frame rate that the camera can acquire to
the user’s desired frame rate. For SCMOS 3 tap camera, enabling FRC and setting
the frame rate to 30 fps (the exact value varies depending on the camera type and
the sub area) prevents the lag appearing in images which is due to camera buffer
filling up. Enabling the “Sustainable Frame Rate” check box under FRC settings
adjusts and sets the camera acquisition speed to avoid overfilling camera RAM. FRC
feature is not available with certain combinations of camera settings, such as rolling
shutter and overlap on; as well as short exposures and rolling shutter when overlap

is off.

Trigger In - Wait for a Hi or Lo TTL level on a user-selected bit from 8 TTL inputs.
The digital pattern is shown in the Tree as two groups of four binary patterns
(XXXX,XXXX) corresponding to the TTL inputs (DI7-4, DI3-0).The hardware TTL
inputs are handled by either the Andor PCU100 series or the Andor BOB-100D or
BOB-100A interface modules. You can use these inputs to synchronize iQ execution

to external Events and monitor external hardware. [Return to Table].
Trigger Out - Output a Hi or Lo TTL level on a user-selected bit from 8 TTL outputs.

The digital pattern is shown in the Tree as two groups of four binary patterns (XXXX,
XXXX) corresponding to the TTL outputs (DO7-4, DO3-0). The hardware TTL
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outputs are handled by either the Andor PCU100 series or the Andor BOB-100D or
BOB-100A interface modules. These outputs can be used to synchronize iQ
execution to external processes and/or control other hardware. For example many
perfusion systems have external TTL inputs for valve control and electrophysiology

apparatus has external TTL trigger inputs.

Note that you can include TTL Trigger Out actions as part of a Channel as
Preframe and Postframe actions. If you use Triggers you can set Transition and
Duration delays of TTL pulses in the Device Setup Dialog. [Return to Table].

Wait Allocation state - instructs the Protocol how to handle image allocation on the
ImageDisk. If state is OFF iQ will start execution of the Protocol while Allocation
proceeds. Allocation is usually faster than acquisition - 500 image file allocations per
second are not uncommon, but can impact performance. To minimize starting delays
leave the state OFF, especially if your Protocol captures many frames and you do
not have high performance demands.

If state is ON iQ waits for Allocation to complete before continuing. If you need high
performance, then the ON state is preferred. The system can be left to self-start after
Allocation. If you leave the system to self-start make sure there are no Pause
Actions following Wait Allocation. [Return to Table].

XY Scan - shows the XY Scan name currently in the Tree. When you insert an XY
Scan in the Tree it creates a Repeat XY iterator, and, if the XY Scan includes
Montage and Well settings, also a Repeat Montage and Repeat Well iterator. Note

that Autofocus can be used on all these settings, provided the Autofocus device has

been initialized when Protocol execution begins. [Return to Table].

AutoSave - is controlled by the checkbox and path setting shown below, which is
resident on iQ’s Acquisition page. If the box is checked, iQ saves the Protocol image
data when the Protocol ends execution. Images are saved in multi-page TIFF files
with the root name specified in the Image Action. iQ will add date and time postfixes
to the filename. The folder name where the data will be saved can be set by clicking
on ellipsis button (...). [Return to Table]
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4.5 Protocols - basics

In this section we look at how to create and edit Protocols for some specific

scenarios.

4.5.1 Creating a Two Channel Time Series Protocol

The following example describes a protocol used for dual excitation ratio imaging
measurements using the Calcium ion indicator Fura-2. Fura-2 is excited sequentially
at wavelengths, 340 and 380nm, when in the presence of calcium ions Fura-2 shifts

its absorption spectrum,

File Imagelist Settngs QC ‘wizards Flug-Ins Help
—oetup MWizard

~Channal ' emission intensities whose

changing the resulting

Channel Manager emission image ratio

340/380 is used to

determine ca?
R Edit Copy Delete Close concentration.
—Channel Surmmarie .
Current Channel: In thIS example a
CHI Monochromator is used as
%" Channel - Fura-2 340nm the excitation light source.

---'..' Channel - Fura-2 380nm

Use the Channel Manager

to create 2 Channels
Fura2-340 and Fura2-380.

The channels are now available for incorporation into a New Protocol.
The example shows a channel summary for the two required channels. The Fura-2
380nm channel was created as described previously.

Click on the Close button to exit the Channel Manager.

Create a new Protocol with steps previously explained in section 4.4.2. Insert the

two Channels Fura—2 340nm and Fura-2 380nm. Edit the Repeat and Interval

&
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settings to define number and frequency of image pairs to acquire. Note that you

can either create two Move Channel AND Snap actions or you can use a Repeat

Channel action - see below.

- t’} Fratocol - Mulli-phase MCET
= ; Image - Muli-phaze MCET
% Protocol Tepe - Time Senes
«* Camera Binning - Use Curent
7 Wait Allocation - OFf
% Camera Selection - se Curent
+f Events

4% Pauze - Click OF to start protocol

SR /'Y Fiepeat T - 100 times [10 sec)
+ ':_ bove Channel - Chi
= Snap
+ (h bove Channel - Ch2
& Snap
) End-TO

|- ¢ Protocal - Multi-phaze MCZT
- ; Image - Multi-phaze MCZT
% Frotocol Tepe - Time Senes
#% Camera Binning - Use Current
7 wiait Allocation - Off
Camera Selection - Uze Current
+ f‘c; Events
4% Pauze - Click OK to start pratocal
- &J Repeat T - 100 times [10 sec)
- g Fiepeat - Charnel [Chi,Ch2)
+-i% Channelz Description
| Snap
End - Channel
M OnLineChart
W End-TO

- % Praotacol - Multi-phaze MCZT
- ; Image - Multi-phaze MCET
@ Protocal Tepe - Time Series
#% Camera Binning - Use Current
7 wait Allocation - Off
Camera Selection - lze Current
+ f‘L—‘, Eventz
4% Pauze - Click OFK to start pratocaol
=R} Fepeat T -100 times (10 sec
—-ka Fepeat - Channel [Chl.Ch2)
+l-% Channels Description
& Snap
JJE End - Channel
@ End-TO

The Online Chart is used to monitor channel
intensity in regions of interest during Protocol
execution. Online Chart can be inserted into
the nD Protocol Tree after the End Channel

action as shown below.

The on-line Ratio processing keyword may also be inserted into the protocol, but

instead of charting ROI intensities, it will compute a pixel by pixel ratio between the

two channel images. To configure the details of processing, you can right mouse on

the Ratio keyword and then choose Setup. More details of the Ratio action are

described in Section 4.8.4.

For the most precise processing of Fura and other ratio image data, iQ provides the

Ratio plugin. A detailed example of the use of this plugin is presented in Section

6.11.
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4.5.1.1 On-line Charting

The On-line chart tool enables acquired data to be visualized in real time, intensity
parameters are updated live, during the course of an experiment. Data charting is

enabled by inserting the On-line chart keyword into the nD Protocol Tree.

&

ey [x]
Channel | Ratio  Chart Options I File Streaming |
. X Axis
L BackgrounFI Corecticn During Acquisition |~ During Animation Ok
[~ Group Regions e s :
" Time " Dimension

[~ Separate Plots o8 o Cancel
[~ Show Legend (¢ Frame Number (¢ Frame Number
[~ Show Event Labels Load
Region Display Chart History
(¢ All Regions v Enabled 50 j
(" Selected Region
Scaling

Channel Ratio

(+ Auto Scale ¢ Auto Scale

" Manual Min |0 " Manual  pin |0

Max |256 Max |3

When the On-line chart is in Setup mode, the user is shown the dialog above to
specify the channel or channels to be charted under the Channel Tab. A Ratio chart
can be selected using the Ratio Tab.

To display the options window again, right-click the On-line Chart node in the tree
and select Edit. Once you have modified the settings, close the window. The
settings will be saved with the protocol.

Note: Updating the options of the Chart Image plug-in (available from the View

menu) has no impact on the On-line Chart settings.

Expansion of the nD Protocol Tree in the example illustrated above shows the
inserted Online Chart.

When the protocol is executed, the on-line chart is displayed on the screen and the
time interval over which the data is plotted may be adjusted using the Chart History
spin buttons. The user can also insert into a Protocol with a Right Mouse on Snap,
however this is not applicable for Fast Protocols.

An example On-Line Chart window is illustrated below. There are two tabs on the

side of the graph. One is for the Channel data and the other is for Ratio data.
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Mean - Channel: Channel Name?

Fil=  Channel Selactine
Mean - Channel: Channel Name?

- -IEEN Channel Selection

Channel

t t
22 o4 56 955 60 B2 B4 66 B8 V0 V2 V4 VB Y9 80 82 94 86 B8 90 92 94 95 93 100

On completion of the experiment the charted data can be printed for further
inspection and evaluation using the Print option in the File menu.

Click the Close button to exits from the On-Line Chart window.

4.5.1.2 Chart Options

Chart data presentation depends on settings specified in the Chart Options,
Channel and Ratio Tabs. A discussion of IQ Analysis features in conjunction with

the use of regions of interest is described in Section 5.5.3.

Chart Options E|
Ehannel] Fatio  Chart Options } File: Streaming]
) ¥ Al
v Backgmunle Leiedn Dwring Acquizition Druring Animation
[ Group Regions . - .
" Time " Dimension
v Separate Plots - -
[~ Show Legend * Frame Mumber * Frame Mumber
[ Show Event Labels Load
Fiegion Display Chart Hiztory
f« Al Regions [w Enabled 50 j Save
" Selected Region
Scaling
Charinet Ratio
i Auto Scale i Auto Scale
" Manual Min |0 " Manual i |0
Max |256 Max |3

Select Close to accept any changes and exit the chart Options window. Settings
can be recorded for future use with Load or Save buttons on the right hand side of
the Chart Options Tab.
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4.5.2 A Multi-Channel Protocol with Z-Scan

File Image List Settings ‘Wizards Flug-Ins  Help FO"OW the procedure tO Cl’eate NeW
Setup Wizard

Protocol, or Edit the existing 2

Protocol

Protocol Manager channel Protocol.

= Delete | Copy | Select | Cancel |
~Protocol Summaties =10l x|
Current Protocol: Select name for new FProtocol
fast Imulti channel with Z serieg
=4 Protocal-Bright Fiel | ok | | cancel |

t’:f Protocol-Fura 2 Ca
&% Protacol - EYFP - CYFP
=% Protocal - GFP - DsRed
tﬁ' Protocol - fast

Insert Repeat Z action into the Tree. Note you can insert in more than one location
and get different effects. As soon as you select the Repeat T from the Insert Item

dialog and click OK you are switched to the Z definition Wizard to assign settings.

~Z Series options

Setstant [[4855 =]
SetCentre |54.55 _II
Set End ||ao.55 g

AZ {um): IU.S Nyquistl Cubicl

Planes: |25

Stack Definition

( ' AZ * Numberof Planes € Z Positions
Z Position
(«( < < |54.54 > 3> 3>
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When you insert Repeat actions, a matching End action will be inserted. If you want
to execute any actions within the Repeat loop you have to drag the End down the
Tree. You drop the action keyword (End) on top of the action you want to appear
after the End.

The example protocols below show inserting a Z scan and dragging the End to
encompass several tree elements. On the left, the Z has been inserted above the
repeat channel. It does not contain any acquisition elements. On the right, the nD
Protocol Tree is shown with the End of the scan being dropped into position. End Z

is located after End Channel after completing the drop.

- ﬁ Fratocol - Mulli-phase MCET
- ; Image - Muli-phaze MCET

% Protocol Tepe - Time Senes
=% Camera Binning - Use Current
T wait Allocation - Off
% Camera Selection - Jge Curent

+ e Events
4% Pausze - Click OK to start protocal

= &] Repeat T - 100 times (10 zec]

£ Repeats - 121 umin 12 planes

- ﬁ* Pratocol - Mulli-phase MCET
- ; Image - Multi-phaze MCET
% Pratocol Tupe - Time Series
#5 Camera Binning - Use Current
T wiait Allocation - Of
% Camera Selection - Uze Curent

Note the Z scan uses relative Z values, (12.1 ym in 12 planes) and by default iQ

assumes the current Z position before and after the Repeat Z is the middle of the

End-Z
= Repeat - Channel [Ch1,Cha)

+-% Channels Descrption

+- &= Everts
4% Pauze - Click OK to start protocal
- @ Repeat T - 100 times [10 zec)
-2 Repeats - 1271 umin 12 planes

= Sha
d End-Ehpanne| -1-{g) Repeat - Channel [Chi1.Ch2)
1004 riLin=Chart +-% Channel: Description
@ End-TO & Snap

End - Channel

scan. This then allows for more than one Z scan with different ranges if required.

When you are happy with the new protocol, click the Run button.
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Note: Autofocus and Editing for New Specimens

If you have inserted a Autofocus action (and Activate (interval)), make sure you
initialize the Autofocus hardware BEFORE you Run the Protocol, otherwise you will

see an error message and warned to initialize again.

If you are scanning a new specimen or a new well plate (even of the same
pattern) then you will need to Edit the Scan from the nD Protocol Tree or Scan
Wizard. When you get to the field review part of the Wizard, you must reset all of the
Z values and initialize Autofocus at every field or well. Make sure that you have the
Device Setup dialog visible and the microscope tab is selected. Then click on the
Initialize the Autofocus button in the GUI for each field required. iQ should indicate
if the Autofocus was successful. When you click Next Field or Next Well, iQ will

record the Autofocus setting from the microscope. Press Continue.

Pause

Click QK to start protocol
Press OK to start the protocol.
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4.6 Flexible Protocol Patterns

The new flexible Protocol system provides so many possibilities it is not possible to
list them all. However, as you gain familiarity in creating and editing Protocols you
will notice “Patterns of Actions” which recur. In this section we illustrate ten Use
Case patterns which have been used in testing iQ3 nD tree view and to establish its
functionality within the design parameters.

4.6.1 Multi-Phase Protocol for FRAPPA

FRAPPA protocols require at least 3 distinct phases. These are baseline
measurement, bleach and recovery measurement, followed by analysis to measure
the T1/2 recovery time, which can be used to estimate diffusion rates. The Protocol
below shows this pattern, which can be easily created with the tools illustrated in

previous sections.

- ﬂ‘ Frotocol - Test Caze 1 Frappa Multi-Phasze
- ; Image - Test Caze 1 Frappa Multi-Phaze
% Protocol Tepe - Time Senes
#% Camera Binning - Use Current
7 Wit Allocation - Off
% Camera Selection - Uze Current
+ ?., Events
& Pausze - Click OF to start protocol
+- 38 Move Channel - Chi
-1-§gd Repeat T - 20 times [200 ms)
=] Snap
W End-TO
+ ‘;I' Frappa - Frappa [FRAPPA, All]
¥ 3% Move Channel - Chi
= @ Repeat T - 200 times [0 mz - fastest)
:

W End-TO
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4.6.2 Repeating Multi-Phase Protocol for FRAPPA

- ﬁ' Pratocol - Test Case 2 Mulli Phasze With Repeat
- ; Image - Test Caze 1 Frappa Multi-Phase
% Pratacol Tepe - Time Series
#% Camera Binning - Use Current
7 st Allocation - Off
Camera Selection - Usze Curent
+ f'c‘, Ewventsz
4% Pauze - Click OK to start protocol
- &J Repeat T - 10 times [S min]
&a) Fepeat T1 -5 times [0 ms - fastest)
+ (h Mowve Channel - Chl
= Snap
W End-T1
+ *_.'} Frappa - Frappa [FRAPPA, Al
- @J Repeat T1 - 200 times [0 mz - fagtest]
+ (‘h‘ Move Channel - Chi
& Snap
W End-T1
W End-TO

The FRAPPA protocol described above
can be extended to provide repeated
measurements of the process. This could
be achieved by repeated bleach-recover
actions on the same region or by moving
the FRAPPA ROI(s) around. This is easy
to achieve by introducing a new Repeat
Time loop around all actions specified

above as shown in the Tree below.

4.6.3 Time-Lapse Z Stacks with fast Burst at each Z

This Protocol allows the capture of slow developmental events with a 5 minute

sampling interval (5 hours observation in this case), while also capturing fast bursts

- ﬁ* Pratocol - Test Case 5 Burst Within 2
- ; Image - Test Caze 5 Burst \Within £
@ Pratocol Tepe - Time Series
#M Camera Binning - Use Curent
7 Wit Allocation - OFF
Camera Selection - Uze Cument
+-g= Everts
4% Pauze - Click OFK to start protocal
- @J Repeat T - BO times [5 min]
+ (h M ove Channel - Chil
—l-s2 RepeatZ - 10umin 11 planes
- ﬁﬂ Repeat T1 - 50 times [0 mz - fastest)
&| Snap
W End-T1
W End-Z
W End-TO

(50 frames) of physiological activity at
different Z planes throughout the 5
hour process. This kind of information
is important in developmental biology
applications, where there are two
time-bases of interest to scientific

study.
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4.6.4 Multi-rate, multi-phase with Autofocus

- ﬂ* Protocal - Test Caze B Multi Phaze with AutoFocus
= ymg IMmage - Test Case 6 Multi Phase with AutaFocus

% Protocol Tepe - Time Series
w5 Camera Binning - Use Cument
7wt Allocation - Of
Camera Selection - se Curent
- Events
4% Pausze - Click OK to start protocal
- @ Fepeat T - 10 times [2 z2c)
3] Auto Focus Activate - Every 2 imes
4. Auta Focus - ZDC
+ ':_ Move Channel - Chi
= Shap
+ (h Move Channel - Cha
= Shap

End-TO
- Fepeat T - 10 times [100 mz]

(3] Aubo Focus Activate - Every 10 times
. Auto Focus - ZDC
+ ':_ bove Channel - Chi
=] Snap
+ a& bove Channel - Cha
&| Snap

End-TO
- Repeat T - 10 imes [2 zec)

(3] Auto Focus Activate - Every 5 times
& Auto Focus - ZDC
+-® Mave Channel - Chi
= Shap
+ (h bove Channel - Cha
= Shap
W End-TO

F
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This Protocol contains sequential
phases of acquisition with different
frame rates in each phase. Each
phase needs to run with precise
inter-frame timing, but the intervals
between phases are long enough for
focus drift to be problematic. So in
this Protocol we introduce Autofocus
actions within between phases to
maintain focus. Note the new
Autofocus Activate keyword, which
allows you to specify the interval

between Autofocus actions.
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4.6.5 Multi-Channel Time-Lapse with Z Stacks (Z moves first)

% Pratacal Tepe - Time Series
#% Camera Binning - Use Cumrent
7 wiait dllocation - Dff
Camera Selection - ze Curment
+- & Everts
4% Pauze - Click OK to start pratocol
- @ Repeat T - 10 times [15 zec]
=) Fiepeat - Charnel [Chi Ch2)
+-t Channels Description
=2 FepeatZ - 10umin 11 planes
&| Snap
W End-Z
m End - Channel
W End-TO

This Protocol was built to ensure
that functionality previously available
in FLZ will function in iQ3 nD tree
Protocols. Note here also the use of
the Repeat Channel iterator as a
compact means of expressing the
order and list of Channels.

4.6.6 Multi-Channel Time-Lapse with Z Stacks (Channel first)

This Protocol is paired with 4.6.5 to ensure that functionality previously available in

FLZ is functional in iQ3 nD tree view Time Lapse. In this case we simply change the

- #% Frotocol - Test Case 8 Channel First
- ; Image - Test Caze 72 First
% Protocol Tepe - Time Series
#% Camera Einning - Use Current
7 wiait Allocation - O
Camera Selection - Jze Curent
+ @ Events
4% Pausze - Click OK to start protocal
- @ Fepeat T - 10 times [15 2ec]
SR Mepeat 2 - 10 um in 11 planes
=gt Fepeat - Channel [Chl,Ch2)
¥4, Channelz Description
ﬁ End - Channel
= Snhap
W End-Z
W End-TO
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order of Repeat Channel and Repeat
Z, so that the Channel now is the first
to iterate.

These Protocols are important for
flexible control and optimizing
acquisition speed depending on
which hardware is slower - Z
scanning or excitation and emission

wavelength switching.
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4.6.7 Multi-Channel Z Stacks with Different frequency DIC

It is common to acquire multi-channel images

- ¢ Protocal - Test Case 9 MC Z with Flef
- ; Image - Test Cazse 7 First
% Protocol Tepe - Time Senes
#% Camera Binning - Use Current
7 Wwait Allocation - Off
Camera Selection - Uze Current
+ f“:‘,‘ Events
4% Pauze - Click OK to start pratocol
= @ Repeat T - 10 times [2 min]
':_ tove Channel - DIC
&| Snap
= @ Repeat T1 - 5 times [0 mz - fastest)
=z RepeatZ - 10 umin 11 planes
- @ Repeat - Channel [Ch1,ChZ,Ch3)
+--% Channelz Descrphion
=] Snap
a End - Channel
W End-Z
W End-T1
& End-TO

at different rates for the channels.
One example of this is in capturing a
reference image while observing
fluorescence dynamics, such as
signaling or translocation. This
example Protocol shows a DIC
channel being acquired at a rate of
one fifth that of the 3 channel

fluorescent stacks.

4.6.8 Multi-field, Multi-Channel, Z Stacks with Autofocus

C: L MC MF 2
~ g IMage - Test Case 10 T-L MC MF 2
@ Pratocal Tepe - Time Series
#¥ Camera Binning - Use Current
7wt Allocation - Off
Camera Selection - ge Current
&5 Events
) ¥ Scan - Test¥YZ Compatibility
T Foous
4% Pauge - Click OFK to start pratocal
- @ Repeat T - BO times (5 min]
3 Auto Focus Activate - Every 10 times
[‘g‘] Ao Focus - ZDC
-+ Repeat - =
+oity, AT Pogitions [3]
- @ Repeat - Channel [Ch1.Cha.Ch3]
+-% Channels Description
= Repeat £ - 10umin 11 planes
& Shap
W End-Z
ﬂy End - Channel
W End -y
i End-T0
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This is a regular Protocol for multi-
dimensional image acquisition. By
regular we mean that the frequency
of acquisition is consistent for all
fields, Channels and Z values. This
kind of Protocol results in a single

nDim because it is regular.
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4.6.9 Multi-field, Montage + View and Multi-Channel

- #*¢ Protacol - Test Caze 11 MC MF Maon AF Maon View
- ; Image - Test Caze 11 MC MF Man AF Mon YWigw
@ Pratocal Tope - Time Series
#% Camera Binning - Use Curent
7 wiait Allocation - On
Camera Selection - ze Curent
+- g Events
&y ¥ Scan - Test MF Mon
Maontage Acquizition
T, Focus
4% Pauze - Click OFK to start protocal
- @J Repeat T - 20 times [0 mz - fastest)
-+ Repeat -y
- Repeat - Montage
% Montage Positions (4 [ 2 by 2]
+hy #T Pogitions [3]
- @ Repeat - Channel [Ch1.Cha.Ch3)
¥y Channelz Description
& Shap
ﬁ End - Channel
rﬂy End - Maontage
2 Montage View
End - Y

{

This is a regular Protocol for multi-
dimensional image acquisition. Regular
Is as explained above. It shows the way
in which the XY Scan can produce a
Repeat Montage loop when it is inserted

into the Tree.

4.6.10 Multi-field, Multi-Channel, Z Stacks with Autofocus

= % Protocol - Test Case 12 MC MF AF 2
- ; Image - Test Caze 12 T-L MC MF AF 2
% Protocol Type - Time Sernies
#¥ Camera Binring - Uze Current
7 wiait Allacation - O
Camera Selection - Use Current
+ #—, Eventz
B #Y Scan - Test}YZ Compatibility
. Focus
4% Pause - Click OF to start protocal
- @J Repeat T - B0 times [0 ms - fastest]
3 Auto Focus Activate - Every 10 times
@] Auto Focus - £2DC
—-+x Repeat - =y
+ 7 Pozitions [3)
- @ Fepeat - Channel [Chl .Ch2.Ch3)
+-% Channelz Description
=2, Repeat 2 - 10umin 11 planes
& Snap
End-Z2

W End -
i End-To
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This is a regular Protocol for multi-
dimensional image acquisition. By regular
we mean that the frequency of acquisition
is consistent for all fields, Channels and Z
values. This kind of Protocol results in a

single nDim because it is regular.
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4.6.11 Protocol Templates

In order to make protocol creation easier we have added Protocol Templates. These
are special predefined protocols that allow the user to quickly create one of the
patterns described previously. When a new protocol is created, a new wizard panel

is displayed; this prompts for protocol name but also allows a template to be

selected.

“5% Andor iQ 2.2 - Andor Camera
File Image List Settings
Setup Wizard

Protocols

Process Analysis

Several templates are provided

FLeocel ManAgaT with the iQ installation. Advanced

users may create additional

Please Enter Name for Protocol
My TimelLapse Select | Cancel I

Protocol Templates AppendIX

Current Protocol:

templates as described in the

Time Lapse

[543 Protocol - Time Lapse

+ #£% Protocol - MC

+ §% Protocol - MCZ (Z First)

+- 7% Protocol - MCZ

+$£% Protocol - MultiPhase

= £ Protocol - MultiPhaseWithFrappa
+-§£% Protocol - MultiRate

+- % Protocol - Ratio
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4.6.12 Drag and Drop Capability

In addition to the templates, drag and drop capability has been added to the nD

protocol tree. Left click on a tree item, hold down the mouse button and begin to

= @éﬁ_@peal T - 10 times (0 ms - féﬁgﬁ]é drag. Release the mouse to insert
*a Mr@;ﬁ":-ﬁ?‘:!’n‘nl MBI < (0 s - fastest the item at a new location. There are
¢ Snap - Frame protocol rules that restrict which
' Q End-T items can be dragged and the

location that items may be dropped. When an item is restricted you will see a
restriction icon. Here an attempt was made to drag the repeat inside itself, which is

an invalid action.

When an item is allowed to be dropped you will see the following icon (Left). Here
the end is being dragged within the repeat loop, this is a valid action. Resulting in the

Snap being removed from the repeat loop (Right).

= @ Repeat T - 10 times [0 ms - fastest) = @ Repeat T - 10 times (0 ms - fastest)
+ @® Move Channel - Current ~® Move Channel - Current

s'-;-. 1T é

¢ Snhap - Frame

Repeat Loops may be dragged. All items within the repeat and end will remain intact.
A repeat may not be dragged inside itself but may be dragged within another repeat
loop, so long as it is not a child of the loop being dragged.

Channel repeat should not contain any Move Channel items. Dragging a Move
Channel into the loop is not permitted. Dragging the end node around a Move
Channel is permitted, to allow an intermediate state while editing the tree, but you

will be warned that this will cause undefined behavior.

Due to the complexity of the XY scans, these repeat loops cannot be dragged, doing
so would invalidate the structure of the scan. The end nodes may be dragged
internally to allow items to be accepted into and rejected from the loop.
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4.6.13 Irregular Protocol Structures

The flexible nD protocol tree allows a user to create very complex acquisition
sequences. In order to manage the data sets more easily, iIQ breaks the image
dataset into regular channel based sub-images. These are joined together into a
single image using what we refer to as a Constructor. The Constructor allows the
irregular data set to be managed as a single object. Each sub-image is visible within
the Image Manager; they appear below their associated constructor. Whenever
possible iQ will try to allocate a single regular data set, in which case there will be no

constructor.

4.6.14 Flexible Protocol Conclusions

We hope you find that flexible Protocols in iQ3 nD tree view allow you to carry out
new and exciting experiments which were not possible before. We welcome your

feedback, comments and suggestions.
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4.7 Multi-camera acquisition

In versions of iQ since 1.8 we have provided support for handling multiple cameras
on a single Windows workstation. In the 1.10.2 release we improved performance
and management of multi-camera scenarios as this becomes increasingly popular. A
single instance of iQ allows the control from two or more Andor cameras, but not
third party products. IQ can be configured to allow sequential operation of cameras
in a single instance or parallel operation of cameras from multiple instances (one
camera per instance). This document presents a summary of how to set up systems
for multi-camera applications in the following scenarios.

e Dual camera - sequential use.

e Dual camera - simultaneous use.

e Adding a third camera in these cases.
Recent developments in multi-core processors and fast hard drives means that a
single high performance works station can provide the necessary bandwidth for
simultaneous multi-camera acquisition, where in the past multiple workstations were
required. Current generation iQ workstations have the capabilities needed to support
multi-camera acquisition and with a dual disk RAIDO configuration, the disk

bandwidth is more than sufficient.

4.7.1 Dual camera Sequential operation

IN this mode of operation, iQ can load more than one camera inot a single instance
and use them sequentially. The nD Protocol Tree has a “Camera Selection” keyword
which allows the user to specify which camera is going to be used for the acquisition.

Camera Selection functions in both FLZ and Time W dsiiger

Lapse, but note that in FLZ both cameras must be
Time out in Ext Trig mode.

triggered from PCU (or BOB) DO7. Failure to make the Please check cable connection!

connection between PCU (or BOB) D07 and the

Camera Ext Trig input will result in a Timeout message

as shown right.
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4.7.1.1 Camera Selection in Sequential Mode

¥

Status

Auto Save

Acquisition | Analysis | BGE Analysis | Calibration | Movie Editor | Spots 4« | »

4 Live
@ Snap

Save

Current v ]

Wi

B IG:\&ndor’\iQData\Andor\Clata\Autol mages'

Acquisition Calibration

Select

Clara_b0Xoi

]

= fj' Pratocol - Test Fast
- !; Image - Test Fast
@ Protocol Type - Fast Time
@\ Camera Binning - Use Current
@\ Wait sllocation - On
@\ Camera Selection - Use Current
[m] Pause - Click OK to start protocal

3 Interval - 5.5 ms (fastest)

= & Repeat - 36000 times

+-37 Channel - Ch
@ Shap

@ End

Protocol

Protocol

@ Run

Channel

Fl

Scan

Device Setup

™ Loop Protocol
[V Display Image

Save As...

Options

I
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The Camera Selection

keyword defaults to
“Current” as shown here,
but a right click Edit on
the item will show a list of
cameras which are loaded
in iQ and allow you to
for the

choose one

current Protocol.

When more than one camera is

loaded, the Device Setup tab

shows a new tab, Camera Selection, in which the loaded cameras are listed. Using

the controls on this The user can Edit the Alias (user defined name) and the colour of

the Image Window background as a visual cue to remind you which camera is

loaded. The Device Setup Camera tab is shown over the page with the Camera

Selection tab.

4.7.1.2 Load Protocol and Camera Selection

To switch between cameras under Protocol control, you can set “Protocol1” to use

“Cameral” and set “Protocol2” to use “Camera2”. And when you want to run the two

sequentially add the “Load Protocol” action at the end of Protocol 1 and you can

apply the same approach to use multiple protocols as well, each loading the next. In

this way you can switch operations between different imaging modes with different
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cameras on different microscope ports - a powerful mode of operation.

Acquisition/Auxiliary Devices

“ICunent 'I ‘& Live I «'| Snap I_
Record I [~ StayonTop

X|

Camera Selection l Cameral Prior | ADTF I Ellympus' FHAPPA' Piezo I

addl | Remove | Edt |

—Camera List

(+ iXon [ DUBS7_BV 4708 |

" Luca [ Luc285 MONO 574 )

—Cameras That Failed To Load

This screen shot shows the
Camera Selection tab in the
Device Setup Dialog. This
allows you to choose the
Current camera, edit the
name of the camera and
change the Image Window
background color as a visual
cue or reminder of the

selected camera.

L
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4.7.2 Dual camera simultaneous operation

We assume here that the relevant hardware has been installed in the PC. In this
example we illustrate the use of two identical cameras, iXon DUV-897BV-E. The
screen shots shown here were taken from a system running the cameras with CClI-
23 (PCI) and CCI-24 (PCI-e) controller cards. We want to perform FLZ operation for
best performance, so we need either an Andor low cost break out box (BoB) or

Andor PCU for device control.

4.7.2.1 Creating the Configurations

Open the Configuration Manager
File Edit Settings Tools About Exit
Configuration Wizerd supplied with iQ (1.10.2 or later) and
New | Edit | Delete | Exit

create two configurations, one FLZ

Curtent Configurations

- @?ds - N which will be used for the so-called
reated By:- -master - Creator - Not Foun
@ DeteCroned-tnapoto 122540 Master instance, which generates the

@ Date Last Modifiec:- 02/04/2010 12:25:40
e AcquisitionDevice:-AndDrCamevaWilhlaatPieznZandMonDchvoma{or trlgger Slgnals from the PCU (Or BOB)
= @Tbslave

w Created By:- TL-slave - Creator - Not Found

and a second for the Slave instance,

@ Date Created:-02/04/2010 12:27.05 |n the Tlme'Lapse mode aS Shown |n

@ Date Last Modified:- 02/04/2010 12:27:05

< AcquisitionDevice:-AndDrCameva the Screen Shot beIOW

Make sure that the Global settings are configured as shown below so that the
ImageDisk uses a suitably fast hard drive for streaming. In this example a pair of
high performance 1GB 7200 rpm SATA disk drives configured in RAIDO mode were

Image Disk Configuration

ImageDisk Path

" Virual Image Disk (Default): Images are NOT retained after shut down (Recommended for Komet Users).
" Selecta Drive if you want Images to be retained after shut down (Recommended for iQ Users). An ImageDisk folder will be created on this drive.

Important! An NTFS format hard disk drive which does NOT host the Windows Operating System will improve performance.

Total Disk Space:- 1863.01 GB Free Disk Space:- 1861.66 GB

D [Data] N

selected as drive D (Data) as shown below.
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When you have the optical setup configured then you will need to choose which

camera will be loaded by the Master configuration i.e. FLZ. We refer to FLZ as the

Master instance because it is FLZ that controls the wavelength, Z and trigger

sequence of the cameras. The choice is arbitrary, but iQ will remember for FLZ

sessions. Start iQ, select the FLZ configuration and then the dialog below will be

shown.

<~ Camera Selection

EEX

Please select an Andor camera

D837 BY 3877 2071 IS

Camera Alias : FLZ-master_Camera 1

o]

Cancel |

The camera selected using the
drop down list and is identified
by serial number — which is
printed on the camera body for
physical identification — in this
case the SN is printed as
X3877. Note is associated with
configuration FLZ-master, which

we created in the previous

section. When you click on OK, iQ starts and loads the camera in FLZ mode and

connects to the PCU (or BoB) and any other hardware you specified. We will

configure this instance of iQ in the next section.

LEX

<< Camera Selection

Please select an Andor camera

I =l

[DUB97_BY 3248 100 |
Camera Alias : TL-slave_Camera 1

o]

Cancel I

Now start another instance of
iQ and select the TL-Slave
configuration. When you do
another camera selection
dialog is shown. Select the
second camera to be use for

simultaneous acquisition.

You will now have two

instances of iQ open and you screen will look something like this, where we have

Master on the left and Slave on the right. One large (24” or greater) or two medium

size (22”) high resolution monitor(s) suit this application best.

~—e
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|Andor 0.1.10.2 - Andor Comera With Fast Zand W... [ | | Camara 1 (DUBSZ_BY 3871 ) [ [OX] - [Audor 10.1.10.2 - Andar Camera. = 17 (X - - /Andor Camera

Curet Cortot [o x| ajafm +] \:[:] m[o[s[e] T]®]F | cmeconar
User. Ishihara Lab (Administrato g anoor™ () | = — - User. Ishihra Lab (Administrato g anoor ()
Configuration: FLZ-master Configuration: TL-slave

Image: Focus Image: Focus?

[0 xojajm|+] N[:[2] m[ols|s] |o]-x||ro M| i

ImageType: 14 bit grep/psoudo 0 ImageType: 14 bit grey/pscudo
Image Size: 512x512 Image Size: 512x512
Number of Planes: 1 Number of Planes: 1

XY Calibration = Default - x1 XY Calibeation = Default - x1
CameraName:  Camera 1 Camera Nome. Comera 1

ecuistion | Ansyiz | AGE Ancys | Cotraion | Mo Edho | Sgot Anes |
Status
Live

Aecustion | Apalysis | BGB Analpss | Caltvahon | Mosie Edtor | Sgot Anabs |
Status

¥ &r1de
s |

s sne

S

AutoSave AutoSave
I [C\Andor\ QD ata\lshaa Lab\FLZ master\Aukoimages\ I [C\AndorGD ata\shinara Lab\TL slave\autolmages'.

‘Acqishon Calbrofon Acquistion Calbistion

Optovar -
ssa || P95 None Selected . . st --
TP Pma FZT | Poee B
= @ image-FLZ1 = y i
S R e P | B i
@ Wit Aocalion tra_|
a8 o |
g\m Sean =)
= © Repeat - 200 DUES?_BY 3877 Setings | £

o Device Setup =i | etings | Expeiment | DUBS?_6V 2248 Seings |

onse
L ™ Loop Pratoosl B el EM B ™ Loop Proocal Expouee |

W Display image ' Display image. Sub Window Red EM Gan
Window | 512: 512 I Enabled
E_f window | §12:812 I Enstied
eving
s ® wer | 3
-
Optens
Shter

 Open C Close o) | PiAmpBan [510 <]
Fiames tobe averaged
Lo T I S |
Display Corol mp| |
& DiplayEveny Frame AT AR

o Fuanes/s | Faado fns) 30353
Actual Frame Rate: 1152

Exposuse Time.

Actual Frame Rate: 11.58

Expeiiment Contel FLZ bigge: PCL DD 7).
3 AvaiMemenM8) 2047

Tamess m

Trmeout [1000  ms

Avai MemoyiMB) 2047

4.7.2.3 Setting Up FLZ Devices and Sequence

To setup up the two instances of iQ, you can run the Master in either Time Lapse or
FLZ mode, but the Slave must be run in Time Lapse camera only mode, because we
do not want it to try to control hardware the hardware like the Master. Before you set

the Master into FLZ mode to make sure that the FLZ devices are connected.

You can now proceed as explained in the FLZ section to configure the hardware and

setup the Sequence tab for the desired acquisition sequence.

When you have the above devices selected, you will have controls enabled in the
Sequence tab as shown below and the properties will reflect the device settings from

the Wavelength and Z tabs.
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Acquisition/Auxiliary Devices @

Current v @ Live aa Shap ' l Record| New |V
(E: Selecti Camera . .
S | Note that in this case we have selected
DUIBS7_BY 3677 Settings  Experiment |
Sequence | >> simultaneous excitation with wavelengths
Burst and Bright Field Control .
S O 488 and 561 (two checks clicked) and the
o Bright Fiel i
L Contral number above is set to the sum of
v Enabled |v Move 1st Number of Lambdas: 1
il - o wavelengths (1049) as a further
Current L: o 2 (27 . . . . .
 osano indication. This example is shown
Excitation: Vv 'V & &
12 e .
% Emission: [500.000 <] | =] Fzmiz] because dual acquisition may require
v Expasure |50.0 | | ms simultaneous excitation of two
Z Control
WV Enabled Stat [35.8 o fluorophores for emission splitting
[~ Move 1st . 2 35.8
(1 .
D Seths: | | devices.
Computed Param; Planes |__ Sl
it o End | Note that a Z scan has been specified
Nyquist Formula for Step End |67.0
U l@istSts | i tumehsons 0 2L here and the “Burst and Brightfield
i 3580 14 14 »1| oo R4 9
Time/Burst:~0.728(s)  Save!ofie| Load fiom fie Control” settings at the top of the dialog

now have different values from the
previous Sequence tab illustration above. We will deal with this point later when we
discuss matching Master and Slave frame count during acquisition. Now you should
be able to go Live and obtain an image from a test specimen if the system is setup
correctly.

4.7.2.4 Setting Up the FLZ Protocol

First create a Protocol in the Protocol Manager by clicking on New and choose the

Fast option as shown since you want to execute

Select hame for new Protocol in FLZ mOde'
|SIaveFasll
v Fast Time
Relectpad pption i When you click OK the prototype FLZ Protocol

a) you wish to stream single channel data at maximum speed

shown on the next page will be created.

OK I | Cancel

*—0—
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Status
idle

Auto Save

Acquisition |Analysis| RGB Analysis| _f;alibrationl Movie Editorl Spot .t’-\nalysisl

&4 Live
@ Shap

Save
Current v ]

)| lC:\Andor\iQDala\Ishihara Lab\FLZ-master\dutolmagesh

Acquisition Calibration

Optovar
Select 1.0

- §% Protocal - FLZ-1

= ; Image - FLZ-1
@ Protocol Type - Fast Time
®\ Camera Binning - Use Current
(‘3\ Wait Allocation - On
@'\ Camera Selection - Use Current
[n] Pause - Click OK to start protocol
{37 Interval - 0 ms (fastest)

- Repeat - 1 times
+- i Channel - Current
&a Shap

@ End

None Selected

B

Pratocol

Protocal

@ Run

Channel

fl

Scan

Device Setup

™ Loop Protocol
IV Display Image

Save As...

U

Options
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You can now edit it the Protocol
to change the Channel from
“Current”, number of Repeats
and Interval, Pause message etc.
as described elsewhere in the

manual.

4.7.2.5 Setting Up the Time Lapse

The Time Lapse Protocol needs to be a simple Fast Time Lapse setup with a single
channel. Note that the cameras settings for readout and exposure need to match or
be faster than those of the Master, otherwise the Slave will miss trigger signals from

the Master and drop frames.

The other thing you must make sure of is that the number of frames to be captured
by the Slave is equal to the number captured by the Master. You can compute the
number of Master FLZ frames, N, as follows:

Nm =Np *Nb * Ch * Zs

Where Np is the number of Repeats in the Protocol, Nb is the number of Bursts in
the FLZ Burst setting, Ch is the number of Channels in the FLZ L setting and Zs is

*&
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the number of Z steps in the FLZ scan.

4.7.2.6 Notes and Cases where synchronization may fail.

1. The Slave must be set to Ext Trigger mode and it should be triggered from either
the Master Fire pulse or from the PCU or BoB D07 signal. If you fail to make the DO7
connection , iQ will eventually Timeout while waiting for a trigger signal and show the

following dialog.

No trigger

Time out in Ext Trig mode.
Please check cable connection!

2. There are some circumstances where FLZ resynchronizes and “dumps” frames,
especially in Frame Transfer mode and with Bright field capture (Burst settings)
where the Slave will lose synchronization because it has no knowledge that frames
are not valid. Thus the Dual camera mode is aimed at fast acquisition where the two
cameras are operating with a wavelength or polarization splitter or from two different
modalities. Provided that the FLZ mode is not in FT mode or using Bright field, then

the cameras should remain synchronized.
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4.8 Precision Control Unit (PCU), Triggers and Events

See Appendix 3.3 for information on installing and setting up DIO and DAC cards.

4.8.1 PCU Box with Digital 1/0

Triggers can be inserted into IQ protocols in two forms: Trigger IN and Trigger OUT.

Trigger IN can be used to start image acquisition or synchronize the protocol via an
external source and also to signal an external event and generate an event marker in
the image series. Trigger OUT can be used to activate external instruments and

devices.

4.8.2 Andor PCU with Digital /0 and DAC Boards

In addition to those functions above, DAC has the added facility to control additional
shutters and a Monochromator for specific wavelength changes during an
experiment.

To simplify connection and protect your system from external catastrophe e.g.

voltage overloads or damage, we have designed the PCU illustrated on the next

page.

W TTE @ Gl
— S ANDOIR
T yommotcay
= e ou Theen | oAV o 1 2 3 4 € s 2 -
-/ S 2 7 = s A Ay = AN 7
e o ot )
@ i?i ) L) ¥ 2 s 5 (] s ¥
] 2] =
- () (s D) (o) /?5\ D)
— u@ @ QO ©EE © ©
:| m«;\;—\"k D J - hPuTS T, TRIGGERS D
o = |
Fraaehn l‘memi UG f00Sade  mweessdocoors

The Andor PCU is an opto-isolated connectivity device to allow interface between
external TTL signals and Andor iQ. The PCU box system provides a simple means of

delivering TTL inputs and outputs to and from iQ. The system includes a PCI Digital

~—e
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(and optionally DAC) I/O card, connecting cable and free-standing or 19” rack-
mounted enclosure, housing power supply and opto-isolators, with 8 input and 8
output BNC connectors for convenient coupling to other apparatus. PCU provides a
means of control and synchronization with external apparatus. It will be especially
useful for those wishing to synchronize with electro-physiology equipment, micro-
injectors, flash lamps and other illumination control. In addition, the PCU box will
allow coupling to third party apparatus that accept external TTL inputs to initiate

actions.

The protocol described here is a physiological live cell experiment using neuronal
cells. It involves an initial period of depolarization of the cell and subsequent
monitoring of intracellular calcium levels in response to stimulation with a calcium
agonist e.g. acetylcholine. The indicator used is the ratiometric calcium indicator
Fura-2.

In this example, 1Q is set up as follows; two protocols are created for the calcium
indicator Fura-2, which will be run sequentially by inserting a Load Protocol
command (Section 4.6) at the end of the first protocol (named Fura pre-drug).

This first protocol, shown left, has a

Eﬁ' Protocol - Fura-pre-diug [ Frotoco

o o MC _ Proocal | Trigger IN inserted at the beginning
,g Trigger In - fxon Start Sampling, Start .
B Events LI of the protocol. This means the

'3 Interval - 88 ms [fastest] Channel

Repeat - 50 times _ acquisition will be started by a
f Channel - Fura380nm (1] Scan

Shap — . .
?“ Chaprel-Fura34dnm 2) Device Setup change in signal level as the Axon

End I Loop Protacel polarization device activates the

,‘3 Trigger Qut - Picospritzer. Pulze ¥ Display Image

% Load Pretocel - "Fura2” trigger, when it applies a

Stare

Store As... polarization current to the cell. The

0

protocol will run for the designated

number of frames until the Trigger
OUT at the end of the protocol activates a Picospritzer system to inject a pulse of

calcium agonist into the cell.
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Et’:f Pratacal - Fura2
[F e Image - Fura
mﬂ% Pratocol Type - MC
/g Events
35 Interval - 99 ma [fastest]
E| Fiepeat - 50 times
i - Channel - Fura380nm [1]

Shap
Chatinel - Fura3dOnm (2]

! Shap
e Delay - 10 mz

Hotocol———————

Protocol |
% Run |

Channel
Scan

Device Setup

[~ Loop Protacal
[ Display Image

Stare

Store &

flr

sequence.

Select item to ingert:

Ok | Cancell
Select Trigger

Select Trigger:

event.

= Ind -
&= High
- Low

- Ind
- High
- Low
- In2
- High

- Lo LI

Ok | Cancel |
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Following this injection event, 1Q will
load the second protocol (named
Fura 2) which will run for a set
duration monitoring changes of
intracellular calcium levels within the
cell. At the end of this sequence
Fura-pre-drug will be loaded and the
protocols pair will run recursively
terminates the

until the wuser

To set up triggers in the protocol, right mouse click on the
place you wish to insert the trigger and from the pop up
menu, select Insert, then Trigger IN or Trigger OUT. The

Trigger will be inserted immediately after the selected

On selecting Trigger In, the box shown left will

appear. Select the trigger input line in this case

input 0 (In0). Select whether the event will be

triggered by the line in a high or low state.

The set up is identical for an output trigger. You may wish to put more

meaningful/descriptive text labels associated with the Trigger lines. This can be done

through the Trigger setup panel. Note that restricted users will not be able to change

the settings, but other users will.
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Acquisition,/ Auxillary Devices

Camera {11

Inpuat |Dutput| SetUpI

[0 1 |z |3 |4 |s

Trigger Hame : If-‘«mn Trigger
States |

J—l High : IDn @
—l_l Lo Ifo @

High Event : @
Low Event : @
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x|l The Trigger setup panel is available
through the Device Setup dialog,
accessed by clicking the Device
Setup button. To make changes to
the panels you must click the
Lock/Unlock button at the bottom right

of the panel.

Then the Input/Output lines are selected from the tabs. Here a Trigger IN (Input 0)

has been selected to start acquisition in response to a signal from the Axon trigger

device. To make this clear the Trigger name has been set to “Axon Trigger”. Any or

all of the 10 lines can be used (0-7) and labeled in this way. The state or transition of

the input line can be set here also. The States High and Low have been labeled On

and Off, for clarity. Once you have set these up as desired, click on the Lock button

to fix the settings. When the Insert Trigger IN dialogs show next time, the lines will

show their newly labeled states, both in the nD Protocol Tree and the dialogs. If you

change labels in the Trigger Setup panel, you must revise Edit the Trigger entries in

the nD Protocol Tree, since they will not be automatically updated and will fail to be

Acquisition/Auxillary Devices

Camera  Trigger |

|nput  Output ISetUpl

g 7

Trigger Mame : IPicospritzer

States |

Tlhigh: [ @
ll Low: ILow (o]

il High Low lPuIse—
ll Low High : W
Transition Delay : ID—
Irkereal : ID—
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matched with the original entries.

The Trigger OUT setup is accessed in the
same way and edited similarly. In this
example the signal will be used to
activate a Picospritzer injection device,
which will apply a pulse of agonist to the
cells under study.

Output Line 0 has been selected, and the
line state, HIGH-LOW, has been renamed

to Pulse. This will deliver a pulse as
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shown; the duration is set by typing a value into the interval box (this value is the

pulse duration in ms).

4.8.3 Using Events and Markers

The Events command is inserted into an IQ protocol by default. To adjust the way
the Events will be used, you simply Right mouse on the Event command in the
Protocol and Edit. Events will create markers in the Image at the time point when

they occur and these markers will be available

Acquisition/Ausillary Devices x|

for viewing in analysis and image navigation.
||HDW—I|D1WI|53UDI| 3 |4 |5 |s |7 | By default the keyboard Spacebar is used as
S:’:ggel'“a"‘e: [Poostzer the manual event input. But you can also
Tlige [ @ introduce events from external sources via the
Llow o ® Trigger interface. The text label associated with
Lo v g the selected Trigger input will be used as the

description field for each event it creates.

Before editing the Event Command, make sure the Trigger device is setup, (as

described in the Section 4.2.4) with the appropriate text labels to ease Event

interpretation at a later date. See the panel on the left.

E--tﬂ' Pratocoal - Fura2
E; Image - Fura
D% pretacsl Type - M- To configure the events, a Protocol is setup as
p Keyboard Events - On
B /g Triggered Events - On
i K Picospritzer. High .
78 wash High shown here. Access the Edit Events panel by
g Intereal - 264 ms [fastest] . . . )
=3 Repeat - 100 times Right Clicking on the Events command in the
@ Channel - Fura38nm (1)
@“ anap Tree.
- Channel - Fura34dnm (2]

..... % Shap

€y End

ﬂ Load Protocal - "Fura-pre-drug”

normal and then the Events command edited as
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Setup Events

rkeyboard Event
When you Edit the Protocol, the dialog shown here W Enbled [Spacebar

will be displayed and you can choose to switch on

—Externally Triggered Event

and off the keyboard events and select the Select Triggers to be monitored
during this Protocol:
Externally Triggered Events by name. Picospritzer High
Wash High

\_ )
o
=

Remowve

Select Trigger

Select Trigger:

[=]- Picospritzer -
- High
o Lo
[ W azh

- High
- Low Clicking the Add button shows the Trigger select
= In2
- High

- Low = and states that will generate an Event.

k. | Cancel |

Cancel

dialog (left), from which you can choose the input(s)

As the Protocol Executes the Status boOx  &eauistion | ansysis | BGE Analysis | Calbration | Movie Editor | Spot Analysis |
Status

indicates how many frames have been Lz
y Frame Number : 111 of 200 Ll
acquired from the sequence and among other Events = 7 Bacres |
Snap Save
information, the number of Events will be |

displayed as shown here.

= « Edit Event Markers 5'

_ When the Protocol has completed or
Stare Event? Event Name Event Information
v i IP\cospritzer.High vl Wavelength: 1 nm, Frame: 5 (3196 ms) stopped an Edit Event d|a|0g is
[ 2 IP\cospritzer.High vl Wawelength: 1 nm, Frame: 16 (3357 ms) ShOWI’],WhICh a”OWS you to edlt the text
V3 IP\cospritzer.High vl “Wavelength: 1 nm, Frame: 27 (15517 ms) associated with the Events. This is
especially useful when you are using only
the Spacebar for events and you need to
differentiate. Editing immediately after the

measurement will make sure your records

are accurate.

Enter names for the events
0K
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“wWavelength  Time |
0:00:04: 261 him:sims  Frame Number  Minrange Maxrange  Increment [ Interval (sms]
] DN [0 [27 [ Zhuu;mu ~
..|..|...|.|..|..|..| [T7 c|«s| SetMin| SetMax| Picospritzer High
& 1- Picospritzer.Higj
:# |

Gobo Evert...

i1 - Picospntzer High ‘ ”I I - .||5EI—-:[D ‘
2 - Picospritzer High ) 182 ® bl :.: X

|

When an image with Events is reviewed, Navigator is shown. You can see
immediately how many events were created by the Events dropdown list box. You
can move to the frame where any event occurred by selecting the Event in the list,
as shown. As you navigate through the image, a text field is shown above the

dropdown list as you pass each Event.
When you use the Analysis tab to perform through-series analysis, then the Markers

or Events are shown on the data plot and you can also choose to show the Event

labels. This is illustrated over.
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The analysis plot can be printed

E& Sett . . . .
B erovee | Bisove | 12 and will appear as it does in this

Graph |Data I Dptionsl

[ dutoRange [v ShowEvenilabels  Pint. |
I tean |ntensity j

| Picozpritzer High hgi‘ty (Furd Picogpritzer High |

T T
12345678 91011121314151617 18192021 222324 25262725

4.8.4 Using the On-Line Chart

The On-Line Chart allows you to monitor intensity
in multiple ROIs as the protocol proceeds and
images are acquired. To insert an On-line Chart
you right click on the nD Protocol Tree on the last
Snap command and Select from the Insert dialog
(right). Note that you cannot use the On-line Chart
in a Fast Time (Tempus mode) Protocol.

rhean d|alog

Select item to inzert:

Drelay

M ove
Trigaer In
Trigger Ot
Pauze
Channel

A atin

ME[EE
] | Cancel |
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The On-line Chart can be used to monitor the intensity in one channel, selected from
the setup dialog shown below or the Ratio between two channels in a multi-channel

Protocol.

- tff Pratacal - Fura2

5 B Image - Fura The On-line Chart will be inserted

o Camera Binring - Use Current below the Snap command as shown
o Wit Allocation - OFf
Camera Selection - Use Current in the Fura ratio protocol left. Each
+ f‘ﬂ,‘ Events . Lo .
—-§@0 Repeat T - 100 times [0 ms - fastest] time a frame or frame pair is acquired
+-@® Move Channel - Fura30nm (1) the On-line Chart will be updated.

= Snap - Frame
+ (% Muove Channel - Fura340nm [2]
& Snap - Frame

1ol OrLineChart If you need to modify the settings of

g Eg:d ;mmml_,,Fura_prE_ g the On-line Chart, right-click the node

in the tree and select Edit to display

the Chart Options window. Once you
have modified the settings, close the window. The settings will be saved with the

protocol.
Note: Updating the options of the Chart Image plug-in (available from the View

menu) has no impact on the On-line Chart settings.

=SS A S Sl EEE S SR SRS SES SR S SEE EEE S e SRS S S S = i)
R O S S S T T S S S S T S E S S R S A O S IR R §
53\ ocboodacdbosdocdsactacdcadocboadsadbacpaadandhosdcadsachocdocdsacbaadaadhacbandt

[ Retio  Channel

This plot can also be printed from the File Menu. The On-line Chart Window can be
resized and placed conveniently to avoid visual clutter. A favorite location is below
the Image Window, and made fairly small in height. The On-line Chart will remember

its size and position throughout the current session.
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Live Cell Imaglng So tware

5 - Analysis + Visualization
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5.1 Image Contrast and LUTs

Selecting the View menu item provides the
. necessary tools for the adjustment of image
Reqgion Fast MIP ] .
contrast and brightness and selection of look up
J q LUT...
—  Mapping tables (LUTS).
AutoMap

Toolbars
Image Background
Center Image

Chart Image
Strip Yiew
4D View
3D View
Montage
Kymography
Orthogonal Slice Yiew

5.1.1 LUT Control and Creation

The LUT function is accessed from the View menu as described

2::1?:8 above. Clicking the right mouse button while the cursor is on the
Red Channel Icon below the image will also open up a pop-up menu with
;LE:” three entries: LUT, Mapping and Auto-Map. Mapping opens up
Ezr”::ce the Image Contrast Dialogue as described above. The Auto-Map
Binary option has the same functionality as the Automap button discussed
Select Colour above. LUT opens up a selection of pre-defined Palettes or Look
;istl'-'TT Up Tables (LUTSs), some of which are listed below:

Save LUT

Grey — In the Grey level Palette each image pixel grey value is represented by equal
weights of red, green and blue components. Thus, black (grey level 0) has 0, 0, 0.
White (grey level 255) has 255,255,255. This is a standard method of visualizing

monochrome images.

Negative - The inverse of grey Palette, where black appears white and vice-versa.

Obtained by the "1's complement" of image grey levels.

Camera - An input Palette from a camera, where intensity is proportional to the video

*&
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signal level, i.e. this is a normal grey scale. However, grey level zero (black) is set to
RED=255, B=G=0, while grey level 255 (white) is set to GREEN=255, R=B=0). Use

this Palette when setting up imaging conditions to detect when saturation occurs.

Red - This is a monochrome palette using only the Red color component (intensity
255 - the maximum color brightness). This provides an image shown in a manner
that may be reminiscent of viewing a fluorescent image with the appropriate

fluorochrome.

Green - This is a monochrome palette using only the Green color component
(intensity 255 - the maximum color brightness). This provides an image shown in a
manner that may be reminiscent of viewing a fluorescent image with the appropriate

fluorochrome.

Blue - This is a monochrome palette using only the Blue color component (intensity
255 - the maximum color brightness). This provides an image shown in a manner
that may be reminiscent of viewing a fluorescent image with the appropriate

fluorochrome.

Bandit - A color-banded Palette, ("the banded one") in which groups of 16 grey
levels are visualized as the same color. This is useful for pseudo-coloring and for
visualizing and enhancing structural and intensity variation in images. This is

valuable for comparing changes to the image after a processing operation.

Furnace - This Palette is a yellow-brown table in which intensity is matched to
brightness along the yellow-brown color scale. Furnace provides enhancement to

the visibility of low contrast image structure.

If none of the above palettes are selected the default palette is used.

At the bottom of the LUT list, there are three options available: Load, Edit and Save.
The user can load a previously defined LUT by selecting the Load option. This will
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open up an Open File Dialog and the user can select the LUT files they want. When
Edit is selected, an Edit LUT Dialog is displayed from which the user can modify the
current LUT by adjusting the graphic presentations of its Red, Green and Blue
components.

]
255
0
w -
e
[l IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 Grey Lewvel 255
[ v]: [154. 168]
Help DISF RED GREEM BLUE

The modified LUT can be saved as a new one if Save is selected later. The LUT
pop-up list will show add user-defined LUTSs to its List once they have been saved.

Another way of creating new LUTs is from a text file based exactly on the format of
the LUT file. The LUT file format is illustrated over.

270 © Andor Technology



Andor iQ User Guide AN DOR

company

FORMAT of LUT FILE:

[Description]
ASCII LUT File=TRUE
[Red Green Blue]
000=000 000 000
001=000 001 000
002=000 002 000
003=000 003 000
004=000 004 000
005=000 005 000
006=000 006 000
007=000 007 000
008=000 008 000
009=000 009 000

250=000 250 000
251=000 251 000
252=000 252 000
253=000 253 000
254=000 254 000
255=000 255 000

You can create this in Notepad or you favorite editor and then save the file to the

LUT folder, which can be found here: C:\Documents and Settings\All

Users\Application Data\Kinetic Imaging\Configuration\LUT
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5.1.2 Image Contrast Control

The Mapping and Automap options have the same functionality as the Mapping and

Automap buttons described previously in Section 2.8.1.

#5% Image Contrast ) X

Options  View

| W 25100 =

I~ Inver i W [1067.000 —| Min

[ Exclude =
- 1 1.000000 __.'i Step

Gamma Coeficient e Yo o v v s e ..|1AUU

— 5 W 7727000 = Max
[ Invert “ ‘ u l-m ﬂ o
[ Exclude — 1 [1.000000 il Step
GammaCoefficient ™. <L i v v e v o ..FEE—

’*Aulomap: Off

¥ Smooth [™ Use Begion of Interest ok I
[V 531 Contrast [~ Mapon e

Cancel I

Selecting the Mapping menu item displays the dialogue illustrated above.

To invert the mapping (flip contrast) check the Invert option.

The scale of the mapping mode can exclude certain areas if the Exclude checkbox

is enabled.

Selecting “View->Log Scale Histogram” transforms the histogram Y axis to a

logarithmic scale, emphasizing the low frequencies

Selecting “View->Zoom To Map” scales the histogram X axis around the Min-Max

values, as shown opposite.

From the drop down list below the Mapping Range scrollbars, you can select the
required mapping mode (e.g. Gamma, Square, Square Root, Sine, Cosine, Log e,
Log 10, Exp e, Exp 10 and Linear). The diagram below illustrates the various
mapping modes that are available.
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Cosine

Square Root

log_10 and log e

Gamma is the default mapping and generates a mapping of the form, x%=™™ma 'where
Gamma has the range 0.1 to 8.0. This gives the user ultimate flexibility in enhancing
images. Gamma = 1 is linear, 0.5 is square root and 2.0 is square. Users can control

the gamma coefficient value using the slider or the text box.
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5.2 The Online Graph

The Chart Image is accessed from the View menu on the Image Window. It will
display intensity changes and/or ratios in the Image Window both during Live and
playback of previously captured data but not during protocol run. (To allow Chart to
be displayed during an experiment insert an OnLineChart node in the nD protocol
tree as described in Section 4.8.4.) In short, anything happening in the Image
Window will be displayed by Chart Image. It can use both data from ROIs or the

whole image.

Mean - Channek: Channel Name? X
| ;\ :v’:\.\f‘i ::}‘[r:ff‘_\ﬁ

E A e S O R S O O s
c B S o o e W S P S DY P Ey P S PP TR Py P P P S PP TR ey
0 [ N T e 1y L £ e R e e ey A T O O (SR O SR (e )
C e e st o o L TR L At O [ A |
1 iy = | e
O R e e s Y e e e
— L e e e s £ ) e e S i A S e
o T e A ) e e P ey e Lot
h T B B s | 111 A T R 0 R A VP e S T S (I [ Y
T A0 F=kemdmmebmedmcapassianedeanhonanapbunnjoanpuenpandanahkonduanyZajenndanchondeanpnanionns
R o oo S iy PR e e s e v e WO L i B S o TS
14 T S £ ) (] e oo 1005 P ot e ) S ST R (T R B U M
g N ey et et S T e T T YT O T ) S (G
— B L e e e B S e e Py T e e PR P
94 56 56 60 62 B4 66 B8 7O 72 74 76 78 60 62 64 6 88 90 92 94 96 95100

The File menu has two options: Print and Close. The charted data can be printed

for further inspection and evaluation using the Print button.

Select the Close button to exit from the On-Line Chart window.
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The Channel Selection Menu opens the Chart Options.

Chart Options
Channel | Ratio  Chart Options IFiIe Streaming |
. X Aris
p (Biackg:un!:l Coschon ~ During Acquisition | |~ During Animation— Ok |
PR " Time ¢ Dimension
[ Separate Plots = = Cancel |
[~ Show Legend * Frame Number W8 Frame Number |
[~ Show Event Labels | |
~Region Display i~ Chart History
&+ All Regions ‘ [¥ Enabled El= Save
(" Selected Region
~Scaling
i Channel i~ Ratio
¢ Auto Scale & Auto Scale
" Manual Min IU " Manual  Win In
M ax |258 Max |3

The charted data can be presented in various formats dependent on the settings
specified in the Chart Options Tab and whether user defined ROI's have been
drawn in the image. A discussion of 1Q Analysis features in conjunction with the use
of regions of interest is described in Section 5.5.3.
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5.3 Through-Series Analysis

The Analysis Tab opens the Analysis Window, which is used to calculate statistics
for the image, or for user-defined regions on the image. The results are displayed

both graphically and in numerical form.

fquiziion  Analysiz IEGB .-i'-.nal_l,lsisl Ealil:uratiu:unl Mo Eu:litu:url Sgu:ut.-'l'-.nal_l,lsisl

Enalj,lsel EEVE | ﬁl Seftings |

Graph |Data I Dptiu:unsl ‘

5.3.1 The Graph Page

fiequistion Analysis | BGE Analysis | Caliration | Movie Editor | Spot Analysis | If regiOI’]S have been defined on the
current image, using the Rectangle,
1 Ellipse, Polygon and/or Freehand
IpMe,::n;tF::jj B S Bl (] S o | e |%| Polygon buttons in the Image T00|bar’

Mean nensty statistics can be calculated on each
e ———— region for each time frame. The statistics
to be calculated are selected on the
Options page. The calculated plots are
drawn on the Graph page, while the
calculated statistics are displayed on the
Data page.

810
800 4
750 4

T T T T T T T T T T
-126 -124 122 120 -118 -116 114 112 110 108

Pressing the Analyse button will perform the analysis.

Note: If no Regions of Interest have been defined, the analysis is calculated for the

entire image.
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Once an analysis has been performed, pressing the Save button will open a save
dialogue window, allowing the user to specify a directory and file name to

which to save the data.

Note: If Automatic Directory Selection is selected on the Options page, the

default folder to which the data will be saved is:
C:\AndorBio-imaging\iQData\User
WhereUser is the User Name specified on starting iQ

Note: Even if Automatic Directory Selection is selected, it is possible to select a

different folder to which to save your data.

The data is saved in tab-delimited format, and can therefore be opened in
Spreadsheet packages such as Microsoft Excel.

The x-axis coordinates of the Analysis graph can be selected using the button to the
left of the Threshold Toolbar.

Click on the button to toggle between:

@ ......... Frame number

......... Time

Pressing the Settings button opens a dialogue in which you can specify what

intensities to consider.

Note: In order to access the Settings button, the Threshold option must be ticked in

the Options tab.
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Settings x|
ey - —— —— —— —— ——
S000 -t e

EH 249 1 e R TEEE EEEE EEE FEEEE PR EEE EEE B &
KX ol L
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o - .o SECUIRNR SRR |||
SRR U O O L

2500 4---r---r-----mm A s e

2000 bbb bl

T S SRR R S R

1,000 §---r---r----------a- - 4- -1 --r -

Overlay Colour: 5,:":,_.___E____E____i____i____i____i___j___: i .E___
I - | R A 5
o o o i e i e e

0 20 40 B0 S0 100 120 140 160 180 200 220 240

B ackground

| Grey: 0 Ok |

Use the Max and Min scrollbars to specify the minimum and maximum pixel intensity
values that will be considered.

The specified limits are displayed in the graphs, and the image displayed in the
Image Window is updated, such that pixels included in the selected range are
colored red, thus enabling interactive optimization.

When the parameters in the Settings dialogue have been optimized, press OK to
close the dialogue, accepting the specified values.

Pressing the Settings button for a color image throws up the following message:

Warning |

Colour Images will analysed az grey [Luminence).
Intenzity threzholds will be zet to 0 and 255,
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This means that a color (RGB) image will be analyzed as a grey (luminance) image.
The red, green and blue components of the image will each be given a weighting, by

multiplying the pixel intensities by the following values:

Red 0.299
Green 0.587
Blue 0.114

The minimum pixel intensity value will be set to 0, the maximum pixel intensity value
to 255.

The data calculated from the analysis is displayed in graphical form. The data for
each Region Of Interest is represented by a single line, the lines being color

coded for clarity.

To zoom in on (magnify) features on the graph, drag out a region with the mouse.
Position the mouse cursor at the top left corner of the region you wish to
magnify, hold down the left mouse button, move the mouse to the bottom right
corner and release the mouse button.

To zoom out again in order to view the whole graph, drag out a region as before,
starting from the bottom right to the top left.

This zoom facility can be used in conjunction with the analysis graph scroll bar, to aid
in visualization of the chart.

The Auto Range function can be toggled on and off by a mouse click. When on, the
check box is labeled with a tick and the Analysis plot is automatically scaled

for greatest clarity.

|Mean Intensity ZI

Mean Intensity

The plot to be displayed is [52 ensiy

5D
selected from the Dropdown |i.es
. . Z%hrea
listbox: Integrated Intensity

ZIntegrated Intensity
Integrated Intensity Per Unit Area

The available plots for display will depend upon the statistics selected on the Options

page for calculation at the start of the Analysis.
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If the Show Event Labels checkbox is enabled, Event Markers and associated

labels will be displayed on the Graph page.

If the Show Legend checkbox is enabled, the Legend will be displayed on the Graph

page.
If a suitable printer is installed, a hard copy of the charted data can be produced by
clicking on the Print button.

B| The Colour Box button allows the colors of the Graph (Background, Labels

and Grid Lines) to be changed.

5.3.2 The Data Page

Acquisiion  Analyziz |EGB .-'-‘-.nal_l,lsisl Ealil:uratiu:unl davie Eu:Iit-:urI Spot .-i'-.nal_l,lsisl The statistics

gnal}lsel Save | ﬁl Settings | calculated depend

Clazz area [mum) IFrame ITime [mnz] IMeanIntensit_l,l | - selected for
12 246.3214 1 3029 44 5064

12 Ql2s3a 2 es04 429716 calculation on the
1[2] - 246.3214 3 9403 436339 Options page at the
12 Qs34 4 1233 44472 _

121 263214 5 15416 434715 start of the Analysis.
121 Q2314 B 18413 437907

127 2314 7 22162 44843 Mean Intensity
12) Q26314 B 25372 43,9586

12 l2ese 3 233 457Im the Mean
12) 2363214 10 M3 452483 intensity value of the
12) 2463214 11 34362 46.EDDE _
12 Q25214 12 37Me 450518 selected region and
12) [246.3214 13 40360 467348 time frame.

Peak Intensity the Peak intensity value of the selected region and time frame.

SD the Standard Deviation of the selected region and time frame.

Area the number of pixels within the region within the threshold limits specified in
the Settings dialogue (Section 5.4.1).

*&
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%Area the percentage of the area within the threshold limits specified in the

Settings dialogue (Section 5.4.1).

Integrated Intensity the integrated intensity within the threshold Ilimits
specified in the Settings dialogue (Section 5.4.1).

%Integrated Intensity the percentage of the integration within the threshold

limits specified in the Settings dialogue (Section 5.4.1).

Integrated Intensity Per Unit Area the integrated intensity divided by the
number of pixels (i.e. the area) within the region.

Note: That in the above diagram, the displayed data is for Region 1, which is
classified as Blue on the image (to select a different color, select the Pointer tool

from the Image Toolbar, right click on the region and select Classify).

If Group Analysis is selected on the Options page; the data is displayed for every
Group (color) rather than every Region. The Group column in the data table will list
a second number in brackets e.g. 1(4) which signifies that there are four regions in
that class.

5.3.3 The Options Page

Please refer to Section 5.5 for further information regarding Analysis Options. We
arrange the information in this sequence because Analysis and RGB Analysis share
Data Options and so the information has been merged into a single section.
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5.4 RGB Analysis and Co-Localization

The RGB Analysis Tab opens the RGB Analysis Window, which is used to calculate

statistics for color RGB images, or for user-defined regions on the image.

gcquisitiunl &nalysic  BGE Analysis |Ealil:uratiu:un| b ovie Editu:url Spot .-'-‘-.nal_l,lsisl

Settingz |

Grey Level Statistics | Channel Statistics | Coincident Statisticsl Dptiu:unsl

Analyze

5.4.1 Grey Level Statistics

Statistics are calculated for grey-scale images:

gcquisitiunl Analysiz  BGE Analysis |Ealibratiun| Movie Editu:url Spok .-’-'-.nalj,lsisl

—Analyze

Analyze | Settings |

Grey Level Statistics |Ehannel Statisticsl Caincident Statisticsl Elptin:nnsl

Maotes |Image I tean Grey IMin Threzh Grey IMa:-: Thresh Grey IHgnK [{u]
1 CADERMO 19472 10.00 225500 265
2 [CA\DEMCENE1S02 1000 255,00 156

Pressing Analyse will perform the analysis on all regions defined on the image using
the ROI tools (if no regions have been defined, the analysis will be performed on the
entire image). The results calculated depend upon the statistics selected on the
Options page (Section 5.5.1) and the threshold values applied in the Settings

dialogue panel.

The data calculated from the analysis is displayed in the table. Each row contains
the statistical data for one user defined region of interest. The following data is

calculated:
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Mean - the mean intensity of the grey pixels
Peak - the peak intensity of the grey pixels
SD - the standard deviation of the grey pixel intensity

Area - the number of grey pixels within the region within the threshold limits
specified in the Settings Dialogue.

%Area - the percentage of the area within the threshold limits specified in the

Settings Dialogue.

Integrated Intensity - the integrated intensity within the threshold limits specified in

the Settings dialogue.

% Integrated - the percentage of the integration within the threshold limits

specified in the Settings dialogue.

Minimum Threshold - the lower pixel intensity threshold limit, as specified in the
Settings dialogue. Pixels with an intensity outside the minimum and maximum

threshold values are ignored.
Maximum Threshold - the highest pixel intensity threshold limit, as specified in the
Settings dialogue. Pixels with intensities outside the minimum and maximum

threshold values are ignored.

Region-defining coordinates - the X and Y coordinates of the top, left, bottom and
right points of the region.
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5.4.2 Channel Statistics

The Channel Statistics Tab opens the Channel Statistics page. Statistics can be
calculated here on the user-defined regions, for each of the filtered planes specified
in the Multi-Wavelength dialogue on the Grab page, e.g. for each of the red, green

and blue planes of a RGB image.

gcquisitinnl fnalysiz  BGE Analysiz |Ealibratiun Movie Editurl Spot .&nal_l,lsisl
—Analyse
i Settings |
Grey Level Statistics  Channel Statistics |Eu:uinu:iu:|ent Statisticsl Dptinnsl
Matez |Image Mean B |l
1 BREE
2 CADEMOIMAGES\KOMET ++ IMAGESMKOMET++ 03 TIF 1 71.87 !
3 CADEMOIMAGESAKOMET ++ IMAGESSKOMET++ 03.TIF 2 49.46
4 CHADEMOIMAGES\KOMET ++ IMAGESMOMET++ 03 TIF 3 7159 |
5 CADEMOIMAGESSEOMET ++ IMAGESSKOMET ++ 03.TIF 4 9.00 !
B CADEMOMAGESSKOMET ++ IMAGESSOMET++ 03 TIF & BO1E !
7 CADEMOMAGESKOMET ++ IMAGESSOMET++ 03 TIF & B8R.87 !
g CADEMOIMAGESSEOMET ++ IMAGESSKOMET ++ 03.TIF 7 B5.34
9 CADEMOIMAGES\KOMET ++ IMAGESSOMET++ 03 TIF 8 E7.63 |
10 CADEMOIMAGESSKOMET ++ IMAGESMOMET++ 03 TIF 9 BRSS!
11 CHADEMOIMAGESSKOMET ++ IMAGESMOMET++ 03 TIF 10 £1.53 !

If regions have been defined on the current image, using the Rectangle, Ellipse,
Polygon and / or Freehand Polygon buttons in the Image Toolbar, statistics can be
calculated on each region for each time frame. (If no regions have been defined,
statistics are calculated for the entire image). The calculated statistics are displayed

in the chart.

The Settings button opens a dialogue in which you can specify what region of color

space to consider.

Note: In order to access the Settings button, the Threshold option must be ticked
in the Options tab. For each of the filtered planes specified during the Experimental
setup, e.g. for the red, green and blue planes of a RGB image, use the scrollbars to
specify the minimum and maximum pixel intensity values that will

be considered. All pixels with intensities within the specified range will be labeled
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as containing that color component. The specified limits are displayed in the
graphs, and the image in the Image Window is updated as described overleaf, thus

enabling interactive optimization.

—Red

[ E
g
i

[ |

—Green

1
1
1
Sod
1
'

R 115
= ] 100004 I
Min 14 0. .
N | il 0 20 40 B0 S0 100 120 140 160 180 200 220 2

—Blue

v
1
1
R A
1
1
4 1
coocolboosdad
1
1
1
coooEmooodo
1
1
1
-—-—-
1
1

0

= oo

[ E

]
i e
[ i | 0 20 40 60 80 100 120 140 160 180 200 220 240

Red: 0 Green: 0 Blue: 0 Ok |

B ackground

Using the scrollbars, select the minimum and maximum pixel intensity values to be
considered for each plane.

Pixels are labeled depending upon whether their intensity lies within the specified
range and therefore contains the appropriate component. As you adjust the
maximum and minimum pixel intensity values for the red, green and blue planes,
the graph to the right of the scrollbars is updated and every pixel in the image

displayed in the Image Window will be colored as described facing:
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Red Green Blue Assigned Colour
Yes No No Red

No  Yes No Green

No No Yes Blue
Yes Yes No Yellow
Yes No Yes Magenta

No Yes Yes Cyan
Yes Yes Yes White

Transparent (the original image is
No No No )
displayed)

For example, all pixels with intensities that lie within the specified range for red and
blue but NOT green will be colored magenta on the image.

When the parameters in the Settings dialogue have been optimized, press OK to
close the dialogue, accepting the specified values.

Pressing Analyse will perform the analysis on all regions defined on the image
using the ROI tools (if no regions have been defined, the analysis will be performed
on the entire image). The results calculated depend upon the statistics selected on

the Options page (Section 5.5.1).

The data calculated from the analysis is displayed in the table.

Each row contains the statistical data for one user defined region of interest.

The following data is calculated for each of the filtered planes specified in the Multi-
Wavelength dialogue on the Grab page, e.g. for each of the red, green and blue

planes of a RGB image. This data is displayed on the Channel page.

Mean - the mean intensity of the pixels for the red, green and blue channels

Peak - the peak intensity of the pixels for the red, green and blue channels

SD - the standard deviation of the pixel intensity, for the red, green and blue

channels
L ]
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Area - the number of pixels within the region within the threshold limits specified in

the Settings dialogue, for the red, green and blue channels

%Area - the percentage of the area within the threshold limits specified in the

Settings dialogue, for the red, green and blue channels.

Integrated Intensity - the integrated intensity within the threshold limits specified in
the Settings dialogue, for each of the red, green and blue channels.

Chromaticity - color fraction analysis

r=R/(R+G+B)

i.e. the red chromaticity value equals the mean intensity of the red pixels
divided by the mean intensity of the red pixels plus the mean intensity of the blue
pixels plus the mean intensity of the green pixels

g=G/(R+G +B)

b=B/(R+G+B)

Minimum Threshold - the lower pixel intensity threshold limit, as specified in the
Settings dialogue, for each of the red, green and blue channels. Pixels with an

intensity outside the minimum and maximum threshold values are ignored.
Maximum Threshold - the highest pixel intensity threshold limit, as specified in the
Settings dialogue, for each of the red, green and blue channels. Pixels with an

intensity outside the minimum and maximum threshold values are ignored.

Region-defining coordinates - the X and Y coordinates of the top, left, bottom and

right points of the minimum enclosing rectangle of the region.
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15 15 2795 2r02 1567 900 14.00 1200
16 16 3516 3415 1458 4900 14.00 13.00
17 17 BaE7 ARd44 2046 900 14.00 13.00
14 18 10527 B283 4003 900 14.00 13.00
15 19 E4.46 AR 2143 900 14.00 13.00
20 20 BR32 704 2304 900 14.00 13.00
o N i
Delete | gﬁave |

The Delete button deletes the entries from the previous analysis from the Analysis

Results table.

Once an analysis has been performed, clicking on the Save button will open a save
dialogue window, allowing the user to specify a directory and file name to which to
save the data. The data is saved in tab-delimited format, and can therefore be
opened in Spreadsheet packages such as Microsoft Excel.

5.4.3 Coincident Statistics

The Coincident Statistics Tab opens the Coincident Statistics page. Statistics can
be calculated here on the user-defined regions, for all pixels labeled with more than

one color (i.e. RedGreen, GreenBlue, RedBlue, RedGreenBlue).
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gcquisitiunl Analysis  BGE Analysis |Ealil:uratiu:un Mowvie Eu:litu:-rl Spot .-'f-.nalj,lsisl

—Analyze
Analyze | Settingz |

Grey Level Statisticsl Channel Statistics  Coincident Statistics | Dptiu:unsl

Motes |  [Min Thresh B [Min Thresh G [Min Thresh B [Max Thiesh B [Max Th
1 5.00 14.00 13.00 106.00 115.00
2 1 800 14.00 13.00 106.00 115.00
3 2 800 14.00 13.00 106.00 116.00
4 3 800 14.00 13.00 106.00 115.00
5 4 500 14.00 13.00 106.00 116.00
E 5 800 14.00 13.00 106.00 116.00
7 E 5.00 14.00 13.00 106.00 115.00
8 7800 14.00 13.00 106.00 115.00
3 g 800 14.00 13.00 106.00 115.00
10 3 800 14.00 13.00 106.00 115.00
11 10 8.00 14.00 13.00 106.00 116.00

If regions have been defined on the current image, using the Rectangle, Ellipse,
Polygon and / or Freehand Polygon buttons in the Image Toolbar, statistics can be
calculated on each region for each time frame. (If no regions have been defined,
statistics are calculated for the entire image). The calculated statistics are displayed

in the chart.

The Settings button opens a dialogue in which you can specify what region of color

space to consider. This is described in Section 5.3.1.

Note: In order to access the Settings button, the Threshold option must be ticked

in the Options tab.

Pressing Analyse will perform the analysis on all regions defined on the image
using the ROI tools (if no regions have been defined, the analysis will be performed
on the entire image). The results calculated depend upon the statistics selected on

the Options page (Section 5.3.4).

The data calculated from the analysis is displayed in the table.

Each row contains the statistical data for one user defined region of interest.

&
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The following statistics are calculated:

Area - the number of pixels within the region within the threshold limits specified in

the Settings dialogue.

%Area - the percentage of the area within the threshold limits specified in the
Settings dialogue.

Integrated Intensity - the integrated intensity within the threshold limits

specified in the Settings dialogue

Integrated Ratio - the ratio of the intensity of one color component
compared to the intensity of another component

e.g. the RedGreen Integrated Ratio = ZI (Red)/ ZI (Green)
Minimum Threshold - the lower pixel intensity threshold limit specified in the

Settings dialogue. Pixels with an intensity outside the limits are ignored.

Maximum Threshold - the highest pixel intensity threshold limit specified in the

Settings dialogue. Pixels with an intensity outside the limits are ignored.

Region-defining coordinates - the X and Y coordinates of the top, left, bottom and

right points of the region.
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5.5 Analysis Options

5.5.1 The Options Page (Analysis Tab)

The Options page is where the Analysis options are specified, and the statistical
values to be calculated are selected. All options are selected and deselected by a

mouse click. Selected options have their checkboxes labeled with a tick.

Graph] Data  Optians l

[v Automatic Directony Selection
[ Group Analyziz
[ [areys Per Second

[v Backaround Carrectian -

[ Threshald
v Clipping

| bd2an Intensity
Peak Intenzity
SD
Area
Zhrea
|ntegrated [ntensity
Elntegrated |ntenzity
Integrated Intenzity Per Unit Area

Return To Graph |

Channel Selection
[ ]~ Chi(400 rim Solid -

B~ Chi1 385 rm) Dash v

Automatic Directory Selection Once an analysis has been performed, pressing
Save opens a save dialogue window, allowing the user to specify a directory and file
name in which to save the data. If Automatic Directory Selection is selected, the

default path to which the data will be saved is C:\AndorBio-imaging\iQData.
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Please note, any path can be defined by a user with administrative rights and it is
possible to save data to a different path, using the Set Save Path option in the iQ

File menu or specifying a different file path at start up.

Group Analysis Results are calculated for all regions on the image that are in the
same group (i.e. all regions of the same color), as opposed to being calculated for
each individual region. A region can be assigned to a group by selecting the
Pointer tool in the Image Toolbar, right clicking on the region, selecting Classify and

assigning a color.

Greys Per SecondThis option can be used to extend the dynamic range to obtain
guantitative information and to directly compare data.

The intensity information is calculated from the grey scale content and the
result is normalized (divided) by the exposure time at which the image was
acquired. Hence the resultant values are expressed as greys per second and will
reflect relative intensities over a greatly enhanced range. This function should be

used with background correction for best results.

Background Correction The background value is computed from the Group of
Red regions defined on the image using the ROI Tools on the Image Toolbar. If you
select the Background Correction option then the Red region mean value will be

subtracted from each pixel during analysis.

Threshold This option must be ticked in order to access the Settings button.
Statistics available for selection are:
Mean Intensity  the Mean intensity value of the selected region and time frame.

Peak Intensity the Peak intensity value of the selected region and time frame.
SD the Standard Deviation of the selected region and time frame.
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Area the number of pixels within the region within the threshold limits specified in
the Settings dialogue (Section 5.4.1).

%Area the percentage of the area within the threshold limits specified in the
Settings dialogue (Section 5.4.1).

Integrated Intensity the integrated intensity within the threshold limits
specified in the Settings dialogue (Section 5.4.1).

%Integrated Intensity  the percentage of the integration within the threshold

limits specified in the Settings dialogue (Section 5.4.1).

Integrated Intensity Per Unit Area  the integrated intensity divided by the

number of pixels (i.e. the area) within the region.

At the bottom of the Options Tab under

Channel Selection

Channel Selection are check boxes to | LW ChO[00 i Solid -
select which channels will be graphed. | Ill/v Chi (385 rm)
. .

Use the drop down lists to specify the Diash

Dot
appearance of each channel on the Dash Dot

Dazh Dot Dot
Graph. Small Dot
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5.5.2 The Options Page (RGB Analysis Tab)

gcquisitiunl Analysic  BGEE Analysiz IEaIibratinnI fdovie Editu:url Spot .ﬁ.nal_l,lsisl

AND

—Analyze

Analyze | Settings |

Grey Level Statistics I Channel Statisticz | Coincident Statistics  Options |

v dutomatic Directory Selection
[T Group Analysis
[T Greys Per Second *

[T Background Carection -

[~ Threshald
tean [ntenziby
[] Peak Intensity
[ 15D

[] Area

[] ZArea

[1 Integrated Intensity
[] Intensity Fatio
[ ] Chromaticity

Delete | gﬁave |

OR

company

The functionality relating to the checkboxes for Automatic Directory Selection,

Group Analysis, Greys Per Second and Background Correction have been

discussed previously in Section 5.5.1.

Statistics available for selection in RGB Analysis are as follows:

Mean - the mean intensity of the pixels

Peak - the peak intensity of the pixels

SD

- the standard deviation of the pixel intensity

Area - the number of pixels within the region within the threshold limits specified in

the Settings dialogue
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%Area - the percentage of the area within the threshold limits specified in the

Settings dialogue

Integrated Intensity - the integrated intensity within the threshold limits specified in
the Settings dialogue

Integrated Ratio - the ratio of the intensity of one color component
compared to the intensity of another component
e.g. the RedGreen Integrated Ratio = ZI (Red)/ ZI (Green)

(This statistic is only displayed on the Coincident Statistics page).

Chromaticity - color fraction analysis
r=R/(R+G+B)
i.e. the red chromaticity value equals the number of red pixels divided
by the total number of all color pixels (red + green + blue)
g=G/(R+G +B)
b=B/(R+G+B)

5.5.3 Group Analysis

The analysis of regions of interest is a common action in image analysis. In iQ,
regions can be defined in any combination of rectangle, ellipse, polygon or freehand
polygon. These types are selected from the Image Toolbar as described in Section
2.11. As regions are drawn they will be given colors according to the specified class
of region (Section 2.3.9). When analysis is performed regions of the same color
will be placed together in the data table, but each region will have its own separate

statistics in the table.

However, when you have several regions of the same color, representing discrete
parts of a sample feature or phase you may wish to view the analysis results from
the regions as cumulative statistics or as a Group. To achieve this, you select the
Group Analysis option check box on the Options dialogue and then all regions of the
same color will be treated as one combined region. The data analyzed for all these

regions will be grouped and reported as one data row.
L 2
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One further important consequence of the Group option, when selected, is that
regions of the same feature (color) that overlap will exclude the overlapping area
from analysis. In this way regions within regions can be used to created holes and
regions within holes can be used to create islands and so forth (Figure , where all
regions have been classified as blue and therefore the enclosures create holes and
islands). This provides a powerful tool for analysis of many irregular naturally

occurring features and structures.

FRegion (blue)

\\‘- Haoles (blue]

@D

lslands (blue)

Figure - ROI's and Group Analysis
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5.5.4 Background Correction

When analyzing fluorescent images, the image can be considered composed of
bright objects on a dark background. In most circumstances the background value
can be considered as the "black level" or an image offset. To obtain precise
intensity data from the bright objects of interest it is common to correct for this
background value by subtracting it from each pixel during analysis. The background
value is computed from a region within the image and the mean value from the
region is used. In iQ the background value is computed from the Group of Red
regions in the image. If you select the Background Correction option then the

Red region mean value will be subtracted from each pixel at analysis time.

Grey

:;ﬂ

t2

(1 e

At increasing exposure times the background increases slightly, while the peak
intensity increases more dramatically. At longer exposure times saturation occurs
and the profile is ‘flattened’ as displayed above, resulting in lower intensity values
than expected.
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5.5.5 Greys per Second

When an integrating CCD camera is used to capture data from samples with
variations in intensity, it is possible to use region analysis to obtain an indication of
the amount of fluorochrome present. However, most systems simply report grey
level values without reference to the camera exposure time. This is adequate for
comparison of samples that can be imaged at the same exposure time, but clearly
does not take advantage of the dynamic range available when exposure time is
varied. For example an 8 bit camera has a range of maybe 100 when background
level and noise is taken into account, but if the exposure time can be varied from 40
ms to 1 second then the range is 100 x 25 i.e. 2500. In 12-bit cooled CCDs this is
even more pronounced. Thus if the exposure time is used in the calculation a huge
increase in analysis range can be achieved, which is a major benefit for scientific

applications in areas such as GFP quantification in gene expression.

For this reason, iQ has been given the option of Greys per second. If this option is
selected then the intensity information is calculated from the grey scale content and
the result is normalized (divided) by the exposure time at which the image was
acquired. Hence the resultant values are expressed as greys per second and will
reflect relative intensities over a greatly enhanced range, which depends on the
exposure time range and bits per pixel of the camera. Optimum results will

generally be obtained by using Background correction with Greys per second.
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5.6 The Movie Editor

acquisitionl Aﬂal_l,lsis] BGE Anal_l,lsis] Calibration  Movie Editor lSQDtAnaIysis]

Selected Imaoe

Edi The Movie Editor is used to create
[ 1| > [n[Of 0 1.PahiDefad2 o

: ~]  Frame AL St animation sequences from frames
G i 5 of interest in your images, which
ki hdax Frarme Fiate

1 2 4 can be saved as AVI Movies.

_n | _ou] Repeat Save List| B LosdList

Animation Dimension |Wave|ength j Save List as Movie

I Images included in the animation

Delete Selected Images

Movie Scaling Factar

Increment 1

I Multicharnnel * Set Frame

™ Use Current Region " Play List bottom of the dialogue.
[ Sawe Overlay

<o Lo

are displayed in the list at the

Image List

Ma. |File Name [In |Out

fpz |MC  |Repeat |AniDim Scaling Factar |

T T

2 |fake |1 |Wavelengh |1 : open it from the File Menu or Show
1 2 25 falze 1 Wavelength |1 -

To add an image to the list, either

it from the Image List.

To remove images from the list, select them with the mouse and press Delete

Selected Image.

(Information on the selected image is displayed in the top right of the dialogue,

including the path, image name, animation dimension and number of frames).
There are two modes of operation:

Set Frame - specify the parameters for each of the images in the List, as

described below.

Play List - after setting up the parameters, play the animation before saving

as an AVI Movie.
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In Set Frame mode you can specify the following parameters for the selected

mage:

Starting and Final Frame
Using the animation buttons or scrollbar, animate to the first frame to include and
press In, then to the final frame and press Out. The frame numbers will be updated

in the In and Out columns in the table.

Note: The numbers of the first and final frames of the image are displayed in the

Min and Max text boxes. The current frame is displayed in the Frame text box).

Speed of Animation
Rate specifies the number of frames to display every second. Type a value into the

text box or using the scrolling arrows, the value will be updated in the fps column.

Number of Repeats
Enter the number of times you want the image to play during the animation (type a

value or use the scrolling arrows).

Animation Dimension
For multidimensional images that contain more than 3 dimensions, select the

dimension along which you want to animate.
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Movie Scaling Factor

The sampling factor for the image when saved as an AVI Movie. A sampling factor
of 0.5 will result in a half sized image, 0.33 a third sized image etc. Note that you
should NOT Zoom the rendered image with the Image Window Zoom tool. Use
this setting for correct Zoom in the AVI output.

Note: This is only displayed in the Saved Movie, not while animating in Play List
mode.

Increment

This specifies which frames to include in the animation. An increment of one will
animate through all frames, a value of 2 will display every second frame etc.
Multi-channel

For multi-channel images, the resultant AVI movie file is saved as 24-Bit image
data. If the check box remains unchecked only the first plane in the multi-channel
data set is saved to disk.

Use Current Region

This option enables only image data lying within a user defined rectangular ROI to
be saved as an AVI movie file.

Save Overlay

This option enables Text and Time stamp over lays to be exported with AVI’s.

After specifying the images to include and their parameters, Play List mode lets you

play the movie, using the animation buttons.

ool [

H | Frame The buttons from left to right are:

Stop - stops the animation

Jog Back - rewinds the animation 1 frame

Play - animates through the Play List

Jog Forward - advances to the next frame
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Loop - animates through the Play List as does the Play button, but on

reaching the end of the animation it repeats, starting from the first frame
Bounce - continually plays the animation, forwards then backwards and so forth

You can also animate through the Play List by dragging the scrollbar.
The current frame number is displayed in the Frame box.
The Play List can be saved to disk by pressing the Save List button, from where it

can later be reloaded by pressing Load List.

To save the animation as an AVI Movie press Save List as Movie. You will be
prompted to select a filename and path for the Movie. You will also be asked to
save the Playback Frame Rate for the movie (i.e. the speed of the movie, in Frames

per Second). Finally you can specify the movie compression.

AVI File Save ]|

Select playhack frarme rate for the A4 file: in the series of screenshots shown below.

|2EI Frames jsec
Cancel |

The saving of AVI Movie files is illustrated

Specification of playback frame rate following selection of filename and path.

x
Specification of compression +
Compressor: oK I
Full Frames (Uncompressed) | Cancel | decompression algorithm (aka codec) to
Intel YUY codec “ ; ;
Microsoft RLE Configue.. | use for movie compression.
Microsoft Video 1
Microsoft H.263 Video Codec Shaut. |
Microsoft H.261 Video Codec
Full Frames (Uncompressed)

The choice of compressor is dependent upon which codecs are installed on the

system. For example, on a default Windows 2000 installation, the Cinepak, Intel

*&
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Indeo (R3.2) and Microsoft Video 1 codecs are available. Alternatively, Full Frames
can be selected, which will not compress the frames. Be aware, however, that files
exported in this way could be very large and compression may offer a better size /
quality payoff for portability.

The table below summarizes the main differences between these codecs.

Codec Speed | Size (relative to uncompressed file) Quality
Cinepak Slow Approx. 1/10 Good
Intel Indeo Fast Approx. 1/14 Medium
Video 1 Fast Approx. 1/3 Good
| The results will vary depending on the sequence
S aving A

you wish to export. Extremely detailed images

with larger uniform areas will compress better

than highly detailed images with small, well-

defined areas. It would be beneficial to
experiment with a short frame sequence using different codecs and different quality
settings in order to achieve the best size / quality ratio. A suggested starting point
would be the Cinepak codec with a quality of 75.

Following the specification of a frame rate and compression format, a progress bar

monitors the AVI Movie Save process.
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5.7 The Spot Function

The Andor Technology “Spot” software was originally developed to quantify ploidy
(chromosome number) distribution in cell populations, especially tumor cells. The
basis of this approach has been proposed in the analytical cytometry literature for
some time. By staining the cell nuclear DNA with a fluorescent probe and viewing in
a fluorescence microscope, it is possible with image analysis to quantify the
fluorescence intensity. This is after all the basis for flow cytometry and fluorescence
activated cell sorting (FACS). However, using a microscope image cytometry
approach, it appears that analyzing only a few hundred cells could perform a

comparable task at lower cost and with less sample material.

Spot has however proven to be of broader application and can be applied to the
guantification of the morphology and density or intensity of any population of
discrete objects. The image analysis allows intensity discrimination (thresholding),
object measurement and filtering (inclusion or rejection) and statistical analysis and
presentation of the population data. The results can finally be exported to a

spreadsheet for further analysis.

An image-based object review interface shows all selected objects and allows the
user to rapidly identify and reject artifacts. In statistical plots (histograms and

scatter plots) clusters can be selected or rejected from the analysis.

Spot functions include:

Analysis protocol file management

Interactive threshold selection

Interactive object parameter filtering, based on Area, integrated intensity and shape
factor

Batch processing of file lists using user-selected protocols Analysis of time-series
images for studying spot dynamics.

Numeric and image-based object review tools

Histogram and scatter plot presentations, with parameter range selection/ rejection
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Export of selected data for further analysis in spreadsheets

Spot provides a straightforward user interface, with powerful interactive
configuration and automatic processing of image sets. The overall goal being to
provide a flexible yet rapid and easy-to-use solution to a class of image analysis
problems commonly found in bio and industrial imaging. We hope it proves useful

in your studies.

Analysis may be performed on images acquired using iQ or previously captured
using third party software and stored on disk.

5.7.1 Analysis of Images Acquired Using iQ

Spot will analyze images captured using iQ in the following ways:
Analysis of a single image captured using the Snap command. Please refer to
Section 3.4.2 of the iQ user guide for further details.

A batch (set or group) of images for cumulative analysis, such as may be obtained
from multiple fields from the same sample to ensure suitable sample size or spatial
sampling. Please refer to Section 3.3 of the iQ user guide for a complete

description of the multiple field sampling functions.

A time-series of individual image files or a multi-dimensional time-series image for
analysis of spot feature dynamics. Please refer to Section 3.4.4 of the iQ user

guide for a description of how to perform a time-lapse experiment.
To obtain accurate analysis data, a valid XY calibration must be used during image

capture and further details concerning the calibration of images can be found in
Section 2.7.4 and of the iQ user guide.
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5.7.2 Analysis of Images Acquired Using 3rd-Party Software

The following image types can be imported into the iQ for subsequent Spot
Analysis:

An individual image file.

Microsoft Windows AVI media files.

A multi-TIFF time sequence.

A time-series captured using third party software.

iQ supports a wide range of file types, which can be loaded into iQ for analysis.
Images must be loaded into iQ before Spot Analysis can be performed. Further

details concerning supported file types can be found in Section 2.4.

Images are loaded using the iQ file menu as discussed previously in Section 2.6.1
and Section 2.9.1.

Alternatively, the Image Window menu can be used. Further details regarding these
functions can be found in the IQ user guide in Sections 2.6.1 and 2.9.1,

respectively.

A typical open file dialogue is shown below which is applicable to an individual

image file or a

mult-TIFE  time | B -

Loak in: Tem -

B Dark32Bit tif B NEWANTHERIIEILAMEDA [ Fada
B DarkaBit ti B MewChrom B ti B Fada
B Light! 2Bit tif B MewChrom Gt

B Light1 BBt tif B NewChromn _Merged tif

B Light22Bit it B MewChrom R Ef

B LightaBi ti B B adarns16. i

4] I -
File name: I |ﬂ|
Filez of tvpe: 3N - Cancel |

For a time series captured using third party software, the Multi-Load file type should

be selected as shown below.
L ]
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OpenFile — HEHH|
Laok in: I’-ﬂ 8Bit .ll Q‘

] time_shutter!Sus_8bit_1280x1024.seq001 @ time_shutter1Sus_8bit_1280x102.
@ time_shutter1Sus_8bit_1280x1024.seq002 time_shutter1Sus_8bit_1280x102.
@ time_shutter1Bus_8bit_1280x1024.5eq003 @ time_shutter1 Sus_8bit_1280x102.
B time_shutter1Sus_8bit_1280x1024.seq004 time_shutter15us_8bit_1280x102
@ time_shutter!Sus_8bit_1280x1024.seq005 time_shutter1Sus_8bit_1280x102.
@ time_shutter1Sus_8bit_1280x1024.seql06 @ time_shutter15us_8bit_1280x102

< |

2
File hame: |time_shutter1 Sus_8bit_1280x1024.seq001 | Open I

Files of type: | IP{ReET N i Cancel

Selecting the first file in the appropriate directory and clicking on the Open button

loads a group of individual images constituting a time series.

For further details about opening images please refer to Sections 2.9.1 and 2.6.1.

5.7.3 Using Spot Analysis

Clicking on the Spot Analysis tab in the iQ window accesses the Spot Analysis
module. A successful analysis can only be performed following the definition of a

suitable experimental protocol.

.-'-‘-.ﬂal_l,lsisl RGE .-’-\-.nal_l,lsisl Ealihratianl Mavie Editor  Spot Analyziz

tdanage |Analyse| Heviewl
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5.7.4 Managing Analysis Settings

Manage |Analyse| Review | The Manage dialogue is used to set up an analysis
protocol and specify the parameters for analysis. The
set up procedure is accomplished with the aid of a set up wizard and defines the
threshold and filter limits for the analysis. A new analysis protocol file can be
created or an existing protocol file edited during the set up procedure using the

Analysis Manager wizard.

When the Manage tab is selected the following panel appears.

Analysis | RGB Analysis | Calibration | Movie Editor - Spat Analysis | T h e exam p | e p ane | S h owsS a | |St Of

Manage ]Analyse I Reviewl

experimental protocol files created during

| Eat | Bein previous Spot Analysis sessions.

Current analysis:  Carbon12Bit

% %’ Spot Analysis - Carbon1 2Bit Spot protocol files are selected by clicking
#-% SpotAnalysis - Carbon16Bit

#-%" SpotAnalysis - Carbon32Bit : T

T-% St Anabveio- Corbontit on the relevant file name. Clicking the +

%" SpotAnalysis - Optilas12Bit . .
@-%° SpotAnalysis - OptilasBit symbol reveals the analysis setup details

for a particular protocol. The listing shows
the image used to define the protocol,
whether bright or dark objects are to be
measured, the thresholds used to create a
binary image for subsequent measurement

and the filter criteria used for data

exclusion.
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Analysiz I BGE Analyziz I Lalibration I Movie Editor - Spot Analysis An exam p | e panel S hOW| n g the
Manage | Analyse | Rewview |

experimental details for the protocol file

New | Edit | Dolete Colona is shown left.

Current analysis:  Colona

%" SpotAnalysis - Carbon12Bit
%" Spat Analysis - Carban6Bit
%" SpotAnalysis - Carbon32Bit

LA

pot Analysis - CarbondBit
t A is - Colona:

' Setup Image - Image deleted
Bright Objects

S Lower Threshold - 50

sk Upper Threshold - 255

F-% SpotAnalysis - Optilas1 2Bit

-5’ SpotAnalysis - Optilas&Bit

[0 E- -

File ImageList Process Function ‘Wizards Flug-lns Help
—Setup \Wizard

Spot Analysis

Set up analysis:

< Hack | Mest »» | Lancel |

rselect Analysis Mame

5.7.4.1 New Analysis Protocols

A new experimental protocol is created by | ansisisName: |

pl‘eSSing the NeW buttOn, Wh|Ch reveals —=electimage to use in setup:

the panel ShOWﬂ r|ght & Salact from Image List
Grabbed15 =]
Grabbed14
Grabbed!3
Grabbed12
1 Grabbed!1
Before proceeding to the next page of the Grabbed1
) Grabbedd
set up wizard you must enter the name of Grabbed
rappe
your file in the Analysis Name text box Crabbeds

Focus

H H CATEMPYCOLONATATIF
and select an image to be used for setting CATEMMCOLONAT MG, Calona
. . CATEMPACOLONATPIC

CATEMPCOLONA AY]_Colona

up your experimental conditions. e
rulti-Load
CAOFTILAS SPOT SEQUENCENSBIMTIME_SHUT,
CAKINETICATEST215.TIF
teste00.TIF Ll

An image can be selected from the Image .
Shap

List or captured from your current sample

=electefiannel

using the Snap option. Hone [

Once a file name has been specified and an image selected click the Next button to

proceed to the next page of the wizard.
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A panel is displayed to enable the specification of threshold limits for the analysis.

File Image List Process Function ‘Wizarde Pluglns Help
—Setup Wizard

- An image histogram is displayed, lower

Set up analysis:

and upper threshold limits represented by

two vertical lines. The green and red

lines representing the Lower Threshold

<< Back Mest »> LCancel |

rSetup Thresholds:
& Bright Ohjects

" Dark Objects .. . .
Lower Threshold: Upper Threshold: The threshold limits can be adjusted using

and Upper Threshold, respectively.

10 i N 5 the spin buttons or alternatively, typing

new values into the respective text boxes.

5,000 -
7,500
7,000 -
6,500
5,000 -
5500 A binary image created using the
5,000 - . A .
- specified threshold values is displayed to
o the right of the image histogram panel.
3,500
3,000 -
2,500 4
2,000 -
1,500 -}

1,000 4

i 500 1000 1,500 2,000 2500 3000 3,500 4,000

As the threshold values are adjusted, the

image is updated. This can be compared to the original image, and the effects of
the various thresholds optimized. A grey level image and a complimentary binary

image are shown below.
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Grey level image

Spot Analysis

CATEMPASPOTFILTEREXAMPLE TIF_Thrasholded ‘

Binary image

Lower Threshold: 20
Upper Threshold: 255

™ Multi

Once you have set the Threshold Limits, click on the Next button to continue with

the protocol set up.
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Pressing the Cancel button will close the Manage dialogue, ignoring any changes to
the protocol file.

Pressing the Next button moves to the filters section of the Wizard where filter limits

are specified for the opened image.

The filters panel shown below is used to select which filters are to be applied to an
image for subsequent processing and to specify individual filter parameters.

File ImageList Process Function 'Wizard: Plugln: Help
—Setup Wizard

S Available filters are Area, Shape Factor
potanalysis———————

Sehup enales: (or circularity - a perfect circle will have

the value 1) and Integrated Intensity.

Their selection can be toggled on and off

chock | o | Bl by a simple mouse click in the selection
rsetup filter

Min. sz boxes. Selected filters have their check
¥ Area |snn |1n45

boxes labeled with a tick. It is not

0.39 0.785 .
st ! ! necessary to select any of the filter
i gt izt [Poers parameters; if none are selected images

Fitter _ | will be processed without filtering.
Fesetto DefauItVaIuesl
Default values for this image:
Area 1.4 1045
Shape 0.151 0.785
Integrated Intensity 20,0 58675

The text boxes to the right of 