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Preface

This manual shows how to use the DeltaVision system to acquire images. It also
shows how to maintain the system.

m  About This Manual describes the information in each chapter.

m  Document Conventions explains the typography, notes, and other conventions
used in this manual.

m  Contacting Applied Precision, Inc. provides information about how to contact
customer support.

About This Manual

This manual provides instructions for scientists who are using DeltaVision to
acquire data. It also includes instructions and references for maintaining the
system.

The Introduction provides a brief summary of the DeltaVision system features.
Safety warnings and guidelines are provided in Chapter 2.

04-720160-000 Rev B/0212
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Chapters 3 - 6 show how to use the system to acquire data.

m  Chapter 3, Getting Started, describes how to turn the system on, acquire an
image, and run an experiment macro.

m  Chapter 4, Setting Up and Running Experiments, shows how to set up
experiment macros for 3D sectioning, Time lapse, Multiple wavelengths,
Paneling (for stitching), and Point visiting.

m  Chapter 5, Acquiring Data From Live Specimens, provides information on how
to use the DeltaVision system to collect images from live specimens.

m  Chapter 6, Data Collection Techniques, describes how to determine the proper
exposure time and provides guidelines for finding the areas of interest on a
sample.

The remaining chapters provide information on how to maintain and configure
the system.

m  Chapter 7, Facility Requirements and Components, lists requirements and
describes the DeltaVision system components.

m  Chapter 8, Changing Cameras and Filters, describes how to replace cameras
and how to install or replace filters.

m  Chapter 9, Maintenance, shows how to change and align the xenon lamp,
align the light path, clean the system, and change fuses.

The appendices include reference information and procedures for configuring
the system.

Document Conventions

To make the information provided in this manual as easy as possible for you to
locate and use, the following conventions are observed.

Lists

® Round bullets indicate options in procedures.

1. Numbered items are sequential steps for completing a procedure.

m  Square bullets indicate items in a list.

» Arrows indicate single step procedures.

AppliedPrecision
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Notes, Warnings, and Cautions

d Note Indicates information about the previous paragraph or step in a procedure.

! Important Indicates important or critical information about the previous
paragraph or step in a procedure.

Q" Tip Indicates helpful advice.

>

WARNING: Indicates important information regarding potential injury.

A\ WARNING: Indicates risk of explosion.

P>

WARNING: Indicates risk of shock.

CAUTION: Indicates important information regarding potential damage to
equipment or software.

B>

User Interface Description Conventions

Boldface indicates the names of buttons, menus, window options, and fields.
Initial Capitals indicate the names of windows and tabs.

ALL CAPITALS SAN SERIF indicates the name of a key on your keyboard or
keypad, such as ENTER, DELETE, or STEP INCREASE.

Uniform width font indicates text to enter on a command line or in the GUI.

04-720160-000 Rev B/0212
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Contacting Applied Precision, Inc

If you have questions about DeltaVision, first refer to this manual or consult the
online Help system. If you don’t find the information you need, contact us at one
of the following addresses.

Customer Service Hotline
Phone: 800-862-5166
email: servicehotline@api.com

Hours: 8:00 AM - 5:00 PM, Pacific Time, Monday — Friday

Corporate Office

Applied Precision, Inc.
1040 12t Avenue NW
Issaquah, WA 98027
USA

Phone: (425) 557-1000
Fax: (425) 557-1055

Internet Address. www.api.com

AppliedPrecision



Introduction

This chapter provides an introduction to DeltaVision.

m  What is DeltaVision? introduces the DeltaVision system and provides a history
of its development.

m  What Can You Use DeltaVision for? lists the supported imaging modes and
summarizes the data acquisition options that are supported by DeltaVision.

u  What Should You Know to Use DeltaVision? summarizes the background and
experience required to run the system.

What is DeltaVision?

The DeltaVision Imaging System can be used to collect and analyze three-
dimensional microscope images, acquired over long periods of time and on
multiple samples. With the sophisticated softWoRx image analysis and model-
building software, the system is a comprehensive package for biological image
data collection, interpretation, and display.
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History

The original restoration microscopes were designed and developed in the
laboratories of Dr. John W. Sedat and Dr. David A. Agard at the University of
California, San Francisco. Their first working system actively collected images as
early as 1983. At that time, a small deconvolution (128x128x64) required
overnight processing on a million dollar mainframe computer.

During the evolution of the UCSF microscope, it became clear that
micropositioning was a critical part of the optical sectioning process. In
particular, controlled movement of the focal plane relative to the specimen (the Z
axis) was identified as a key to reliable deconvolution. To accomplish adequate Z
scans, Dr. Sedat built a microscope stage using Applied Precision’s
Nanomotion™ micropositioning technology.

Before long, Dr. Sedat contacted Applied Precision cofounder Ron Seubert for
detailed information about Nanomover performance. The relationship between
UCSF and Applied Precision grew steadily. Later, in 1993, Applied Precision
licensed the image restoration technology from UCSF and began development of
DeltaVision. Collaboration between Applied Precision and UCSF still continues,
for the benefit of both parties.

AppliedPrecision



Chapter 1: Introduction

In October of 1993, Applied Precision shipped the first Applied Precision/UCSF
hybrid to Michael Paddy at the University of Florida. In 1994, Applied Precision
designed, built, and delivered a DeltaVision prototype to Paul Goodwin at the
Fred Hutchinson Cancer Research Center, Seattle. In August 1994, the first
commercial DeltaVision microscope was shipped to Bethe Scalettar at Lewis &
Clark College, Portland, Oregon. All three of these systems are still active. The
DeltaVision software has grown continuously since 1983, with contributions from
scientific programmers, faculty, and graduate students at UCSF. Applied
Precision’s contribution to the software started in earnest in 1994.

The advances in computer and camera technology in the early 1990s resulted in
the emergence of optical sectioning technology. For example, in 1993 Applied
Precision’s benchmark deconvolution (512 x 512 x 64) required 3 hours of
processing time on a $35,000 workstation. (The benchmark deconvolution is 16
times larger than the original deconvolutions performed in 1983.) Although only
a few laboratories were able to afford $35,000 for a computer, the lower cost
warranted commercialization of a deconvolution microscope. In 1996, the same
deconvolution required about a quarter of an hour with a $14,000 workstation,
and half an hour with an $8000 machine. This thirty-fold increase in
performance/price allowed a more widespread acceptance of deconvolution
microscopy.

Advances in computing power and data storage have continued to benefit
DeltaVision users. In 2003, a $2500 workstation could perform the standard
benchmark in less than four minutes, representing another twenty-fold increase
in performance/price since 1996. The current workstations can now perform this
benchmark in less than 30 seconds (under 20 seconds for DeltaVision and under
30 seconds for personal DV). Vast amounts of data generated by these experiments
can be stored on local hard drives, by burning DVDs, or by transferring the data
to other locations using high-speed network connections.

What Can You Use DeltaVision for?

DeltaVision imaging systems use research grade microscopes to collect optical
images in one of the following imaging modes:

m  Fluorescence
= Brightfield

m  Phase contrast’

* Phase contrast requires additional equipment that is available from Olympus distributors.

04-720160-000 Rev B/0212
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® Differential Interference Contrast (DIC)

The following table summarizes the capabilities of the DeltaVision system.

Capability Description

Digital Microscopy Fluorescence Imaging.
Also capable of Brightfield, Phase Contrast, and
DIC imaging.

Automated Optical Optical sectioning, filter changes, and shutters

Sectioning, Time-lapse, are coordinated by the controller.

Point visiting

Quantitative Processing Image processing and 3-D reconstructions of

multi-dimensional data files.

Image Display and Analysis 3-D reconstructions can be visualized, rotated,
and enhanced.

DeltaVision supports a wide array of imaging applications, including;:
Cytoskeletal Studies, RNAi experiments, Live Cell Imaging, Cell Cycling Studies,
Protein Translocation, and Protein Pathway Analysis.

Standard Data Collection Options

DeltaVision supports the following types of data acquisition:

3D Imaging

To acquire “3D data,” you can set up DeltaVision to acquire a series of images
along the Z axis. The softWoRx workstation provides a sleek interface that allows
you to control the optical sectioning through a specimen. Behind the scenes,
macro language provides automated computer control of sample position,
optical filters, and shutters. After image data acquisition, a series of image
processing algorithms improve image resolution. Three-dimensional information
can be reconstructed and then visualized in a variety of ways that allow
quantitative measurement and analysis.

Multiple Wavelengths

DeltaVision can sequentially acquire images through multiple wavelengths and
combine them into a single image file.

Panel Collection

Panel collection acquires a series of images with adjacent fields of view. You can
stitch these images together to create images that are much larger than a single
field of view. This is especially useful when you want to collect data at a high
magnification over a large area.

AppliedPrecision
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Time-Lapse

You can run macros to acquire time-lapse images and use the data to create time-
lapse movies. This is especially useful for studies of live samples or for
experiments that use lasers.

Point Visiting

Point Visiting allows you to acquire data from several areas of interest during a
single experiment. You can select which points to monitor on your sample and
save them in a list that contains the exact stage coordinates of each point. When
you run the experiment, DeltaVision reads the coordinates for the points in the
list, moves the stage to each point, and captures an image. This process is
repeated at specified time-lapse intervals. For live specimens, this significantly
improves the lab efficiency of experiments by allowing you to monitor multiple
points of interest in a single session.

Autofocus

You can use Autofocus to automatically focus DeltaVision when you are viewing
a sample or when you are running an experiment.

After you have found focus and marked a point of interest, the optional
UltimateFocus™ feature adds the ability to maintain focus during an experiment.
The UltimateFocus Module uses an infrared laser that follows the illumination
path and bounces off the cover slip/sample interface. The reflected beam is
evaluated and the software returns an offset to the Z motor for automatic stage
adjustment to maintain focus.

Kohler and Critical lllumination

You can easily switch between Critical and Kohler Illumination. Kéhler
[llumination provides very even specimen illumination across the field of view.
You will typically use Critical Illumination for most of your data collection.
Critical Illumination only illuminates the area detected by the CCD. It therefore
helps to preserve the biology and associated dyes outside the CCD’s field of
view. Kohler Illumination spreads the intensity of the light over the entire field
of view of the oculars. The higher intensity light of Critical Illumination is also
useful for low abundant probes that require more light.

Live Cell Imaging

You can set up a controlled environment to acquire data from live specimens.
DeltaVision supports an optional environmental chamber that you can use to
control temperature and inject carbon dioxide.
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DeltaVision also includes software that is specially designed to acquire data from
live specimens:

m  Cell tracking is used for point visiting time-lapse experiments. It
automatically changes the coordinates of a point to follow a cell as it moves.

m  Real-Time Z Sweep Acquisition (or Optical Axis Integration) allows you to
quickly acquire 2D projections of specimens.

®  Real-Time Deconvolution provides previews of deconvolved images as they
are acquired.

m  Reference Imaging is useful for acquiring reference images that can be used
for Differential Interference Contrast (DIC) and other techniques.

Laser Photo-bleaching and Photo-activation

If your system is equipped with the optional X4 Laser Module, you can use
DeltaVision to run and analyze laser photo-bleaching and photo-activation
experiments. The X4 Laser Module supports up to four lasers and provides
software to control and to analyze the data that is obtained from these
experiments.

TIRF (Total Internal Reflection Fluorescence)

If your system has the optional X4 Laser Module and API FI, you can use
DeltaVision to run and analyze multiline TIRF experiments. The TIRF technique is
used in a number of research applications, such as cellular protein and vesicle
trafficking, focal cellular adhesions, single biomolecule dynamics, studies in
neuroscience, and cell-to-cell communications. The ability to excite molecules on
the surface of a specimen while eliminating the fluorescence from the depth of
the sample makes TIRF a valuable tool for examining cell surface structure and
protein dynamics.

For more information on the TIRF technique, see the section “X4 Module and
TIRF” on Page 191.
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What Should You Know to Use DeltaVision?

This document assumes that you are familiar with the basics of microscopy.
Correct operation of the microscope is fundamental to obtaining quality images
with DeltaVision. In addition, an understanding of image processing basics will
help you use the system to its full potential. To manage the computer systems,
some familiarity with Linux workstations and Windows-based personal
computers is helpful.

We have taken care to ensure that DeltaVision is straightforward to use, reliable,
and complete. Please report errors and problems with DeltaVision to Applied
Precision using the e-mail address servicehotline@api.com, or
alternatively, use the problem report form in Appendix B: Troubleshooting.
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Safety

This chapter covers safety and damage prevention issues to be aware of when
using a DeltaVision imaging system. The precautions detailed in this chapter
must be carefully observed to prevent possible personal danger:

O Note Alllaser-related safety issues, including proper labeling, are discussed in
Appendix F: Lasers and Safety Issues.

m UV Exposure discusses potential for UV exposure from the xenon arc lamp.

m  Bright Light Exposure warns about bright light exposure from the transmitted
light source installed in the microscope.

m  Laser Hazards explains that a DeltaVision system with lasers installed is
considered a Class 3B device and warns that visible and invisible radiation
from the installed lasers can exit the device at the same time and are
powerful enough to potentially cause damage to the human eye.

®  Burn provides guidelines for avoiding burns from the xenon arc lamp. (The
arc lamp reaches very high temperatures.)
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m  Shock includes warnings about potential shock hazards. (Hazardous voltages
are present even when the system is disconnected from the AC main power
outlet.)

m  Damage Prevention describes actions that can damage the system.
m  Warning Labels describes the system labels.

Additional safety guidelines for maintenance and alignment are detailed in
Chapter 9: Maintenance.

For laser safety considerations and laser safety labeling information, see
Appendix F: Lasers and Safety Issues.

UV Exposure

Since the excitation illumination module (xenon arc lamp or InsightSSI) emits
ultraviolet (UV) light, there is a danger of exposing your eyes and skin. Loss of
eyesight could occur if unfiltered light from the xenon arc lamp reaches your
eyes.

To prevent UV exposure:

e Open the shutter only when an excitation filter is engaged.

e Do not open the xenon arc lamp housing during operation. See Chapter 9,
Maintenance for detailed instructions on changing the xenon arc lamp bulb.

Bright Light Exposure

While the transmitted light source installed in the microscope does not present
possible UV exposure, it could cause discomfort under certain conditions.

= You must be aware of the eyepiece filter wheel when viewing a specimen
through the microscope oculars. Make sure that the proper filters are in place
so that your eyes are not suddenly exposed to a bright flash of light when the
transmitted light shutter is opened.

= Do not look through the eyepiece while switching filters. Your eyes can be
exposed to unfiltered light during the filter transition.
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Laser Hazards

The optional laser modules available for DeltaVision are considered Class 3B
devices. The power level is high enough to cause damage to the human eye
instantaneously and possible damage to the skin.

The optional UltimateFocus™ Module complies with CFR 1040.10 and 1040.11
except for deviations pursuant to Laser Notice No. 50, dated June 24, 2007 IEC
60825-1, 2007-03.

OSHA regulations require (via ANSI Z136.1) and IEC 60825-1 recommends that a
Laser Safety Officer be identified who will be responsible for the safe use of Class
3B lasers. This includes training users, installing all necessary warnings and
controls in the laser area, and other duties.

WARNING:

Given the inherent exposure possible with an inverted frame microscope stand,
users of the system must be trained in laser safety before using this instrument.
Contact your lab administrator for information about Laser Safety training at
your institution. Training information is also available online at:
www.kenteklaserstore.com

The International Electrotechnical Commission (IEC) and the FDA recommend
that Class 3B and Class 4 lasers be used only in restricted areas.

Please see Appendix F, Lasers and Safety Issues on Page 327 for detailed laser safety
information.

Burn

The xenon arc lamp reaches a very high temperature when lit. Never touch the
housing during operation. Never remove the housing during operation or before
allowing it to cool completely. Carefully follow the directions found in Chapter 9,
Maintenance, for changing the lamp.

Shock

Hazardous voltages are present even when the system is disconnected from the
AC main power outlet.

To replace the xenon arc lamp, follow the instructions found in Chapter 9:
Maintenance. Refer also to the following section, “Xenon Lamp Safety,” for
additional related safety issues. No other system components contain user-
serviceable parts and do not warrant disassembly.
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Xenon Lamp Safety

Xenon lamps are under high pressure and emit high levels of radiation. Proper
handling procedures and safety precautions should be observed to assure the
safety of the users of this product. Only operate this lamp within the
recommended operating specifications as detailed in this manual. Refer to
“Replacing the Xenon Lamp” in Chapter 9 of this manual for details on the proper
procedures for lamp replacement.

Explosion

These xenon lamps are under high pressure. Use of face shields or safety glasses
during handling is recommended. Avoid applying excessive shock or stress to
the lamp during handling.

High Voltage

The ignition voltage of the xenon lamp presents a very high voltage hazard. Do
not touch the lamp during operation. To avoid the risk of electrical shock, the
input power should be disconnected prior to servicing the lamp.

UV, Visible, and IR Radiation

Xenon lamps emit high levels of radiation that can cause severe skin burns and
permanent eye damage. Avoid direct exposure to the emitted or reflected beams.

Thermal Hazards

Xenon lamps can get very hot during and after operation (up to several hundred
degrees C). To avoid potential for serious burns, do not touch the lamp during
operation. Do not touch the lamp after operation until the lamp has adequately
cooled.

Disposal

It is recommended that the xenon lamp’s internal pressure be relieved prior to
disposal. This is accomplished by squeezing off the tip (see illustration below)
with needle-nosed pliers until the pressurized gas escapes.
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Pinch off the tip
with needle-nosed
pliers to relieve
pressurized gas
before disposal.

Relieve the xenon lamp's internal pressure before disposall!

Pressurized xenon lamps should not be incinerated, but disposed of in a landfill.

Damage Prevention

The following actions could damage the system:

= Moving the stage to the home position with the objective up could break or
scratch the objective. The stage could be driven into the objective and may
potentially scratch the top lens or compress the lens housing, causing a leak,
crack, or lens misalignment.

m  Disconnecting cables before the system is completely shut down may damage
one or more of the electronic circuit boards.

= Disconnecting cables to the camera when the power is on may damage the
camera.

= Touching optical filters or the polychroic beam splitter contaminates them
with oil and can lead to premature failure or poor image quality. For cleaning
information, see Chapter 9: Maintenance.

®  Bending the fiber optic cable into a coil with a diameter less than 24" will
damage the cable.

s Using improperly rated replacement fuses can create a fire hazard and may
result in damage to components. Use only the fuse types listed on the
component or in the manual.
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m  Leaving a camera out of the tray when it is not in use presents an opportunity
for the camera to fall to the floor and break. Always place the camera in the
camera tray when it is not in use.

Warning Labels

Warning labels have been applied to the components of the system that pose a
potential hazard to the user. The labels have been duplicated here and carefully
explained. Please read this section carefully.

L Note For a description of DeltaVision components, see Chapter 7, Facility

Requirements and Components.

DeltaVision Warning Labels

Hazardous Voltage Warning Label

This label indicates the danger of electric shock.
This label is found on the xenon arc lamp
housing.

Caution or Warning Label

This label indicates a danger of personal injury
or possible damage to equipment. It is
accompanied by an explanation of the
specific danger. This label may be found on the
microscope, the lamp, the High Res camera,
the Fast Camera, or the workstation.

See Appendix F, Lasers and Safety Issues on Page 327 for laser-specific safety

warning labels.
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Getting Started

This chapter shows how to get started with DeltaVision.

Before you start includes a checklist of things that you need to have before you
can acquire images for your sample.

Getting Familiar with DeltaVision describes the key controls that you will use
to direct the light path, focus, and select filters. It also introduces the keypad
and joystick.

Turning DeltaVision On shows how to turn on the system.

Acquiring an Image shows how to place the slide and the objective, find the
sample, and acquire an image.

Saving Image Data describes how to set up a personal data folder and how to
save an image file.

Turning DeltaVision Off shows how to turn off the system.
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Before you start

Before you start, make sure that you:

e Select the proper oil for your objective and specimen. The immersion oil kit
includes 18 oils (6 for personalDV) with refractive indexes that range from
1.500 to 1.534, in increments of 0.002. (For personalDV, the kit includes 6 oils
that range from 1.512 to 1.522.) To calculate the best refractive index for your
application, follow the instructions in Appendix A: The Immersion Oil Kit on
Page 247. If you are working at standard temperature and pressure, the oil
with a 1.516 refractive index is generally a good place to start. For work at 37
degrees C, use the oil with a 1.520 refractive index.

e Know your login ID and password for the workstation.

e Prepare your sample using the recommended practices that are documented
in the following references. (If you are untrained in sample preparation,
consider attending a course like the one shown below.)

Books on Cell Biology Methods

Current Protocols in Cell Biology. Bonifacino, Dasso, Lippincott-Schwartz,
Harford, Yamada ed. Wiley Press, http://www.wiley.com/legacy/cp/cpcb/

Cells, A Laboratory Manual. Spector, Goldman, Leinwand ed. Cold Spring
Harbor Press, 1998.

Video Microscopy: The Fundamentals (2nd Edition). Inoue and Spring, Plenum
Press, 1997.

Digital Microscopy (3rd Edition), Methods in Cell Biology Vol. 81. Sluder and
Wolf, Academic Press, 2007.

Papers on Sample Preparation

Rines DR, He X, Sorger PK.Quantitative microscopy of green fluorescent protein-
labeled yeast. Methods Enzymol. 2002;351:16-34.

Hutchins JR, Moore W], Hood FE, Wilson JS, Andrews PD, Swedlow JR, Clarke
PR. Phosphorylation regulates the dynamic interaction of RCC1 with
chromosomes during mitosis. Curr Biol. 2004 Jun 22;14(12):1099-104.

Courses in Microscopy and Cellular Imaging

In Situ Hybridization, Immunocytochemistry, and Live-cell Imaging. Dernberg,
Hu, and Murray Course Directors, Cold Spring Harbor, October (annual).
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Analytical and Quantitative Light Microscopy, Sluder and Wolf Course
Directors, Marine Biological Laboratory, Woods Hole, MA, May (annual).

Getting Familiar with DeltaVision

Before you acquire an image, become familiar with the key DeltaVision controls
for:

e Controlling the Light Path
e Focusing
e Choosing Filters

¢ Using the Keypad and Joystick

Most of the manual controls for controlling the light path, focusing, and choosing
tilters are similar to those that you will find on any microscope. Additional
controls for moving the stage and acquiring images are provided by the keypad
and joystick.

Controlling the Light path

DeltaVision provides a transmitted LED light and either a xenon arc lamp or a
solid state illumination source. The transmitted light works the same as the light
source for a traditional microscope, with the light path directed on the specimen
from above. Both the xenon arc lamp and the InsightSSI (solid state illumination
source) provide excitation light directed through the back of the microscope and
focused on the specimen from below. You can use the Port Selector to direct the
light path either to the Eyepiece or to the Camera.

InsightSSI or
Xenon Arc Lamp

44— Transmitted LED Light

iy
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Focusing

There are three manual focus controls and a Focus Lock on the DeltaVision
microscope. These controls are similar to those on other microscope systems.

| Eyepiece Focus

.

Eyepiece Focus — Use the Eyepiece Focus (on the left ocular) to focus the
eyepiece.

Focus Lock — Use the Focus Lock to set a maximum height for Z focus. This can
keep users from hitting the sample with the objective.

Tension Adjustment — Use the tension adjustment on the focus knob to help
keep the knob from moving inadvertently.

Fine Z Focus — Use the Fine Z Focus knob to move the objective in very small
increments. It is used to focus on the focal plane.

Coarse Z Focus — Use the Coarse Z Focus knob to move the objective in large
increments. It is typically used to lower the objective when the system is
initialized or to move the objective up to the slide until the oil is touching the
slide.
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Choosing Filters

Choosing and controlling filters is a key for any fluorescent probe experiment.
When a fluorescent probe is excited by a specific wavelength, it emits light at
another wavelength. Choosing the correct filters for the dyes in your sample
allows you to obtain a complete set of data specifically from your probe without
interference from other wavelengths.

| Neutral Density Filter |

DeltaVision provides several different types of filters for controlling the
fluorescent light path:

¢ Neutral Density filters (often denoted as “%T”) reduce the amount of light
that illuminates your sample when you are using fluorescence. DeltaVision
provides six neutral density filters that block from 0 to 99.9% of all light.

¢ Excitation filters block all but a single band of wavelengths, providing a
specified range of light to excite the fluorescent probes in the sample.

[d Note With the InsightSSl solid state illumination module, the excitation filters are
included as part of the illumination module. Also, no neutral density filters are
necessary when using InsightSSI as your broadband light source.

e Polychromatic Beam Splitter reflects the excitation wavelengths to the
sample and transmits the emission wavelengths from the sample. DeltaVision
ships with a standard polychromatic beam splitter for DAPI, FITC, TRITC,
and Cyb5. Other beam splitters ship with optional live-cell sets.

e Emission filters allow only a narrow band of light from the excited probe to
reach the camera.
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ACQUIRE
IMAGE

¢ Eyepiece filters are emission filters that allow only a narrow band of light
from the excited probe to reach the eyepiece and your eyes.

These filters are arranged in sets that are associated with specific dyes. (For
example, a dye such as DAPI is typically used with a DAPI Excitation filter, a
DAPI Emission Filter, and a DAPI Eyepiece Filter.)

You can choose filter sets manually by rotating the eyepiece filter wheel. The
filter sets are synchronized so that when you change an eyepiece filter, the
neutral density filter, excitation filter, and emission filter automatically change.

Using the Keypad and Joystick

The keypad and joystick are used to move the stage, open shutters, acquire
images, and control other acquisition options. Key controls are shown below.

‘

Key controls on the Keypad

Acquire Image

With the microscope set to Camera Mode, this button acquires an image and
displays it on the monitor. Use this key when you are scanning through your
sample and want to get a quick look at the specimen on the monitor. (Note that
Resolve3D must be running at the time.)

Ex Shutter

Opens or closes the Excitation (i.e., Fluorescence) shutter. You will use this
control frequently to open and close the shutter. Because the shutter is designed
to protect your eyes from exposure to ultraviolet light, it automatically closes
each time that the eyepiece filter wheel is moved. It must be reopened with the
EX SHUTTER button.
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Transmitted Light Source

Toggles the transmitted light LED between off and on. (Subsequent to changing
the transmitted light source from halogen to LED, an actual shutter is no longer
necessary.)

Slow, Medium, and Fast
Control the speed that the stage is moved using the joystick. It's usually best to
start with Medium.

The Joystick

Controls stage movement. Use the joystick to move the stage in the direction that
you point with the joystick (for example, moving the joystick up moves the stage
away from you, moving joystick left moves the stage to the left, and so on).

Turning DeltaVision On

Use the following instructions to turn the system on for day-to-day use. For
instructions that show how to turn on DeltaVision after a system shutdown, see
Shutting Down and Starting the System on Page 237.

To turn on DeltaVision:

1. Turn on the power strip bar.

I Note For personalDV, there is no switch on the power strip bar. Begin the power-
up process with Step 2.

2. Turn on any additional equipment such as cameras or the heater for the
Environmental Chamber.

3. Turn on the IC/MIC.
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IC/MIC Power Switch

Workstation Power Switch

Power Strip Bar

Main Power Switches (DeltaVision Cabinet)

If the monitor is off, turn it on.
If the Workstation is off, turn it on and wait for it to boot up.
Log on to the Workstation.

Remove any slides from the stage.

On the desktop, double-click the Start softWoRx
softWoRx.

icon to open

On the softWoRx menu, choose File | Acquire (Resolve3D).
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10. Release the Focus Lock by turning it clockwise (when facing the lock) until it
is loose.

11. Lower the objective by turning the Coarse Z Focus knob away from you
(clockwise) when facing the knob.

A CAUTION: Always lower the objective before you initialize the system to
prevent damage to the objective lens.

12. A prompt is displayed reminding you to lower the objective before
continuing. After you lower the objective, select Initialize to initialize the
system.
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The Resolve3D window, the Data Collection Window, and the Filter Monitor
window open on the desktop.

File Edet View Process Fiter Model Measure Conversions Luites Windo

| | DataFoidor.. | image windows: 21 |

Seratch Space I 31% (21 Gb fee) | Data Space

Filter Monitor

Expasure [[1.0000 :l Find.. | I Caltwrate

image ske [EEE2 o =] softWoRx Main Menu

Data Collection
Window

Resolve3D Window

[ B Fier Moriter

*elecBe @~ 'fr;:- A -
softWoRx Desktop Display
The Resolve3D window includes acquisition parameters and controls for

moving the stage, the Data Collection window displays images as they are
acquired, and the Filter Monitor displays the filters currently selected.

[ Note You will use the Resolve3D window throughout the data collection process.

For more about this window, see The Resolve 3D Window on Page 278.

Acquiring and Saving Data

To acquire an image of your sample:

Set up DeltaVision by placing the sample slide and selecting the appropriate
filters.

Find the sample so that it is visible in the eyepieces.
Set the DeltaVision microscope to Camera mode.

Acquire an image with the camera.
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Setting Up the Sample for Image Acquisition

Setting up DeltaVision for imaging includes placing the sample on the stage and
selecting the appropriate filter set for the fluorescent probe used to label your
sample.

To prepare for image acquisition:

[ Note This procedure assumes you are using an oil immersion lens. If you’re using a
water, air, or silicone lens, you may need to modify this process accordingly.

1. If your system includes a xenon lamp for its primary light source, turn it on
now.

2. Rotate the Coarse Focus knob so that the top of the knob rotates away from
. you (while you are sitting in front of the microscope) to move the objective all

the way down.

3. Rotate the objective turret (using the thumbwheel located at the left-
underside of the stage) to select an objective.

Rotate the

objective turret
using the

thumbwheel.

Focus Lock |

o |

I =
Adjust the objective turret beneath the left side of the stage to
select an objective.

4. In the Resolve3D Lens list, select the matching objective.
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File Wiew Options Calibration ﬂelpl

Acquire | Experiment... | Settings... |

Excitation | FITC ~| as0/zo
Emission |FITC ﬂ 528 /38
Polychroic | CFP/YFP J Info...
%T | 100%
llumination | LASER :ll 2l 2!

Exposure |1 0ooo J Find... | _| Calibrate
Image SIZE 512x512 _VJ
Cmhm ==

Bulb icons appear
only if you have
xenon arc lamp(s)
installed. Anicon is
displayed for each
installed arc lamp.

Pixel size 0.6680 Jm

Bin |1x1 w | _| Aux Mag,

Select the
corresponding
objective in the
ResolvedD Lens
field.

A CAUTION: Make sure that the correct objective is selected in the

Resolve3D Lens list.

5. Rotate the polychroic filter wheel (located on the right-underside of the stage)

to select the appropriate dichroic mirror.

L Note If your DeltaVision system is equipped with a motorized polychroic
turret, you will control the turret’s position using the softWoRx software.
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6. In the Resolve3D Window, click the Info button next to the Lens field to open
the Lens Information window.

File Lens Help l
Lens ID Eiﬁ MName [iotympus 10%/0.40, D Plan Apo UV, phase, fluor fr
Manufacturer {[Olympus
Manufacturer PN [[1-LP331 APLLC PN [EUnknown
Magnification [[10.0 NA [0.40 .
2 4 Refractive
‘Working Distance (um) [i3100.0 Focal Length (um) |[15690.0 Index
; : r ——————— ——— ‘—’/
Standard Refractive Index |[1.000 ._Hﬂ:o-mm_enied- Rﬂraﬁhu-e Iﬂde_x it .EEEI_ i

— Dptical Conditions

Distance From Coverslip to Specimen (pm]) !EI] Coverslip Thickness (um) [17000
Temperature (C) [25.0

| Optical
Conditions

Specimen Refractive Index ||1.470 1.470 - Pure Glycerol —

Resolution Calculations

Resolution Ratio (Z/XY) 9.2 Depth of Field (pm) |3.16
LMaximum #Y Pixel Size (um) [0.48 Recommended Z Step Size (um) [4.35 N

Lens Information Window
7. In the Optical Conditions fields, enter the conditions for the sample.

8. If you're using an oil emersion lens, note the displayed value in the
Recommended Refractive Index field and apply an oil with that refractive
index. See Page 30 for details.

CAUTION: Before you start each data collection session, calculate the oil.
Your oil selection should be the same if the sample and conditions are the
same.

A CAUTION: Do not touch the glass dropper to the objective.

9. Mount the slide on the stage with the coverslip down.

10. If installed, use the Adjustment knob on the Repeatable Slide Holder and the
joystick on the Keypad to center the coverslip over the objective.

Q Tip If you have the Repeatable Slide Holder, you can record the position of
your slide. This is useful when you are performing a Point Visiting experiment
and you need to remove the slide before you are finished with the
experiment (see Page 176).
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11. Rotate the Coarse Focus knob toward you to move the objective up until the
coverslip is just in contact with the oil. From this point on, use only the fine
focus knob to raise and lower the objective.

L Note If you DeltaVision system includes the UltimateFocus Module, you can
use alternate methods for finding the focal plane.

12. Rotate the eyepiece filter wheel (below the oculars on the scope) to select the
filter for the probe that you used to stain your sample. If your sample has
more than one probe, select the one with the brightest fluorescence. The
selected filter is displayed on the Filter Monitor window.

L A Filter Monitor

EX = BLANK1 T=100

EM=BLOCK  EP=FITC

* ag8 [EF] [s61

Filter Monitor Window

The filter names are displayed in the Filter Monitor window on the right side
of the workstation screen. As you rotate the eyepiece filter wheel, the filter
name next to EP (eyepiece) changes and the EM and EX (emission and
excitation) filters change automatically to match.

The displayed colors match the wavelengths of the installed filters. If an X4
Laser Module is installed, the Filter Monitor also displays the wavelengths of
the lasers that are available on your system.

To determine the probes to use with each filter and the EX and EM
wavelengths for each, refer to Standard Fluorescence Filters in Appendix D:
Reference Information (Page 266).

Finding the Sample

To set the focal plane for imaging, you will need to find the sample in the
eyepieces and then focus on the sample.

To find the sample:

1. With the sample on the stage and the filters selected (shown in the previous
procedure), set the Port Selector to Eyepiece. <0

2. Turn off the lights in the lab. If you cannot turn off the lights, place a box over
the sample to reduce the amount of ambient light.
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EX

SHUTTER

3. Open the Excitation shutter by pressing the EX SHUTTER button in the lower

left corner of the keypad.

You should see light through the objective. The light on the stage should be
the same color as the Excitation filter that you selected. (For example, if you
selected DAPI, the light should be very deep violet. It may be hard to see.) Be
sure the eyepiece filter position matches the desired excitation filter position.

oy Note The Excitation shutter is designed to protect your eyes. Each time the
eyepiece filter wheel position is changed, the shutter automatically closes
and must be reopened with the EX SHUTTER button.

Focus to find the focal plane. Turn the Fine Focus knob toward you to slowly
raise the objective until you see a cloud of emission color in the eyepiece.
Continue to slowly raise the objective until the sample image is sharp and
clear.

Use the joystick to move the stage around. Change the speed of the
movement with the SLOW, MEDIUM, and FAST keys on the Keypad. When
you find a region of interest, place it in the middle of the field of view.

On the Stage View, note the stage trails that show where you have moved the
stage in XY.
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Stage Trails in the Stage View Window

Acquiring an Image

To acquire a DeltaVision image, you'll need to set the port selector to Camera i
and work with the images that are displayed in the Data Collection window until
you are satisfied. Then you can create and run experiments, as described in
Creating and Running an Experiment Macro on Page 52.

To acquire an image:

1. On the keypad, press EX Shutter to close the shutter.
2. Switch the Port Selector to Camera.

3. In the Resolve3D window Exposure field, enter an exposure time (in
seconds). A good starting exposure time is 0.1 second for fixed cell and 0.01
seconds for live cell applications (see Finding Exposure Time on Page 104 for
details).

Q Tip You can also click the Find button on the Resolve3D window to find a
good exposure time. Use Find carefully. Overuse of this option can
photobleach the specimen. Find is not recommended for use with live cell
imaging.

4. Click 538 to acquire an image.

(_7 Tip You can also acquire an image by pressing the ACQUIRE IMAGE button
on the keypad, right-clicking on the stage view, and selecting Acquire; or by
choosing File | Acquire Image on the Resolve3D menu.

5. To focus, use the mouse to slide the Stage Z Control bar up or down.
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Tip You can also use software AutoFocus to focus the sample as follows: On
the Resolve3D window, click AF to auto focus the sample. If your image is far
out of focus, you may need to click AF more than once. Software AutoFocus
is not recommended for live cell applications.

6. To center the image, click (0] (above the Stage View window) and then click
on the object that you want to center in the Image window.

7. To enlarge the thumbnail image displayed in the Stage View, drag the mouse
down over the zoom wheel.

CINEE L NP

dY [10.00

The Zoom
Wheel =

B

Note Thumbnails appear only when the Show Stage Thumbnails option is
selected on the Misc tab in the Resolve3D Settings window.

04-720160-000 Rev B/0212



46 DeltaVision System User's Manual

8. To clear the thumbnail image, click Clear Thumbnails % button next to the
Stage View window.

Saving Image Data

After you acquire an image, use these instructions to set up a personal data
folder and use the Snapshot utility to acquire a single multi-channel image.

Setting up a Personal Data Folder

You can set up a personal data folder in which to save your images. After you
create and save this folder, DeltaVision automatically uses it as the data folder
when you log on to the system.

To set up a personal data folder:

1. At the top of the Resolve3D window, click the Settings button to open the
Resolve3D Settings window. Then click the Files tab.

L@ Resolve3D Settings

Display f-??es] imaging | Wumination | Autofocus | Lasers | Misc |
Data folder || 1datatimyData &

Enter the path name
of a directory in
which you want to
store your data.
(Filenames must not
contain spaces or

_I Convert to 2 byte signed integer special characters.)

Experiment macros folder I fhomefvors

W Data folder is temporary

¥ Auto-increment file names

Done | Save Settings Help -
L= 2

2. Inthe Data folder field, enter the directory (e.g., /datal/myData) in which
you want to save your images. To create a new folder, type the name of the
folder after /datal (e.g., /datal/myNewData) and select Save Settings.
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Important Store all files under the /datal directory unless you are
instructed to do otherwise by your system administrator. If you store files
outside the /datal directory on the workstation, you can render the system
unusable.

Q Tip If you are using an existing folder for your data, you can drag and drop
the folder from the Linux File Manager to the Data folder field.

3. To reset the default Data folder when you log out, select the Data folder is
temporary option.

Saving a Single-Section, Multi-Channel Image

Sometimes it is desirable to acquire a single-section, multi-channel image. The
Snapshot utility helps you quickly create a 2-D, multi-wavelength image without
having to run a full experiment.

To acquire a Single-section, Multi-channel image:

1. From the Resolve3D window, choose File | Snapshot to open the Resolve3D
Snapshot window.

B ResolvesD gna-pshut ]

Image File NamelhotCeIlDDﬂ

# Deconwolve (20 Images

W Do QAl Scan Thickness ISDD

Zelect Channels
W I(_jFpiLl
vz IVFF’*L'
W 3 |EGFP ﬂ
i 4 lsens ﬂ
15 |iFFLaser ﬂ
M Do It | HLlp_ll

Resolve3D Snapshot Window

s

Q Tip Alternatively, you can open the Resolve3D Snapshot window by right-
clicking on the Resolve3D window and choosing Snapshot from the shortcut
menu.

2. In the Image File Name field, enter a file name. Then select which channels
to save. (Snapshot uses the exposure conditions that were last used in the
Resolve3D window for those channels.)
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Note softWoRx adds the R3D.dv extension to the file name. If you enter a
file name without a directory path, the file will be located in the current data
folder. You can specify to place the file in another directory by including the
path in the file name (e.g., /datal/myfolder/myfile).

3. Click Do It.

An image window opens and displays the new image. The image is saved as
a DeltaVision file that you can open in softWoRx.

Turning DeltaVision Off

Use the following instructions to turn off DeltaVision on a daily basis. For
instructions that show how to shut down the system, see Shutting Down and
Starting the System on Page 237.

To turn off DeltaVision:

1. If your light source is the xenon arc lamp, turn off the lamp using the bulb
(?J icon on the Resolve3D window. Clicking the icon will switch it to the
off il state.

L Note If you are using InsightSSI for your main light source, skip this step and
continue to Step 2.

2. Save all data on the workstation.

3. On the softWoRx menu bar, select File | Exit. Then exit all other workstation
applications.

4. Log out of the workstation account.

5. Press the IC/MIC power switch to turn off the IC/MIC. Wait 30 — 60 seconds
for the IC/MIC to power down.

L0 Note If the IC/MIC fails to turn off within 30 — 60 seconds after pressing the
power switch, contact your system administrator.

6. Turn off any additional equipment such as cameras or the heater for the
environmental chamber.

7. Dab the objective with a clean, unused cotton swab or lens paper to remove
all of the oil on the objective. Then apply chloroform to a cotton swab, gently
roll it over the objective lens once, and discard it.
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CAUTION: After you finish imaging, always clean the objective with a
clean, unused swab or lens paper. Never reuse swabs or lens paper.

8. Lower the objective by turning the Coarse Z Focus knob away from you
(clockwise) when facing the knob.
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Setting Up and Running Experiments

A DeltaVision experiment is a macro that runs a set of instructions for collecting
image data. You will use experiments to acquire almost all of your data. This
chapter shows how to set up and run experiments that use several DeltaVision
data collection options. It includes:

m  Creating and Running an Experiment Macro
m  Sectioning Specimens for 3D Images

m  Selecting Filters

m  Setting Up Time-lapse Experiments

m  Point Visiting

m  Collecting Panel Images Over Large Areas

m  Using the Multiplexed Wavelength Option



52

DeltaVision System User's Manual

Creating and Running an Experiment Macro

Resolve3D Experiment macros are files that include settings and commands for
acquiring data with DeltaVision. Macros allow you to automate data collection.
After you use the Resolve3D interface to create a macro, you can run the macro
to collect data. Macros can be very simple or they can be very complex and
include numerous options. After you create a macro, you can use it as a template
to modify and create other macros.

To create and run an experiment macro:

1.

3.

5.

At the top of the Resolve3D window, click the Experiment button to open the
Design/Run Experiment window.

Click the Design Experiment tab.

v IDEignlfRnn Experiment

2 9 0 i

Design Experiment ] Design PK Experiment ] Run Experiment ]

Experiment name |Reso|ue3D§
Estimated file size 32.01 Mb (21.43 Gb Available)

W Use Fast Acquisition  Fast Acquisition Options... | _| Lamps Off when finished

Sectioning | Cﬁannefs] Titne-iapse | Foints | Panea’s] Flate ] Aorx'ons]
¥ 7 Sectioning Z Scan Options...

Focus pointwhen scan starts IMiddIe of Sample LI

Optical section spacing IED.ZD

Mumber of optical sections |54

Sample thickness IE12.BD Get thickness |

_| Enable Al Scan

|- =l

In the Experiment name field, enter a name for the macro only if you need to
have it saved as a unique macro. By default, softWoRx uses Resolve3D as the
experiment name. If you do not intend to reuse an experiment, using
Resolve3D for the experiment name is the recommended method.

From the top of the Design/Run Experiment window, click the Save = icon.

The macro name appears in the Design/Run Experiment window title bar.

Click the Run Experiment tab.
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b 4l Design/Run Experiment

2d 4 ®

Design Experiment ] Design PK Experiment | Bun Experiment |

Image file name |d_D1

Settings... | DS Setup.

Image title I

Add note to log ¢

Do It

Change next time lapse |0.00
i Show images during acguisition

W Launch viewer after experiment

W Show PE progress graph

| Deconvolve durlng experiment Options...

Images acquired / requested: 0f0

Disk space required: 0.00 Mb

Current command;, —

Start Time Current Time Elapsed

Time Estimated Finish

0%

=

=

6. In the Image file name field, enter the file name.

(A Notes

#1 Files names can include alpha-numeric, dash, and underscore

characters.

#2 The resulting image file name has an _R3D.dv extension. This is the
unprocessed (i.e., raw) Resolve3D image. A file with a . 1og extension is also
created. The .1log file is a text file containing information about the image

file, including the macro and objective that were used to collect the image.

7. In the toolbar at the top of the screen, click the green arrow button to

start the scan.

The macro collects the image and saves it in your data folder (see Setting Up a

Personal Data Folder on Page 46). To process the image, use the softWoRx
program, as described in the softWoRx Imaging Workstation User’s Manual.

Sectioning Specimens for 3D Images

Using the DeltaVision system’s precision XYZ stages, you can acquire images of
multiple sections. This type of data can be used to create 3D projections, view
cross sections, and create volumetric and line models.
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1
Y
X
Section 3 -
Section 4 -

If you are new to 3D microscopy, you may have never had to deal with the
specimen's absolute three-dimensional size (except in relation to the rest of the
specimen). Manually operated microscopes provide very little information about
absolute distances in Z, or even X and Y. Once you start viewing your specimens
in three-dimensions, however, you will become accustomed to the relationship
between the microscope stage, sample, and optics, and will find that designing a
3D experiment is usually straightforward.

When you set up a Z sectioning (3D) experiment on DeltaVision, you normally
begin by defining a Z range (or scanning thickness) to use. You start by finding a
central plane of interest within the sample. The sectioning scan range is then
defined by finding and marking the top and bottom of the sample. The target
specimen data is captured by acquiring images at different Z planes within the
defined scan range.

Use the following procedure to create and run a 3D experiment. To determine
the Focus point when scan starts, Optical section spacing, Number of optical
sections, and Sample thickness, refer to Guidelines for Designing/Running 3D
Experiments on Page 57.

Note The softWoRx software reports all distances in microns.

To design and run a 3D experiment:

1. You'll need to set the proper exposure for each channel you plan to image. In
the Resolve3D window, use the blue Z Slider on the right side of the
Resolve3D window to find and focus the object of interest. Select your
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primary channel of interest and find its focal plane. This plane tends to
provide an image with the highest Max Counts value.

2. Adjust the %T and exposure time until the Max Counts is ~50-60% of the
camera saturation value for fixed samples and 2-3 times the minimum value
for live cells.

Q Tip Generally shorter EX times with higher %T is preferred over long EX times
with lower %T.

Repeat the process of finding the exposure time and %T for each active
channel.

3. Select the filters that correspond to the fluorophore that occupies the greatest
volume of your sample.

4. Drag the Z Slider in the Resolve3D window up to find the top of your
sample. (When the mouse button is pressed, the line turns red. When you
release the mouse button, an image is acquired and displayed in the Data
Collection window.) Drag the slider or use the Z arrows and acquire images
until you are satisfied with the position. Then press the Mark Top =l button
to mark that location. Next, use the slider to find the bottom of the sample.
When you are satisfied, press the Mark Bottom &=l button to mark that
location. The region between the top and bottom marks becomes shaded and
the represented thickness is used when running the experiment.

Ed Note To reduce the risk of running the objective lens into the sample, the Z slider is
limited to 5 um steps at a time.

G| F|i|* il oarl ) @ Tlaf ¥ o ¥ B8 ® il A ¥l 5 o B
L] el )| o S | (@b L ee=al] [Shaded area
dv leoo — ¥ *|  av[ioo | g v gy {10.00 A= o) indicates
[z sample
thickness.

Min 208 Max 16288 Mean 29758 lo Min 204 Max 16296 Mean 28758 lo Win 204 Max 16296 hMean 28753 lo

Use the Z slider to find the top and bottom of a sample. The sample thickness is
indicated by the shaded area on the Z slider (shown in the image on the right).

[d Note The Z stage view displays the relative position of the objective lens to the
sample for an inverted microscope. Dragging the Z slider down focuses the
microscope closer to the cover glass (negative direction). Dragging the Z slider up
moves the focus from the cover glass toward the microscope slide (positive
direction).
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5. Click Experiment to open the Design/Run Experiment window and click the
Design Experiment tab. Then click the Sectioning tab.

i “"‘.-r;_rit.ﬁﬁ-a.:'g.rim.;;n:': ;.Ii.g.]é:et;i:e.;.a......................................................................................

File Help
Toie | 2ld g _9e
esiqn
Experiment \ Deslgn Experiment |, Design PK Experiment | Run Experiment |
tab. Experiment name |Aug‘rg_tf.-5'[
Estimated file size 20.01 Mb {20.58 Gb Available)
. _l Use Fast Acquisition  Fast Acquisition Options.. _I Lamps Off when finished
Click the ety R Ty
Sectioning [~ Sectioning = | Channets *| Time-tapse *| Points | Paneis | Piste | Actions |
tab. Wz gcﬁnﬁi 7 Scan Options...

Focus point when scan starts |Middre of Sample L.[

Optical section spacing (um) [0.20
Murriber of optical sections |1

Sample thickness (um) EJ.ZD Get thickness

| Enable OAl Scan

| =
6. Specify the focus point of the microscope at the start of the experiment and
move the stage to that focus point as follows:

Choose one of the following focus Then click the corresponding button in the Resolve3D
points in the Focus point when scan window to move the stage to that focus point

starts list.

Top of the sample 7|

Middle of the sample |

Bottom of the sample |

CAUTION: Be sure to set the focus consistently with this setting before you
start the experiment. (For example, if you specify to use the Middle of
Sample option, be sure to focus midway between the top and bottom of
the sample.) DeltaVision generates the sectioning commands based on this
relative starting point. If this is not done correctly, you may not capture the
desired data.

7. Specify the separation (in microns) between each optical section in the
Optical section spacing field. If you are using a 60X objective, start by using
the default value (.2 um). If you are using another objective, click the Info
button (next to the Lens field) on the Resolve3D window to open the Lens
Information window. Use the value in the Recommended Z Step Size field
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(at the bottom of the window). As a general rule of thumb, the Z step size is
approximately 1/3 of the Z resolution for each objective.

8. Specity the number of sections and the sample thickness as follows:

e To specify the number of sections, enter the number of sections in the
Number of optical sections field.

e To get the thickness of the specimen, as defined in Step 2, click Get
thickness. softWoRx adjusts the number of sections to span the specimen
thickness.

9. Save and run the experiment.

Guidelines for Designing/Running 3D Experiments

Use the following guidelines to determine values for the fields on the Sectioning
tab under the Design/Run Experiment window > Design Experiment tab.

Focus point when scan starts
The Focus point when scan starts field allows you to specify the focal plane of
the microscope stage at the start of an experiment.

Choose one of the following options:

= Middle of Sample (Middle Focal Plane) — The focal plane is midway
between the top and bottom of the sample. This is the default and is usually
the "plane of best focus" for the sample. This is also the best point to set for
Point Visiting.

= Bottom of Sample (Top Focal Plane) — This represents a plane where the
sample is farthest away from the objective.

= Top of Sample (Bottom Focal Plane) — This represents a plane where the
sample is closest to the objective.

04-720160-000 Rev B/0212



58

DeltaVision System User's Manual

Slide
’ A Top Focal Plane
Sample
Total Z ¥ Middie Focal Plane
Motion A (Current Stage Position)
b4 _ ¥ Bottom Focal Plane
Coverslip

(approx. 170 um)

Objective

Optical section spacing

The Optical section spacing field indirectly defines the size of the incremental Z
stage movement (the distance between focal planes).

When DeltaVision acquires an image, the objective collects information within the
depth of field above and below the focal plane.

DEFFJ:LN Focal Plane — Optical Section Spacing

The Optical section spacing specifies the upper and lower boundaries for which
information is collected. It is centered on the focal plane and includes the
information above and below that plane.

When you select an Optical section spacing, DeltaVision uses a Z step size that is
the same distance as the Optical section spacing. (The Z step size is the vertical
distance that the stage moves between focal planes.)
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Optical Section Spacing

For example, the standard step size for a 1.42 NA lens is 0.2 um, although other
step sizes are usually fine. Due to the inherent Z resolution of a 1.42 NA lens,
there is little need to take steps finer than 0.1 um.

When scanning a PSF (see Appendix C on Page 255), use 0.1 um steps. For low
power lenses, the step size should be appropriately larger. The Lens Info window
for each lens contains the suggested Z Step size for each lens (derived using
Nyquist sampling). This value is approximately 1/3 of the theoretical Z resolution
for each objective.

Number of optical sections

The Number of optical sections field defines the number of optical sections in
the Z series of the experiment. Enter the number of sections necessary to span
from the lower to the upper boundaries of the sample.

The required number of Z sections depends upon the thickness of your
specimen. A typical scan consists of between 16 and 64 sections, but there is no
set number. For best results, use at least three optical sections. Using one or two
optical sections, however, will also provide acceptable results.

The maximum number of optical sections is limited by memory and time.
Applied Precision's benchmark deconvolution consists of 64 optical sections that
have XY dimensions of 512x512.

Sample thickness

The Sample thickness field displays the thickness of the optical section range. It
is approximately one section thicker than the actual stage movement, as shown
below.
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Range of Stage /Cl;ple\ Sample Thickness
Movement & /} (Optical Section Range)

For optimal deconvolution, the Z sections should extend beyond the volume of
interest by 1-3 sections.

Sample thickness = Optical section spacing x Number of optical sections

A number of methods have been used to determine the necessary Z scan settings.
There is not really a single best way to approach the problem. The best method
for your work depends largely on preference and experience.

Selecting Filters

Channels define which wavelengths and filters are used. From the Channels tab
on the Design Experiment tab in the Design/Run Experiment window, you can
define which filter sets to use in the experiment for imaging. DeltaVision acquires
images from each selected filter set (channel) and creates a single DeltaVision file
that contains all of the channels that were collected. There can be up to five
channels per experiment.

FITC (left) and DAPI (center) filtered images are combined in the final DeltaVision file (right).

Choosing Filters

Your choice of filters will be determined by the types of fluorescent probes with
which you have labeled your sample and the filters available on your system.
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The excitation and emission spectrum of your filters should match the spectra for
the absorption and emission of the fluorescent probes you want to use.

Some DeltaVision systems use interchangeable Standard and Live Cell filter
modules. The Standard filter module filter sets are typically used for fixed
specimens while the Live Cell filter module sets are commonly used for live
specimens.

You can select other combinations of excitation and emission filters. You can also
add your own custom filter sets. The spectra for the standard DeltaVision filter
sets and the optional Live Cell sets are provided in Appendix D on Page 265.

Note The CY-5 filter set does not include an eyepiece filter due to the low
sensitivity of the human eye at this wavelength.

For instructions on how to change filter wheel modules and calibrate filter
wheels, see Changing Filter Wheel Modules and Calibrating the Filter Wheels in
Chapter 8.

To specify which filters to use:

1. On the Design/Run Experiment window, click the Design Experiment tab.
Then click the Channels tab.

2. Select a checkbox on the far left next to an Exp field. The EX Filter field
controls which excitation wavelength will be used. The %T field attenuates
the intensity of the excitation light. The EM Filter field controls which filter
will be placed in the emission pathway between the microscope and the
camera. The EX Source field specifies which light source to use for that
channel.

3. On the EX Filter list for the same line as the checkbox you selected, use the
drop-down list to select the excitation filter. Entries for the EM Filter field
and the %T field are automatically specified. (DeltaVision specifies the most
recent filters that were selected for that filter set in the Resolve3D window. If
no filters have been selected, DeltaVision specifies default filters for that filter
set.)
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(_V_ Design/Run Experiment: RatioTestLexp * (modified)

g < 0@ |

Design Experiment } Design PK Experiment | Run Experiment |

Experiment name | RatioTest1]

Estimated file size 234.09 Mb in 12 files (17.69 Gb Available)
Enter a new value R Use Fast 2cqulsiion Fast Acquisition Options... |

to change the
exposure time (in

Sectioning * cf,-mnefs'} W]Pm-} Panels | Hhve]nm‘kms']-

3 s
- E.:,::.!

seconds). nventional *| Multjplexed |
EX Filter Ehd Filter %T EX Source
Activate T ¥loar  wfoar oo 13 e -
checkboxes for |—: I?E|_s:1.nnuo jﬁm =l
each channel. if’ﬂ-ﬁ oge0 v [[cvs "~ [aser |

Selectan
excitation filter.

Po i
The EM Filter and ZI /&i Image
fields are filled in

[1ooon = [lBLANK 1 - Lo
automatically.* I =l , V
Refresh exposure co

| Selectthe desired
Polychroic filter setting.

* You can also choose a different EM filter or attenuate
the intensity by choosing a different %T.

.

** select EX for standard broadband or Insight 551 illumination,
TRANS for transmitted light, or LASER for laser light.

Select which light
source to use for 1
each channel. **

To change the exposure time, enter a value in the Exp field. Values in the Exp
field are in seconds. For example, 0.100 is 1/10t of one second. If you do not
enter a value from Resolve3D in this field, the most recently selected
exposure value is automatically set for each filter.

To select a different emission filter, choose a filter from the EM Filter list.

To select a different neutral density setting to attenuate the intensity, choose
a value from the %T list.

You can choose which light source to use for each channel by selecting a light
source from the EX Source field. Use EX for either the xenon or InsightSSI
fluorescence light source, TRANS is the transmitted light source, and LASER
is an optional laser source (using the DeltaVision X4 Laser module).

Repeat Steps 2-7 for each set of filters that you want to use.

In the Polychroic field, use the drop-down list to select the appropriate
polychroic filter sets. (This field is available only when your DeltaVision
system is equipped with a motorized polychroic turret.)
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10. If you are repeating an experiment and you have entered new exposure times
or %T in the Resolve3D window, click the Refresh exposure conditions
button at the bottom of the window to update the chosen settings.

11. Save and run the experiment.

Point Visiting
You can use point visiting to monitor areas of the slide that are in different fields

of view. Instead of recording one cell or field in a single experiment, multiple
sites can be imaged in a single experiment, increasing data collection efficiency.

In practice, the number of sites is limited only by the minimum acceptable time
interval between each time point at a single site. This makes time-lapse imaging
much more efficient, and allows you to collect enough data to generate
statistically significant results. In addition, variability between cells within an
experiment can be assayed, eliminating uncertainty as to the behavior of cells in

a single experiment.

Lo
. ‘ ’ c e d
Cell 1 Cell 2
X].Y] X\‘ Y’?

Time
Point 1, 2,
elc.
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-

@Dloo
Cell 4

X4 Yg i Cell 3
X1, Y3

Point Visiting monitors points that are in different fields of view.

To set up an experiment that visits points:

m  Mark the points to visit with the Keypad or with Resolve3D and save a point

list if desired.
m  Edit the point list if necessary.

®  Load the point list and specify which points to visit.
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L Notes
#1 If you are placing your slide directly on the microscope stage (without the
Repeatable Slide Holder), you can store the X, Y, and Z coordinates of the stage
positions you mark; however, if the slide is removed from the stage or the Z focus
knob is adjusted, these coordinates no longer apply.

#2 If you are using Applied Precision’s Repeatable Slide Holder, you can remove
the slide and then place it in the same position when you want to revisit the points.
To do this, you must record the Repeatable Slide Holder position (A-G) of the slide
before you remove it. Then put the slide in the same position when you return it to
the slide holder and update the Z coordinates.

Marking Points

There are two ways to mark points within a sample: using the keypad or using
Resolve3D. An efficient way to mark points is to use both methods together.
First, mark the points using the keypad, which is quick and approximate, and
save the point list. Then, in Resolve3D, specify a more exact location for each
point.

The points marked using the keypad are automatically communicated to
Resolve3D and displayed in the Stage view. You can view the list of points by
opening the Point List window.

To mark points using the keypad and Resolve3D:

1. Use the arrows on the keypad or the joystick to move to the desired point.
2. Press the POINT MARK key on the keypad.

The number of the marked point is displayed in the Stage view.

O | % 3 | | HE| Al t

. :
d [[10.00 Al

4| »| dzfoso  —
dy looo — ¥f— v

A marked point
in Stage View

Wi

n 176 Max 164922 hMean 29708 lo

3. Repeat Steps 1 and 2 to mark multiple points.
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As you mark points, the stage trails and points (along with their point
numbers) are displayed in the Resolve3D Stage view.

bin 175 Max 16417

IMean 29709 lo

Point Numbers
in Stage View

4. To view all of the points, use the Zoom Wheel to zoom out on the Stage

View. To pan the Stage View, use the Pan £ Button. Activate the Pan tool by

clicking the Pan £l Button and then dragging the image. To return to normal
mode, press the Pan £ Button again.

Min 176 Max 186412 Mean 29708 lo

Marked Points
in Stage View
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Use the Zoom Wheel
to zoom out.
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av [[10.00
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176 Max 164%2 hean 29708 lo
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Use the Pan button to
pan the Stage View.

5. In the Resolve3D window click the Marked Point List _| icon to open the

Point List window.
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ﬁ| the Visit Point button to move
24

1

Z

3: +51141.65 -226

4. +50785.96 -229 the stageio thuipoint.
5

6

T

Mark Point [ Visit Point +49609.42

+ S0

Delete Point J Replace Point |

+50498. 66 -233754
-23603.09 +0. 00

Clear List | CompactList |

Save List ‘ Open List

Calibrate All | Optimize List | ~23274. 93

-29730.50  +0.00
11 2986040  +0.00
12. 2986040  +0.00

il b | =

From the Point List window, click on a point to select it and then click Visit
Point to move the stage to that point.

Use the XY Stage Controls on the Stage View to move the stage to refine the
XY position using the camera.

O Flil 4| X | el

]? Use the XY Stage Conirols
dx |10.00
- for more exact positioning.

52

</ I

Use the Resolve3D Z controls (the Z buttons or the Z slider on the Resolve3D
window) or the AF (autofocus) button to find the focal plane.

CAUTION: To record and maintain accurate stage coordinates, focus by
moving the stage with the Resolve3D controls instead of using the focus
knobs to move the objective. Resolve3D cannot track the movement of
the objective.

9. On the Point List window, click Replace Point to replace the old coordinates

with the new exact coordinates for the point.

10. Repeat Steps 6-9 to replace all of the points in the list with the exact X, Y, and

Z coordinates.

Editing a Point List

To delete a point using Resolve3D:

In the Point List window, select the point that you want to delete.

2. C(Click Delete Point.
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Select a point and then click
the Delete Point button to
remove the point from the list.

+49609.42 -22130.61 +0.00
+50416.58 -22130.61 +0.00
+51141.65 -22650.48 +0.00
+50785.96 -22924.09 +0.00
+50498. 66 -23375.55 +0.00
+49822.91 -23603.09

Mark Point
 Delete F'oint

Clear List ] CompactL]stl

isit Point |

Replace Point I

Savelist | OpenlList
Calibrate All | Optimize List |

i 441.17 - 4.5 :
10: +48596.61 -22739.50 +0.00
11: +49183.86 -22860.40 +0.00
12: +489615.65 -22860.40 +0.00

l_t)gil Help E[:I ;/_l

To save the point list:

1. In the Point List window, click the Save List button. The Save Point List File
window is displayed.

hod Save Point List File

Preview: Directory |/homedwon /| &) |l ?)
Date ~ I | File Mame |
[02709707 22:37] share on LS Demo Data (Demodisk)/ Al

[07/02/10 14:19] SV ScreenShots/
[03/29/11 11:42] Desktop,
[04712/11 16:45] softworx-logs/
[11/29/10 16:50] kplist.pts

Created (acquired): Enter a name for

Last Modified: the point list.

Image Info: T -7 =

----- ; IF T
File namel[ikpnst.pts I‘, OK
File Types |~ pts Cancel

Save Point List File Window

=l

2. In the Prompt window, enter a name for the point list.

3. Press the Enter key or click OK. The point list file will have a . pts
extension.

To visit a point using Resolve3D:

Use one of the following methods to visit a point:

e In the Stage view, double-click on the point.
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In the Point List window, click the point that you want to visit and click the
Visit Point button.

Loading a Point List and Specifying Points to Visit

If you are using a previously saved point list, you will need to load the point list
in Resolve3D before you specify which points to visit.

(_? Tip You can mark and then visit a point list without saving it when you are setting
up an experiment.

To load a point list into Resolve3D:

1. On the Resolve3D window, click J or choose View | Points List to open the
Point List window.

Mark Point |  VisitPoint |

+49609.42 -22130 61 +0.00

L
A
i

+50416.58 -22130.61

Clear List

it

Save List

Compact List
Open List [
Calibrate All | Optimize List |

1
2s

Delete Point ! Replace Point I 3: +51141.65 -22650.48 | Click the Open List button
g‘ to load a saved point list.

+50785. 96

19822. 91

: +48441.17 - 4. 9 ;
10: +48596.61 -22739.50 +0.00

11: +49183.86 -22860.40 +0.00
12: +49615.65 -22860.40 +0.00

Help 1[«1

2. Click Open List. The Open Point List File window is displayed.

3.

& 4 Open Point List File

Directory |{nomefiors

[ate ~ | | File Name

Created {acquired):

[02/09/07 22:37] share on LS Demo Data {Demodisk}/ At
[07;02/10 14:19] SW ScreenShots/
[10/01/10 09:07] Desktop/
[11/08/10 10:20] softsorx-logs/

¥]
=4 ]
File name | QK |
File Types [ pts Cancel |

Open Point List File Window

In the File name field, select a file from the directory or enter a name for the
list and click OK.
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oy Note You may need to load a list when the list of points has been cleared
from the Point List window and you want to reload the saved list.

To specify which points to visit:

1. Make sure that the point list is loaded in the Point List window.

[ Point List
MarkPoint |  VisitPoint [ Zeut TS 10t 200,02l 0
T 7 4 +747.40 -87.93 +0.00
Delete Point | Replace Point | 5 i e S
i e 5:  -571.54 -1274.97  +0.00
Clear List ‘ Cornpact List | 3 169,38 182453 0,00
Save List Open List T -2044. 35 +329.73 +0.00
Calibrate All | Optimize List |4 Clicking Optimize List
h\ reorders the point list
for the most efficient |
R l Help | = visitation path. |
L Note Click the Optimize List button to run an algorithm that determines the

fastest route through all of the selected points, beginning with the currently
selected point. The sequence of points in the list is reordered accordingly. (In
the example above, Point #2 was selected as the starting point.)

2. Open the Design/Run Experiment window and click the Design Experiment
tab. Then click the Points tab and activate the Visit Point List checkbox.

B Design/Run Experiment: * (modified -
File Help
SH < ©e g ]
Click the sign Experiment ] Design PK Experiment | Run Experiment |
Points tab. -
- riment name !ResolveaDi
Activate the Estimated Mesize 32.01 Mb (17.30 Gb Available)
M Use Fast Acquisition Acquisition Options... I
checkbox. —
Sectioning ~ ] Channels } ?Imml_mm j] Fanels ] Flate ] Actions ]
T .
i Visit Point List \ Enter the points
| Maintain Focus with UltimateFocus to visit.
I Image-based Autofocus before imaging Autofocus Options... |
=

The Point Visiting window is linked to the point list that is open.

3. Enter the points that you would like to visit in the Visit Point List field (to
the right of the Visit Point List checkbox). For example, entering 1-3 specifies
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to visit the first 3 points in the point list. Entering 1-3, 5-7, 9 specifies to visit
Points 1-9, but not 4 or 8.

L Note It’simportant to note that the point names do not really reflect their
position within the list. The values you enter into this field represent the point
positions in the list, not necessarily the displayed names. (For example, if your
list has point names of 1, 3, 7, 8 and you enter 2, 4 into the field, the
experiment would visit point names 3 & 8.)

Monitoring Point Visiting Experiments with Point
Track

You can set up DeltaVision to display a separate Data Collection window for each
point in your point visiting experiment.

Fie View Dpoms Toon top
EJZHBI:JQ

A1

.. '
T o) Fo - e

With the Point Track Display Option enabled, each pointin a
point visiting experiment is displayed in a separate window.

To set the Point Track display option:

1. On the Resolve3D window, click the Settings button to open the Resolve3D
Settings window.

2. Click the Display tab.
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bd Resolve3D Settings E x

Display ] H?es] Imaging ] Hemination ] Awtofocus ] Lasers ] Mise ]

Image display mode LI
Wyindow | Z1 Ll
Wauel 1 Ll

W Calculate statistics

W Calculate histogram

W Auto histogram range

W Display images

_| Deconvolve preview images
W Auto intensity scale

W Acquire after point wisit

Done | Save Settings Help |

3. In the Image Display mode list, select Point Track.

4. Click the Save Settings button, then click Done to close the Resolve3D
Settings window.

Setting up Time-lapse Experiments

Time-lapse images are very useful for analyzing live specimens.

Time-lapse images showing cell mitosis
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To design a time-lapse experiment:

Select the Time-lapse tab under the Design Experiment tab on the
Design/Run Experiment window.

b CesignRun Experiment: * (mod Heed)

L sinel
é! < ® e Activate this

checkbox to switch
Design Experiment ] mnpxmm] Run Experiment | off the xenon lamp
Experiment name |Resolv33[)i

when imaging is

W
Estimated file size 20.01 Mb (2054 Gb Avg completed.
_J Use Fast A::qu|3|n|:m Fast Acquisition Options... | Lamps Off when finished
Activate the _Seationing _] Channefs * Time-lapse ] Foines || Panels || Piate | Actions |
Time-lapse —.[ ¥ Time-lapse I
checkbox. o _Ha.lrs Minutes Seconds Milliseconds
_______________ 1 " PR
- me—lap |{E When using
Enter a specific /'T F r.-....- ! S o e e
: : Total 'ﬁme 110 0 0 light source, overuse o
time interval. S B _J this option could reduce
Points | 10 ! the life of the xenon bulb.
The Total Time
and M 1 Enable Cell Tracking Cell Tracking Cptions...
fields adjust to W Maintain Focus with UltimateF ocus UlimateFocus Options...
e_aCh other. |_] Image-based Autofocus before Imaging| Zulolocus Ciptions.. I
Setting one or the
other sets both.
L=

Activate the Time-lapse checkbox.

If your DeltaVision system is using a xenon arc lamp for its broadband
illumination source and you want the lamp to turn off when the experiment
is completed, activate the Lamps Off when finished checkbox. (The Lamps
Off when Finished checkbox is displayed only if your DeltaVision system is
equipped with a xenon arc lamp as its broadband light source.)

L Note When using the xenon lamp, use discretion when activating the
Lamps Off when finished checkbox feature. Cycling the DeltaVision lamp on
or off more than is necessary can reduce the xenon bulb life.

Enter the desired time interval in the Time-lapse field.

(8] Note The minimum time interval is limited by acquisition time. If you specify
a time that is less than the acquisition time, the experiment proceeds at the
quickest possible rate.

Set up the remaining parameters for your experiment in one of the following
ways:
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e Enter the desired number of time points in the Time Points field. The

Total Time field displays the total time that will elapse during the

experiment.

¢ Enter the total time in the Total Time field. The Time Points field
displays the number of time points for the experiment.

Using the Actions Tab with Time-lapse Experiments

When designing time-lapse experiments, you can also use the Actions tab in the
Design/Run Experiment window to further customize your experiments. The
Actions tab allows you to set up additional tasks for your experiment macro to

complete before, during, or after a time-lapse interval.

To use the Actions tab:

1. At the top of the Resolve3D window, click the Experiment button to open the

Design/Run Experiment window.

2. Click the Design Experiment tab and then click the Actions tab.

Experiment name I‘I‘est!_withTI’LE
Estimated file size 2.34 Gb in 12 files

I Use Fast Acquisition

(18.55 Gb Available)

Fast Acquisition Options... |

_/

Sectioning ] Channefs * ] Time-fapse * ] Points *] Panels ] Piate L_Acafn_sl

o | Time  Visited
Points  Points

+ flaii i Fatio Image

Action

‘When

=t ‘ Adter imaging — |

Options

L

hnd Design/Run Experiment: Testl_withTTL.exp * (modified) :_8_:

File Help ]
gd 4 ®e |
{ Design Experiment ¢ | Run Experiment |

Select the Design
Experiment tab,
then select the

Actions tab.

|

3. Fast Acquisition is useful for highly dynamic experiments in which data
must be captured quickly. In general, Fast Acquisition prioritizes the

acquisition process so that the imaging is completed as quickly as the system
can handle it. Other processes that the system would normally be checking
during the acquisition are placed “on hold” until the system has completed

04-720160-000 Rev B/0212



74

DeltaVision System User's Manual

the task. The advantage of this method is that the time sequences within the
experiment can remain more predictable when the system is focused solely
on the acquisition.

If you plan to use the Fast Acquisition method for this experiment, activate
the Use Fast Acquisition checkbox.

4. If you activated the Use Fast Acquisition checkbox, click the Fast
Acquisition Options button and continue with Step 5. Otherwise, skip to
Step 8 of this procedure.

5. The Fast Acquisition Options window is displayed, as shown.

Y Fast Acquisition Options K4
Image Scan Sequence IWaueIength then 7 Ll
Open Shutter For Each IZ Scan Ll
Camera Readout hode iMedium Ll

W Use Conventional Time-lapse

i Done Helg

The choices for this screen are as follows:

Image Scan Sequence — Two options are available:

e Wavelength then Z causes the system to switch filter positions before
changing the Z position. Use this mode when channel-to-channel
alignment is critical.

e Z then Wavelength causes the system to collect an entire Z stack before
switching filters and rescanning the specimen. This method is faster
because the filter wheels are moved only once for each wavelength
during the Z scan. The tradeoff is that different wavelengths may not be
as finely aligned as with the Wavelength then Z method.

Open Shutter for Each — Selects when the shutter should open and close during
the acquisition. Three options are available:

e Exposure - should be used for any acquisitions that require more than
one wavelength and for acquisitions using a full-frame CCD chip.

e 7 Scan - should be used for single wavelength acquisitions.

e Entire Scan - should be used for time-lapse acquisitions with only one Z
section and one wavelength. The shutter should be closed after each
exposure unless the time-lapse duration is zero. The Entire Scan option
should also be used for acquisitions utilizing an interline chip.
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Camera Readout Mode — Selects the camera readout mode to best match the
experiment requirements. The implementation of the readout mode depends
on the camera model and manufacturer. Not all cameras have noticeable
differences between the modes. Five options are available: Normal, Very
Fast/Aggressive, Fast/Aggressive, Medium, Slow/Careful.

e Normal - is the default camera configuration, which is usually the same
as Slow/Careful.

o Fast/Aggressive and Very Fast/Aggressive readouts attempt to move
electrons more quickly off of the CCD chip, which can cause electrons to
be “spilled” into adjacent CCD wells. This is usually not a problem unless
the CCD has collected enough light (electrons) to be near full-well
capacity. In most cases, high-speed imaging does not allow sufficient time
for collecting lots of photons, so the more aggressive modes usually do
not cause problems in this regard.

6. Activate the Use Conventional Time-lapse checkbox. This mode allows the
use of the tools on the Actions tab, including UltimateFocus, Autofocus, and
Cell Tracking, even when Fast Acquisition is selected.

L0 Note This may slow down acquisition.

7. When you are satisfied with your selections in the Fast Acquisition Options
window, click the Done button to return to the Actions tab of the
Design/Run Experiment window.

8. Add new items to the list of actions by clicking the “+” button in the far-left
column. Remove unwanted items from the list of actions by clicking the “~*
button in the far-left column.

8] Note Actions must be removed from the list in the reverse order in which
they were added.

9. In the following two columns, Time Points and Visited Points may be
indicated as follows:

e By the keyword: all

e Asarange: 1-5

e Asalistof values: 1, 3,5, 8

e Asan Nth expression: every 3, or 7 then every 4 (indicates 7, 11, 15, 19...)

e Asa compound specification: 1-3, 5, 7 then every 3
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10.

11.

12.

m

] Note The above information is also available on your screen whenever you

click the “?” button just left of the Time Points heading, on the left.

Each row in the list of actions represents an individual action. In the Time
Points column, select the time points at which you want the selected action to

occur.

If your experiment includes point visiting, select the appropriate points in the
Visited Points column. Note that this column defaults to all if left blank.

In the Action column, use the drop-down list to select the type of action to
include in this experiment. Note that the details and conditions relating to
each action are provided in the Options column at the far-right.

(%) Design/Run Experiment: Testl_withTTL.exp * (modified)

File

2d ¢ ®e

Designsmenmm] Design PK Experiment | Run Experiment |
Experiment name [Tesﬂ _withTTL

Estimated file size 2.34 Gb in 12 files (18.55 Gb Available)

W Use Fast Acguisiion  Fast Acquisition Options... |

Sectioning | Channels * | Time-lapse * | Points | Fan

Click to view a

drop-down list

of the available
actions.

=
? | pans Eﬁﬁfﬁ' laserbvemt |}, When_ _
_J|alf all UltimateFocus | Before Imaging :i{
_,Iwer\,f 1d |d Autcfocus g
Jl Pause
I every g : Wait
| Change Time-lapse ||
& | | Ratio Image :
: Add Log Note 1
Click the | | Trigger TTL I
“+" button | I cusiom :
toinclude | oo ooos 5
additional
actions.

Click to view
options for each
selected action.

Click to view a
drop-down list of
when each action
is to occur.

=

The actions available in the Action column are as follows:

e Laser Event — places a laser event into the experiment macro at each time

point indicated.

o UltimateFocus — uses the hardware-based UltimateFocus tool at each

time point indicated.

indicated.

Autofocus — uses the software-based Autofocus tool at each time point

Cell Track — applies cell tracking for each time point indicated.
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Pause — stops the acquisition process at each indicated time point until
the user intervenes to continue the experiment.

Wait — stops the acquisition process at each indicated time point, and
then waits for a specified amount of time before continuing the
experiment.

Change Time-lapse — changes the subsequent time-lapse interval at each
time point indicated.

Ratio Image — generates a ratio image at each time point indicated. A
ratio image is a simple two-channel image displayed with a ratio graph
showing the mean value vs. time.

Add Log Note — inserts a note in the Resolve3D acquisition file.

Trigger TTL — inserts a TTL command into the experiment macro at each
time point indicated.

Custom — allows you to insert macro command directly into the
experiment macro. This action should be used by advanced users only.

13. In the When column, use the drop-down list to select the time frame during
which you want the action to occur. The choices for this column are Before
Imaging, After Imaging, or During Time-lapse.

14. In the Options column, click the button to view an Options window specific
to the action you have chosen. The following subsections describe each of the
possible Action Options windows.

Laser

Event

When you select Laser Event as the action and then select Options, the Laser

Action
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b dlaser Action Options

Laser focus pointIMiddIe of Sample LI ‘

— Laser Event Settings

Laser channel |4EB ﬂ Curation {secs) |ED.DSD Fefresh |
Mumber of events |1

Bleach event maotion |Optimize far Position Ll
d

Ewent pattern IUse Current Center Point

— Lreate Higgeh Dvents

7z

R enddrnrwn bl
ST

Done

On the Laser Action Options window:

e Use the drop-down list in the Laser focus point field to select Middle of
Sample, Bottom of Sample, or Top of Sample.

e Select the Laser channel to use and specify the Duration (in seconds), or
use the Refresh button to update the active laser and duration to that
currently used in the Laser Module Settings window.

e Select how many laser events you want for this action in the Number of
events field.

e Use the drop-down list in the Bleach event motion field to select either
Optimize for Position or Optimize for Speed.

e Use the drop-down list in the Event pattern field to select either Use
Current Center Point or Use Bleach Event Specification.

e If you selected Use Bleach Event Specification in the previous step, use
the now active tools in the Create Bleach Events section of the window to
generate specific bleach events, otherwise, skip to the next step.

e (lick the Done button.

UltimateFocus

When you select UltimateFocus as the action and then select Options, the
UltimateFocus Action Options window is displayed as shown.
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I¥Y UltimateFocus Action (-)pticms_ ]

hove Threshold (pm) IED.HIIEI
hlaximum lterations IZ

i Cone

On the UltimateFocus Action Options window:

e In the Move Threshold field, enter the desired maximum measured focus
error (in um) before a corrective action should be taken.

¢ In the Maximum Iterations field, enter the maximum measure/move
sequences for this action to reach the calibrated focus point.

L Note More iterations will take longer, but may provide better focus.

e (lick the Done button.

Autofocus

When you select AutoFocus as the action and then select Options, the AutoFocus
Action Options window is displayed as shown.

b d Autofocus Action Options

_| Auto-Determine Parameters

x

|

Channel for Autofocus | DAPI LI
id

Contrast calculation method |Auto

Autofocus Z test step (um) ||31 2

Maximum Z test range (pm) IESIJ.EIG

Post-autofocus Z offset (um) |§D.DD
I_Done | I

On the Autofocus Action Options window:

e To have the options in this window set automatically, activate the Auto-
Determine Parameters checkbox. Then click the Done button.
If you do not activate the Auto-Determine Parameters checkbox, set the
remaining fields in the window as follows:

e Use the drop-down list in the Channel for Autofocus field to select the
channel you want to use for Autofocus.
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Use the drop-down list in the Contrast calculation method field to select
Auto, Fluorescence (Light on Dark), or Brightfield (Dark on Light).

Select the Autofocus Z test step (in um) for this experiment.
Choose the Maximum Z test range (in um) for this experiment.
Indicate any Post-autofocus Z offset (in pm) for this experiment.

Click the Done button.

(8]

Note For additional information on these settings, see the Settings Window
Autofocus Options section on Page 315 in Appendix E.

Cell Track

When you select Cell Track as the action and then select Options, the Cell
Tracking Action Options window is displayed as shown.

Tra

cking hethod ICenter of Intensity L'

Reference Channel |1 L‘
hove Threshold (um) |1 000

ad

ROl Percentl —

i Done

Hmib

On the

Cell Tracking Options window:

Use the drop-down list in the Tracking Method field to select either
Center of Intensity or Center of Shape.

Use the drop-down list in the Reference Channel field to choose the
channel to use for reference.

Enter the desired Move Threshold (in um).
Use the ROI Percent slider to indicate the appropriate ROI percentage.

Click the Done button.

Pause

The Pause action does not have a Pause Action Option window. Use this action
to pause the experiment either before or after imaging. The Pause action requires
user intervention before the experiment can continue.
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Wait

When you select Wait as the action and then select Options, the Wait Action
Options window is displayed as shown.

Wailt For |1 Seconds

i Done

On the Wait Action Options window:

e Enter the amount of time (in seconds) for the experiment to wait. The
Wait action does not require user intervention for the experiment to
continue.

e (lick the Done button.

Change Time-lapse

When you select Change Time-lapse as the action and then select Options, the
Time-lapse Action Options window is displayed as shown.

Time-lapse Action Options x

Mew Time-lapse Walue IED.DDD seconds

Cone

On the Time-lapse Action Options window:

e Enter the new time-lapse (in seconds) for the remainder of this
experiment.

e (Click the Done button.

Ratio Image

When you select Ratio Image as the action and then select Options, the Ratio
Image Action Options window is displayed as shown.

b4l Ratio Image Action Options.

¥ Use Channel 1 A5 Mumerator

Channel 1 Background IED.DDD

Channel 2 Background IED.DDD
|_D0ne | l

A ratio image is basically a method of viewing experiment status. On the Ratio

Image Action Options window:
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e Touse Channel 1 as the ratio’s numerator, activate the Use Channel 1 as
Numerator checkbox.

¢ In the Channel 1 and Channel 2 Background fields, enter the intensity
values to subtract from each channel.

e (lick the Done button.

While a ratio imaging experiment is running, a two-channel time-lapse image is
displayed along with a ratio graph showing the mean value vs. time. The mean
value for a ratio graph is calculated using a specified portion of the image. See
Using Ratio Imaging on Page 87 for details.

Add Log Note

When you select Add Log Note as the action and then select Options, the Log
Note Action Options window is displayed as shown.

& dll 0g Note Action Options

| Use text fram Run Experiment dialog

-or-

Put this note in the log:

[
I_Done |

On the Log Note Action Options window:

e Activate the Use text from Run Experiment dialog checkbox to use the
text from the Add note to log field on the Run Experiment tab.

e If you leave the checkbox inactive, enter the text for your log note in the
tield provided.

e (Click the Done button.

Trigger TTL

You can insert TTL triggers into an experiment macro to initiate specific events

from various components during your experiment. When you select Trigger TTL
as the action and then select Options, the TTL Action Options window is
displayed as shown.
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On the TTL Action Options window:

Enter the appropriate channel in the TTL Channel field.

Enter the desired pulse duration for this TTL trigger in the Pulse
Duration field.

e (lick the Done button.

Custom

Q CAUTION: The use of Custom Actions should be considered by advanced
users only. In particular, adding any command to the macro that changes

the number of image frames may cause Resolve3D to fail or behave
unexpectedly.

When you select Custom as the action and then select Options, the Custom
Action Options window is displayed as shown.

fd Custom Action Options
—Help on Macro C i Available Macro Commands —
i - ||aCTIVATELASER s
|acTIVE
|| acTsHUT
|| avTorocus
|| suToRANGE
||avToscaLE -
|fave
= f BEEP
— Macro commands to t -
BLANKSCREEN
5 -l camresT
i oo
|| ccnsETUR
| CLE
|cLEZ
I CLFZ SETHEADER
CLF_REF
CLF_SETHEADER
|| cuss
DEFK
|| DISEANK.
lIDISPLAY
7|lD1swIn
beli]
! - DOLASEREVENT i
[CAUTION: Advanced users only!] e 7
:i Use
Done I Help

e Use the Custom Action Options window to specify macro commands that

will be executed at the specified time points.

CAUTION: Specifying any macro that changes the size (number of X, Y, Z,

Time, or Channels) can result in image files that cannot be used by
softWoRx.

e  When you are satisfied with the Custom Actions Options window, click

the Done button.
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Sending TTL Triggers to External Devices

For sending TTL signals to devices external to the DeltaVision system, you’ll need
a cable to run from the back of the IC/MIC to the external device. You can order
this cable directly from Applied Precision (ask for Part Number 54-852384-000G),
or you can ask your Applied Precision representative for a pin-out diagram of
the cable so you can build your own.

Note All outputs from a DeltaVision system’s TTL interface are Active High by default.

Collecting Panel Images over Large Areas

Panel collection macros are useful when you want to scan a large area with a
relatively high magnification lens. You can use the panels as a means of
reviewing a large area of a slide, or as data that you want to stitch together to
form a single, large image.

A set of panel images (left) can be stitched together to create a single image (right).
Image files that are collected with Panel Collection enabled may be stitched to
create a single . dv file. For details, see Stitching in the softWoRx Imaging
Workstation User’s Manual.

A CAUTION: Do not try to reuse panel collection experiment macros. These
macros are sensitive to microscope settings such as image size and
magnification because the number of panels required depends upon many
factors.

Determining Border Rolloff Voxels

Before you collect panel images, you must first determine the number of voxels in
the Border Rolloff that is used in Deconvolution.

AppliedPrecision
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£ Note Conceptually, a voxel is a three-dimensional pixel. So, while a pixel

generally refers to XY data, a voxel includes information from the Z (or depth)
plane.

To determine Border Rolloff Voxels:

1.

Determine the size of the panels that you plan to collect.

Q

Tip Smaller panels work best because they have the flattest intensity distribution.

From the softWoRx main menu, choose Process | Deconvolve to open the
Deconvolve window. In the Input field, enter the file name of an image that
is similar to the panel size. (You can acquire and save a blank image of that
size for this purpose.)

Click the More Options button to open the More Deconvolution Options
window and record the value that is displayed in the Border Rolloff (voxels)
field.

Collecting Panel Images

To collect 3D panel images:

1.

From the Resolve3D window, choose View | Point List. In the Point List
window, choose Mark Point and mark points in two opposite corners to
define the area of your final composite image.

In the Resolve3D window, click Experiment to open the Design/Run
Experiment window.

Click the Design Experiment tab. Then set up the Sectioning and Channels
information in the same way that you would for standard data collection.

In the Point List window, select one of the points that you marked in Step 1
and click Visit Point.

Click the Panels tab under the Design Experiment tab. Then select the Collect
Panels option.

Click Get Start under the Panels tab. Then visit the other point that you
marked in Step 1 and click Get End. (Alternatively, you can enter the
coordinates that are displayed in the Point List window.)

In the Overlap (pixels) field, enter at least twice the number of border rolloff
voxels as you recorded when you determined border rolloff voxels (see Page
84).

Save and run the experiment.
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For instructions on how to use softWoRx to stitch panels together, see the
softWoRx Imaging Workstation User’s Manual.

Note You cannot easily use Panel Collection with time-lapse or point-visiting
experiments. It is possible only by editing the header.

AppliedPrecision



Acquiring Data from Live Specimens

This chapter shows how to use the following features for imaging live cells with
DeltaVision.

m  Set up Experiment Macros to automatically focus before acquiring each image.
This is useful for cells that move during the experiment.

m  Use Cell Tracking to follow cells as they move laterally and move the stage to
keep them in the field of view.

m  Use Optical Axis Integration (or OAI; also referred to as Z Sweep Acquisition) to
acquire a 2D projection. This method collects and integrates one continuous
image through an extended Z movement. Z Sweep Acquisition is much faster
than the traditional technique of collecting an individual image at each focal
plane. It also reduces the risk of specimen damage and has less total camera
read noise.

m  Acquire Reference Images that can be used for Differential Interference Contrast
(DIC) and other types of analysis.
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Using Autofocus in Experiment Macros

You can set up your experiment macro to automatically focus before each image
is acquired. This is especially useful for long time-lapse experiments that are
susceptible to changes in environmental conditions. Autofocus allows you to
acquire focused images without closely monitoring the experiment. The contrast-
based autofocus algorithm is a software method that uses both image contrast
and peak image intensity to determine when the specimen is in focus.

To optimize the focus position for DeltaVision, you must find the Z position
where the contrast is greatest. However, this position may not always be at the
optimal in-focus plane of the sample. Autofocus allows you to adjust several
parameters within the standard algorithm so that the final Z position is most
tavorable for the specific sample. Limiting the step size and maximum Z range of
travel can limit the effects of objects that are not of interest. In cases where the
contrast outside of the actual middle of the sample is highest, you can create an
offset so that the middle of the sample is located during the Autofocus process.

The Autofocus option works the same way as the 48 button on the Resolve3D
window. Use the following instructions to include this option in the experiment
macro.

To set up an experiment that automatically focuses before acquiring

1. At the top of the Resolve3D window, click the Experiment button to open the
Design/Run Experiment window.

2. Click the Design Experiment tab and then click the Time-lapse tab.
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bl Design/Run Experiment: * {modified) -
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3. Select the Autofocus before imaging option. When this option is selected, the
software automatically determines the parameters for the Autofocus process.

4. To change the various Autofocus parameters, click the Autofocus Options
button. The Resolve3D Settings window is displayed with the Autofocus tab
selected.
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5. Deselect the Automatically determine parameters option. The remaining
parameters in the window become active.

The Autofocus parameters in this window are described in Settings Window
Autofocus Options on Page 315.

Tracking Cells

Cell Tracking moves the stage laterally to follow cells as they move during a
time-lapse experiment. With the Enable Cell Tracking option selected, DeltaVision
automatically keeps cells in the field of view as they move during a time-lapse
experiment.

After you specify a region of interest (or ROI) around a specific portion of the
sample, the software determines the center of the cell and establishes a
recognizable pattern within the ROL In subsequent images, the software
recognizes this pattern and recalculates the center of the cell on-the-fly. The
position of the new center is compared with the position of the previous center
and, if the cell has moved beyond a specified threshold, the system automatically
moves the stage and re-centers the cell in the field of view.
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Time Point 1

Move
Threshold

x,y = 100.0, 100.0

Time Point 3

The center of the cell
touches the move
threshold boundary.

'S

X,y = 100.0, 100.0

Time Point 2

Cell is moving
4—— in this 4——
direction

'S

X,y = 100.0, 100.0

Time Point 4

The stage moves to
re-center the cell
within the ROL.

o

x,y =40.0, 100.0

At Time Points 1 and 2, the cell is moving through the ROI (the inner square), but the center
is still within the Move Threshold (the circle). At Time Point 3, once the center of the cell
touches the threshold boundary, the stage moves to re-center the cell within the ROI. (Note
the new stage position displayed in the lower-right corner of Time Point 4.)

To use Cell Tracking:

1. Set up a time-lapse experiment as shown in Setting Up Time-lapse Experiments

on Page 71.

2. On the Time-lapse tab in the Design/Run Experiment window, activate the

Enable Cell Tracking checkbox.
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v Dzslg n/Run -E-xpel.imenl: “+ (modified)
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Click the Cell Tracking Options button. The Cell Tracking Options window
is displayed.

b gl Cell Tracking Options

Tracking hethod ICenter of Intensity j

Reference Channel |1 ﬂ
howe Threshold (microns) IE1.DDD

R Percent T

jEz=] =

Cell Tracking Options Window

Manually acquire an image for each channel and determine which single
channel best identifies the features of your specimen. In the Reference
Channel list, specify that channel. (The channels are numbered in the order
in which they are listed on the Design Experiment Channels tab.)

oy Note DeltaVision uses the reference channel forimage recognition.

In the Move Threshold field, enter the distance in microns that the cell must
move to trigger stage movement.

Specify the area around the cell (the region of interest or ROI) that you want
DeltaVision to use for image recognition. For more about this option, see ROI
Percent on Page 95.

If you are performing an experiment on a single cell, use the stage controls to
center the cell (laterally) in the field of view. If you are performing a point
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visiting experiment, make sure that the points that you are monitoring are
centered before you start your experiment.

8. Click the Run Experiment tab and then click the Green Arrow @I button to
start the scan.

Guidelines for specifying Cell Tracking Options

You can specify several parameters that DeltaVision uses to track cells:
m  Tracking Method

m  Reference Channel

= Move Threshold

= ROI Percent

Tracking Method

The tracking method is the process DeltaVision uses to determine the center of the
feature. This center is recalculated after each image is acquired. You can choose
between two tracking methods:

m  Center of Intensity calculates the center of the feature based on intensity
values.

m  Center of Geometry calculates the center of the feature based on its
geometry.

Center of Geometry

Center of Intensity
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Reference Channel

DeltaVision uses the reference channel for pattern recognition. If you are
acquiring more than one channel, choose the channel that has the most
contiguous features.

(] Note The term, Reference Channel should not be confused with Reference
Image, which is something very different. Reference images are described
later in this chapter in Acquiring a Reference Image.

Channels are numbered as they appear in the Experiment Designer window. In
the following example, CFP is Channel 1 and YFP is Channel 2.

File Help |

2d 4 @

Design Experiment ] Design PK Experiment ] Bun Experiment 1

Experiment name IResuIveSDE
Estimated file size 64.02 Mb (21.43 Gb Available)

# Use Fast Acguisiton  Fast Acquisition Options... | _I Lamps Off when finished

Sectioning * | Channels ’] Time-lapse ] Foines ] FPanels ] Flate ] Actions ]
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Exp Ex Filter EhA Filter %T Ex Shutter
oo |crp v |crp v oo | v [Ex |
w oo v |[vep v |ver v ooz v |Ex |

4 I ﬂl ll
oo~ [ -
N E

| Reference Image ot : Sarmgie
I_Refresh exposure conditions I Q

Move Threshold

The move threshold is the distance the center of the cell (as defined by the
tracking method) must travel before the system resets the stage. When the cell
moves beyond this threshold, the stage moves so that the center of the cell retains
its original position in relationship to the center of the field of view.

Live cells, by their very nature, are constantly on the move. When choosing a
move threshold, it is important to select one that is small enough to keep the cell
in the field of view, yet large enough to buffer out needless stage movement that
could result from numerous small cell movements.
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Field of View at Times 1 and 2 Field of View at Time 3

Cell tracking lags cell movement. Cell movement exceeds the threshold between Time
Points 1 and 2 (left). In response, DeltaVision moves the stage so that it is centered on the
cell position at Time Point 2. The stage is at this position when Time Point 3 is acquired

(right).

ROI Percent

With rare exceptions, few live cells are isolated on the substrate. Most are
genetically “programmed” to seek attachment and communication with other
cells. When performing live cell microscopy, not only is it important to filter out
unnecessary stage movement, it is also important to define an appropriate region
of interest within the field of view. This region of interest must be large enough
to include the entire cell or structure of interest, yet small enough to exclude
other cells or structures that may tend to wander in and out of the field of view
throughout the experiment.

The ROI Percent parameter defines how much of the field of view the software
will use for image recognition. In the software, ROI units are specified as a
percentage of the width of the field of view. For example, a 50% ROI has a width
that is 50% of the width of the field of view.

In the first image, the width of the ROI is defined as 50% of the width of the field of view. In
the second image, the stage has moved to keep the cell of interest within the ROI.
Perimeter cells have also moved, almost entirely out of the field.
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Q Tip During a time-lapse experiment, it’s possible to lose the cell as it moves out of
the field-of-view. When this occurs, you can update the point coordinates by
manually finding the cell and centering it in the field-of-view. The point list is
automatically updated.

Acquiring 2D Z Projections with OAIl

Optical Axis Integration (or OAI), also referred to as Z Sweep Acquisition, is
useful for acquiring 2D Z projections of live specimens. Instead of collecting an
individual image at each focal plane, OAI collects and integrates one continuous
image through an extended Z movement.

et

Continuous Stage Movement

Multiple Stage Stops

4

Instead of acquiring multiple images, Real-Time Z Sweep acquires one image during a
continuous stage movement and instantly creates a 2D Z Projection.

Optical Sectioning Real-time Z Sweep

Z Sweep Acquisition has significant advantages for applications such as Leading
Edge Motion Analysis, Fast Organelle Dynamics, Microtubule Dynamics, and
Fluorescence in situ Hybridization (FISH). It is especially useful for studies of
objects that are moving in 3D space (e.g., kinetichores in a cell nucleus or other
rapidly moving structures).

Z Sweep Acquisition versus Traditional Projections

If you are acquiring data objects that you plan to use for 2D projections, Z Sweep
Acquisition provides several advantages over creating 2D projections from
multiple optical sections:

s Complete Z data acquisition collects all data in the interval of interest (with
2D imaging or Z section sampling, some data is lost.)

= Fast data acquisition provides accurate image registration of rapidly moving
objects.

m  Low total exposure time reduces the risk of damage to the specimen.
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®  Low total read noise (the camera is only read once) improves signal-to-noise
ratio.

[ Note For samples that contain a large amount of fluorescence throughout 3D
space (for example, a tumor spheroid that has a lot of fluorescence), optical
sectioning may provide better results than OAI.

The following 2D image of endosomes in a HeLa cell (left) and a 2D Z projection
(right) of the same area were acquired under similar conditions. The additional
data in the 2D Z projection include objects that moved out of the depth-of-field of
the 2D image during the data acquisition process.

endosomes in a Hela cell (left)and an instant 2D Z projection (right) of the same area

Using Z Sweep Acquisition

To set up a Z Sweep Acquisition Experiment:

1. Set up your experiment as shown in Creating and Running an Experiment
Macro on Page 52.

2. In the Resolve3D window, use the Z Slider on the right side of the Resolve3D
window to find the best focal plane. Drag the slider up to find the top of your
sample. (When you release the mouse button, an image is acquired and
displayed in the Data Collection window.) Drag the slider and acquire
images until you are satisfied. Then press the Zl button to mark that location.
Next, use the slider to find the bottom of the sample. When you are satisfied,
press the &l button to mark that location.
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Use the Z slider to find the top and bottom of a sample. The sample thickness is
indicated by the wide line on the Z slider (shown on the right image).

3. Click Experiment to open the Design/Run Experiment window. Then click
the Sectioning tab.

4. Select the Z Sectioning and Enable OAI Scan options.

File Helo |

28 ¢ ©9

Design Experiment | Design PK Experiment ] Run Experiment ]

Experiment name | ResolvesC! ‘

Estimated file size 32.01 Mb (21.43 Gb Available) Activate the Z Sectionin
£ Sectioning

and Enable OAl Scan
checkboxes.

W Use Fast Acquisition  Fast Acquisition Options... | _| Lamps Off when finish

Sectioning *

Z Scan Options...

Focus pointwhen scan starts |Mfdd|e of Sample

Optical section spacing |10.20
Number of optical sections |54

Sample thickness [12.80

ectioning

Get thickness |
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l——— =

5. Click the Run Experiment tab and click the Green Arrow E button in the
toolbar at the top of the screen to start the experiment.

Note When deconvolving OAl images, select the More Options button on the
Deconvolve window, and then select the Deconvolve Projections option in the
More Options window.
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Acquiring a Reference Image

You can use either an alternate filter with the excitation light source or the
transmitted light to acquire a reference image that can be combined with other
images. This option is useful for Differential Interference Contrast (DIC) analysis.
It can also be useful for other types of reference images.

A reference image of yeast cells

A reference image is a single image taken from a Z stack. You can specify to
acquire the reference image at the top, middle, or bottom of the sample.

% Top of Sample

Middle of Sample

Bottom of Sample

Note Itis important to optimize the reference image settings prior to defining
them in the Experiment Designer.

To create a reference image:

1. Set up a 3D Sectioning experiment (see Sectioning Specimens for 3D Images
on Page 53).
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In the Design/Run Experiment window, click the Channels tab and select the
channels for your experiment (see Selecting Filters on Page 60).

Activate the Reference Image checkbox on the bottom-left side of the

window.

In the Z position list, choose whether to acquire the reference image at the

top, middle, or bottom of the sample.

Under the Reference Image checkbox, select which filters to use.

In the last field (bottom-right), select the light source to use for the image. EX
is for a broadband light source (the xenon lamp or InsightSSI), TRANS is for
transmitted light, and LASER is for a laser light source.

v Dﬁign‘fllun .I-ixp!-f.imen.l: Rati;:Tzs.ll.elp e fmuﬂi‘liedi G

File
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Select the
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This experiment specifies using the DAPI and Cy-5 filters to acquire images of each
section and using the transmitted light to acquire a reference image using the DAPI

filter in the middle of the sample.

Save and Run the Experiment.

After DeltaVision acquires the data, it creates two image files. One file
contains the reference image data (with the extension R3D_REF.dv) and the

other file contains all of the other data.
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Data Collection Techniques

This chapter provides guidance and suggestions for:
m  Finding a Specimen and Recording its Position

m  Finding Exposure Times

m  Using Kéhler and Critical Illumination

m  Monitoring Data Acquisition

m  Editing Experiment Macros

Finding a Specimen and Recording its Slide Holder
Position

Recording the position of your slide is useful when you are conducting a point
visiting experiment and you need to remove the slide before you are finished.
Use the following instructions to find a sample and record its position on the
slide with the Repeatable Slide Holder. When you resume your experiment, you
can place the slide in the position that you recorded.
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To find and center the specimen:

1.

Choose the objective by rotating the objective turret. Be sure to select the
same objective in the Resolve3D window.

L Note If you are using an oil immersion lens, you must apply immersion oil to
the sample. See Appendix A: The Oil Immersion Kit, for more information
about the oil calculator.

Secure the slide. Since DeltaVision is an inverted microscope, the sample must
be placed with the cover slip facing down toward the objective. If you are
using a standard microscope slide (17 x 3” or 25 mm x 75 mm), you can use
the Repeatable Slide Holder to hold the slide. To do this, pull the return
spring to the left and place the slide cover slip down onto the Repeatable
Slide Holder so that the upper right corner is pressed laterally against the
brass locators (shown as A and B in the figure below) and the upper left edge
is pressed laterally against the brass locator C. Then gently release the return
spring to secure the slide. Lightly push down on the slide to make sure that it
is fully seated in the holder.

C A

iy

Return Spring Slide

Repeatable Slide Holder

(8] Note When you remove a slide from the Repeatable Slide Holder, be sure
to make note of the slide orientation in the holder.

Use the Coarse Focus knob to raise the objective.
Select the desired eyepiece (EP) filter.

Select the desired excitation (EX), neutral density (%T), and emission (EM)
filters.

Rotate the Port Selector at the base of the microscope to direct the light
collected by the objective to the Eyepiece (<&).
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7. To use the transmitted light to locate the specimen, open the transmitted light
shutter by pressing TRANS SHUTTER on the keypad. This allows white light to
transilluminate the sample. (The intensity for the transmitted light is
controlled using the %T field in the Resolve3D window.)

Alternatively, open the EX shutter and find the desired focal plane optically
using either the focus knobs on the microscope or the Resolve3D Z stage
controls.

L Note When you are sitting in front of the microscope, rotate the top of the
microscope’s focus knob toward you to move the objective up. Rotate the
top of the microscope’s focus knob away from you to move the objective
down.

8. Use one of the following methods to maneuver the slide and find an area of
interest:

Keypad

The buttons on the keypad are used for movement in the X, Y, and Z
directions. Using the arrow keys on the keypad causes the stage to move by
steps. The size of each step is doubled each time the STEP INCREASE button is
pressed and halved each time the STEP DECREASE button is pressed. By
adjusting the step size to the frame size, you can create a condition where
each press of a step arrow will move the sample one frame. This is a
convenient way to scan a large area for rare events (e.g., mitosis). Since the
step movements are rapid, using the arrow keys in this way can be much less
fatiguing than using the joystick.

Joystick

The joystick controls stage movement in the X and Y directions. Set the stage
speed using the keypad SLOW, MEDIUM, or FAST buttons. MEDIUM is
typically the best speed to start with. These buttons control the stage speed
when you are using the joystick to move the stage.

Workstation

The Resolve3D module allows you to finely control stage motion. The arrow
buttons move the stage in discrete increments that are indicated by the values
in the dX, dY, and dZ text boxes. Resolve3D provides the only mechanism
from which to obtain discrete step sizes.

CAUTION: To record and maintain accurate stage coordinates, focus by
moving the stage with the Resolve3D controls instead of using the focus
knobs to move the objective. Resolve3D cannot track the movement of
the objective.
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9. Tighten the Focus Lock on the left side of the focusing knob (see Page 32).

10. Use one of the methods from Step 8 to find the approximate center of the
specimen and place it in the center of the field of view.

11. Direct light to the camera port using the Port Selector knob on the microscope
base.

12. If you want to repeat the experiment using the same slide, record the position
of the slide on the Position Indicator (the letter scale at the bottom of the
Repeatable Slide Holder).

Position Indicator

Finding Exposure Times

The exposure time correlates the signal intensity level for the image acquisition.
Finding the appropriate exposure time for each channel in an experiment is
crucial to acquiring the best image data. Many factors must be considered.
Although you want to see the maximum intensity in each wavelength, you must
not saturate the camera or photobleach your sample.

High-Speed CCD Camera saturation occurs when the intensity values reach 4095
counts. The 12-bit High-Speed camera has an intensity range of 0 to 4095 counts.
(The EMCCD 16-bit High-Speed camera has an intensity range of 0 to 65535
counts.) For successful deconvolution, a minimum intensity of 50 counts above
background is recommended.

Note For live cell imaging, cells tolerate shorter exposures better than longer
exposures, even at increased illumination intensity.

The response of increasing the exposure time is roughly linear. Therefore, if an
exposure time of 0.2 sec results in a maximum intensity level of 1000 counts
above background, then an exposure time of 0.4 sec will result in a maximum
intensity level of approximately 2000 counts.
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Use the following instructions to find the best exposure time for each excitation
wavelength. This procedure should be performed for each excitation wavelength

used in the experiment.

To find exposure time:

1.

10.

11.

From the Resolve3D window, set the neutral density filter (in the %T field) to
100%. (For live cells, set this field to 10%.)

Set the exposure time to a low value. (0.5 seconds is recommended for live
cell experiments.)

The dZ field represents the step size in microns.
e C(Click in the dZ field.
e Enter the desired value for the Z step.

Move through the area of interest by pressing 4l and ¥l in the Stage
window portion of the Resolve3D window to move the stage in the Z
direction.

Click the Acquire button.

Continue performing Steps 4 and 5 to obtain a sampling of Z sections. Find
the maximum intensity in these sample images by observing the value of the
Max field in the Resolve3D window. Typically, the focal plane with the
highest maximum intensity value is the plane of optimal focus.

Move to the plane of optimal focus. This is the Z section with the highest
intensity value.

From the Resolve3D window, choose View | Point List.
Click Mark Point to record its position.

Increase exposure time, but consider the amount of exposure the specimen
can tolerate. Intensity values increase in direct proportion to exposure time.

L Note There could be a higher intensity value in the image data that you did
not sample. Therefore, do not set the exposure time to the limits of the
sampled data because a higher intensity, un-sampled plane may saturate
the camera.

For fixed cell experiments, Max should be 50 — 60% of the saturation value.
For live cell experiments, Max should be 2 - 3 times the Min (background),

Repeat Step 10 for all desired wavelengths.
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Using Kohler and Critical lllumination

DeltaVision allows you to easily switch between two types of illumination:

e Kohler Illumination is the most commonly used form of illumination. It
provides very even specimen illumination across the field-of-view. The light
uniformly drops off as the distance from the focal plane increases.

e Critical llumination directs the entire light source to the size of the detected
area, and not the entire sample. With Critical Illumination, more light is
directed to the focal plane and the out-of-focus light drops off more rapidly
than in Kohler Illumination, based on the size of the field-of-view. Critical
illumination also provides better axial (Z) and lateral (X,Y) contrast.

Kohler/Critical Switching with API FI

If your DeltaVision system is using the Applied Precision Fluorescence
[lluminator (API FI), use the following procedure to switch between Kéhler and
Critical illumination:

P On the Resolve3D main menu, click Settings and then select the Illumination
tab.

& 4 Resolve3D Settings i B -|x
Dispiay ] Files ] Imaging | Humination ] Awrtofocus ] Lasers ] Mise Set the Field
¥ Use Beam Congiti Stop Aperture
e A} 1]
Field Stop Apert Closed <= O tls2 M =T -1 "
7 Op pe 2 ( it pen): Aﬂ'l’"llli"l‘l‘l’"l’ll’ll ‘83‘. Use "he drop.down IIS‘
Critical/Kghler ilumination switching!| Automatic - to choose a setting for
O e e Critical/K&hler
lllumination switching.

Daone | Save Settings | Help I

Field Stop Aperture (Closed <-> Open)

This field allows you to set the field stop aperture to Closed, Open, or any
percentage in between. You can either enter a percentage in the field or use the
slider to set the percentage.
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[ Note When the setting is set to Closed, the field stop aperture is about 20pum in
diameter.

Critical/Kohler lllumination Switching
On an Applied Precision Fluorescence Illumination Module, there are three
choices for the motorized Critical/Kohler illumination position:

m  Automatic — DeltaVision automatically adjusts the position of the
critical/Kohler illumination when the EX shutter is opened using the keypad
(typically when the eyepieces are being used). The position is automatically
returned to critical illumination when an image is requested, either via
Resolve3D or by running an experiment.

= Always Critical — DeltaVision moves the critical/Kohler motor to critical
illumination and leaves it in its position regardless of the current shutter
states.

m  Always Koéhler — DeltaVision moves the critical/Kéhler motor to Kohler
illumination and leaves it in its position regardless of any new image
requests or experiments running.

Kohler/Critical Switching with Olympus Fl

If your DeltaVision system is using an Olympus Fluorescence Illuminator, you'll
use the DeltaVision system’s Fiber Optic Module (FOM) to align the light path
from the fiber optic cable to the fluorescence illuminator. This module allows you
to adjust the tilt, horizontal, and vertical orientation of the light path.

To switch to Critical lllumination:

» Loosen the Locking Knob on the FOM and pull the Focus Control back (away
from the stand) until it snaps into place in the Critical Illumination position.
Then tighten the Locking Knob.
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Critical
lllumination
Spring

Locking Knob

The FOM in Critical Illumination position, the Focus Control is extended so that
the Critical Spring is in the groove.

CAUTION: When you are adjusting the Fiber Optic Module, be careful not to
disconnect the Fiber Optic cable or to bend it in a diameter that is less
than 24",

To switch to Kohler lllumination:

» Loosen the Locking Knob on the FOM and push the Focus Control toward
the stand until it snaps into place in the Koéhler Illumination position. Then
tighten the Locking Knob.

Kohler
lllumination
Spring

Locking Knob

The FOM in the K&hler lllumination position, the Fiber Optic Module is
pushed in so that the Kdhler lllumination Spring is in the groove.
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Monitoring Data Acquisition

You can set options that control how images are displayed as they are acquired.

Viewing Deconvolved Image Previews

You can use 2D deconvolution to get a more accurate representation of what data
will look like after deconvolution.

These images show how images are displayed during data acquisition,
with and without Real-Time 2D Deconvolution.

To view previews of deconvolved images:

1. From the Resolve3D window, click Settings to open the Resolve3D Settings
window. Then click the Display tab.

L' d Resalve3D Settings

Display } Imaging ! Files ] Awtofocus l Mise | QLM |

Image display mode %None vJ
Window ii 21 i vi
Wavei 1 Ll

W Calculate stafistics

| Calculate histogram
_| Auto histogram range

W Display images

% Deconvolve preview images

W Auto intensity scale

W Acquire after point visit

r Cone ] Save Jettings | Helﬂ

Resolve3D Settings Window | Display Tab

2. Activate the Deconvolve preview images checkbox.
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i
=

Note This option does not provide a full iterative deconvolution, but it
allows you to preview images as you collect them.

Selecting Viewing Modes

You can select from several modes for displaying images in the Data Collection
window (or windows) as they are collected. You can choose other modes to
display images in color, display each point in a point visiting experiment in a

separate window, or to display each channel in a separate window, as shown

below.

File ¥iew Options Tools

Help

o = T

8 | 528 165 |5 o -~

[ 1] o B

Auto Grayscale mode displays a separate window for each channel.

To select the display mode:

1.

From the Resolve3D window, click Settings to open the Resolve3D Settings

window. Then click the Display tab.

2. On the Image display mode list, select a display mode.
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M@ResolveD Settings " HEYy

Dfspfay] Imaging | Files | Autotocus | Misc | QLM |
Image display mode
Window

.IV Calculate statisti
_I Calculate histogram

_I Auto histogram range

W Display images

W Deconvolve preview images
W Auto intensity scale

W Acquire after point visit

i = '
ke Choose an image display

5 | E/ mode from the list.
cratc

Wave | Auto Grayscale,
Auto Color |

LE)one ‘ Save Settings Help_J|

Resolve3D Settings Window

Image display modes

Mode
None

Scratch
Auto

Grayscale

Auto Color

Point Track

Description
Displays images in the current window.

Displays all images in the default Data Collection window (Window
21).

Displays images in a separate window for each emission filter.

Displays images in color as they are collected. When using Point
Visiting, images are automatically displayed in separate windows
for each point. This option should be used only when you are
running an experiment.

Opens a separate window for each visited point in a point-visiting
experiment.

Displaying Statistics and the Histogram

You can choose to display statistics and a histogram of the intensity values of
each image as it is collected. These values are displayed below the Stage View in
the Resolve3D window. The Min, Max, and Mean values are the minimum,
maximum, and mean intensity values of the most recently acquired image. The
histogram displays the intensity distribution.
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To display statistics and the histogram:

1. From the Resolve3D window, click Settings to open the Resolve3D Settings
window.

2. Click the Display tab. Then select from the following options.

To Select
Calculate image intensity Calculate Statistics.
statistics
Note: You can improve readout speed by disabling this option.
Calculate and display an Calculate histogram
image intensity histogram
Automatically scale the Auto Histogram Range
histogram width for each
image that is analyzed. Note: This option changes only the display of the histogram.

It does not change the image data.

Editing Experiment Macros

The Experiment Macro Editor is used to create or edit Resolve3D experiment
macros (command scripts) that control the DeltaVision microscope. Most
experiment macros are automatically generated using the Design/Run
Experiment window, but you may need to create custom macros for certain types
of experiments.

The best way to get started is to modify an existing macro with the Experiment
Macro Editor. One approach is to use the Design/Run Experiment window to
generate a macro and then edit it. Another approach is to use a reference macro.

To open the Experiment Macro Editor:

1. On the Resolve3D window, click the Experiment button.

2. In the Design/Run Experiment window, choose File | Edit or the Edit button
to open the Experiment Macro Editor.
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v ResolvedD Experiment Macro Editor

File Edit Search Help Status Area

e ) Con':-rir;tands

& Created by DeltaVision Experiment Designer (version: 4.0.0 Release 9)
# Experiment Macro Name: DocTest !

* Open image files for Point Visiting I Neir
OPF2 all L
I| {|cLE_REF
FIRSTPOINT || || CLE_SETHEADER
|
!

# Point visiting loop. DARK

DO PointList 'mcrlvn'rmms.
| ljpx
# Matrix Scan command. Macro Text
MATRIX_SCAN 1,1,10.0000,10.0000,0,1,0,0.5000,2,50.0000, 10.0000, 64, -0

Area

i
|
b [ |

)
-

L
~J I

Experiment Macro Editor

Search & Replace

These text fields are used to specify a search and replace pattern. (You will need
to enter strings in these fields before you use the Search | Replace Text menu
command.)

Status Area
The text area below the Search and Replace fields is used by the Macro Editor to
provide status and command information.

Macro Text Area
The Macro Text Area below the Status Area is the main working area of the
Macro Editor.

Commands List

This is the list of available commands. When you highlight a command in the list
by clicking it, you are provided with information about the command in the
Status Area. If you double-click or select the Use Item button below this list, the
command is inserted in the Macro Text Area at the current cursor location.

To edit a reference macro:

1. On the Resolve3D Experiment Macro Editor window, choose File | Open
Reference Macro. The Open Experiment Macro File window is displayed.
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» .Open Experiment Macro File LT,

Filter

fhomefyond™

Directories Files

1 =

.eqgcups
.evolution
.geonf
.geonfd

. gnome

. gnome 2 /

|~ T
Zelection
I fhomefwondResolve3DPK exd

- -

Open Experiment Macro File Window

2. In the Open Experiment Macro File window, select a macro file and click OK
to open it. The file is opened in the Reference Macro window.

[od Reference Macro)|

File Edit

# Created by DeltaVision PhotoKinetics Designer (Resolve3DPK)

# Open the image file
CPF

# PhotoKinetics Scan request
SCANPK 0.100,17,0,3,0,0,1,0,2,-1.000,0.050,0,3,1,3,32,1.000,120.000,4,1,0.500,1,0.000

# Close the Image file
CLE

BEEP

#

#

o |

Reference Macro Window

3. Use the mouse to select the part of the reference macro that you want to copy.
4. On the Reference Macro window, choose Edit | Copy.

5. On the Resolve3D Experiment Macro Editor, choose Edit | Paste to copy the
macro into the macro editor.

6. Edit and save the file as a new experiment macro.
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Using Ratio Imaging

softWoRx provides a ratio imaging acquisition function that allows you to view a
graphic representation of the ratio of two channels as the images are being
collected. In addition, a ratio graph displays the mean value (of an area in the
middle of the image) vs. time. Both the ratio image and the ratio graph are for
monitoring purposes only. The ratio imaging experiment results in a two-
channel time-lapse image.

L4l Window - Ratio Image Monitor

File Wiew Options Tools Help

EFER =] —

1

[P [ I—

L

| (71:1.43 I~ 1

Sample image for ratio imaging experiment

To set up a ratio imaging experiment:

1. From the softWoRx main menu, select File | Acquire (Resolve3D) to open the
Resolve3D window.

2. On the Resolve3D window, click the Experiment button to open the
Design/Run Experiment window. Then, select the Design Experiment tab.
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b4 Resolve3D E x

Fle View Options Calibration  Help |

Acquire ‘ Experiment...

Excitation |FITC 0/20 | Click the

Emission 'FITC ﬂ 528/ 38

button.

Experiment

Polychroic lG]uad— Ll Info... |
wrfiom
lllumination ISSI—LI
Exposure Wﬂ Find... | Focus.. |
Image size W:l _| Calibrate
Lens IW—LI Info... |
Bin fbﬂ—ﬂ | Aux. Mag.

Pixel size 0.6680 um

3. Select the Sectioning tab and unselect the Z Sectioning checkbox.

Select the

b 4 Design/Run Experiment: * (modified) Design
Eile _~"| Experiment Help

EERZRCE D

Design Experiment | Design PK Experiment ] R Experiment ]

Experiment name |Reso|ue5DI
Estimated file size 0.50 Mb (20.59 Gb Available)

_I| Use Fast Acquisition Fast Acquisition Options.. | I Lamps Off when finished

Sectioning ] Cﬁenne!s] ??m»fapse] Foints ] Pémea’s] Flate ] Ac&ions]
{Z Sectioning Ly |

7 o
&

|=

5

Deactivate the
1 Sectioning

checkbox.

E

=

4. Select the Channels tab and specify the two channels you want to use for this

experiment.

AppliedPrecision



Chapter 6: Data Collection Techniques

117

bl De<ign/Run Experiment: RatioTestlexp * (modified)

Eile Help

2d ¢4 ®¢

Design Experiment | Design PK Experiment | un Experiment |
Experiment name |RalinTest1I

Estimated file size 156.07 Mb in 12 files (17.69 Gb Available)

R lUze Fast 2cquisiion Fast Acquisition Options... |

Sectioning *  Channels * ] Time-iapse * | Points *| Panels | Aate | Actions *|
Co.-mmar-] Multplexed |

Exp EX Filter EM Filter ®T EX Source
#0200 w|cv-s MBS vl wfex
#0200 ~|FiTC v |Fimc i £ | Ex
A fioooo - ffiies > s hd 2R EX
i [Jr.o000 ;l'!;‘-:_s-ﬂ-l‘-l?l Ljn.:‘.ri: L”u‘].'l'f:, j
Afrooon v feLanrt  ~ [papi i PR B

Pakychroic ]F ﬂ
_| Reference Image < Poshion ll-.-lldd:e ol Sarnple j
_ [heoon ~foze v ||papi i R R
I_Rerresh exposure conditions |

Lelele[cle

il

=

5. Select the Time-lapse tab and specify the time-lapse and total time for this

experiment.

.D.esign..'gun T eiment "I(.mm.ﬂ.'g.ﬁed.) _______________________________________________________________

20 4 o

Design Experiment ] Design PK Experiment ] Run Fxperiment ]

Experiment name IResuIveSD{
Estimated file size 6452 Mb (20.59 Gb Available)

I Use Fast Acquisition  Fast Acquisition Options... | _I Lamps Off when finished

Sectioning * ] Channels ‘ Fime-fapse 'I Poiits ] Parnels ] Flate ] Actions ]

W Time-lapse
Hours hinutes Seconds Milliseconds
Time-lapse ID ID ID ID
Total Time |§u |§u |§u |§u
Time Points ||1
W Enable Cell Tracking Cell Tracking Options... |
W haintain Focus with LiltimateF ocus UltimateFocus Options... |

W Image-based Autofocus before imaging Autofocus Options... |

l< =l
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6. Select the Actions tab and select Ratio Image from the drop-down list of

actions for this experiment. The Time Points field will default to all and the

When control will be After Imaging.

bl Design/Run Experiment: * (modified)

File Help

28 4 ®

Design Experimernt ] Design PK Experiment ] Aun Experiment ]

Experiment name lResoIveSDE
Estimated file size 6.19 Gb in & files (21.24 Gb Available)

_| Use Fast Acquisition  Fas

| | Lamps Off when finished

Sectioning ] Channels ] Time-tapse ] Points '] Fanels ] Plate | Actions *]

Time Visited : :
Points  Foifts Action When Options

;I alf |1I Ratio Image — | After Imaging | |

S

= |

Select the Run Experiment tab and enter the image file name and a title for
the ratio image. You can also enter text into the Add note to log field to

include the text in your image log file.

b Design/Run Experiment:

File

Select the Run

2@ ¢4 ®e __~"| Expetiment tab.

wa@napeﬂm | Design PK Experiment Runfmmm( I

Image file name | ratio_imaging01,

€—Setingen|DMS Set Select animage

file name.
Image title
11
Add note to log || :i\[”;‘\'\ Select a fitle for

the ratio image.

Change next time lapse |0.00 \‘\“

W Show images during acquisition W Show PK progress graph

W Launch viewer after experiment  _| Uie:

Show intensity graph  |None _f

| Optionally add a
note to the log file.

Schedule Post-Acquisition Processing Tasks... |

Images acquired / requested: 0/0
Disk space required: 0.50 Mb

Current command:

Start Time Current Time Elapsed Time Estimated Finish
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8. Click the Start Scan button to begin the imaging process. The ratio imaging
process will occur in a separate Image viewer similar to the following:

File  Wiew Options Tools Help

2|8 8+ O

1

[ bt [ -

=

Ll

L

T=-5 (00:00:05.069) | (7): 1.49 | =) 1

The square outline in the center of the image

represents the mean value of the image data.
When the ratio imaging experiment is complete, a two-channel time-lapse
image is displayed along with a ratio graph showing the mean value (the
outlined area in the middle of the image) vs. time. The square outline
represents the portion of the image used to calculate the mean for a ratio

graph.
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% 2: Window - ratio_imaging_R3D.dv -m %K

File ¥iew Optlons Tools Help

2 H B ] .

et
L] —

L] &

L) <immED

= A
N

les 4
| T=1 (00:00:00.000) | 528: 179 |I=] _ =
¥ Ratio Imaging Experiment Progess = O X

File Graph Point Labels Help

Ratio Imaging Experiment

z 3 4
Time Faint

Using the Microtiter Stage Option

The addition of a Microtiter stage to a DeltaVision system enhances the imaging
system’s capability by providing the ability to scan microtiter plates. With a
Microtiter stage on a DeltaVision system, you can design a plate scan by
generating a point list that corresponds to the nominal center point of each well
of interest, and then defining how the wells are to be sampled.

The model used for sampling plates is a matrix of N rows by M columns of panels

for each well. Each panel can be a Z stack, a single Z, or an OAI (optical axis
integration) scan.
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Note These panels are never stitched together like the panels defined in the
Panels tab of the Experiment window.

The panels can be separated by spacing defined through the software. You can
specify autofocus for each individual well, or for every panel within the matrix.
You can also set up parameters to specify the autofocus sampling range that

represents the well-to-well and panel-to-panel variability of the focal plane.

O Note Although it’s possible to use Z stacks with panels, it is not recommended.
The data sets can get extremely large very quickly.

Microtiter Stage for DeltaVision Systems

Before Operating the Microtiter Stage

The Microtiter stage requires 3 hours of warm-up time before the stage has

stabilized. This warm-up time is necessary even if you are using an
environmental chamber.

The motors need ample warm-up time due to the long lead screws.
Significant X, Y, and Z drift has been observed prior to 3 hours of warm-up.
To avoid this drift, a complete system warm-up is essential.

You can help the system warm up faster by running a continuous time-lapse
experiment with 6 points covering the span of a 96-well plate.

Aurora and MatriCal Microtiter plates are recommended for use with the
Microtiter stage.

Cell culture plates are not of optical quality and therefore will not work with
the Microtiter stage.
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e If you are using the plate-scanning feature, an air objective is recommended.
It is difficult to be successful scanning large areas of a plate using an oil
objective.

e It is imperative for proper scanning autofocus that all of the objectives have
the correct lens information attached to them in the Resolve3D. SYS file. If
you click on the Info button next to the Lens dropdown list, all of the fields
for the objective should be filled.

Loading a Microtiter Plate

To load a microtiter plate:

1. From the Resolve3D main menu, select the Microtiter Plate icon.

EEAUAR A [ErR RPN}

Pohychroic W J Info...
wrlome
[lumination ’Si‘aliﬂ
Exposure ’W;l Find... | Focus... |
Image size W L‘ _| Calibrate
Lens Im><71| Infc.,,_|

Select the

Bin. |11 v | 4 Awx Mag, Microtiter

Pixel size 0.6680 pm Plate icon.
O | 2 | H *| xf

dx!wbuu A

Sl
ﬂ'|b. dZ (050

dv [10.00

Resolve3D | Microtiter Plate Icon

A representation of the microtiter plate is displayed in the Plate View
window. The following illustration provides an overview of the functions
available from the Plate View window.
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Select the Plate Geometry Re-sync Plate View with When UlfimateFocus is
that comresponds to the point list after making activated, click the Set Z

plate currently loaded in modifications to point list. button to set a level I to
the system. maintain as “best-focus”

while exploring the plate.

Visit Wells " I T — T

Select Wells N

Undo one level of
changes to well
selection list.

Apply current well
selection list to
generate a point list.

Click the UltimateFocus
checkbox to activate
Hardware Autofocus.

Move the stage
to the center of
its range.

Cursor is
centered on
the plate.

Selected wells are
displayed as yellow.

Plate View Overview
The Plate View window initially opens with the interaction mode set to Visit

Wells as shown.

Plate View with
interaction mode
set to Visit Wells.

Plate View Window - Visit Wells

2. Load a plate into the plate carrier as shown:
1. Insert the right edge of the selected plate onto the right edge of the

plate carrier.
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2. Depress the spfing-loaded stabilizer in the top-left corner of the plate
carrier.

Depress the
stabilizer lever.

\

3. Release the stabilizer so that it rests against the corner of the plate.
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Plate
----- ¢ Orientation:
b e < = ~ u While facing
= the DeltaVision

system from
[ SR s : : the eyepiece,
_ B el 4 Well A1 should
J— e ® be at the top
—_— Ieﬁ'

3. When loaded properly, the microtiter plate should be level in the plate
carrier.

Exploring a Microtiter Plate

To explore a microtiter plate:

1. From the Resolve3D main menu, select the Microtiter Plate icon.

A representation of the microtiter plate is displayed in the Plate View
window.

bl R 3DuTiterPlateView

-X
Plate Geometry: Sync With Point List | _I Ulimate Focus Help

Select the plate geomeitry that
corresponds fo the plate
currently loaded in the system.

Plate Geometry Overlay
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2. From the Plate Geometry Overlay field, select the plate geometry that
corresponds to the plate you have loaded into the system for this experiment.

3. Click the Visit 2‘ icon to put the Plate View window in Visit mode.

4. Click on a well to visit the nominal X/Y center of the well.

5. Through the oculars, perform a rough focus on the first well of the plate
using the microscope’s focus knobs.

[ Note After obtaining a rough focus on the first well, you should not need to use
the focus knobs.

6. Click the Autofocus ﬁ icon from the Resolve3D window to activate
Autofocus.
If the UltimateFocus Module is installed on your system, you can also set up
the UltimateFocus feature to help maintain the plate focus. See Using
UltimateFocus on Page 143 for more information.

[ Note If you’re still having trouble focusing, you may need to adjust the setting in
the Maximum Z test range (um) field (Settings window | Autofocus tab).

7. Explore the plate to set up filters, exposure times, binning, and the rest of the
variables you would normally configure for an acquisition.

Designing a Plate Scan Experiment

To design an acquisition for a microtiter plate:

Note Before you begin designing a plate acquisition, be sure to wait until the
system has completely stabilized.

1. From the Resolve3D window, click Experiment to display the Design/Run
Experiment window.
2. Click the Design Experiment tab.
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"% Design/Run Experiment —
= I Help
ﬁ! %l @J QI /{ Select the Design Experiment tab. Ii

Experiment name EResoIveaDl:

Estimated flle size 2.01 Mb (124.21 Gb Available)

W Use Fast Acquisition ~ Fast Acquisition Options... | _I Lamp Off when finished

Sectioning 1 Cf:annefs] Titme-lapse ] Fbm!:s] P.enefs] Flate ] Actions I

W Z Sectioning Z Scan Options...
Focus point when scan starts |Midd|e of Sample L!

Number of optical sections
Sample thickness |[12.80 Get thickness

| Enable OAl Scan

Optical section spacing [i0.20
654

3. Setup Z sectioning and channels as usual. The experiment design elements of
Time Lapse, Points, Panels, and Actions are incompatible with Plate
Scanning. These features are not used in this process.

4.

Select the Plate tab and activate the Do Microtiter Plate Scanning checkbox.

v .DesignfRnn Experiment: * {modified)

-2
File Help
2" 4 ¢e
Design Experiment ] Design PK Experiment | Run Experiment |
Experiment name IResqueSC{ |
Estimated file size 32.01 Mb (20.58 Gb Available) 1) Select the

Plate Tab.
Fast Acquisition Options... [ _I Lamps Off W —

-l 1
§ 1
Sectioning '_]. Channels l Jime-izpse ] Foints ] Fanels | ﬁ’af’_'h 2) Activate the Do Microtiter
| ¥ Do Microtiter Plate Scanning:‘mmmmwm"— Plate Scanning checkbox.

Rows of panels per well [{1 - 3) Select the number of rows and
F / columns of panels for each well.
Columns of panels per well |1 ;
- /‘i 4) Select the distance between panels (in um).l
Panel separation (microns) |§1 0.00
Panel Scan Pattern |Raster 5) Select scan pattern for the panels.
¥ DoAukels | J §) Select the Do Autol

checkbox to activate the
Autofocus options.

ore Setingt  7) In the Autofocus

Method field, use Image
Contrast for software

\ autofocus, Ultimate

= Focus for hardware

avtofocus, or Both.

Autofocus Method |Image Contrast (Software)

Autofocus Frequency |Once Per Well

8) For Autofocus Frequency, select to autofocus
Once Per Well only or once for Each Panel.
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5. In the Rows of panels per well and Columns of panels per well fields,
specify the number of rows and columns of panels to be used to sample each
well’s contents. Keep in mind that using large numbers of panels can
generate huge amounts of data.

Note Panels are saved as time points within one image.

6. In the Panel Scan Pattern field, select Serpentine or Raster.
The Serpentine panel scan pattern is bi-directional.

Serpentine Panel Scan Pattern
7. The Raster panel scan pattern is unidirectional.

Raster Panel Scan Pattern
8. The length of time it takes to perform a Serpentine scan is less than the length

of time for performing a Raster scan. This is because, with a raster scan, the
microtiter stage must return to the beginning of each row of panels to start
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the next row. However, due to the unavoidable hysteresis involved with the
bi-directional Serpentine scan, a Raster scan will always be the more accurate.

I Note Hysteresis refers to the position differential of the stage when approaching a
specific location from different directions due to mechanical conditions. In this
case, the change in the direction of the scan results in a very slight, but
nevertheless measurable, position difference between similar locations visited from
the opposite direction.

9. On the positive side, using a Serpentine scan pattern can actually increase the
reliability of panel-to-panel autofocus.

[ Note Itisrecommended that the Serpentine scan pattern is used whenever the
experiment is relying on autofocus to scan.

10. In the Panel Separation field, specify the distance (in pm) for panel
separation. The single value is used for both horizontal and vertical
separation of panels. The following graphic uses 300 um as an example.

300 um
spacing

between
panels |

‘\_\ i

Panel Separation
11. Select the Do Autofocus checkbox to activate the autofocus fields.
12. In the Autofocus Method field, choose an appropriate Autofocus model to
use for this acquisition. The options for this field are as follows:
e UltimateFocus (Hardware) — This method uses a laser (hardware) to
perform autofocus on the sample.
¢ Image Contrast (Software) — This method uses the software autofocus
feature to perform autofocus on the sample.
e Both — The UltimateFocus and then Image Contrast methods are used.
If you would like to modify the Image Contrast search parameters, click
Settings on the Resolve3D control panel and see the Autofocus tab for Plate
Scan parameters. The “long” range is used when doing the Once Per Well
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model or on the first panel of an Each Panel Autofocus style. The “short”
range is used when focusing on each panel within a well. These values are
retained, but are not part of the experiment macro.

13. In the Autofocus Frequency field, select how often you want the autofocus
process to occur for this acquisition. The options for this field are as follows:
e Once Per Well - the stage moves to the center of the well, Autofocus
finds the best plane of focus, and then the stage moves back to the first
panel of the well.
e Each Panel - Autofocus is used on every panel in every selected well.
For the default panel separation of 10 pm, you may not need to use autofocus
on every panel. When autofocus is used on every panel, you run a greater
risk of photo-bleaching the sample. Check to be sure you need to autofocus
every panel by scanning only the first well in your experiment.

14. To adjust the Autofocus parameters, click the More Settings button next to
the Autofocus Frequency field.

w Dcs-] rll1! un “E![‘!cl‘imcrrl:.' E :rﬂudrhtd\

Flle Help |

g ¢ ®e
Design Experiment | Design PK Experiment | Run Experiment |

Experiment name ‘Resoluea[ﬁ

Estimated file size 32.01 Mb (20.58 Gb Available)

I lJze Fast Acquisition  Fast Acquisition Options... ‘ _I Lamps Cff when finished

Sectioning * | Ghannels | Time-tapse | Points | Panels Prate *| Actions |

W Do Microtiter Plate Scanning  Microtiter Plate \iewer

=

Rows of panels per well [l -

Columns of panels per well ‘i;l —;‘

Panel separation (microns) |[10.00

Panel Scan Pattern |Haster ﬂ
W Do Autofocus |
Autofocus Method |Image Contrast (Software) ﬂ S Ct:I'Ck th: f:tmt
ettings oution 1o
Autofocus Frequency | Once Per Well w | More Settings... #— =
| hd : adjust autofocus
parameters.

15. The Plate Autofocus Settings window is displayed.
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— Software Autofocus Options -

Channel for Autofocus | DARI ﬂ

Autofocus Exposure (0,500

Plate Scan Focus Binning |2

Plate Scan Long Focus Range 140,00

Plate Scan Short Focus Range [40.00

(=] ]

The fields in the Plate Autofocus Settings window are used as follows:

= Channel for Autofocus: Select the desired channel for autofocus. You are
selecting the EX Filter. The parameters for EM and ND are taken from the last
image acquired with that EX filter in the Resolve3D window.

= Autofocus Exposure: Set the autofocus exposure time. You will want to use
the same or a shorter exposure time than what will be used during the
acquisition time in your experiment. In order to make sure that your
Autofocus Exposure time is not longer than necessary, test the exposure time
using the same binning value in the Resolve3D Window.

[ Note You may have to adjust the Resolve3D Autofocus settings in order to find
the best focal plane using the Autofocus icon. Remember that the Plate
Autofocus Settings are not the same as the Resolve3D Autofocus settings.

m  Plate Scan Focus Binning: The default is set to a bin of 2x2. It is
recommended to use binning for the autofocus for most samples in order to
reduce the amount of light exposure to the cells. Please enter a single digit for
this value. A Plate Scan Focus Binning of 2 is similar to a 2x2 in the
Resolve3D window.

[ Note The software is set up so that you can autofocus with a different bin than
acquisition. For example, you can autofocus with a binning of 2x2 and acquire
data with a binning of 1x1.

m  Plate Scan Long Focus Range: This value is the Maximum Z Test Range for
the first image in every well. If autofocusing Once Per Well, this is the only
Focus Range that is used for the experiment. If autofocusing Each Panel, this
Focus Range is used only on the first panel in each well.

¢ The Plate Scan Long Focus Range is combined with the Lens” Depth of
Focus in order to find the best focal plane during the scan. It is imperative
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that the correct lens has been selected in the Resolve3D window and that
the Lens has a valid Lens ID.

® You cannot change the Z Step Size for the Plate Scan Long Focus Range.
The system will take the same sized steps no matter the value of the Plate
Scan Long Focus Range. Therefore, a scan of 100 microns will take twice
the amount of time when compared to a scan of 50 microns.

¢  When you are imaging multiple wells, the Plate Scan Autofocus starts
from the best plane of focus from the previously scanned well. It then
searches for the best signal-to-noise ratio in the distance %2 of the value of
the Plate Scan Long Focus Range above that focal plane and %2 of the
value of the Plate Scan Long Focus Range below that focal plane.

To determine an estimate for the Long Focus Range:

In order to determine a good estimate for the Plate Scan Long Focus Range
value, you will need to manually determine the distance between focal planes in
the four corners of your plate (or the 4 corners of the wells filled within your
plate).

e Wells Al and A2:

o Use the Resolve3D Window to find the best focal
plane in Al.

Note: The microscope’s focus knobs should not be
used at this point.

o Write down the Z coordinate from the Resolve3D
Window (location highlighted in the yellow box to
the left).

o Move to A2. Use the Resolve3D Window to find
the best focal plane.

o Subtract: Zfocal plane A2) — Z(focal plane Al)

o Record the difference.

e Repeat for Wells A11 and A12.

o Don’t be concerned about the focal plane difference
from A2 to Al1. The focal plane will adjust as you
move along Row A.

e Repeat for Wells H11 and H12.

e Repeat for Wells H1 and H2.

e Find the largest distance between wells from the tests
above. Double this value and enter it as the estimate for
the Plate Scan Long Focus Range.

Make sure that this value is within the working distance of
the objective.

hin 0 hax 0 Mean 00 Io .|

m  Plate Scan Short Focus Range: This is the Maximum Z Test Range between
panels in a plate scan. If imaging more than one panel in each well, this
value will be used for each panel after the first one.
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e The Plate Scan Short Focus Range is combined with the Lens’” Depth of
Focus in order to find the best focal plane within panels during the scan.
It is imperative that the correct lens has been selected in the Resolve3D
window and that the lens has a valid Lens ID.

® You cannot change the Z Step Test Size for the Plate Scan Short Focus
Range, which is the same as with the Plate Scan Long Focus Range.

e To determine if autofocusing within wells is necessary or to determine
the value for the Plate Scan Short Focus Range, measure the change in Z
throughout one well. Find the best focal planes in different fields of view
within close proximity in a well and use the Z coordinates to find out the
distance between focal planes. Double the largest difference in Z to get
the Plate Scan Short Focus Range.

[ Note If the distance between Z planes is not significant, you may want to
consider autofocusing Once Per Well only. Running the autofocus once per well
instead of per panel will save time for your experiment and will save your sample
from the effects of photobleaching and/or phototoxicity.

16. Use the Plate View window to make a selection of wells to scan. From the

Plate View window, click the %] icon to change to Select mode.
17. With the mouse, click and drag an outlined region to select a group of wells

on the plate. Click and drag while holding the Shift key down to extend the

selection or to de-select specific wells. You can use the Undo QJ icon to

undo one level of changes to the well selection list.
S Eorereiin” >

Plate Geometry: [-96 ‘Well

v! Generate Foints | Sync With Point List I Ulimate Focus ‘et =

Click and drag the
mouse cursor to
select a region of
the plate to scan.

Plate Region Selection
18. The selected wells are highlighted in the Plate View window.
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—

Selected wells are highlighted.

Alternatively, you can click on the row letters or column numbers to select

the entire row or column.
Use this method in combination with the Shift key to select multiple rows or

columns (or rows and columns).

Click on row letters

or column numbers

to select the entire
row or column.

* Use Shift-click to

select multiple
rows/columns.
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19. When you are satisfied with the well selection, click the Visit Wells #9| icon
and click on the top left well in your selected list.

20. Bring this well into focus to set the best Z estimate for the start of the scan.

21. In the Plate View window, click Generate Plate Point List to apply your well
selection list.

ol R3DuTiterPlateView

7 8 9 10

7 | Click to apply well
ol - £ et selection list.

-

22. You can check your point list by selecting the Marked Points List icon in
the Resolve3D window. The Point List window is displayed.

L' Paint List

e

Mark Point | VisitPoint [ 1+ w9500,
oo | epaseran|¢ 3 58
Clear List ! Corpantiiat : g' :jgggg:
Save List ! Open List %: ;: :jgggg:
Calibrate All | Optimize List [|* 9 +31500.
* Point Not Calibrated L

i

Aé)cmr—: | Help !§~-é

Point List Window

23. Notice in the Point List window that the points are labeled with the Well
Row/Column specification.

24. Return to the Design/Run Experiment tool and save the experiment.
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b 4 Design/Run Experiment: * (modified)

Click the Save icon.

=

sl 4 oe

Design Experiment ] Design PK Experiment | Run Experiment |

Experiment name |Reso|ue3lfi

Estimated file size 32.01 Mb (20.58 Gb Available)

| ijse Fast Acguisition  Fast Acquisition Options... | _I Lamps Off when finished

Sectioning * | Channels | Time-apse | Points | Panels  Plate ] Actions |
W Do Microtiter Plate Scanning  Microtiter Plate Viewer |

Rows of panels per well |l —}

Columns of panels per well |1 ‘}.

Panel separation (microns) |E1 0.00

Panel Scan Pattern |Raster L]

W Do Autofocus ‘

Autofocus Method Ilmage Contrast (Software) L]

Autofocus Frequency IOnce Per Well LJ More Settings... |

O Note The saved Experiment Macro tells the system how you want the well
scanning to be done. The Plate Point List tells the system what you want to scan.
Since the Experiment Macro and the Plate Point List are relatively independent
from one another, you can re-use the Experiment macro with a different list of
selected wells, or you could re-use the list of selected wells and perform multiple

styles of imaging on the same list.

Running a Microtiter Plate Scan

To run a scan:

For best Autofocus results, visit the first well (the upper-left corner) of your
selection using the Plate Viewer. On the Marked Point list, this should be the

top entry.
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~ T
_| Ultimate Focus

Plate Geometry: | 95 Well w | Generate Points ‘ o Lidith Daint |
Activate Visit

ﬂ' - ) Mode.

Click on the
upper-left well
within your
selection.

=)

2. Use the Autofocus icon AFlin the Resolve3D window to find the best focus.
When you are satisfied with the focus, choose Replace Point from the Point
List window to restate the Z position of that point.

3. In the Design/Run Experiment tool, provide a name for the experiment.

i Design/Run Experiment: * (modified) o
File =

| M [
S d < | Enter a name for

Design Experimend | Design PK E)W the experiment.
Experiment nafe ”ResolueSD: I

Estimated file spe 32.01 Mb (20.58 Gb Available)

Click the Run icon to start the scan.

=

Sectioning = | Channels | Time-lapse || Points | Panels  Plate 'J Actions ]

# Do Microtiter Plate Scanning  Microtiter Plate Viewer |

Rows of panels per well |-1
Columns of panels per well |1 r,

Panel separation (microns) H0.00

Panel Scan Pattern |Ra5ter ﬂ

¥ Do Autofocus |

Autofocus Method | Image Contrast (Software) ¥ J

Autofocus Freguency |Once Per Well
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Resolve3D automatically creates a subdirectory of your current data folder
with the name you provide here. All of the scan data for this experiment are
placed in that folder.

4. C(Click the Run icon to start the scan.

You can stop the scan at any time using the Stop icon. When you abort
the scan in this manner, scan data is lost for all unfinished wells.

The most effective way of monitoring the scan is using the Plate Viewer. It
updates its current location indicator whenever it moves in X and Y.

Reviewing a Finished Plate Scan

To review a finished scan:

1. From the softWoRx main menu bar, select Utilities | Review Plate Scan. The
Plate Scan Reviewer window is displayed.

Browse to the name of the folder Enter a file extension siing
containing the scan resulis. (ie. D3D.dv or R3D.dv).

v P'Iate Scan Reviewer

R R e et FEE R
Scanned wells

: t]l:jlj':llj:displcyed inyellow. | |_|_|_|_|_1_1

ﬂJJ JMJJJJ_JJJJJJJJJJJJJJ

AN} ] fuj Jg iy Y ) | P ) ) Y WY S Y S ) i
1 | WASI SR USRS G WSS O G N i A i Y il e e |
_|_|Wellsturn blvewhenactive.| | | | | [ | | [ | 1 11
SIS SIS S SIS =T =] =) 2 =) 2 = o = = =) = =] =
JICT 2] el ) ] ) ] i ) T e B ] B gy
BRERRERRmmRmmRmrC

Click the Play button
S| =) =) =) = =5 = =5 = = =) =5 =) =0 =) = 2
G i mf ] wf ] | mf mf mf il f 1f to animate the review,
s ] | ) | i) ol 1m] f smf ) ) ) i

[

[ 4 i

el

Click the Options button to choose whether to
preserve intensity scaling from well to well.

2. Click the Folder button to select the folder where you saved the scan.
3. If the data is already processed, you may need to specify the file extension
string (like D3D.dv or R3D.dv) to view the files of interest. If files are
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found that adhere to the plate scan file naming convention, they are
displayed as yellow buttons on the Plate Scan Reviewer tool. Click on a
yellow button to open the Image Viewer and display an image from that
well. The button turns blue when active.

4. Select the Play button to animate the review. The Play mode steps through all
of the images in order.

@Hint: Use the Image Window's Montage View to view all of the panels within a well.
If, for instance, you scanned 2x2 panels, choose View | Montage | 2x2 to see all the
regions. This is a “Montage by Time” situation since the panels are considered the Time
dimension of the DeltaVision file.

File View Options Tools Help

2 B 8 O -

12 T

O

P§Q

@& From the Image Window, select

g1 View | Montage | 2x2 to view
' all panels in a 2x2 scan.

Sz8

-

=

L

a

T=1(00:00:00.000) 457: 132

Re-scanning Selected Wells

If you determine that you want to re-scan some of the wells (due to Autofocus
miscalculations, etc.), you can re-scan an individual well or group of wells using
the same objective and experiment macro. The difference is that you'll be
modifying the Plate Point List to select only the well(s) to be re-scanned.
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[ Note Forinstructions on re-scanning selected wells using a different objective,
refer to the next section (below).

To re-scan selected wells:

1. From the Plate View window, select the well or wells to be re-scanned and
click Generate Plate Point List to replace the current Marked Point list with
this modified one. Remember, that the points are generated with the current
stage Z value, so make sure the DeltaVision system is in focus.

2. In the Design/Run Experiment window, use the same experiment name as
you used the first time. You may be prompted to re-save the experiment
since the point list has changed.

3. From the Design/Run Experiment window, click the Run E icon to restart
the scan. You are prompted to confirm that you want to overwrite the file(s)
you scanned before.

Re-scanning Selected Panels with a Different
Objective

If you determine that you want to re-scan some panels with a different objective
(i.e. you scanned the plate with an air objective, but you’d like to reimage with a
60x oil objective) you will need to edit the coordinates of a points list in order to
return to the panel location.

Since the field of view is different for each objective magnification, you cannot
simply rescan the panels. The method below describes the process of going back
to the center coordinates of your image. If the object of interest isn’t in the center
of the field of view, you may have to make small movements to search for it. The
region of interest will be within the field of view of the oculars, so it may also be
helpful to switch to the oculars to locate it.

To re-scan selected panels with a different objective:

Find the coordinates for your panel of interest as follows:

1. In the Resolve3D log file (*R3D.dv . 1og), find the image of interest. It will be
displayed as a time point. Write down the time point number.

2. To find the image number, multiply the time point number by the number of
wavelengths acquired in the experiment (for example, if the time point is 25
and you have DAPI and FITC in your channel, the image number is 50).
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3.

4.

hd /datal/biol/biol_A03_R3D.dv.log - KEdit
File Edit Go Tools Settings Help

BErEdaz? e e BN

Image 49. [l
Time: Tue Sep 8 10:16:16 2009
Time Point: 0.000 secs
Intensity: Min = 204, Max = 8268, Mean = 1593.21741
Photosensor reading: 626203.5
Exposure time: 1.000 secs
EX filter: CFP
EM filter: CFP
ND filter: 100% . . .
Stage coordinates:  (+31500.000,-31500.000,-3.200) | Mulfiply the time point number

by the number of wavelengths
to find the Image Number.

I Tnage 50, la—
== =" Time: Tue Sep 8 10:16:16 2009
Time Point: 0.000 secs
Intensity: Min = 204, Max = 8268, Mean = 1593.22107
Photosensor reading: 626203.5
Exposure time: 1.000 secs

EX filter: CFP i
EM filter: CFP Coordinates for your

ND filter: 100% panel of interest are
iStage coordinates: nnmm;mmm,:sm;/ displayed.

Image 51.
Time: Tue Sep 8 10:16:17 2009
Time Point: 0.000 secs
Intensity: Min = 204, Max = 8264, Mean = 1593.22485
Photosensor reading: 626203.5
Exposure time: 1.000 secs |
EX filter: CFP [
EM filter: CFP
ND filter: 100%
Stage coordinates: (+31500.000,-31500.000,-3.600)

Image 52.
Time: Tue Sep 8 10:16:17 2009
Time Point: 0.000 secs o
- s . ana__a anna aran_ainna

INS [Line: 1Col: 1

Every experiment acquired creates a log file (image name.dv.1log). Open
the log file for your image.

Find the image number calculated in Step 1 and write down the X, Y, and Z
coordinates for all of the points that you would like to revisit.

O Note It’s critically important that you include both positive (+) and negative (-)
indicators when noting coordinates.

Edit the Point List as follows:

5.

From the Resolve3D window, click on the Marked Points List icon. The
Point List window is displayed.

Press the Clear List button.

Use the Joystick to navigate to a location in X, Y to revisit with the new
objective.

Find the best plane of focus.

Note Upon returning to a previously visited point, you may need to search
around to find the exact location. Also you will always need to adjust the Z focus.
This is especially true when you change objectives.

10.

Press the Mark Point button.
Repeat Steps 3 through 6 for as many points as you want to revisit.
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Click the Clear
List button.

Click the Mark
Point Button.

Click the Save
List Button.

hd P -|%
QEGERENG]  vistont [T Ao sswm o0 an
Delete Point | Replacepatff [ 3 :3IS00.00 5100 00 000 a03
Clear List gl - ma amna a0 o
[ Savelotd] openist [i I S w000 oo
Calbrate Al | Optmize ist [ 5 +31500.00 -13500.00  +0.00 c03
oo cmo cum Dy o

i/
o R =_|

11. Click on the Save List button. The Save Point List File window is displayed.

vEa

Directory |/homefworx

/| @lEicm 2]

Date ~ ”

File Name

Created (acquired):

[02/09/07 22:37] share on LS Demo Data (Demodisk)/
[07/02/10 14:19] S¥ ScreenShots/
[10701/10 09:07] Desktop/
[11/08/10 10:20] softworx-logs/

Provide a file name
for the Point List.

= ]
File name oK
File Types |pts

Cancel _u

12. Give the Point List a Name and click OK.

Adding Overlays to the Microtiter Overlay Window

Your system was set up with the overlay options of the 96-well and 384-well
plates. The instructions in this section describe the method for adding 2, 4, 6, 12,
24, and 48-well plates to the Microtiter Overlay window.

To add plate overlays to the Overlay window:

13.

14.
15.

Open the scan_overlay_standard.db.txt file from the
/usr/local/softWoRx/config folder.
Locate the desired plate configuration in the Name field.
Record the Type Number corresponding to the plate configuration.

For example, if you were to add the 2-well plate, you would record a type

number of 2002.
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16. Save a backup copy of the scan_overlays.txt file in the
/usr/local/softWoRx/config folder.

17. Open the scan_overlays. txt file.

18. Add “Type Number = xxxx” for the overlay(s) that you would like to add,
where xxxx is the Type Number recorded in Step 3.

[ Note Do not alter the line in the scan_overlays.txt file thatreads Format = 2.

19. Add more overlays in the same manner.

Rl 55 Y T B P 0 R LS T -

Bl 5 e W B i gy 0 v L I - el
Bl Edt Yew Seach Jooli Decumess  Help

" B 2 .8 & % ¢ B

Cogwy Miw Opin S Pl Uidks Cut

Ele [Edt Yew Seach Jeooli Docoments Help
B & .6 & 9 ¢ | B
Miw Open Sdve Prri Ot

scan_overlays.to scan_overlaysto ™

iﬂ Scan Overlayes for arrayWollx MF Scanners g S¢an Overlays for arrayWoRx MF Scanners
g g

g2 See "scan_overlays_standard_db.txt" g See "scan_overlays_standard_db.txt"

|2 for complete owverlay information. # for complete overlay information.
|Format = 2 |Format = 2

| Type Nusber 40032

|Type Nusber 40032
Type Number = 4004

[Type Number = 4004
|Type Nusber = 2003

=
Mate Geometry Overl | Generate Flate Peint List | Sync With Peint List ] Belp

Using UltimateFocus®

If your DeltaVision system is equipped with the UltimateFocus Module, you can
use this feature to help maintain focus within a specific move threshold. The
UltimateFocus Module is always on and is enabled through a checkbox toggle
available at key points from within the softWoRx software. You can use

UltimateFocus either while exploring a sample, or when collecting experimental
data.
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After the initial plane of focus is determined, you can then scan the sample area

with the UltimateFocus correction mechanism applied as follows:

1.

From the Resolve3D main menu, select File | Continuous Acquire. The

Continuous Acquire window is displayed.

b A Continuons Acquire

_ Use UltimateFocus

0.0

Delay Time (sec)l

=i

I=D|:me | =tart Acquiring Imagesﬂ

Activate the Use UltimateFocus checkbox.

b d Continuous Acquire

Move Threshold

Max Iterations

TV:I se UltimateFocus

Activate the Use
UltimateFocus

checkbox.

0.0

Other UltimateFocus

options are activated,

Delay Time

sec) | : ;

Done [ Start Acquiring Images | |

Using the Microscope’s Oculars:

The default parameters for the Continuous Acquire window are shown in the
example above. With these settings, you can scan the sample looking through the

oculars, with the joystick speed set to SLOW.

During Camera Acquisition:

When you press the Start Acquiring Images button on the Continuous Acquire
window, the camera collects images using the excitation and exposure settings

currently selected in the Resolve3D main menu.

From the Continuous Acquire window, you can adjust the following focus

parameters:
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m  The Maintain every ____ frames field defines how often the stage corrections
for UltimateFocus are made. Entering 1 tells softWoRx to perform the Move
Threshold check for every image, entering 2 indicates performing the process
for every other image acquired, and so on. Entering a higher number in this
tield will increase the speed of your acquisitions.

u  The Move Threshold field defines the minimum Z position change from the
point of origin. If the change in the Z position is less than the value indicated
in the Move Threshold field, the position of the stage will not change. If the
change in position is greater than the Move Threshold, the stage will move to
correct the Z position. The default value is set to 0.100 microns.

[ Note For experimentsin which fast acquisition speed is the most important factor,
limiting the number of corrections will increase the speed of the image acquisition.

m  The Max Iterations field defines the number of stage corrections the
UltimateFocus module will make using the Move Threshold. This field sets
the upper limit for corrective moves allowed to the stage position at one time.
Limiting the number of iterations increases the speed of your image
acquisitions at the possible cost of focus accuracy. For fast imaging, it is
recommended that the setting in the Max Iterations field be set to no greater
than 1.

Monitoring Stage Corrections

In the following Resolve3D main menu example, a sample was scanned using
the UltimateFocus module. The Message Pane at the bottom of the menu lists
each correction to the focal plane made by the module.
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“. Resolve3D

File “iew Options Calibration Help

Acqure || Experiment.. || setngs.. |

Excitation [s61Leser | v | 5517400
Emission [mchery | v| 3260
%T [100% ~|
llumination [LASER =]
Exposure Wﬂ Find.. | LI Callorate

Image size ]384‘684 _I
Lens [60XTIRF _|
Bin 11:::1 J  Aux Mag,

Pixel size 0.1103 pm

@ Al 4 6 Flle] o] ]

dxif Jj_] d7 | uzn 4]

r 3

Min 111 Max 137 Mean 1221 Io [

An acquisition was
made using the
UltimateFocus module.

The Message Pane
displays the corrections
made to the focal
plane using the
UltimateFocus module.
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Tips for Focus Maintenance

Focus Maintenance with Long Time-lapse Experiments
- For time-lapse intervals much greater than the imaging time requirement.

A common problem with long time-lapse experiments has been that objects drift
out of Z focus due to physical changes in the microscope stand and stage as a
result of environmental conditions. To address this, softWoRx has the ability to
allow periodic adjustments to be done during the time-lapse wait interval. To
accomplish this, you can specify an UltimateFocus Action to be triggered for all
time points, and further to use the When control to tell the system to perform the
focus maintenance periodically During the time-lapse wait. It will be necessary to
toggle the Maintain Focus with UltimateFocus button Off in the Time-lapse tab
as the Action will be sufficient to maintain the focus. This should provide
maximum flexibility to minimize Z drift focus artifacts in the experiment.

Focus Maintenance with Medium Time-lapse Experiments

- For short time-lapse intervals that are safely greater than the imaging time requirement.
In this scenario, you can specify Maintain Focus with UltimateFocus in the
Time-lapse tab of the Experiment Designer. When you encounter this situation
while running the experiment, the system will determine whether it has enough
time to do the UltimateFocus maintenance and if so, do it just before the time
lapse expires and imaging starts. The idea is to get focus adjusted as close to the
start of imaging as possible.

Focus Maintenance with Very Short Time-lapse Experiments

- For time-lapse intervals nearly the same or less than the imaging time requirement.
When imaging as fast as possible, it seems very unlikely that significant enough
environmental drift would occur from one frame to the next to make a
discernible difference in focus. Therefore, to maximize frame rate, you can easily
design an experiment that triggers an UltimateFocus Action with a certain
periodicity. For example, you can choose to do UltimateFocus maintenance
every 20 frames. You would need to toggle the Maintain Focus with
UltimateFocus button Off in the Time-lapse tab of the Experiment Designer and
add an UltimateFocus Action with every 20 as the specification for which time
points to apply the Action. This allows fairly fast imaging (as fast as conventional
time lapse can do), but with an occasional UltimateFocus maintenance event to
compensate for drift.
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Multi-well Plate Scanning with UltimateFocus

If your DeltaVision system is equipped with the optional Microtiter Stage and
the UltimateFocus Module, the UltimateFocus can be used with the Microtiter
stage to maintain focus when running a plate scanning experiment. This laser-
based focus method monitors the change in the index of refraction as it goes
through the coverslip and sample media. UltimateFocus will only perform well
with an aqueous-based sample media.

UltimateFocus for plate scanning requires a calibration profile of the long-range
focus for the plate. This profile is unique to each objective lens, polychroic, and
plate type used on the DeltaVision. You'll need to perform a calibration for each
objective / polychroic / plate-type combination. The profile is automatically
saved for use in future experiments after you have collected the calibration. For
best results, however, the calibration should be done each time the objective lens,
polychroic, or plate type is changed. You'll use the sample plate to be scanned in
the experiment to perform the calibration step. This will provide the best results.

To calibrate a multi-well plate:

1.

Ensure that the correct objective lens is selected in the Lens field of the
Resolve3D main menu.
Select the approprlate polychr01c in the Polychroic field.

File \iew Options Calibration I_—|_eip|

Acquire | Experiment... [ Settings... J
Excitation |FITC ~| as0r20

Emission |FITC v | se8/38 Select the comect
_____ ":l/ polychroic.
Iicl_ycﬁrgc Gluid____ Info... |
T [100% |
Illumination | SSI ﬂ
Exposure [11.0000 '_] Find... Focus.. Be sure that the

Image size [512x512 J | Calibrate comect objective
r rezsm [ |lensTs setectea:

Bin | 11 _| | Aux. Mag.

Pixel size 0.6680 pm

1

Click the Settings button in the Resolve3D main menu to open the Settings
menu. Then activate the Autofocus tab.
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. Click the
o Resolve 3D Settings i Autofocus tab to
Display | Fites | Imaging | Mumination | Autofocus activate the tab.

[ Image Contrast Software Autofocus
| Automatically determine parameters  Test

Channel for Autofocus I BLANEK | L‘

Contrast calculation method [Auto ﬂ

Autofocus Z test step (pm) |§3.12

Maximum Z test range (um) |§5E=.E|IJ
| Post-autofocus Z offset (um) |§J.IJEI Click the Calibrate

_UtimateF ocus Hardware _ __ _ _— UltimateFocus for plat
E Calibrate UltimateFocus for plate scanning... scanning button.

I_Dnne I Save Settings | Help

4. Inthe Autofocus tab, click the Calibrate UltimateFocus for plate scanning
button. The UltimateFocus Plate Calibration window is displayed.

) UltimateFocus Plate Calibration ' ? 3

UltimateF ocus Plate Calibration Protocol

1) Mount a microtiter plate containing sample in aqueous media.

2) Find a well with material that you will be able to see, preferably
on the well bottom.

3) Manually lower the microscope objective to its minimum positio

4) "Zero” the microtiter stage Z coordinate using the Home Stage
button below.

5) Using only the eyepieces and the coarse and fine focus knobs,
raise the objective to focus on the sample on the well bottom.

&) Verify that the Polychroic and Lens choices are correct in
the main Resolve3D control panel.

7) Choose the Calibrate Focus button below to perform the calibr:
This procedure may take a few minutes to complete.

Z Sweep Min, Max, Step Size [Fs0000  [s0000  [D.soo ‘

! Click the Home

i Done |} Home Stage Z Lesissese-rommt G| Stage Z button.

5. Follow the instructions in the UltimateFocus Plate Calibration window to
complete the calibration process as in the steps that follow.

6. Place a multi-well plate on the microtiter stage. (See Loading a Microtiter Plate on
Page 122 for details.)

7. From the Resolve3D main menu, select the Microtiter Plate

icon.
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L S LR - (RTSE T

Polychroic | Quad i | Info... |
%T [100% |
llumination |SS| v |
Exposure |11.0000 v| Findﬂ Focus... |
Image size [512x512 'v‘ _| Calibrate
Lens (10X v| Info... |
e Select the
Bin | 1x1 v | I Aux. Mag. Microfiter

Pixel size 0.6680 pm Plate icon.

PR M
dx | 100.00 Al

B e
dY [[10.00 Al

@ ....I
)

2
J
1

A representation of the microtiter plate is displayed in the Plate View window.

Select the
Visit Wells
tool.

Select the
first well to
image.

L

8. Select the Visit Wells tool and then select a well with visible sample material,
preferably at the bottom of the well.

9. Manually lower the objective turret to its minimum position.

10. Click the Home Stage Z button at the bottom of the Ultimate Focus Plate
Calibration Protocol window to “zero” the microtiter stage Z coordinate.
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11. Using the eyepieces and the microscope’s manual focus controls, raise the
objective to focus on the sample material at the bottom of the well.

12. Click the Calibrate Focus button at the bottom of the Ultimate Focus Plate
Calibration Protocol window to start the calibration process.

Note This procedure may take a few minutes to complete.

UltimateF ocus Plate Calibration Protocol

1) Mount a microtiter plate containing sample in aqueous media.

2) Find a well with material that vou will be able to see, preferably
on the well bottom.

3) Manually lower the microscope objective to its minimum positio

4) "Zero" the microtiter stage Z coordinate using the Home Stage
button below.

5) Using only the eyepieces and the coarse and fine focus knobs,
raise the objective to focus on the sample on the well bottom.

8) Verify that the Polychroic and Lens choices are correct in
the main Resolve3D control panel.

7) Choose the Calibrate Focus button below to perform the calibrz
This procedure may take a few minutes to complete.

Z Sweep Min, Max, Step Size |§-snn.nn [jsoo.on [jn.soo ! Click the
I Calibrate Focus
Done I Ho 2 Z I Calibrate Focus Halp_“ button.

To set up and run an UltimateFocus plate experiment:

1. Ensure that the port selector is set to the Camera - setting.
Use the controls in Resolve3D to focus on the sample and refine exposure

conditions for each channel in your experiment. If your experiment will be using
Z sectioning, define the desired Z thickness.

3. In the Microtiter Plate View window, use the Select Wells mode to highlight the
wells you want to image.
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Click the Select Wells mode.,

% RapuTin i T

______ Click and drag the
mouse cursor to
select a region of
the plate to scan.

=
Click and drag while holding the Shift key down to extend the selection or to de-

select specific wells. You can use the Undo BJ icon to undo one level of changes
to the well selection list.

I Note Alternatively, you can click on the row letters or column numbers to select
the entire row or column. Use this method in combination with the Shift key to
select multiple rows or columns (or rows and columns).

4. Click the Generate Points button at the top of the Plate View window.

Edrsontkemmeview ]
Plate Geometry:

o]

' Click to copy
il ' highlighted wells
to a point list.

=

To use UltimateFocus to explore various wells on the plate, activate the
UltimateFocus checkbox at the top of the Plate View window.

Click the Set Z button to calibrate the current focus point of the current well as
the desired Z position for the experiment. Set Z helps the system by setting a Z
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offset from the interface boundary to the plane of focus which you are interested
in maintaining.

Activate the
S S S S e ltimateF checkbox.
hd A IDuTierMlateView o '
Plate Geometry: |96 Well Click Se1. z 'o

] calibrate the current
focus point as the
desired Z position.

7. Select the first well in the region of the plate you want to scan and click the AF
button on the Resolve3D main menu.

8. In the Resolve3D main menu, click Experiment to open the Design/Run
Experiment window.

9. Set up the Sectioning, Channels, and Plate tabs. In the Plate tab, select the
desired autofocus method as shown.

el Design/Run Experiment: * (modified)

File ﬂei;; J
2d 4 @
Design Experiment | Design PK Experiment | Rmﬁgaemm!]
Experiment name |.Fies.ol-\-.fealf:[“ ]

Estimated file size 32.01 Mb (17.43 Gb Available)

Fast Acquisition Options... | k

Sectioning * | Channels | Time-apse | Points | Panels  Plate

Actions |
# Do Microtiter Plate Scanning  Microtiter Plate Viewer ‘

Rows of panels per well [\ -

- \
Columns of panels per well |i1 ;i

Panel separation (um) [[10.00

Panel Scan Pattern | Raster v.J

W Do Autofocus Select the autofocus

Autofocus Methodl UttimateFocus (Hardware) | Jﬁ— method to use for this

_‘:J More Settings... ‘ experiment‘
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10. Click the Run E icon to start the scan.

You can stop the scan at any time using the Stop *¢licon. When you abort the
scan in this manner, scan data is lost for all unfinished wells.
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Facility Requirements & Components

This chapter describes the main components of the DeltaVision System. It
includes the following sections:

Electrical and Environmental Requirements describes the DeltaVision operating
and facility requirements.

Overview of Components shows the location of the key system components.
Optical Components describes the system light sources, cameras, and filters.

Desktop Components provides information about the monitor, the keypad and
joystick, the vibration isolation table that supports the microscope, and other
components.

Cabinet Components describes the combined Instrument Controller and Microscope
Interface Chassis (IC/MIC) and the Workstation.

Other Standard Components describes the Repeatable Slide Holder, the Fiber
Optic Module, the tool kit, and standard software.
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= Optional Components describes DeltaVision options such as the X4 Laser
Module, the EMCCD Camera, the Environmental Chamber, the Microtiter
Stage, the InsightSSI solid state light source, the UltimateFocus Module,
Differential Interference Contrast Components, and the softWoRx Explorer
application.

m  Consumable Parts lists the fuses and other components that you may need to
replace to maintain the system.

Electrical and Environmental Requirements

An important aspect of collecting high quality images is meeting the proper
electrical and environmental requirements for the system.

Electrical Requirements

Line Requirements

Operating Frequency: 50/60 Hz

Operating Power: Up to three separate 100-120 VAC 15A circuits. (One for the
Instrument Controller, a second one for the Environmental Chamber (if
included), and a third one for the rest of the DeltaVision system.

Ld Note If users want to have the DeltaVision workstation powered on with the rest of
the system off, the workstation can be plugged into a power connection separate
from the rest of the imaging system.

Up to three separate 200-240 VAC 6A circuits. (One for the Instrument
Controller, a second one for the Environmental Chamber (if included), and a
third one for the rest of the DeltaVision system.

Transients: Transient over-voltages in accordance with Installation
Category Il in IEC 664

Maximum Power: 1200 VA

Power Cord Set Requirements
The power cord set received with DeltaVision meets the requirements for use in
the country where the equipment will be used.

General Requirements
The requirements listed below are applicable to all countries:

m  The length of the power cord set can be a maximum of 9.75 feet (3.0 m).
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= All power cord sets must be approved by an acceptable accredited agency
responsible for evaluation in the country where the power cord set will be
used.

m  The power cord set must have a minimum current capacity of 10A for 230 -
240 VAC systems or 15A for 100-120 VAC systems, as required by each
country's power system.

m  The appliance coupler must meet the mechanical configuration of an
EN60320/IEC 320 Standard Sheet C13 connector, for mating with the
appliance inlet on the Isolation Transformer Assembly.

Country-specific Requirements

The following table shows the accredited agency and power cord set
requirements for each country.

Accredited
Country Agency Power Cord Set Requirements
Australia EANSW The flexible cord must be <HAR> Type HO5VV-F, 3-
. conductor, 1.0 mm?2 conductor size. Power cord set
Austria OVE

fittings (appliance coupler and wall plug) must bear
Belgium CEBC the certification mark of the agency responsible for
evaluation in the country where it will be used.

Denmark DEMKO
Finland SETI
France UTE
Germany VDE
ltaly IMQ
Norway NEMKO
Sweden SEMKO
Switzerland SEV

United Kingdom  BSI

United States uL The flexible cord must be Type SJT or equivalent, No.
14 AWG, 3-conductor. The wall plug must be a two-

Canada CsSA pole grounding type with a NEMA 5-15P (15A, 125V)
configuration.

Japan JIS The appliance coupler, flexible cord, and wall plug

must bear a "T" mark and registration number in
accordance with the Japanese Dentori Law. The
flexible cord must be Type VCTF, 3-conductor, 2.00
mm?2 conductor size.
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Environmental Requirements

An important aspect of collecting high quality images is having the proper
environment for the system. The following environmental requirements are
outlined in this section.

General Environmental Requirements

Floor space:

DeltaVision - 3 ft x 6 ft (90 cm x 180 cm). Include 18 in (45 cm) space behind
instrument rack.

personalDV - 22in x 54 to 62in (depending on whether or not the keyboard is kept
in a slide-out tray). Include 18 in (45 cm) space behind instrument rack.

Maximum System Weight: 940 Ibs (425 kg).
Service: Indoor use only.

Temperature: 65 - 77 °F (18 - 25 °C), daily variation of no more than 3 °F (1.8 °C).
The actual room temperature should be stable to within 1 degree (Fahrenheit or
Celsius) per hour. Fluctuations in temperature will affect microscope optics,
which can cause the specimen to drift approximately 1 um per 0.1 degree Celsius.

Humidity: Stable humidity levels under 50%, with daily variations of less than
10%. High humidity can result in condensation on the CCD camera window that
obscures image formation. Excessive humidity may also reduce filter life and
may result in chromatic aberrations in the images.

Altitude: up to 6550 ft (2000 m).
Pollution: POLLUTION DEGREE 2! in accordance with IEC 664.

Ingress Protection Level: IP20

Communication Recommendations
Connect the workstation to a local area network for data storage and access to
Applied Precision’s web site.

CAUTION: Applied Precision, Inc. is not responsible for damage or harm to
the workstation or imaging system due to network security breaches.

Having a telephone in the same room as the system will facilitate communication
with Technical Support if needed.

1JEC 61010-1: 27 ed. International Electrical Commission defines POLLUTION DEGREE 2 as
follows: “Normally only non-conductive POLLUTION occurs. Occasionally, however, a
temporary conductivity caused by condensation must be expected.”
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Air Movement

Air movement around the microscope can cause specimen drift on the scale of
several microns. Two common sources of air movement are window air
conditioners and open windows. Central air conditioning is recommended.
However, the system should not be placed in the direct path of the incoming air.

Vibration Isolation

The vibration absorbing design of the system minimizes motion artifacts from
internal vibration due to shutters, filter wheels, and stage movement. The system
is also designed to damp out external vibration as well. Avoiding locations near
refrigerators, elevators, ventilation equipment, and other sources of vibration
will improve image resolution.

Ambient lllumination

For best results, minimize ambient illumination during data collection. A light-
tight room is recommended. Ensure that there are no light sources pointed
downward into the lens.

A small desk lamp located near the workstation is recommended for preparing
and monitoring experiments. The workstation keyboard is backlit for working in
low light situations.

You can press the BLANK SCREEN key on the keypad to darken the monitor for
improved image quality. Pressing any key on the keyboard restores monitor
function.

Dust

It is important to minimize dust on the microscope components because dust on
components can cause spots on microscope images. Minimize contamination by
maintaining a clean room and covering the microscope when it is not in use.
Store all extra filter sets, cameras, objectives, plates, etc. away from dust.

Overview of Components

The standard DeltaVision components are shown below. Detailed descriptions of
these components and descriptions of optional components are included in the
following sections.

04-720160-000 Rev B/0212



160

DeltaVision System User's Manual

Standard DeltaVision Components

Optical
Components

Desktop
Components

Vibration
Isolation
Table

Standard personalDV Components

Optical
Components

Cabinet

Components
(IC/MIC,

] Workstation,

and any
additional
optional
components)

Components

Desktop
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Optical Components

<——— White LED Trans Light

InsightSSl or
Xenon Arc Lamp

Excitation and
Neutral Density
Filters

Eyepiece Filters

N o

Camera

Emission Filters

[ Note Optical components are shown for a typical installation, which includes the
Olympus IX71 Microscope. Other microscope configurations vary slightly. The
Olympus IX71 is currently the only microscope available.

Fluorescence Microscope

The microscope is an advanced research grade epifluorescence inverted
microscope. Each objective is qualified by Applied Precision to guarantee the
highest possible quality. The point spread function (PSF) is measured in order to
uphold the image quality. The microscope supports a Differential Interference
Contrast (DIC) module (this is an optional component). A transmitted light is
included with your system to enable automated DIC and Brightfield image
acquisition.

Optical Filters

The system uses a polychroic filter and filter wheels rather than a simple dichroic
tilter cube. The excitation, neutral density, and emission settings are selected in
one of three ways:

m  Selecting options in the Resolve3D window of the softWoRx acquisition
software.

m  Selecting a mode from the keypad.

= Rotating the eyepiece filter wheel (if Resolve3D is running).
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[ Note The eyepiece filter wheel is operated manually but reports its position to the
instrument controller, which in turn adjusts the excitation and emission filters
automatically.

Depending upon the environment, filters last between one and three years. To
ensure optimal performance, filters should be periodically inspected and
replaced if necessary.

The Standard and Live Cell DeltaVision Filter sets are listed in Appendix D,
Reference Information on Page 266.

Fluorescence llluminators

A DeltaVision system can be configured with either an Olympus Fluorescence
[lluminator or an Applied Precision Fluorescence Illuminator. The key
differences between the two fluorescence illuminators are outlined in the
following sections.

Olympus Fluorescence lllumination Module

The Olympus Fluorescence Illumination Module (Olympus FI) is attached to the
rear of the DeltaVision imaging system. The Olympus Fl is a less expensive choice
for fluorescence illumination if you are not planning to use multi-line TIRF or the
UltimateFocus Module. You are still able to use broadband light sources, such as
Solid State Illumination (InsightSSI) or a xenon lamp. You will still be able to use
the single-line TIRF technique, but you must have an optional laser module to do
so. In general, the configuration settings for the Olympus FI (field stop aperture,
etc.) are set manually.
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Olympus Fl with
laser optic
module attached. §

API Fluorescence lllumination Module

The Applied Precision Fluorescence Illumination (API FI) Module is attached to
the rear of the DeltaVision system and extends to the right side. The API FI
Module is actually a hardware interface that supports a combination of three
smaller modules, each adding its own special utility to enhance the capabilities of
the DeltaVision system. The Broadband Module (described below) is always
included with the API FI Module. The TIRF/PK Module and the UltimateFocus
Module are optional components. The configuration settings for the API FI
Module are set up through software, which can be especially convenient if an
Environmental Chamber is being used with the DeltaVision system. See The
Environmental Chamber on Page 181 for details.

The three components that may be included with the API FI Module are as
follows:

>  The Broadband Module - is an input module for broadband light sources,
such as Solid State Illumination (InsightSSI) or a xenon lamp. The
Broadband Module provides a user-configurable illumination function for
selecting either Critical or Kohler Illumination. The module also houses the
beam conditioner, a field stop aperture, and a photo-sensor interface. The
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Broadband Module is standard on a DeltaVision system with the API FI
Module installed.

>  The TIRF/PK Module - provides the ability to introduce a laser beam into
the optical path of the DeltaVision microscope. With lasers attached (like the
DeltaVision X4 Laser Module), users can generate photokinetic events and
TIRF (Total Internal Reflective Fluorescence) experiments. TIRF is an
imaging method that illuminates a thin section of the sample. The excitation
light emits from the objective at a shallow angle, enters into the cover slip,
and bounces inside the cover slip creating an evanescent field of fluorescence.
The TIRF/PK Module is available on a DeltaVision system with the API FI
Module installed. For more information on the X4 Laser Module and the
TIRF technique, see X4 Laser Module and TIRF on Page 191.

L Note Your TIRF/PK Module may include TIRF only, PK only, or both TIRF and PK.

>  The UltimateFocus™ Module — maintains focus during an experiment, after
the operator has found focus and marked a point of interest. The
UltimateFocus Module uses an infrared laser that follows the illumination
path and bounces off the cover slip/sample interface. The reflected beam is
evaluated and the software returns an offset to the Z motor for automatic
stage adjustment to maintain focus. The UltimateFocus Module is available
on a DeltaVision system with the API FI Module installed.

Each of these components is mounted to the rear of the DeltaVision imaging
system (while facing the microscope) as shown below.

TIRF/PK Module
(with DeltaVision X4
Laser attached)

Broadband
Module

UltimateFocus ™
Module

DeltaVision Fluorescence lllumination Module
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[ Note Particularly when using the InsightSS| Solid State llumination Module, you
may find that you need to decrease the imaging system’s illumination output by
placing an additional neutral density (ND) filter directly into the Broadband
Module. Pull up on the red ND Filter Holder (shown below) and insert an ND filter
(p/n 52-852283-000-9).

——

Broadband
Neutral Density
Filter Holder

Broadband Neutral Density Filter Holder

Cameras

DeltaVision comes standard with the CoolSNAP HQ? CCD (charge coupled
device) camera, referred to as the High-speed Camera, and also supports an
upgrade option of the Evolve EMCCD camera. For more about the Evolve
camera, see Evolve Camera on Page 167.

personal DV comes standard with the CoolSNAP ES? Camera.

High-speed Camera

The High-speed CCD camera (CoolSNAP HQ?) collects digital image data from
the microscope. This camera is designed to collect image data at a high frame
rate. At the fastest speed, the camera can collect 30 frames per second of a 64 x 64
pixel image. Increased acquisition speed is useful when collecting images of live
cells that deteriorate over short periods of time.
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High-speed CooISNAP HQ? CCD Camera

The High-speed Camera is air-cooled. The cooling apparatus is incorporated into
the camera assembly; therefore, when the High-speed Camera is turned on, the
cooler is also operating. When using cooled cameras in humid conditions, it is
possible for condensation to form on the CCD camera window. If this happens, a
mottled pattern is superimposed on the images. You will need to lower the
ambient humidity level to avoid condensation.

O Note If no images are acquired over a 4-hour period, the High-speed Camera
cooling automatically shuts down.

CAUTION: Do not disconnect cables from the High-speed Camera when the
power is on. Be sure to leave a 1 in (2.5 cm) minimum space around the cooling
fan. Use only the PCI cards, cable, and power supplies that are designated for
this system.

High-speed Camera Power Supply
The High-speed Camera power supply provides electric power to the camera. It
is housed on the bottom shelf of the cabinet.

ES2 Camera

The CoolSNAP ES? CCD Camera is basically the same as the CoolSNAP HQ?
Camera, except the ES? is not as deeply cooled. This makes it more affordable,
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but allows for slightly higher noise. However, the noise difference is virtually
unnoticeable unless you are using long exposure times (~8s).

CoO0ISNAP ES2 CCD Camera

Evolve Camera
The Evolve camera is an EMCCD-type camera with a 512 x 512 imaging array
and 16 x 16um pixels.

Photometrics® Evolve Camera
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The Evolve Camera was designed by Photometrics to perform very well in low-
light applications and is therefore an excellent camera for live-cell imaging. This
camera also reads out pixel data in electrons, resulting in more accurate and
reproducible data. Some of the key features of the Evolve Camera are:

= EM gain

®  Back-illuminated EMCCD

m  Optimized field of view and very high sensitivity

= PAR feedback system

= ACE (Advanced Clocking Enhancement) technology
= 10-MHz readout

®=  5-and 1- readout

®  Dual amplifiers

= 16-bit digitization

Light Sources

A DeltaVision imaging system provides at least two, and sometimes three light
sources: either a solid state illumination (InsightSSI) module or a xenon arc lamp
for the broadband light source, a white LED for transmitted light, and an
optional laser module for laser-based light.

Note A DeltaVision system can optionally be configured with both broadband
light sources (InsightSSI and a xenon arc lamp). Note that only one broadband
light source can be used at any given time.

Xenon Lamp

One of the choices offered for a DeltaVision broadband light source is the xenon
arc lamp. [llumination for the microscope is delivered from a xenon lamp to the
specimen through a fiber optic cable.
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Fiber Optic Cable
(to FOM)

Xenon Lamp Housing
For instructions on how to replace the xenon bulb, see Replacing the Xenon Bulb
on Page 240.

Xenon Lamp
Housing

c WARNING: Do not disconnect the xenon arc lamp power cable when the

power is on.

A WARNING: The xenon arc lamp presents potentially harmful risks to the
user, including the possibility of UV exposure to skin and eyes. Before
operating the microscope, consult Chapter 2: Safety for important

information regarding arc lamp operation.

L Note The illumination path alignment is critical to acquiring the highest possible

image resolution. If you have reason to suspect that the illumination path

alighment is inaccurate for your DeltaVision system, contact the Applied Precision

Customer Hotline.

Photo sensor

The light passes through the fiber optic module (FOM), where approximately 1%
of the light is diverted to the Photo sensor. The remaining 99% of the light is
delivered to the microscope. The Photo sensor measures illumination intensity
by sampling a small percentage of the light from the broadband light source
during an exposure. The photo sensor signal is recorded by the instrument
controller and then used to correct for variations in the xenon lamp intensity

during an experiment.
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The Corrections tool in softWoRx normalizes each image based on its photo
sensor value. These corrections are automatically applied during deconvolution.
This enables quantifiable intensity comparisons between images, even if the
brightness of the excitation light varies between the images.

InsightSSI™ (Solid State Illumination)

The InsightSSI Module, another choice offered for a DeltaVision broadband light
source, adds a solid state light source to your imaging system. Because the light
produced by the InsightSSI Module is solid state and can be switched on and off
very quickly, no shutters are necessary for imaging. The InsightSSI Module
increases power across all wavelengths. This feature can greatly reduce exposure
times. Not having to wait for a xenon bulb to stabilize is another advantage of
using a solid state light source. The InsightSSI Module turns on and off instantly.

Four-color InsightSSI Module

Depending on the type of imaging you plan on doing, the InsightSSI Module is
available with a choice of three different excitation filter sets:

m  Four-color InsightSSI Module — for fixed cell applications
s Four-color InsightSSI Module - for live cell applications

= Seven-color InsightSSI Module — for both fixed and live cell applications
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Seven-color InsightSSI Module

The three available filter sets are detailed in the following tables:

Four-color Standard Filter Set

Wavelengths (nm)

Suggested Fluorophores

® 331399

DAPI, Hoechst, Alexa Fluor® 350, Dylight™ 350, CF® 350, Cascade
Blue, Lucifer Yellow, AMCA, CellTracker® Blue, all Qdot®
nanocrystals

® 461-489

FITC, Alexa Fluor® 488, Dylight™ 488, CF® 488, Oregon Green 488,
Calcium Green, Flou-3, Flou-4, CellTracker® Green, Rhodamine
123, MitoTracker® Green, LysoTracker® Green

® 559556

TRITC, Cy3®, Alexa Fluor®546, Alexa Fluor® 555, Alexa Fluor® 568,
Dylight™ 549, CF® 555, MitoTracker® Orange

® 21643

Cy5®, Cy5.5, APC, Alexa Fluor® 647, Alexa Fluor® 635, Alexa
Fluor® 660, Dylight™ 633, Dylight™ 649, CF® 633, CF® 647,
MitoTracker® Deep Red

Four-color Fluorescent Protein Filter Set

Wavelengths (nm)

Fluorescent | Suggested Fluorophores

Proteins
® 456450 CFP Pacific Blue™
FITC, Alexa Fluor® 488, Dylight™ 488, CF® 488,
® 461-489 GFP, EGFP Oregon Green 488, Calcium Green, Flou-3, Flou-4,

CellTracker® Green, Rhodamine 123, MitoTracker®
Green, LysoTracker® Green
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505-515 YFP Alexa Fluor® 532

Alexa Fluor® 568, Alexa Fluor® 594, Dylight™ 594,
563-588 mCherry MitoTracker® Orange, MitoTracker® Red,
LysoTracker®Red, CellTracker® Red

Seven-color Combined Filter Set

Wavelengths (nm) | Fluorescent | Suggested Fluorophores
Proteins

DAPI, Hoechst, Alexa Fluor® 350, Dylight™ 350, CF®
® 331399 BFP 350, Cascade Blue, Lucifer Yellow, AMCA,
CellTracker® Blue, all Qdot® nanocrystals

o 426-450 CFP Pacific Blue™

FITC, Alexa Fluor® 488, Dylight™ 488, CF® 488,

o 461-489 GFP, EGFP Oregon Green 488, Calcium Green, Flou-3, Flou-4,
CellTracker® Green, Rhodamine 123, MitoTracker®
Green, LysoTracker® Green

505-515 YFP Alexa Fluor®532
OFP, RFP, TRITC, Cy3®, Alexa Fluor®546, Alexa Fluor® 555,
® 559556 DsRed Alexa Fluor® 568, Dylight™ 549, CF® 555,

MitoTracker® Orange

Alexa Fluor® 568, Alexa Fluor® 594, Dylight™ 594,
563-588 mCherry MitoTracker® Orange, MitoTracker® Red,
LysoTracker®Red, CellTracker® Red

Cy5®, Cy5.5, APC, Alexa Fluor® 647, Alexa Fluor®
® 621-643 635, Alexa Fluor® 660, Dylight™ 633, Dylight™ 649,
CF® 633, CF® 647, MitoTracker® Deep Red

A critical advantage of using the InsightSSI Module for your DeltaVision system’s
broadband light source instead of the xenon lamp is speed. When mechanical
shutters are eliminated from the system, shorter exposure times can be achieved.

[ Note Additional high-speed polychroic options are available for the four-color
fluorescent protein InsightSSI and the seven-color InsightSSI.

LED Transmitted Light
An LED transmitted light source is also provided.
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LED Transmitted Light Source

Note Most of the DeltaVision light sources (the xenon lamp, solid state
illumination, or the LED transmitted light) can be used with the eyepieces or the
cameras. Lasers cannot be used with the eyepieces.

Desktop Components

Desktop Components include the flat panel display monitor, the keyboard, the
mouse, the keypad/joystick. DeltaVision includes a vibration isolation table.
personal DV includes a bench-top microscopy isolation platform.

Flat-Panel Display Monitor

All DeltaVision systems are equipped with Flat-Panel LCD monitors. These
monitors offer a very high level of performance in several areas pertaining to the
quality of displayed images, the most critical of which is contrast ratio.
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[ Note Forinstructions that show how to adjust the monitor, see the Flat-Panel
Display manual.

CAUTION: DeltaVision is configured to work with the monitor that is
included with the system. Other monitors are not necessarily supported.

The Keypad and Joystick

Many of the functions accessible through Resolve3D are also available on the
keypad/joystick (see Keypad/Joystick Operation on Page 322).

Vibration Isolation Table

Within the vibration isolation table is a breadboard surface that is supported by
mechanical vibration isolators. These components provide optimal performance
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without an external air source. The isolators are sized for the system weight as
delivered. If significant additional weight is added to the breadboard, higher
capacity isolation may be required. Contact Applied Precision for more
information.

[ Note The vibration isolation table is not included with personalDV. Instead,
personalDV includes a bench-top isolation platform to provide similar stability for
the microscope. The DeltaVision vibration isolation table is available for
personalDV as an optional upgrade.

Cabinet Components

[ Note The component cabinet is included with DeltaVision only. The cabinet is not
available for personalDV.

The cabinet contains all of the electronic control equipment and provides
surfaces for the keyboard and the Flat Panel Display. The front two wheels
should remain locked and the cabinet left in place. There are many cables
connecting the microscope that can be damaged if they are pulled. The standard
cabinet components are shown below.

—[ Keyboard/Mouse Tray

Workstation

Optional Laser
Module (QLM or X4)

Cabinet Components

I Note Configuration of DeltaVision cabinet components may vary slightly.
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Other

Instrument Controller / Microscope Interface
Chassis (IC/MIC)

The Instrument Controller (IC) is the portion of the computer that interfaces with
all of the microscope hardware (including the microscope stage motors, filter
wheel motors, and cameras). It coordinates all activities related to positioning the
stage and collecting images. Data from the camera feeds through the controller to
the workstation. The controller also receives instructions from the workstation
and issues commands to the motors through the Microscope Interface Chassis.

The Microscope Interface Chassis (MIC) side of the computer provides power
and control for the filter motors, stage drive, and shutters. It also contains the
Photo sensor, which is connected to the microscope through a fiber optic cable.

[ Notes

#1 The Instrument Controller / Microscope Interface Chassis has no user-
serviceable parts inside.

#2 Occasionally, you may need to replace fuses on the back panel of the chassis.
Consult Chapter 9 for a description of this procedure. Unless there is an obvious
reason why the fuse blew, you should contact Applied Precision Customer Service
when you need to replace fuses.

Workstation

The workstation hosts the softWoRx application that is the primary interface used
to control the system. The workstation can also provide a server for data storage
when used with the optional Data Management Software (DMS).

Note The workstation has no user-serviceable parts inside.

Standard Components

Other standard components include the Repeatable Slide Holder, the Slide
Holder Adapter, the Fiber Optic Module, and the keypad/joystick.

The Repeatable Slide Holder

The Repeatable Slide Holder holds the slide on the stage. It also allows you to
move the slide across the stage and to mark the slide position when you remove
the slide.

The ability to move the slide across the stage allows you to view the full slide on
the 1" x 1" stage area. With the slide held against the three brass locators by the
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Return Spring, you can use the Slide Adjustment Knob to move the slide
laterally.

Marking the position of your slide is useful when you are conducting a point
visiting experiment and you need to remove the slide before you are finished.
You can use the Position Indicator (the letter scale at the bottom of the slide
holder) to record the position of your slide. When you resume your experiment,
you can place the slide in the position that you recorded.

Brass Locators

Return 3
Spring ﬂ
i
Slide Y

Adjustment
Knob

e - ]Q‘?sition Indicator
:B

-

The Repeatable Slide Holder

L Note If you are using a Petri dish or any other format that is not similar to a 1" x 3"
slide, you will need to remove the Repeatable Slide Holder or use the Slide Holder
Adapter.

For more about using the Repeatable Slide Holder, see Finding a Specimen and
Recording its Slide Holder Position on Page 101.

Slide Holder Adapter

The Slide Holder Adapter holds a chambered coverglass. It is mounted on the
Repeatable Slide Holder. NUNC Lab-Tek™ |1 chambered coverglasses with
one, two, four, or eight wells are available. The Slide Holder Adapter also
supports Petri dishes from 25 — 40 mm in diameter.
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Slide Holder Adapter

Calibration Kit

The Calibration Kit is provided for calibration operations on the DeltaVision
system. The kit includes the following six slides:

e Three plastic fluorescent calibration slides — for flat-field calibration:

e Blue plastic (EX 408nm, EM 440 nm) — Good for DAPI, Hoechst, etc.
e Orange plastic ((EX 488nm, EM 519nm) — Good for FITC, GFP, TRITC,
CY-3% etc.
¢ Red plastic (EX 590nm, EM 650nm) — Good for CY-5%, etc.
e Silicon mirror slide — for light path alignment and troubleshooting.

e Silicon grid slide — for pixel size measurement.

e 100nm Rhodamine® bead slide — for PSF measurement.

The Fiber Optic Module

Use the Fiber Optic Module to align the light path from the fiber optic cable to
the Fluorescent Illuminator. This module allows you to adjust the tilt, horizontal,
and vertical orientation of the light path.

Fiber Optic Module
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The Tool Kit

A tool kit is provided with all DeltaVision systems that includes tools for
maintaining the system. This kit includes:

Ties and belts for suspending cables, screws, and other fasteners
Cleaning material (Q-tips and lens paper)

A hex wrench set (5/64" — 3/16")

A set of metric L keys (Imm -5mm)

A #1 Phillips screwdriver

A 5mm T Handle hex key

An acrylic bulls eye level

A micrometer nut wrench

An Applied Precision Hotline sticker

Software
All DeltaVision systems include softWoRx for Linux (1 copy).

Note DeltaVision systems can be ordered with a number of different software

configurations. Talk with your Applied Precision representative to determine the
best configuration for your applications.

softWoRXx

softWoRx is the Linux software application that runs the acquisition workstation.

The software allows you to perform the following tasks:

Acquire image data

Set up and run experiments
Deconvolve data

Measure point spread functions
Calculate optical transform functions
Process 2-D and 3-D images

Perform quantitative analysis
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Archive data
Configure task chains

Manage user accounts

Optional Components

You can purchase several optional DeltaVision components. Some options are

available for all DeltaVision systems, but many are available only for specific

DeltaVision models. Check with your Applied Precision representative for details.

The Environmental Chamber provides a controlled temperature environment
for live cell imaging. The chamber also supports CO: injection, which allows
you to control humidity and pH by maintaining a CO: flow over the sample.
For additional information about the Environmental Chamber, see Page 181.

Microtiter Stage for DeltaVision provides the system with the ability to scan
microtiter plates. For more details on the Microtiter Stage, see Page 120.

Additional Filter Modules can be loaded with custom filters or with the Live
Cell filter set to provide greater flexibility for your lab. For more information
about these Filter Modules, see Page 190.

The X4 Laser Module adds multi-line TIRF (Total Internal Reflection
Fluorescence) capabilities to your DeltaVision system. This is an optical
technique in which laser light is introduced to the microscope in a way that
limits fluorescence imaging to a thin area at the surface of the substrate.
Typically, the TIRF sample is only illuminated 100-200nm into the specimen,
resulting in an enhanced signal-to-noise ratio and increased imaging contrast.
With the module’s lasers, you can also perform Fluorescence Recovery After
Photo-bleaching (FRAP) analysis and other photokinetic experiments. For
more information on the X4 Laser Module and the TIRF technique, see X4
Laser Module and TIRF on Page 191. For details on FRAP analysis, see
“Analyzing Fluorescence Recovery After Photo-bleaching” in the softWoRx Imaging
Workstation User’s Manual.

The InsightSSI (Solid State Illumination) Module is a solid state light source
available for DeltaVision systems. The InsightSSI Module is available with
either a set of four filters for fixed cell imaging or a set of four filters for live
cell imaging, or seven filters for both fixed and live cell imaging. For more
information about the SSI Module, see InsightSSI ™ (Solid State Illumination) on
Page 170.
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u  The Evolve EMCCD-type camera is an optional camera that provides high
signal-to-noise ratios for low-light fluorescence, TIRF, or single molecule
fluorescence. For more information on the Evolve Camera, see Page 167.

m  The Multiplexed Wavelength module for DeltaVision includes a second
shuttered xenon light source and provides nearly simultaneous two-channel
imaging. For more information about the Multiplexed Wavelength option,
see Page 200.

m  The UltimateFocus™ Module is a tool for maintaining focus during an
experiment. After the operator has found the proper focus and marked a
point of interest, the UltimateFocus Module maintains focus during the
experiment. The UltimateFocus Module uses an infrared laser that follows
the illumination path and bounces off the cover slip/sample interface. The
reflected beam is evaluated and the software returns an offset to the Z motor
for automatic stage adjustment to maintain focus. The UltimateFocus Module
is optional for most DeltaVision systems. For more information on the
UltimateFocus Module, see Using UltimateFocus on Page 143.

®  Analysis Workstations include the softWoRx Linux workstation and the
softWoRx Suite Windows workstation. For further information on these
workstations, see Page 199.

®  Available software includes two optional modules for DeltaVision systems:
the softWoRx Explorer option and the softWoRx Suite advanced option. More
information on software options is provided on Page 201.

m A selection of Differential Interference Contrast (DIC) components are
supported by DeltaVision systems. For alignment and setup details, see
Differential Interference Contrast Module on Page 202.

m  The following optional objectives are tested by Applied Precision to ensure
that they meet our rigid quality standards.

Optional Objectives
U-APO 40X Oil, 0.65-1.35NA, 0.10mm WD

U-PLAN S-APO 100X Oil, 1.4NA, 0.12 WD
U-PLAN APO 60X W/PSF Water, 1.20 NA, 0.25mm WD

The following subsections describe each of the optional DeltaVision components.

The Environmental Chamber

Environmental control is an essential factor in live-cell microscopy or any other
type of experiment requiring system stability. Focus instability can be difficult to
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resolve for critical experiments. Small changes in ambient temperature can lead
to thermal expansion or contraction in the microscope stand, the stage, or the
objective. These subtle changes can completely shift the optimal plane of focus.
The Environmental Chamber is designed to precisely control temperature and
CO:z levels making it ideal for long term time-lapse applications and high-
resolution imaging.

\

: | .
Environmental Chamber - Opaque

Environmental Chamber - Transparent
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The Environmental Chamber includes a temperature controller, a CO:
humidifier, and a CO2 chamber. This Applied Precision-designed product is
generally installed by a trained Applied Precision service representative.

Basic Environmental Chamber Components

Use the functional descriptions in this section for a basic understanding of the
utility provided by the Environmental Chamber option installed on a DeltaVision
system.

Temperature Controller

The power switch for the temperature controller is on the back panel next to the
power cord connection (see below). This switch controls the main power for the
fan, the heater, and the microprocessor controller.

Temperature Controller Power Switch

The Heater Switch on the front panel of the temperature controller controls only
the heater. When the Heater Switch is off and the Power Switch is on, the fan and
microprocessor controller are still powered.
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Heater

. Fan Control
Switch Knob

Heater Switch and Fan Control Knob

The temperature controller is preset for use with DeltaVision Environmental
Chamber by default. The out-of-the-box settings for the PID controller should not
be changed. All testing and calibration have been performed using the preset
configuration.

CAUTION: Changing the settings on the PID controller from the default
configuration may cause problems when using the device for the Environmental
Chamber on a DeltaVision system.

Fan Control Knob

The Fan Control Knob on the front panel adjusts the airflow rate from 20 to 50
cubic feet per minute. A lower flow rate can provide quieter operation and may
be suitable for some applications. In order to keep the temperature more even
throughout the Environmental Chamber, however, a higher flow rate setting is
generally recommended. A higher fan speed setting will generate more air flow
within the environmental chamber so that the temperature in the chamber
remains more uniform.

Important Itis recommended that, for normal use, the Fan Control Knob is set to
the middle of the full range of the knob’s rotation and that you wait
approximately 3 hours for the Environmental Chamber to stabilize before
beginning any imaging tasks.
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WARNING: Avoid blocking the airflow. Although a built-in thermal cutoff switch

A in the temperature controller is designed to reduce the hazard, a fan failure or
obstruction in the airflow has the potential for overheating the system and
damaging the DeltaVision system or even causing a fire.

CO2 Humidifier

When filled with pre-warmed water, the CO. Humidifier contains enough water
to last for seven days of continuous use. The CO: Humidifier can be cleaned with
any of the following: lab soap (such as Alconox), 70% Ethanol, or 10% bleach.

Flowmeter

The Flowmeter for the Environmental Chamber controls the flow of air in and
out of the chamber. Users will need to provide premixed air cylinders for the
Environmental Chamber. The Flowmeter provides a flow range from 1.3 ml/min
to 5.8 ml/min. The Flowmeter should be set so that bubbles are slowly emerging
from the stone, similar to the bubbles in carbonated soda.
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FLOWMETER READING
§TP

SCALE | [mL/min]
65

5
5.
5.
4,
4,
3.
3.
3.
2,
2
1
1
1

LDhdwaOoOwEwNOW

Flowmeter

A CAUTION: The maximum inlet pressure for the Flowmeter is 200 psi, however,
the fittings have a maximum pressure of only 145 psi.

CO2 Chamber

The CO:2 Chamber fits directly over the sample area and provides COz to the
sample during imaging. Place the chamber over the sample before imaging.

The CO2 Chamber is not attached in any way to the DeltaVision stage however,
proper orientation of the CO> Chamber is essential for successful imaging. The
CO:z input tube should be on the right side (as shown below) and the chamber
should be flush with the silver block on the left side.
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The CO; input
tube must be of i
the right side.

Insert the
temperature probe
though the cutout.

The edge of the
cover rests against
the silver block.

CO2 Chamber - Positioning

When you use the CO2 Chamber, the temperature probe must be relocated from
its stand near the transmitted light tower and inserted through the cutout on the
left side of the chamber as shown.

Temperature Probe lead i

inserted into the CO2 Chamber
at the left back side. Temperature Probe

CO2 Chamber - Temperature Probe
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[ Note Using the CO2 chamber limits the use of the Repeatable Slide Holder. With
the CO2 chamber installed, some of the detent positions are not available.

The CO:2 chamber for the Microtiter Stage (see next section) is larger to
accommodate a microtiter plate, but otherwise is set up with the same method
used for the standard CO: chamber.

Microtiter Stage CO2 Chamber

Air Filter
The Environmental Control System is equipped with an intake air filter. This
tilter is removable and cleanable. You are advised to clean this filter every six
months.

Filter Box

L o

"'} .

Heater Filter Housing

To remove and clean the air filter:

1. Turn off the heater.

2. The filter can be removed from the filter box without removing the filter
box from the heater. If desired, remove the filter box by pulling it away
from the heater. Magnets hold the filter box in place.
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The filter box is
held in place
by magnets.

Simply pull out

to remove.

Removing the Filter Housing
3. Slide the filter out of the filter box as shown below.

T P
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Removing the Filter
4. Using a vacuum cleaner, thoroughly clean the filter mesh.
5. Reinstall the filter and box in reverse order of removal.
6. Continue with normal operation of the system.
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The Microtiter Stage Option

The addition of a Microtiter stage to a DeltaVision system enhances the imaging
system’s capability by providing the ability to scan microtiter plates. With a
Microtiter stage on a DeltaVision system, you can design a plate scan by
generating a point list that corresponds to the nominal center point of each well
of interest, and then defining how the wells are to be sampled.

The model used for sampling plates is a matrix of N rows by M columns of
panels. Each panel can be a Z stack, a single Z, or an OAI (optical axis integration)
scan. The panels can be separated by spacing defined through the software. You
can specify autofocus for each individual well, or for every panel/stack within
the matrix. You can also set up parameters to specify the autofocus sampling
range that represents the well-to-well and panel-to-panel variability of the focal
plane.

Microtiter Stage for DeltaVision Systems

For instructions on basic operation of the Microtiter Stage option, refer to “Using
the Microtiter Stage Option” on Page 120.

Additional Filter Modules

You can purchase additional DeltaVision filter modules and use them to quickly
change the filter sets to meet different imaging requirements.
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You can purchase a Live Cell Filter Module that is preloaded with four filter sets
that are commonly used for live cell imaging. You can also purchase empty filter
modules and insert customized filter sets into those modules.

TIRF/PK Module

The TIRF/PK Module provides the ability to add a laser beam into the optical
path of the DeltaVision microscope. A laser beam is introduced into the back
aperture of the microscope objective to provide a focused illumination spot in the
center of the optical field. With lasers attached (like the DeltaVision X4 Laser
Module), users can design photokinetic experiments and TIRF (Total Internal
Reflective Fluorescence) experiments. TIRF is an imaging method that offsets the
laser excitation light slightly off-axis using a special TIRF-based objective. The
excitation light emits from the objective at a shallow angle, enters into the cover
slip, and bounces inside the cover slip creating an evanescent field of
fluorescence. The TIRF/PK Module is optional for the DeltaVision system and is
offered in three varieties: TIRF/PK, TIRF only, and PK only.

X4 Laser Module

The X4 Laser Module houses up to four lasers. The lasers are enclosed in a rack-
mounted module that fits in the cabinet. All lasers in the X4 Laser Module are
active at the same time and controlled with electronic shuttering. Light is
directed from the lasers to the light path through the Laser Optic module that
mounts on the back of the Fiber Optic module.

If your system has the X4 Laser module, you can use softWoRx to run
Photokinetic laser-based experiments and/or TIRF (Total Internal Reflection
Fluorescence) experiments.

Laser Safety using the X4 Laser Module

The laser interlock is attached to the port selector knob on the front of the
microscope. When the port selector is set to the eyepieces, the laser shutters are
prohibited from opening. Only when the port selector knob is set to the Camera
port will the laser shutters open.

For complete information on laser safety and proper labeling for the X4 Module,
refer to Appendix F, Lasers and Safety Issues.
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Port Select knob
currently set to
Camera

Indicator lights for
UltimateFocus and the X4
Laser Module
(Indicater illumination will
depend on which options are
installed and configured.)

The port selector knob and the UltimateFocus and X4 Laser Module indicator
lights are shown on the front of the DeltaVision microscope.

For more information on the X4 Laser Module and the TIRF technique, see X4
Laser Module and TIRF.

Using the X4 Laser Module

The X4 Laser Module can contain up to four lasers. All of these lasers can be
active at the same time to allow for extremely fast sequential activity. When
using any or all of these lasers, your first task should be to check their status.

You can view and adjust the status of all available lasers from the Resolve3D
Settings window, in the Lasers tab. The lasers are displayed with one of four
levels of status:

m  Off — The laser is not in use and is in rest mode. The laser may enter rest
mode if it has not been used for a specified period of time. In this mode, laser
lifetime is preserved.

= Stabilizing — The laser is coming up to full power. The length of time for
each laser to stabilize at full power will vary between 5 and 25 seconds.

m  Ready - The laser is now available for use.
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m  Locked - The laser interlocks are open, prohibiting all laser function (for
example, the eyepiece port is selected).

Fsssbsaings
Display | Files | Imaging | Wumination | Autofocus Lasm]me]
— Laser Status

hodule Status IEOn onnect
Laser IW 405 I W 488 EE:I W 5an

(Status |Rea Rea Off | Stabilizin '1-— Status is displayed
[y - -dl—--l;——dy-——-_-—--—--_--—g--' for all lasers.
Power (%) [50 50 50 '
— PhotoKinetic Laser Tests

Laser to test | 488 LI | Show spot alignment target
Image The Spot | Continuous | (Splitter: 50% PK <-> 50% TIRF)

% Bleach Background

Do Test Bleach I' I

~TIRF -

Multi-line TIRF Settings... |

Done | Save Settings . - Helut

Resolve3D Settings Window | Lasers tab showing status for all four lasers

Activating a Laser:

» Click the checkbox next to the specific laser to enable/disable emission.

Setting Laser Power:

P Laser power is displayed as a percentage of the full power of each laser.
Adjust the laser’s power by entering a numerical value.

X4 Laser Module and TIRF

With the X4 Laser module, you can use softWoRx to run Photokinetic laser-based
experiments or TIRF experiments. The module houses up to four lasers and all
lasers can be active at the same time and controlled by electronic shuttering.

TIRF is an optical sectioning technique that limits fluorescence imaging to a thin
area at the surface of a specimen, typically restricted to a depth of only 100 —
200nm, resulting in an enhanced signal-to-noise ratio and increased imaging
contrast.

This technique uses a simple law of physics to improve biological imaging. When
light passes from a medium of high refractive index to a medium of low
refractive index and the angle of incidence is greater than or equal to the critical
angle, the light will reflect off of the interface and not actually enter the second
medium. Under these conditions, an electromagnetic wave traveling
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perpendicular to the interface is created. This electromagnetic wave has the same
wavelength as the light that created it and decays very rapidly in the direction of
the optical axis such that most of the energy is lost within a couple of hundred

nanometers of the interface. This electromagnetic wave is known as an evanescent

wave.
/ Specimen
Evanescent Wave
e —a — /
-— "
100 - zonnm—l_: F, < Cover Glass
S
Immersion Qil

Objective

/' ‘\ Reflected light

(shunted away from
the emissions filter)

Excitation Light

If there are fluorescent molecules in close proximity to the interface, and these
molecules are capable of absorbing the wavelength of the evanescent wave, then
these molecules (known as fluorophores) will become excited and fluoresce. Since
the evanescent wave decays rapidly, molecules that are more than about 200nm
from the surface of the interface will not be sufficiently excited to fluoresce.
These molecules contribute to neither the signal nor the background (noise)
fluorescence.

For TIRF slides, the sample must be grown on a glass cover slip and the sample
is bathed in a water-based buffer with a refractive index of approximately 1.33.
The glass cover slip typically has a refractive index of about 1.518. When light is
introduced from the cover slip to the buffer at an angle that is greater than about
61°, the light reflects off the glass-water interface and establishes an evanescent
wave that will travel into the buffer. Fluorophores close enough to the interface
and that can be excited by the evanescent wave will generate fluorescence that is
then detected through the objective lens.
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Slide
Specimen
\ Evanescent Wave
e N T T T T |
e°o° e g’ Excited
s = Fluorophores
]

, — Tan
over lass : /f ' Objective
m A In order to generate an ! -
: ] Reflected Light |
i ¥

evanescent wave, the
reflective angle must be
greater than or equal to
the critical angle.

TIRF-specific Laser Safety Considerations

Due to the TIRF illumination optics, the light being emitted from the DeltaVision
objective is collimated and has high power density. The TIRF system also has the
ability to direct this light to sharp off-axis angles relative to the objective axis.

Imaging Using TIRF

To generate a TIRF image:

3. Locate the sample through the eyepieces using widefield fluorescence.
4. From the Resolve3D Settings window under the Lasers tab, click the Multi-
line TIRF Settings button near the bottom of the window.

Display | Fies | Imaging | Mumination | Autofocus a‘.'asersl Mise |
- Laser Status -

Module Status iEOn onnect
Laser W 405 W 488 W 581

status [Ready [Ready Off [stabilizing
~ Power (%) [isu _|Esc| j
PhotoKinetic Laser Tests

Laser to test | 488 l[ _| Show spet alignment target
Image The Spot | Continuous | (Splitter: 50% PK <-> 50% TIRF)

% Bleach Background . -
. Click the Multi-line

Do Test Bleach | | i ___ -4 TIRF Settings
- TIRF — button.

1 Nidit-ine TIRF Setings. [/

i Done | Save Seftings | -

Y

04-720160-000 Rev B/0212



196 DeltaVision System User's Manual

The Multi-line TIRF Settings window is displayed.

R4 Multi-line TIRF Settings Activate the radio
—TIRF Depth — button next to the
desired laser.

405 [immng

A 71zs [ = >

_)514

) 561 [mung
. ;
iTd ﬁdjust channels independently

Activate the Adjust
Channels Independently
checkbox to make separate
angle adjustments to

Block | Epifucrescence | Restore TIRF Depth | | individual wavelengths.

— Back Aperture Focus For Current Lens

- Deactivate the
— Laser Path Splitter —~) Locked checkbox
v v | H
|§0% PK M o B p= i;so% TIRF | to unlock the Back
I_Done | Acguire | Continuous Acquire | HEJU Aperture Focus.

5. Activate the radio button next to the laser you want to adjust.

6. (Advanced only — not required): Activate the Adjust Channels Independently
checkbox to make unique angle adjustments for each wavelength (channel).

7. (Advanced only — not required): In the Back Aperture Focus For Current Lens
field, deactivate the Locked checkbox to release the slider tool for use. By
default, this checkbox is activated (slider is locked).

8. From the Resolve3D main menu, use the Acquire button with the Z control
to adjust the focal plane.

When you control the incident angle of illumination, an evanescent field is
generated. Adjusting the angle changes the depth of light penetration into the
sample.

You can adjust all laser angles together, or you can adjust them separately when
you activate the Adjust channels independently checkbox.

9. Adjust the TIRF angle as follows:

e Coarse adjustments are made to the TIRF angle by dragging and
dropping the box in the slider bar using the left mouse button. An image
is acquired when the mouse button is released.

¢ Fine adjustments are made to the TIRF angle by clicking the arrows on
either end of the slider bar or by using the left or right arrows on the
workstation keyboard.

10. To illuminate the sample and not generate an evanescent wave, click the

Epifluorescence button.

11. To return the laser to that last incident angle used, click the Restore TIRF

Depth button.
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12. Adjust the slider for the Laser Path Splitter to determine the amount of light
to send to the TIRF light path.

Mg Multi-line TIRF Settings

Click the Epifluorescence
button to illuminate the

1L~ sample and not generate

— TIRF Depth
) 405 [k o

an evanescent wave.

& 4s8[o.
)53z

861 [l :
¥ Adjust channels indepa

Click the Restore TIRF
| Depth button to return
.~ the laser path to the last

incident angle used.

‘ Adjust the Laser Path

— Back Aperture Focus For Current Lens -

— Laser Path Splitter-

|un M Ty P

|:§o% PK !-:-, ______ = =g _"_'_'__?!jso% TIRF |
I_D:me | Acguire | Continuous Acquire | Heip_“

7 Splitter slider to indicate
| how much light should

go to the TIRF light path.

Photokinetic (PK) Experiments

A template within softWoRYx, in the Resolve3D Design/Run Experiment window
contains basic photokinetic experiments such as FRAP (fluorescence recovery

after photobleaching).

To run a basic PK experiment:

1. Click the Experiment button in the Resolve3D main menu to open the

Design/Run Experiment window.
2. Select the Design PK Experiment tab.

3. On the Laser Events tab, select the desired laser for the drop-down menu.
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Experime ‘nzéna?[aémveanm

Laser Modyk Settings I

B Design/Run Experiment: * (modified) Select the Laser _._x]
File /| Events tab.
= Use the drop-down
EZJ @J ® list to select a laser.
Design Experiment /Design PK Experiment ] Bun Experime, I

Enter the number of
laser event(s) and the

'caserfwmsi Imaging | Repetit I
—Laser Event Settings -

Number of events

Bleach event motion Optlmlze for Position g ’_v_I

-~ Create Bleach Events Even ifi

n ® | /l Active set | A - Red ~| I

Pattern Spacing |20 W Show Event Graphics

duration of the event(s).

Select to optimize the
stage movement for
speed or position.

In the Event pattern
field, select Use Bleach

Laser channel |405 | Refresh

Event pattem Lse Bleach Event Specification

Select a bleach event
pattern by choosing the
spot, line, or polygon tool.

To generate multiple bleach events, the stage moves the sample to the site of
laser activity. You can optimize this motion for either speed or position.
When Optimize for Position is selected, the stage goes through an LMC
(Lost Motion Compensation) move to achieve the most accurate position.
This move takes more time than when Optimize for Speed is selected.
Bleach events occur at either the center point of the field of view or in a
specified position. Select Use Bleach Event Specification in the Event
pattern field.

In the Create Bleach Events section of the window, select an event pattern by
choosing the spot, line, or polygon tool.

Click on the image in the Data Collection window to generate the selected
bleach pattern.

Click on the Imaging tab to select the Channel Setup (exposure time,
wavelength, and illumination source settings) and Time Course
Specification conditions.
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Select the Imaging tab.

b Design/Run Experiment: '(m<

Enter the exposure time
from the drop-down list.

File

T

Select appropriate light source
from the drop-down list.

gl ¢ ®e
Design Experiment Des;gn/WmM

Experiment name |:Resolve3E)F’

Laser Module Settings...

1 A 007

Time Course Specification -

Time course style lAdapﬁue Time Intervals

Mark event time [_At the End of the Event

Pre-event images |3
Pre-event image time interval [0.500  Postey
Expected Half-time |11.000

Post-event images [[32

=

\

Select the emission filter

from the drop-down list.
1l

Select the percent (%)

neutral density value to use.
%T Shul e

s
E)(

Refresh

Select EX from the
drop-down list.
11

Select the appropriate time

course specification from
the drop-down list.

9. When you select the Time course style, the drop-down list presents three

choices:

Adaptive Time Intervals — allows you to select the total number of

images to be collected. Images are collected faster after the bleach event

and then slower over time.

Uniform Time Intervals — allows you to select the total number of images

collected, as well as the time interval between images. The value in the
Experiment Duration field is calculated based on these factors. Also, if
you change the value in the Experiment Duration field, the Post-event

images field automatically updates.

As Fast As Possible — collects the images in rapid succession with no

time-lapse interval. For this style, you enter only the total number of Post-

event images.

The UltimateFocus® Module

After the operator has found the proper focus and marked a point of interest, the
UltimateFocus Module maintains focus for that point during the entire
experiment. The UltimateFocus Module uses an infrared laser that follows the
illumination path and bounces off the cover slip/sample interface. The reflected
beam is evaluated and the software returns an offset to the Z motor for automatic
stage adjustment to maintain focus. The UltimateFocus Module is optional for a
DeltaVision system. For more information on the UltimateFocus Module, see
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Using UltimateFocus®on Page 143. For complete information on laser safety and
proper labeling for the UltimateFocus Module, refer to Appendix F, Lasers and
Safety Issues.

Analysis Workstations

You can purchase additional softWoRx Linux analysis workstations.

The softWoRx Linux workstation includes all of the softWoRx Analysis modules,
including 3D Visualization tools, Colocalization, Fluorescence Resonance Energy
Transfer (FRET) Analysis, Fluorescence Recovery After Photo-bleaching (FRAP)
Analysis, Intensity and Distance Measurement, and Modeling.

Multiplexed Wavelength Module

The optional Multiplexed Wavelength module for the DeltaVision systems allows
you to perform nearly simultaneous two-channel imaging without the
drawbacks associated with true simultaneous two-channel imaging. This option
uses two shuttered illumination sources and a dual-band emission filter to
eliminate filter wheel movement between channels, and therefore greatly
reduces the time required for the DeltaVision system to acquire a set of two-
channel images. The combined light path ensures no registration artifacts are
introduced and independent excitation of probes helps to ensure minimal
crosstalk.

= Secondary Light Path

4.position

EX2 Filter Filter Mumination —_| 1. 100% mirror
Shutter Slot 1 Slot 2 Beam Combiner 2. 50i50 beam combiner
E E 4 3. 450 long pass filter
4 500§ filts
@ Lal‘l‘lp 2 E g / '\ skl !
@ Lamp 1 E a Combined Light Path
E g *.100% (Fiber optic cable)
EX1 ND EX Mirror
Shutter Filter Filter
=% Primary Light Path Wheel Yhioe!
Combined Light Path
(Fiber optic cable)
+— Objective
1. Quad
G-position 2. EGFP/mCherry
lllumination Optics +— Dichroic — | 3. CFR/YFP

Turret

+— Dual-band
EM Filter

+— Detector

Conceptual View of Multiplexed Wavelength Functionality
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Before you use the Multiplexed Wavelength option, you must first have it
installed and configured correctly. Your Applied Precision representative will
assist you in setting up this option and help you ensure that all hardware and
software to support Multiplexed Wavelength functionality is installed properly.

After the option has been installed and configured, the menus, tools, and other
infrastructure necessary to use the feature will be available on your workstation.

Software

softWoRx Explorer

softWoRx Explorer is a cross-platform image viewer that is available for many
commonly used operating systems.

softWoRx Explorer allows you to view and explore DeltaVision images and images
from other sources that contain spatial, temporal, and spectral ranges. In
addition to displaying data in the X and Y plane, you can scroll through Z
sections and time-lapse data. Individual spectra (i.e., channels or fluorescent
wavelengths) can be hidden or displayed in a variety of colors.

softWoRx Suite for Windows Option

softWoRx Suite is a Windows-based ensemble of software developed by Applied
Precision in collaboration with Bitplane AG. It provides sophisticated multi-
dimensional data visualization, analysis, image restoration, image correction,
and image viewing management, all within an easy-to-use streamlined browser
interface.

softWoRx Suite Advanced Option

The Advanced Option for softWoRx Suite includes two sophisticated analysis
teatures: 4-D Particle Tracking and ImarisColoc. softWoRx Suite Advanced Option
is offered by Applied Precision in collaboration with Bitplane, AG.

4-D Particle Tracking allows users to observe temporal changes of objects. This
tracking module offers a choice of methods for both detection and tracking and
allows analysis and measurement of various object properties.

The Colocalization feature enables users to easily isolate, visualize, and quantify
regional overlap in 3D and 4D images. Results can be presented in two ways—as
anew 3D or 4D channel or as a statistical report.
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softWoRx DMS

softWoRx DMS (Data Management Solution) provides a functional infrastructure
for the storage of biological images and their associated metadata in a centralized
database. Like softWoRx Suite, softWoRx DMS includes the Browser and the
Explorer programs, but unlike softWoRx Suite does not have the ability to
perform any type of image processing. The DMS product actually has two
distinctive parts. One part is a DMS Server and the other part is represented by
the DMS clients.

A DMS Server is made up of a specific configuration of the centralized database.
The DMS clients are the different programs and methodologies of accessing the
image data within the centralized database (ie. softWoRx, softWoRx Suite, and
softWoRx DMS).

Differential Interference Contrast (DIC) Module

Differential Interference Contrast (DIC) microscopy is a method for imaging
unstained live or fixed specimens that may appear nearly invisible with
conventional brightfield microscopy. The resulting image looks as if the
specimen is casting a shadow to one side.

DAPI U DIC MERGED

The shadow primarily represents a difference in the refractive index and
thickness of the specimen rather than its topology. With this method of imaging,
a DIC prism (known as a Wollaston Prism) splits an incident beam of plane-
polarized light so that one part of the beam passes through one region of the
specimen and the other passes through a closely adjacent region. A second prism
then reassembles the two beams. Minute differences in the thickness or in the
refractive indices between adjacent parts of a sample are converted into bright
regions (if the two beams are in phase when they recombine) and dark regions (if
they are out of phase).
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DIC Image Samples

DIC microscopy has proven to be a very important technique for observing even
very small objects, such as single microtubules (after digital enhancement) or
acquiring useful reference images in combination with fluorescence images from
the same focal plane.

DIC Optics

The arrangement of the four essential DIC optics in the order of their location in
the optical pathway from the transmitted light source to the image plane include:

e A polarizer in front of the condenser to produce a plane polarized light
source.

e A condenser DIC prism mounted close to the front aperture of the condenser
to act as a beam splitter.

® An objective DIC prism mounted close to the back aperture of the objective
lens to recombine the two beams in the objective back aperture.

e Ananalyzer to “analyze” rays of plane and elliptically polarized light coming
from the objective and to transmit plane polarized light that is able to
interfere and generate an image in the image plane.

The following illustration shows the basic layout for DIC.
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DIC Overview

T

¢ Light to
- Eyepieces

ANCIYZEr m—

2 - Objective
= Woallasten
{Nomarski) Prism

Objective—Ip- ) Orthogonal
: __ — Sheared

Specimen b4 — = Loht

Poide. —> : Weves

Condenser

Condenser
Wellaston
(Nomarski) Prism

—_—-} ff— Polarizer

Light from

= Semi-coherent
Source

Installing the DIC Module

The DIC module is installed into the yoke on the DeltaVision system’s transmitted
light pillar.

To install a DIC module on a DeltaVision system:.

1. Align the pin on the back of the DIC condenser with the slot on the inside of

the yoke.
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Alignment Pin is

located on the | Alignment Slot
back of the DIC |§ ¥ ) is located on

Condenser. - the inside of
the yoke.

2. Tighten the locking knob on the right to fix the condenser in place.

Transmitted
Light Field Stop
Aperture

Condenser Polarizer
Adjustment Knob

Condenser
Centering Knob

Condenser

Polarizer Slider Condenser

Locking Knob

Condenser
Centering Knob

Overview of DIC Controls
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Aligning the DIC Module

To acquire successful DIC images, it is necessary to properly align all of the DIC
components. The alignment process includes setting up Koéhler Illumination for
the transmitted light source as well as crossing (aligning to 90 degrees) the
Condenser Polarizer with both the Emission Polarizer and Eyepiece Polarizer.
The Condenser Polarizer is left stationary and the other two polarizers are
oriented according to the Condenser Polarizer’s position. To accomplish this, you
will first remove the Eyepiece Polarizer and use it to find the proper position for
the Emission Polarizer. When satisfied with the position of the Emission
Polarizer in relation to the Condenser Polarizer, you then replace and cross the
Eyepiece Polarizer with the Condenser Polarizer.

To set up Kéhler lllumination:

1. Move the Condenser Polarizer slider to the Blank position, as shown.

Move the Condenser
Polarizer Slider to
the Blank position.

In this case,
Position5is a
blank position.

Rotate the Condenser
Prism Turretto a
blank position.
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3. From beneath the right underside of the microscope stage, remove the
Principal Prism Slider from the light path, as shown.

Removing the Principal Prism Slider from the Light Path

[d Note Itis not necessary to completely remove the Principal Prism Slider from the
system. The slider clicks into place in both the In and Out positions.

4. Using the smallest magnification objective available, mount a specimen slide
and focus on the specimen using either brightfield or fluorescence.

[ Note with higher magnification objectives, 60x or greater, it may be difficult to
see the edges of the Transmitted Light Field Stop Aperture.

5. Move the Transmitted Light Field Stop Aperture to the Closed position.

DeltaVision

Close the Transmitted
Light Field Stop Aperture

6. Use the DeltaVision keypad to open the Transmitted Light Shutter.

7. Observe the specimen through the oculars while turning the Condenser
Focus Knob. You will see the Transmitted Light Field Stop Aperture
encroaching on the image as you get close to the focal point. Keep focusing
the Condenser until the edges of the Transmitted Light Field Stop Aperture
(the blades of the iris) are in sharp focus.
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Ed Note If you lose light as you approach the focal point, you’ll probably need to
re-center the condenser until the entire field becomes bright, and then continue
focusing.

Field of View

Transmitted Light
Field Stop Aperture

If you cannot see the entire iris while moving the Condenser Focus Knob, it
may be necessary to alter the centering before you are able focus on the edges
of the iris.

¢ Center the Transmitted Light Field Stop Aperture within the field of view
using the two Condenser Centering Knobs.
e Repeat this step as necessary to achieve optimum focus and alignment.
8. After the DIC Condenser has been focused and centered, move the
Transmitted Light Field Stop Aperture toward the Open position until the
aperture is just out of view.

The DIC Module will remain in Kohler alignment when different objectives are
used, however, you'll need to adjust the Transmitted Light Field Stop Aperture
(opened or closed to keep the aperture just outside of the field of view) for each
different magnification. Also, focus can change when moving the DIC condenser
so it’s important to check Kohler illumination frequently.

Before you proceed to crossing polarizers:

If you are able to verify maximum extinction as follows, you may not need to
perform the procedure for crossing the Emission Polarizer with the Condenser

Polarizer:
e Verify that both the Condenser Polarizer and the Emission Polarizer are
in the light path.

e Acquire an image. Adjust Exposure Time and %T to obtain maximum
intensity between 500 and 1500 counts.

e Acquire images continuously (File | Continuous Acquire) as you slowly
move the Condenser Polarizer Adjustment knob until the lowest
maximum intensity is reached. This point is maximum extinction. This
point should be close to the center of the knob’s travel, with the
maximum intensity increasing on either side.
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L Note If a minimum intensity (maximum extinction) cannot be found, the
orientation of the Emission Filter Wheel must be adjusted as described in the following
procedures.

e If you are able to attain maximum extinction, tighten the Condenser
Polarizer Adjustment knob to lock the polarizer in place at that position.
If this is the case, you will not need to cross the Emission and Condenser
Polarizers. Skip the following section and continue with the procedure for
crossing the Eyepiece Polarizer with the Condenser Polarizer.

To cross the Emission Polarizer with the Condenser Polarizer:

1. Remove any specimens from the stage and clean the objective.

2. Set the Eyepiece and Emission filter wheels to the Polarizer position.

3. Remove the Eyepiece Polarizer from the Eyepiece filter wheel. (See Changing
Filter Wheel Modules on Page 225 for illustrated details on removing the
Eyepiece assembly.)

e Support the white Eyepiece assembly and use a 3mm hex key to remove
the Eyepiece assembly from the Eyepiece Filter Wheel. Set the Eyepiece
assembly aside. Leave the Eyepiece Filter Wheel attached to the
microscope base.

Removing the Eyepiece

e Carefully remove the Polarizer from the Eyepiece Filter Wheel and set it
aside. Be careful not to touch the surface of the filter.
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Removing the Polarizer from the Eyepiece Filter Wheel

¢ Leave the white Eyepiece assembly off for now.

4. To gain access to the Emission Filter Wheel, remove the camera by pushing in
and pulling up on the camera end as shown. Refer to Changing Cameras on
Page 221 for removal details.

Removing the Camera

5. Using a 3mm hex key, loosen the set screw to remove the Emission Filter
Wheel assembly.

[ Note Leave the Emission Filter Wheel Motor Cable connected, but use care not
to strain this connection.
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Emission Filter Wheel
Motor Cable (to IC/MIC)

" Filter Wheel
Set Screw

Removing the Emission Filter Wheel
6. Using the Condenser Polarizer Slider, move the Condenser Polarizer into the
light path. Move the Condenser Polarizer Adjustment Knob into the center of
its travel and tighten the knob to secure it.

Condenser Polarizer

Adjustment Knob | Move the Condenser Polarizer Adjustment

| Knob to the center position and tighten.
L — —

—-—!-.-—; a

7. Verifty that the Condenser Prism Turret is in a blank position and that the
Principal Prism Slider is not in the light path.

8. Switch the Port Selector on the microscope to the Camera 18 icon.
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) \

Switch the
Port Selector

LASER EMISSION INDICATORS

JitimateFocus

9. Adjust the T% to 50% and turn on the transmitted light.

10. Hold the Eyepiece Polarizer you removed in Step 3 in front of the camera
side port and rotate the polarizer until maximum light extinction occurs.
Note the orientation of the dots on the rim of the polarizer. This is the correct
orientation for the Emission Filter Wheel Polarizer.

—_—

Dot markers
on eyepiece
polarizer

11. Use a Phillips screwdriver to remove the top plate from the Emission Filter
Wheel assembly.
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Removing the Emission Filter Wheel Top Plate

I Note Eight Phillips screws hold the EM filter cover in place. Some of the screws
are located beneath the foam collar.

12. Holding the filter wheel in the same position in which it will be installed on
the system, rotate the Polarizer within the Emission Filter Wheel until the
orientation of the dots matches those determined for the Eyepiece Polarizer.

View the dot marker
position from the
opposite side of the
EM Filter Wheel.

oy

Rotate the polarizer inside 3*
the EM Filter Wheel.

p—
L -

13. Reassemble the Emission Filter Wheel and reinstall the unit back onto the
microscope. Adjust the Filter Wheel Support Screw so that the Emission Filter
Wheel rests on the screw at maximum extinction as observed through the EM
filter.
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Adjust the Filter Wheel
Support Screw so the EM filter
wheel rests on the screw at

maximum extinction.

& =
B e

14. Repeat Steps 10 — 13 to align any additional filter wheels.

Note When aligning additional filter wheels, make sure the filter wheel rests on
the Filter Wheel Support Screw, but Do NOT adjust the Filter Wheel Support Screw
to achieve maximum extinction. You must rotate the Polarizer within each filter
wheel assembly.

15. Move the camera back into its operating position on the DeltaVision system
and verify extinction as follows:

e Verify that both the Condenser Polarizer and the Emission Polarizer are
in the light path.

e Acquire an image. Adjust Exposure Time and %T to obtain maximum
intensity between 500 and 1500 counts.

e Acquire images continuously (File | Continuous Acquire) as you slowly
move the Condenser Polarizer Adjustment knob until the lowest
maximum intensity is reached. This point is maximum extinction. This
point should be close to the center of the knob’s travel, with the
maximum intensity increasing on either side.

Note If a minimum intensity cannot be found, the orientation of the Emission Filter
Wheel must be adjusted.

e Tighten the Condenser Polarizer Adjustment knob at maximum
extinction.

To cross the Eyepiece Polarizer with the Condenser Polarizer:

1. Return the Eyepiece Polarizer to the Eyepiece Filter Wheel with the arrows
facing away from you.
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Replace eyepiece
polarizer filter with
arrows facing
downward.

2. Switch the Port Selector on the front of the microscope to the Eyepiece <©
icon.

Switch the
Port Selector

to Eyepiece.

LASER EMISSION INDICATORS

3. Asitrests in its holder, rotate the Eyepiece Polarizer until maximum
extinction is achieved.

04-720160-000 Rev B/0212



216 DeltaVision System User's Manual

Rotate eyepiece polarizer
filter within the eyepiece
filter wheel to achieve
maximum extinction.

=

4. Return the white Eyepiece assembly to the Eyepiece Filter Wheel on the
microscope base and tighten with a 3mm hex key.

Reconnecting the Eyepiece

Setting Up DIC

After you have completed all of the DIC alignment tasks described previously,
you are ready to perform the DIC setup procedure.

To set up DIC:

1. Verify that all three of the polarizers (Condenser, Emission, and Eyepiece) are
in the light path.

2. Move the Condenser Prism Turret to the correct position for the selected
objective.
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The position
number is

Rotate the Condenser Prism
shown here.

Turret to the correct position for
the objective you've selected

L Note The above image does not show the objective labels that would normally

be visible above the numbers.

Move the Principal Prism Slider into the light path under the objective (it will
click into place). For proper orientation, be sure that the writing on the slider

is facing down.
Writing on the Principal

Prism Slider should face
downward when installed.

|
I
/

’x ]

f E =
IL 4
—I2§ g
=g 4
\ @0 O»

s
I
A

Rotate knob to adjust
image contrast.
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e
o Push in on the Principal
Prism Slider until it
clicks into position in
the light path.

The Principal Prism Slider has two positions: Normal and BFP1 (as shown
below). The selected position will depend on the type of objective being used.
If you are unsure, check the objective. It will say BFP1 if that is the correct
position.

h Y

BFP1  NORMAL
o

For Normal position, =
slide adjustment all
the way out.

BFP1  NORMAL
-

For BFP1 position,
slide adjustment all
the way in.
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4. Switch the Port Selector to the Eyepiece <@ icon.

- -— ———— J - —

Switch the
Port Selector

to Eyepiece.

LASER EMISSION INDICATORS

el

Return the sample to the stage to begin imaging.

Switch the Port Selector to the Camera 7] icon.

Switch the
Port Selector
| to Camera.

il

LASER EMISSION INDICATORS

litimateFocus

7. Acquire images continuously (File | Continuous Acquire) as you rotate the
knob on the Principal Prism Slider to adjust the contrast displayed in the
images. For example, move the shadows from bottom to top and move the

black line into or out of the image.
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Rotate the knob on the
Principal Prism Slider to
adjust image contrast.

Consumable Parts

Common to 100-120 V and 220-240 V Systems

Component Fuse for Component API Part Number

IC/MIC 6.3A 250V UL High Break 19-170045-000
Capacity

Microscope T5AH Used in some older

DeltaVision systems

Bulbs
Component API Part Number
250W Xenon Arc Lamp Bulb 34-100390-000
LED Transmitted Light (must replace entire assembly) 52-851243-000

British Power Cord
Component Fuse for Component API Part Number

Power cord with Bussman 10A 19-210046-000
TDC180-10A built into plug.

(Must meet British Standard

BS1362.)

In addition to these specific parts, objectives, filters, laser heads, bulbs, slides,
and batteries for DeltaVision are also considered consumable parts. Check with
your Applied Precision representative or contact the Applied Precision Customer
Hotline for additional information on consumable parts.
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Changing Cameras and Filters

This chapter provides the following instructions for cameras and filters:

m  Changing Cameras
m  Using Live Cell or Custom Filter Wheel Modules
m  Changing Filter Wheel Modules

m  Calibrating Filter Wheels

Changing Cameras

Your DeltaVision system may include up to two connected cameras. If you have
the optional EMCCD camera, you can change cameras to better meet your
imaging needs.

These instructions show how to change the camera and how to select the new
camera in Resolve3D.
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CAUTION: Contamination from fingerprints or dust on the camera window
or inside the Emission filter wheel will degrade image quality.

To change the camera:

1.

Remove the camera cover by lifting it up and sliding it away from the

microscope.

e =~ - T

2. Remove the camera by pushing in and then pulling up on the camera end.

You do not need to remove cables from the camera.

Remove the other camera from the spare camera tray and set it aside. Place
the camera that you just removed on the spare camera tray.

CAUTION: Always place the camera in the camera tray when it is not
secured to the system. Dropping the camera will cause severe damage.

Install the new camera by sliding it into place and then pushing in and
pressing down on the end of the camera.

Replace the camera cover.

AppliedPrecision



Chapter 8: Changing Cameras and Filters 223

To select the camera:

1. In the Resolve3D window, click Settings to open the Resolve3D Settings
window.

2. On the Imaging tab, click the Camera list and select the camera that is
currently installed.

(v [ -3
Display  Imaging | Fites | Autotocus | Misc | oLM |
Camera | COOLSNAP_ES2/ICX285 | v |
Frames to average* |1_
Gain W _ﬂ

Transfer speed | S000 ﬂ
00

Target temperature 0.
Current temperature 0.00 Refresh

“EX 1" bulb age (hours)  557.0 Refreshl Reset |

"EX 2" bulb age (hours)  488.0 Refreshl Reset |

¥ Use photosensor

(* Settings change based on Excitation Filter)

Done | Save Settings Help
= &

] Notes
#1 The EMCCD camera s listed twice in the Camera list:

CASCADE2 512 Conv./... sets the camera in Conventional mode.

Cascade2 512 EMCCD/... sets the camera in electron-
multiplication

mode.

#2 When the camera is changed, the binning number is reset to 1.

#3 If the camera cables loosen or are accidentally disconnected, you may
need to restart the IC software. To reseat the cables, power the camera
down and consult the camera documentation.
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Using Live Cell or Custom Filter Wheel Modules

A filter wheel module includes an Excitation filter wheel for xenon light sources,
an Emission filter wheel, and an Eyepiece filter wheel.

DeltaVision Filter Wheel Module

Excitation Filter Wheel Emission Filter
(10-position) Wheel

Eyepiece Filter
Wheel

A filter wheel module includes the Excitation, Emission, and Eyepiece filter wheels
and can support up to six filter pairs.

Note The appearance of the filter wheels will depend on the options included on
your system. For example, if your system is equipped with the InsightSSI broadband
light source, it may not include the excitation filter wheel described in this section.

If your system has an alternate filter wheel module, you can swap modules to
meet your imaging needs.
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You can purchase a module of Live Cell filter wheels that includes factory-
installed filters. You can also purchase a module of empty filter wheels and
customize it with your own filters.

Changing Filter Wheel Modules

Changing the filter wheel modules for your system includes changing the
Eyepiece and Emission filter wheels and, depending on how many filter pairs are
supported, may also include changing the Excitation filter wheel.

If you purchased a filter wheel module as a separate component after you
purchased your system, you must configure the instrument controller for the
new module the first time that you use it (see the instructions included with your
filter wheel module).

Before You Begin

Before you begin the process of changing filter wheel modules, it’s helpful to
understand the entire procedure in general.

Basically, the procedure for changing filter wheels is as follows:

Turn the IC/MIC off.

Change the Excitation filter wheel if necessary (not available on SSI).
Change the Emission filter wheel.

Change the Eyepiece filter wheel.

Restart and initialize the IC/MIC.

Select the new filter modules in the R3D Misc tab.

me oo T

The following subsections will walk you through the procedures for changing
each of the filter wheels.

WARNING: To avoid eye injury, before you unplug any motor cables, make sure
that the IC/MIC and any xenon lamps are turned OFF.

Changing the EX Filter Wheel

To change the Excitation Filter Wheel (if necessary):

1. Ensure that the IC/MIC is turned off, and make sure that any attached xenon
arc lamps have been off and allowed to cool for several minutes.

2. Loosen the two silver thumb screws at the top and bottom of the filter wheel
housing.
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Thumb screws should
loosen without the
use of tools, but can
also be removed
with a flat-blade
screwdriver if
necessary.

.
.
.
.
.

Loosening bottom thumb screw from filter wheel housing

3. Loosen the Light Seal thumb screw to disengage it from the beveled support
on the Excitation filter wheel housing and gently slide the filter wheel
housing outward from its mounted position.

Removing the Excitation Filter Wheel housing from its mounted position
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4. Disconnect the cable to the IC/MIC from the Excitation filter wheel and
connect it to the alternate Excitation filter wheel.

Disconnecting the IC/MIC cable from the Excitation Filter Wheel

5. Slide the alternate Excitation filter wheel housing back into its mounting
position by pulling back on the assembly as shown.

= el

ﬂll-llllllll

Pulling back the housing and re-engaging the filter wheel

6. Re-engage the housing into the beveled support on the new Excitation filter
wheel housing and align and tighten the two thumb screws at the top and
bottom of the Excitation filter wheel housing.

7. Tighten the thumb screw on the Focusing Lens housing.

Changing the EM Filter Wheel

To change the Emission filter wheel:

1. Turn off the IC/MIC (if it’s not already off).

2. Remove the camera cover. Then remove the camera by pushing in and
pulling up on the camera end as shown below.
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3.

4.

5.

On the Emission filter wheel motor, disconnect the cable that connects the
motor to the IC/MIC. Use a 3 mm hex key to loosen the set screw that holds
the Emission filter wheel to the microscope.

Disconnect the
Emission Filter Wheel
Motor Cable (to IC/MIC)

-

Loosen the filter
wheel set screw
(closet to the

filter wheel).

Remove the Emission filter wheel.

Emission Filter Wheel
Motor Cable Connector
(to IC/MIC)

Install the alternate Emission filter wheel. Tighten the Emission filter wheel
set screw and connect the cable from the IC/MIC to the new Emission filter
wheel.
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6. Reinstall the camera by sliding it into place and then pushing in and pressing
down on the camera.

Changing the EP Filter Wheel

To change the Eyepiece filter wheel:

1. Turn off the IC/MIC (if it's not already off).

2. Disconnect the Position Sensor cable that connects the filter wheel to the
IC/MIC. DeltaVision displays a message that indicates the cable is removed.

Unplug the
Position Sensor
Cable.

3. Holding the eyepiece in one hand, use a 3 mm hex key (Olympus provides
one with the microscope) to loosen the set screw that holds the eyepiece to
the Eyepiece filter wheel and set the eyepiece on the table.
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Loosen the set [ ® Remove the
screw, ; eyepiece.

4. Loosen the set screw that holds the Eyepiece filter wheel to the beveled
mount on the stand and remove the Eyepiece filter wheel.

Loosen the set ; _ Remove the Eyepiece
screw, Rl . Filter Wheel.

5. Place the new Eyepiece filter wheel on the beveled mount on the stand and
tighten the set screw that holds it in place.

6. Connect the Position Sensor cable to the new Eyepiece filter wheel. The
IC/MIC will automatically start to re-initialize the EM and EX filter wheels
even though the current EX and EM filter wheels have not yet been replaced.
You can ignore this re-initialization.

7. Place the oculars on the microscope and tighten the set screw that holds them
in place.
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Completing the Filter Wheel Change
1. When you are finished changing all filter wheels, restart the IC/MIC.
2. Open Resolve3D and wait for the system to initialize.

3. If Resolve3D does not automatically display the correct filter module, there
are two ways to expressly let the system know you have installed a new filter
set:

a. From the Resolve3D window, select Settings, change to the Misc tab, and
select the current filter set.

b. Unplug and then re-plug in the Eyepiece filter wheel position sensor
cable (see below). The system will automatically recognize which filter set
the Eyepiece filter wheel belongs to and update accordingly.

Note that it is not necessary to remove the oculars before
plugging or unplugging the Eyepiece filter wheel.

4. To select the current filter set from the Misc tab, click Settings in the

Resolve3D main menu to open the Resolve3D Settings window. Then click
the Misc tab.
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5 RESDIVQBDSEHingS T e e e e ]

Dfspfay] fmaging] er.s1 Autofocus 1 Mise I Q.{M]

Stage Motion
W Allow Lost kotion Compensation (L)

Stage View Options
W Show stage trails

W Show stage thumbnails

W Show point numbers

Filter Wheel Sets

Excitation filter wheel ILiueCeII L‘
Emission filter wheel ILiueCeII L‘
Eyepiece filter wheel ILiueCeII L‘

I_Done | Save Settings | Helﬂ

5. Select the newly installed Excitation, Emission, and Eyepiece filter wheels in
their respective fields in the Misc tab.

6. Click the Activate Filter Sets button.

Calibrating the Filter Wheels

Calibration initializes the filter positions and ensures that the filters are centered
in the filter wheel openings.

If you notice poor light transmittance or poor image quality, one possible cause is
a misaligned filter wheel. The filter wheel calibration re-establishes the zero
position of the filter wheel for the Instrument Controller.

To calibrate the Neutral Density, Excitation, and/or Emission filter wheels:

1. On the Resolve3D window, click Settings to open the Resolve3D Settings
window. Then click the Misc tab.
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L d Resolve3D Settings

Dispiay ] Imagineg ] Fifes ] Aitofocils 1 Mise I QLM ]
Stage Motion
W Allow Lost Motion Compensation (LIC)

Stage View Options
W Show stage trails

W Show stage thumbnails

# Show point numbers

Filter Wheel Sets

Excitation filter wheel ILiueCeII Ll
Emission filter wheel ILiueCeII LI
Eyepiece filter wheel ILiueCeII Ll

I_Done | Save Setlings | Helul

2. Verity that the Excitation, Emission, and Eyepiece filter wheel fields all
display the expected and identical filter wheel module name (if any of the

names are different, you may need to select or replace one or more of the
filter wheels; see Changing Filter Wheel Modules on Page 225).

3. Press Save Settings and close Resolve3D.

4. Click on the Instrument Controller icon on the workstation desktop as
shown.
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20060908

5. Log on to the Instrument Controller with the user name worx and password
4delta if prompted.

6. Press Alt + H. The filter wheels will rotate as they are being initialized.
You are then prompted with, “Calibrate the EX filter wheel (y/n).”

7. Remove the filter wheel to be calibrated (Excitation, Emission, or Neutral
Density) from the system so the opening is visible.

8. If you are calibrating the Excitation Filter Wheel, press y. Otherwise press n
to move to the next filter wheel (ND or EM).

When you press y, the following message is displayed:
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b rdesktop - 159.159.159.2

5 Delta¥ision Instrument Controller 5,40

OLY iGetGurrentMirrorPositions
Gom:ﬂl-l- Local

Starting nolmal operation.

EP: FITG 528~

EX: FITC 4998/ ZE

EM: FIIC 528/ 38
OLY_diGetCurrentMirrorPosition:

Galibrate the EX flltel wheel (y/n)"

ill move one

doun/up ES
filter hole

ENTER when

ylse the right-sleft a 4 keys to move
The down/up arrow keys will move one

Press ENIER when the first filter hole

EM wheel position: 2.769

EM uvheel poxition:

EM whesl pocicion:

EM vheel position: 2

Save the neu Filter ofﬂew CymndT u

New Filter offsets saved.

'3 start

motorized nirror turret
Searching for filter wheel home positions.
Searching for filter vheel reference point

motorized nirror turret iz .not:available!

iz not availahle!

is centered.

the EM filter.
filter posdition.
is centered.

Pressing the up or down arrow keys advances the filter wheel one complete

position. The left and right arrow keys move the filter wheel in small

increments.

Find the Home filter position on the filter wheel. The Home filter position is

marked on each of the filter wheels as follows:

e EX=1
e ND=1

e EM =0 (for 6-position filter wheels) or 1 (for 10-position filter wheels)

The position is stamped on the surface of the filter wheel and may be viewed

through the filter wheel hole.

Filter position not centered
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10. Once the filter wheel is centered, press Enter. After all necessary filter wheels
have been centered you are prompted with, “Save the new filter
offsets (y/n).”

11. If you made a mistake during calibration you can press n and start the
process over; otherwise press y to save your offsets.

12. Re-install the filter wheels in the system.

13. To shut down the IC/MIC, go to the Start tab and select Windows Security.
Then select the Shutdown option.

[ddeskiop - 159.150.159.2

£ Internet - 7 My Documents

,e Internek Explorer —J

y 5 (; My Recent Documents »
L +| E-mail - ]

= Cutlook Express _fJ’ My Pictures

e
|:_1 ie540_dvini07ZB08.AHE =8y Music 37
52 =’ mowe the EM filtem.
[ - : one filter position.
|ﬂ ic540_dv.ini0 72808 kxt ;-}.3 My Computer hole is centered.
. B-' Contral Panel
& Deltatision Instrument
Contraoller @ Set Program Access and
oy Dief aulks
@ Hobepad \é Prinkers and Faxes
y) Help and Support
/'..) Search
=7 Run...

All Programs D

28 start

The IC/MIC will power down.

14. Power the IC/MIC back on and boot the DeltaVision as normal.
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Maintenance

This chapter provides the following instructions for the basic maintenance of the
system:

Shutting Down and Starting the System
®  Replacing the Xenon Bulb

m  Replacing the Transmitted Light

s Replacing IC/MIC Fuses

m  Cleaning

m  Moving the System

Shutting Down and Starting the System

Use the following instructions for shutting the system down during occasions
that require total shutdowns.
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DeltaVision Power Switches

The main DeltaVision power switches are shown below. (The Master Switch on
the isolation transformer that plugs into the wall is not shown.)

Monitor

IC/MIC

Workstation

Main Components
Switch

Laser Module
Switch
(optional)
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Guidelines for Using Switches

Main Components

Use this switch to turn power on and off for the DeltaVision Workstation, the
Camera Power Supplies, the DeltaVision Microscope, and some optional
DeltaVision equipment.

Workstation, IC/MIC, and Monitor

Leave these switches on except on rare occasions (such as power outages) when
you need to shut down the entire system.

Shutting Down the System

In some situations, such as power outages, you will need to shut down the entire
DeltaVision system.

To shut down the DeltaVision system:

1. Save all data on the workstation.

2. On the softWoRx menu bar, choose File | Exit. Then exit all other workstation
applications.

3. From the main menu button, choose L ogout and then Shut Down. Wait until
the monitor displays Power Down.

4. Press the power button on the IC/MIC once to shutdown.
5. Turn off the monitor.

6. Turn off the main component switch.

[ Note For personalDV, there is no power strip switch. For personalDV, skip this step.

7. Clean the objective if necessary.

8. Lower the objective.

Starting the System
Use the following instructions to start the system after a total shutdown.

To start the DeltaVision System:

1. Turn on the power strip bar.
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[ Note For personalDV, there is no power strip bar. Begin the power-up process with

Step 2.
2. Turn on the IC/MIC.
3. Turn on the workstation.
4. Turn on the monitor.
5. Follow the instructions for turning on DeltaVision on Page 35.

Replacing the Xenon Bulb

WARNING: Ensure the xenon lamp is off and has had plenty of time to cool
before starting this procedure. Refer to the “Xenon Lamp Safety” section in
Chapter 2 of this manual for details on safety issues and proper disposal of the
lamp.

Follow these steps to replace the xenon bulb on DeltaVision:

1.

If the system is on, exit Resolve3D and ensure that the IC/MIC is off prior to
proceeding. The fan on the lamp housing must be off before you begin this
procedure.

Loosen the three hex screws in the flange of the xenon lamp housing.

hex screws

3. Gently slide the lamp housing away from the flange to remove it from the

DeltaVision excitation module.
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4. Loosen the two thumb screws on the opposite end of the xenon lamp
housing.
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6. Remove the center clip from the internal lamp mechanism as shown.

Lamp
Mechanism

i |

_I Bulb
Assembly

7. Lift the bulb assembly (small black box) from the two supporting pins in the
lamp mechanism.
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8. Replace the xenon bulb assembly with a new one (Part #34-100390-002). Insert
the new bulb assembly onto the two supporting pins and press down firmly.

9. Replace the clip around the internal lamp assembly, making sure the clip is
properly oriented.

Be sure of
proper clip
orientation!

10. Gently slide the internal lamp mechanism into place within the lamp
housing.
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s

f\!;su -

—

11. Tighten the two thumb screws on the end of the lamp housing.

12. Place the open end of the lamp housing over the flange on the DeltaVision and
tighten the three hex screws as shown.

hex screws
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13. Turn the DeltaVision on as usual and start Resolve3D.

14. Before resetting the bulb age, write down the age of the bulb you just
replaced. This will help you to keep track of when you may need to replace

the next one.

15. Open the Imaging tab in the Resolve3D Settings window and click the Reset

button to reset the bulb age.

Camera| COOLSNAP_ES2/ICX285 LI

Frames to average™ |I1

Gain | 4.00 ﬂ

Transfer speed | S000 _ﬂ

Target temperature 0.00

Current temperature 000 R

Bulb Age

“EX 1" bulb age (hours) f557.0, Refresh] Resetﬂ”" Age

2 Resolve3D Settings -|%

Display  Imaging ] Files | Autofocus | Misc | QLM |

Reset Bulb

"EX 2" bulb age (hours)  488.0 Refresh] Reset |

W Use photosensor

(* Settings change based on Excitation Filter)

l=[')one I Save Settings

Note For DeltaVision systems with the Multiplexed Wavelength option installed,
the procedure for changing the xenon bulb in the secondary lamp housing is

identical to the procedure described above.

Replacing IC/MIC Fuses

Follow these instructions to replace a fuse in the IC/MIC. To replace fuses for
other components, follow the instructions in the manuals that are provided for

those components.

A CAUTION: Installation of improperly rated fuses can cause damage to the

system.
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To replace a fuse:

1. Shut down the system.

2. Unplug the power cord on the back of the IC/MIC.
3. Remove the fuse holder.

4. Test the fuses with a continuity meter.

5. Replace any bad fuses with 5X20mm 6.3A 250V UL high break capacity fuses
(API P/N 19-170045-000).

6. Install the fuse holder.

7. Plug in the power cord.

Cleaning

Most system surfaces are best cleaned with a lint-free cloth or lint-free swabs and
spectroscopy-grade isopropyl alcohol or chloroform. Avoid contaminating the
cleaning solution by never reusing the cleaning cloth or swabs. Operators should
be trained in the handling of flammable liquids such as alcohol. Material Safety
Data Sheets (MSDS) should be maintained for the cleaning solutions, as with any
hazardous material.

The exceptions to this cleaning practice are the polychroic mirror and the optical
filters. These components should be cleaned with low-pressure air. For example,
use a bulb designed for cleaning camera lenses, which blows air across the
surface. Do not use high pressure. Do not use canned air, as this often leaves a
fluorescent residue.

To clean the microscope, follow the instructions in the manufacturers’ manuals
that are provided for these components.

A CAUTION: Improper cleaning of the polychroic mirror and the optical
filters will result in damage.

Moving the System

If you need to move your DeltaVision system, call Applied Precision for
instructions.
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Appendix A: The Immersion Oil Kit

The immersion oil kit is a collection of oils with refractive indexes that range from

1.500 to 1.534. Use of the correct immersion oil decreases the spherical aberration
in the image data.

e For DeltaVision, the immersion oil kit includes eighteen oils that range from
1.500 to 1.534, in increments of 0.002.

I Note For personalDV, the immersion oil kit includes six oils that range from 1.512 to
1.522, in increments of 0.002.

Many factors influence the optimum refractive index of the immersion oil,
including specimen preparation, temperature, humidity, and atmospheric
pressure.

The Oil Calculator

In order to calculate the desired refractive index, softWoRx is equipped with the
Lens Information function. This function is located in the Utilities menu in
softWoRx. It can also be accessed from Resolve 3D by clicking the Info button. The
following parameters are explained here to help you enter the appropriate
information and use the resulting calculations.

Distance from Coverslip to Specimen (microns)
Establishes the distance from the surface of the coverslip to the desired focal plane.
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Temperature
Defines the temperature of the specimen and the immersion medium.

Specimen Refractive Index
Defines the refractive index of the specimen, which is usually that of the mounting
medium. In some cases, the specimen itself contributes significant refraction.

Recommended Refractive Index

Displays the resulting optimal refractive index of the immersion oil. Actually
experimenting with oils with refractive indexes very close to this value is the best
way to select the optimal oil.

Resolution Ratio
Displays the ratio between the Z resolution and the XY ratio. This serves as a
reference to the degree of Z elongation.

Maximum XY Pixel Size
Displays the maximum recommended XY pixel size for deconvolution.

Recommended Z Step
Displays the smallest possible Z step for this objective. Choosing a smaller Z step
will add to the size of the image file, but will not improve image quality.
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Appendix B: Troubleshooting

This appendix was designed to help you diagnose and correct the most common
problems encountered on the DeltaVision system. Two types of troubleshooting

tasks are covered:
m  Diagnosing System Problems
®  Analyzing Reasons for Poor Image Quality

If you are unable to correct a problem, fill out the DeltaVision Problem Report
Form at the end of this appendix and either e-mail it to hotline@api.com or fax it to
425-557-1055, attn: Bio Service Hotline.

Diagnosing System Problems

Troubleshooting the Controller

The following table shows the most common Instrument Controller problems and
their resolutions.
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Table B-1: Controller Troubleshooting Chart

Indication Cause Correction
Encoder Error when Poor cable Power down system, including IC/MIC.
initializing stage. connection.

Reseat X, Y, and Z motor cables.

Reseat motor cables on excitation
module.

Power up system.

Troubleshooting the Workstation

Other system troubles are indicated by messages or readings in the software. The
Resolve 3D message window displays Resolve 3D activity. Observe the messages

in this window when troubleshooting. This table shows possible problems and

corrective actions.

Table B-2: Workstation Troubleshooting Chart

Indication Cause

Correction

There is no more
storage space for
image data.

"File system full"
message when
trying to save
images.

"Camera not found"
message.

Power up sequence
was incorrect.

Lack of
communication
between the

Resolve 3D settings
are not updating
changes made

using the keypad or Instrument
joystick (for Controller and
example, the filter Workstation.

selection, or Z
position).

User has not been
added.

Atlogin, user name
not recognized.

Delete unwanted files.
Save image files to CD or DVD or LAN.

See softWoRx Imaging Workstation
User's Guide for more information.

Shut down the system and then restart
it using the steps described in
Chapter 9: Maintenance.

Shut down the system and then restart
it using the steps described in Chapter
9: Maintenance.

Add user. See the softWoRx Imaging
Workstation User's Guide.

Analyzing Reasons for Poor Image Quality

The following table documents the most common acquisition difficulties and

abnormalities in image data.
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Table B-3: Image Quality Troubleshooting Chart

Indication

Cause

Correction

Dim images or long
exposure times.

Dim illumination.
When fiber optic
cable and focusing
lens are removed,
the projected light
does not form a
circle.

Dark, out of focus
spots on image.

Image is distorted
around edges or
throughout.
Occlusion seems to
creep in toward
center.

Brightness of Z
section images
varies greatly
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Poor illumination.

Filter wheel(s) out
of alignment.

Dust interference.

Condensation on
camera window,
possibly due to
improper camera
temperature.

A broken Photo
sensor cable

Fully open field aperture.

Ensure that filter cube turret is locked in
position on rail mount.

Ensure shutter on polychroic filter wheel
is open.

Ensure slider behind microscope is
seated in an open position.

Ensure proper filter cube is in position
and seated in detent.

Shut down and start up as described on
Pages 35 and 48 or unplug and plug in
the Eyepiece filter wheel. This will reset
the home position of the filter wheels
and align filter wheel position.

Calibrate filter wheels following
instructions on Page 232.

Clean polychroic filter, emission filter,
and camera window using low-pressure
air. Do not use canned air. See Page 246
for further recommendations regarding
cleaning system components.

Clean camera window using low-
pressure air. Do not use canned air. See
Page 246 for further recommendations
regarding cleaning system components.

Check camera temperature in
Resolve3D. Consult camera
documentation for proper setting.

Disconnect the Photo sensor cable and
the EX module cable.

Connect the Photo sensor cable to the
EX module.

Set the Excitation filter to FITC or some
other visible light.

Open the EX shutter.

Bend the cable and examine it for light
leaks. If you observe a light leak, replace
the cable.

Direct the light to a walll. If you observe
inconsistencies in the light output as you
bend the cable, replace the
Photosensor cable.
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Table B-3: Image Quality Troubleshooting Chart (cont’d)

Indication Cause Correction
Image has a traveling Air bubble in Clean front and back surfaces of
light or bubble. immersion oil. objective and coverslip.
Reapply immersion oil and restart
experiment.
Interference in image Possibly dirt, dust, Clean front and back surfaces of
data. oil, or air bubble. objective and coverslip.
Very bright image or Camera saturation. Use lower exposure time and/or
camera saturation higher neutral density filter.
message.
Z series shows uneven Poorly aligned Align xenon lamp and fiber optic
or off center illumination. cable.
ilumination. .
See Chapter 9, Maintenance.
No image when Knob at base of Move knob to direct light to
Acquire is pressed. microscope is camera.
directing light to the
eyepiece.
Z series out of focus Stage was not Position stage in center of the
and incomplete. centered within sample and run experiment again.
sample at start of
experiment.
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DeltaVision Problem Report Form

Research Facility: System Serial Number:

Contact Person: softWoRX version: (use Help — Software Versions
Phone: to display)

E-mail: Date:

Problem Encountered: Please write a detailed description, answering as many of the following questions
as possible.

Questions:

When did this first occur?

Was there any recent change or update to the system prior to the problem occurring?

What sequence of operations produces the problem?

What other programs were running when you encountered the problem?

What error messages, if any, were shown?

Is the failure the same each time or does it show different symptoms?

Does it occur consistently or is it random?

Does it go away after the workstation is re-booted?

Does it go away after the instrument controller is re-booted?

Blojo|~N|o|o|s|wn|e

How often do you re-boot the workstation and instrument controller?

Additional Comments:

(See Page 2 for additional clarification issues)

Please supply the following log files:

Workstation: (/home/userName/softworx-logs/softworxlog. txt)

Instrument Controller: (c:\ic540 dv\log\IC540 dv.log)

Please e-mail this form to hotline@api.com or Fax to: 425-557-1055, attn: Bio Service
Hotline
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Appendix C: Acquiring a PSF

This appendix shows how to acquire a Point Spread Function (PSF) and convert it
to an Optical Transfer Function (OTF).

m  Acquiring a PSF shows how to measure a Point Spread Function.

m  Converting PSF to OTF shows how to convert the Point Spread Function to the
Optical Transfer Function that is required to process images.

Before You Start

Before you attempt to measure a PSF, check the OTF library included with
softWoRx to find out if the library provides an OTF for your objective.

Acquiring a PSF

To measure the point spread function (PSF), you need to optically section a
fluorescent bead. Since the properties of the objective lens are the most important
elements of determining a PSF, it is necessary to have the proper PSF whenever
new lenses are added to your microscope. The deconvolution software adapts to
the PSF (actually the OTF) wavelength, so it is unnecessary to measure the PSF at
more than one wavelength.
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[ Note If you do not have the tools necessary to acquire a PSF, softWoRx includes a

utility that allows you to calculate a theoretical OTF based on the numerical
aperture of the camera lens, index of refraction, and emission wavelength. If the
aperture of the lens is lower than 0.75 N.A., the calculated OTF may work as well, or
even better, than a measured OTF. However, if the aperture is greater than 0.75
N.A., a measured OTF will generally give you better results. For information about
calculating an OTF, see the softWoRx online Help.

A well-measured PSF is a key to successful deconvolution. For this reason, make

sure that you:

m  Thoroughly check all imaging conditions.

m  Take the time you need to get a good signal-to-noise ratio in the image.

m  Find a bead that is completely isolated from others in XYZ. (Use the field stop
aperture to block fluorescence if needed.)

= Completely scan the bead.

Tools

This procedure requires the following tools:

A clean and aligned DeltaVision system
A bead slide with 0.1um, or smaller, fluorescent beads
A grid slide or other microscopic ruler

An immersion oil set, if appropriate (see Selecting the Correct Oil on Page 259.)

The following steps describe how to calculate pixel size, measure the PSF, and
obtain the corresponding OTF.

To calculate pixel size:

Place the new objective in the Objective Turret and set the maximum image
size, best camera speed, and auxiliary magnification slider at 1X.

Use the Eyepiece Filter Wheel to select the FITC eyepiece filter.

In the Resolve3D window, select the following values:

In this Field Select
Excitation TRITC
Emission FITC
%T 2%
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4. Place the silicon target grid on the stage and focus it (9.995 um/square). Align
the grid image to the vertical and horizontal axis and maximize the image.

5. Switch the Port Selector to Camera and click Acquire. Leave Data Collection
Window 21 open.

6. In the Image window, choose Tools | Measure Distances. Then set the Units
to Pixels in the Measure Distance window.

7. Draw a line across the grid slide image from a point on the top left square to a
point in the same relative position on the top right square.
v Ny N

A

O Note Your measurement will be more accurate if you choose points on the vertices
of the squares.

8. If the vertical delta is more than four pixels, re-align the slide. Repeat this
process at the middle and bottom. Then count and record the number of grid
elements (3 in the above image) and record the distance in pixels.

9. Repeat Steps 7 and 8 in the vertical direction.

10. Calculate the pixel size for each of the six measurements (top, middle, bottom,
left, center, and right) as follows:

Pixel Size(um) = 9.995 um/box

Measured distance (in pixels)/(Number of grids per measurement)

Your calculation should be accurate to four decimal places.

11. Average the six pixel sizes to obtain the correct pixel size.
12. Repeat these steps for each camera attached to your DeltaVision system.

To add an objective to the microscope configuration:

If you are adding a new objective to the microscope, follow these steps:

1. To obtain the objective lens ID number, select Conversions | Convert PSF to
OTF from the softWoRx main menu. The PSF to OTF Conversion window is
displayed. The current lens identification number is shown in the Lens ID
field.

2. From the softWoRx main menu, choose Utilities | Revise Microscope
Configuration. Then enter the root password to open the RESOLVE3D. SYS
file.

3. Inthe RESOLVE3D. SYS file, under the Microscope Specifications section:
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a. Increase the number of lenses next to MS_ Number Lenses: by 1.

b. Add the name of the objective to MS_Lens Names: (e.g., 100Xoil,
60Xwater).

c. AddthelensID toMS Lens ID Numbers:

d. Enter the pixel size for the new lens.

For example:
If the desired lens is 40X/1.35 with ID=10403 (the third lens in the list),
then the pixel size is 0.1656.

MS Lens ID Numbers: 10105 10205 10403 10602 10002

4. To apply the new information, save and close Resolve3D. sys, then close and
restart soft WoRx.

To acquire a PSF:

It is easiest to find beads in a very dark room. Bead slides from Applied Precision
include 1um beads and 0.1um beads. Both fluoresce brightly at 617 nm. Coarsely
focus on the slide by positioning the lens near the slide. Scan the slide while
looking for fluorescent haze from the 1um beads. When you focus on the
fluorescence haze from the 1um beads you should also find the 0.1um beads.

Note Although a replacement bead slide is included in the Slide kit, bead slides
have a limited shelf life. To purchase bead slides from Applied Precision, contact us
at the appropriate number or address listed in Chapter 1: Getting Started.

1. Mount a bead slide on the microscope and focus on the beads to obtain the
maximum intensity. Find a bead that is located by itself.

2. Use the Center Object tool to center a single bead in the X and Y directions. (It
is helpful to collect large images, such as 1024x1024.)

3. Now use a 256x256 image.

4. Adjust the CCD exposure time so that the maximum intensity at the plane of
best focus is at least 2000 counts. Make sure that the camera does not saturate
at the plane of best focus.
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5. Ensure there is only one bead in the field of view and that, as you go out of
focus, no rings from other nearby beads enter the image. If necessary, use the
tield stop aperture to block out undesired fluorescence.

6. Verify that your microscope and software are accurately configured for lens
and auxiliary magnification.

7. Execute the Standard PSF Measurement Macro described in the online Help to
measure the standard point spread function (or run a Z series through the
bead consisting of 128 sections acquired in 0.1 pm Z increments).

8. Run the softWoRx PSF to OTF program that converts the optical sections into
an OTEF. (Refer to Converting PSF to OTF later in this appendix.)

Selecting the Correct Immersion Qil

Accurate PSF measurements depend on the selection of the correct immersion oil.
Our experience has shown that the oils recommended by microscope
manufacturers are often not ideal for 3-D microscopy. We recommend that PSFs
are measured with a minimal amount of spherical aberration. Inappropriate
immersion oils yield asymmetric PSF measurements as a result of spherical
aberration. In the case of Olympus microscopes, an index of refraction equal to
1.518 is ideal for measuring beads that are mounted in glycerol using #1.5
coverslips. There are many variables that can affect the selection of the correct
immersion oil. The softWoRx Lens Information program can help you select the
proper oil.

Note An oil kit is included with your DeltaVision system. To purchase replacement
oil, please contact Applied Precision.

To confirm that you are selecting the correct immersion oil:

1. Collect the image data. Then, in the Image window, select Tools | Orthogonal
Viewer.

2. Move the blue crosshair to the center of the bead in the viewer. To better see
the shape of the PSF, it is helpful to do an exponential scaling—an exponent of
0.3 usually works well.

3. Look for symmetric flare in the resulting image. Symmetry indicates that the
oil is correct, and in virtually all situations, the most symmetric PSF along the
Z axis is also the smallest and has the highest intensity. In other words,
symmetry corresponds with the highest resolution.

4. Repeat the process with different oils until you determine the optimal
immersion oil.
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The following figure demonstrates how image flare can be affected by the use of
different immersion oils.

< X

v

Correct Immersion QOil Immersion Oil Index Too Low Immersion Oil Index Too
High
Flare from Immersion Qils (Orthogonal Views)

Converting PSF to OTF

The PSF to OTF program converts a measured point spread function (PSF) to an
optical transfer function (OTF). Essentially, the OTF is the Fourier transform of the
PSEF. The pixel size of the resulting image is given in cycles/um. To reduce
problems associated with measurement noise, the PSF is radially averaged during
the conversion and, as a result, the 3D PSF image becomes a 2D OTF image.

The horizontal axis of the OTF represents axial (Z) frequency and the vertical axis
represents radial (XY) frequency. The brightness of the OTF image elements, on a
scale of 0 to 1, represents the frequency response of the microscope system at the
corresponding radial and axial frequencies.
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PSF to OTF Conversion

Each option in PSF to OTF Conversion is described briefly below. For additional

information regarding these options, refer to the online Help.

PSF File

Defines the name of the PSF image file to be converted to an OTF.

OTF File

Displays the name of the resulting axially symmetric OTF. (For your convenience,
the OTF filename is created by appending “ ot £” to the PSF filename.)
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X Range
Defines the start and end pixel numbers in X.

Y Range
Defines the start and end pixel numbersin Y.

Z Range
Defines the start and end pixel numbers in Z.

T Range
This field is not used for PSF to OTF conversion.

Wavelengths
Determined by PSF wavelength.

Lens ID
Specifies the lens identification number (e.g., 12004).

Sub-lmage: Center
Specifies the central XYZ coordinates of the point spread.

Sub-Image: Size
Specifies the XYZ image dimensions about the central coordinates. (The standard
softWoRx point spread measurement is 256x256x128.)

Additional Parameters: Border Rolloff (voxels)

Specifies the number of voxels to roll off at the edge of the image. This reduces
edge effects resulting from the Fourier Transform used in the PSF to OTF
conversion.

The procedure for converting a PSF to an OTF is very simple. After the PSF file has
been identified in PSF to OTF Conversion, softWoRx assigns default settings to the
rest of the options in the window. In almost every instance, these settings will be
appropriate to use for the conversion.

To convert a PSF to an OTF:

1. Click Conversions on the main menu bar of softWoRx.

2. Click Convert PSF to OTF in the Conversions menu. PSF to OTF Conversions
will appear.

3. Use one of the following options to enter the PSF file to convert.

e Drag the appropriate PSF file from the File Manager into the PSF File text
box.

e Click PSF File to display a small version of the File Manager and then
choose the PSF file that you wish to convert.
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e Type the desired path and filename into the PSF File text box.
4. Click Do It.

To place OTF into OTF Library

If the objective used is in addition to those already present, you'll need to modify
softWoRx to use the new objective by adding the file to
/usr/local/softWoRx/config/system. swrc as follows:

1. Login to Linux as root.
2. Navigate to /usr/local/softWoRx/config/system.swrc

3. Find the section labeled, “Lens-to-OTF matching” and follow the instructions
provided for the OTF file.

The following is an example of this section of the file:

# Lens-to-OTF matching. These are of the form LENS_<lensIDNumber>_OTF
# and are defined to be the file name in the OTF directory of the OTF that is
# to be used for this lens ID.

LENS_12_OTF 60X140_sample.otf
LENS_10602_OTF 60X140.0tf
LENS_10003_OTF 100X135.0tf
LENS_10403_OTF 40X135_sample.otf
LENS_10603_OTF 60Xw_120.0tf
LENS_10205_OTF 20X0.75c.otf
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The appendix includes the following topics:
m  Standard Filename Extensions lists the filename conventions used by DeltaVision.

m  Standard Fluorescence Filters shows the excitation and emission peaks of the
standard filters for both fixed and live cell experiments included with
DeltaVision.

m  Reference List includes references for microscopy, Linux, image processing,
optics, microscopy, and sample preparation.

Standard Filename Extensions

The following is a list of filename conventions used by DeltaVision.

Filename

Extension Type of File

*.dv Standard DeltaVision image
* otf Optical Transfer Function

* R3D.dv Resolve3D image

* D3D.dv Deconvolved image

* VOL.dv Volume Rendered image
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Standard Fluorescence Filters

Depending on which broadband light source the system uses, the DeltaVision
imaging system provides a variety of different filter sets for both fixed and live cell

imaging, a polarizer, and multiple sets of optional filters. These filters are designed

to be used with many common fluorescent probes. If you are using fluorescent
probes that are not well matched with the standard DeltaVision filters, contact
Applied Precision for assistance.

InsightSSI Module

The 4-color Fixed InsightSSI includes four of the most common sets of filters used
for fixed cell imaging.

InsightSSI 4-color Fixed

Filter
Name

Excitation

Emission

Appropriate
Probes

DAPI

UV, 381-401nm

Blue, 409-456nm

DAPI, Hoechst,
Coumarin, Alexa
350%, Alexa 405®

FITC

Blue Green, 464-
492nm

Green, 500-523nm

Fluorescein, GFP,
Cy3, Alexa 488°

TRITC

Yellow Green, 531-
556nm

Yellow, 564-611nm

Rhodamine,
Texas Red,
Phycoerythrin,
Alexa 568, Alexa
594®

Cy5

Red, 619-644nm

Infrared, 652-700nm

Cy5, Alexa 647°

The 4-color Live Cell InsightSSI includes four of the most common sets of filters

used for live cell imaging.

InsightSSI 4-color Live Cell

Filter
Name

Excitation

Emission

Appropriate
Probes

CFP

Blue, 400-454nm

Blue Green, 463-
487nm

Cyan FP (CFP)

GFP

Blue Green, 425-
495nm

Green, 500-550nm

E-GFP

YFP

Green, 496-528nm

Yellow Green, 537-
559nm

Yellow FP (YFP)

mCherry

Yellow, 555-590nm

Orange, 600-675nm

mCherry,
tdTomato,
mRFP, DsRed
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The 7-color Live Cell InsightSSI includes seven of the most common sets of filters

used for fixed and live cell imaging.

InsightSSI 7-color (for Fixed and Live Cell Imaging)

Filter Appropriate
Name Excitation Emission Probes
DAPI UV, 381-401nm Blue, 409-456nm DAPI
CFP Blue, 400-454nm Blue Green, 463- CFP
487nm
FITC-GFP Blue Green, 425- Green, 500- Fluorescein, E-GFP,
495nm 550nm Alexa 488°, Cy3
YFP Green, 496-528nm Yellow Green, Yellow FP (YFP)
537-559nm
TRITC Yellow Green 531- Yellow 564- Texas Red,
556nm 611nm Rhodamine
mCherry Yellow 555-590nm Orange 600- mCherry, tdTomato,
675nm mRFP, DsRed
Cy5 Red 619-644nm Infrared 652-700 Cys5, Alexa 647®

Xenon Arc Lamp

The excitation and emission peaks of the DeltaVision filters are provided in the
following table.

Xenon Standard Fixed Cell Filter Set

Filter
Name

Excitation

Emission

Appropriate
Probes

DAPI

UV, 325-375nm

Blue, 438-478nm

DAPI, Hoechst,
Coumarin, Alexa
350%, Alexa 405®

FITC

Blue Green, 481-
502nm

Green, 506-
543nm

Fluorescein, GFP,
Cy3, Alexa 488°

TRITC

Green, 547-563nm

Yellow/Orange,
576-630nm

Rhodamine, Texas
Red, Phycoerythrin,
Alexa 568%, Alexa
594®

Cy5®

Red, 636-656nm

Infrared, 667-
719nm

Cys5, Alexa 647°
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The optional Xenon Live Cell filter wheel module includes four of the most
common sets of filters used for live cell imaging.

Xenon Live Cell Filter Set

Filter Appropriate

Name Excitation Emission Probes

CFP Blue, 415-445nm Blue Green, 455- Cyan FP (CFP)
485nm

YFP Green, 490-510nm Yellow Green, 520- Yellow FP (YFP)
550nm

mCherry Yellow, 555-590nm Orange, 600-675nm DsRed, tdTomato,

mCherry, mRFP
GFP Blue Green, 425- Green 500-530nm E-GFP
495nm

Additional Reading Material

Material for further reading is available on the following pages. Contact Applied
Precision for the most recent list. If you notice omissions from the list, please
inform Applied Precision.

Microscopy

Agard, D. A., Sedat J. W. (1983) Three-dimensional architecture of a polytene nucleus.
Nature 302: 676-681.

Agard, D. A. (1984) Optical Sectioning Microscopy: Cellular Architecture in Three
Dimensions. Ann. Rev. Biophys. Bioeng. 13: 191-219.

Agard D.A., Hiraoka Y., Sedat ].W. (1988) Three-dimensional light microscopy of diploid
Drosophila chromosomes. Cell Motility & Cytoskeleton 10:18-27.

Agard D.A., Hiraoka Y., Shaw P.J., Sedat J.W. (1989) Fluorescence microscopy in three
dimensions. Methods in Cell Biology 30:353-377.

Aikens R.S., Agard D.A., Sedat J.W. (1989) Solid-state imagers for microscopy. Methods in
Cell Biology 29:219-313.

Anderson J.T., Paddy M.R., Swanson M.S. (1993) PUBI is a major nuclear and cytoplasmic
polyadenylated RNA-binding protein in Saccharomyces cerevisiae. Molecular &
Cell Biology 13:6102-6113.

Asada T., Kuriyama R., Shibaoka H. (1997) TKRP125, a kinesin-related polypeptide

involved in the centrosome-independent organization of the cytokinetic apparatus
of tobacco BY-2 cells. Journal of Cell Science 110, in press.
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