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Information and Safety

This section covers safety information for operating the Amnis ImageStream imaging flow
cytometer. Anyone who operates the ImageStream should be familiar with this safety information.
Keep this information readily available for all users.

The safety information consists of the following areas:
e General Information and Safety
e Explanation of Symbols
e Electrical Safety
e Laser Safety
e UV Lamp Safety
¢ Biological Safety
e Spare Parts List

General Information and Safety

The ImageStream® imaging flow cytometer is manufactured by Amnis Corporation. Model
number 1S100 has a rated voltage of 90-230 VAC, a rated frequency of 50/60 Hz, and a rated
current of 8 A. The years of construction were 2004—-2006, and the product contains CE Marking.

Environmental conditions: This instrument was designed for indoor use at an altitude of less
than 2000 m; at a temperature from 5 °C through 40 °C; and at a maximum relative humidity of
80% for temperatures up to 31 °C, with the maximum relative humidity decreasing linearly to 50%
at 40 °C. The main’s supply may not fluctuate more than +/— 10% and must meet transient over
voltage category (ll). The instrument is evaluated to Pollution Degree 2.

Noise level: The noise level of the ImageStream is less than 70 dB(A).
Weight: 160 kg.

Ventilation: Provide at least 3 inches of clearance behind the instrument to maintain proper
ventilation. Feet on the instrument keep the intake fans on the bottom at least 1 inch above the
table that the instrument rests on. Keep debris (including tubes, paper, pens, and so on) at least 3
inches away from the instrument on all sides to prevent blockage of the filter in the bottom
enclosure.

Disconnection: To disconnect the instrument from the power supply, remove the plug from the
socket outlet—which must be located in the vicinity of the machine and in view of the operator.
Do not position the instrument so that disconnecting the power cord is difficult. To immediately
turn the machine off (should the need arise), remove the plug from the socket outlet.

Transportation: The ImageStream relies on many delicate alignments for proper operation. The
machine may be moved only by an Amnis representative.

Cleaning: Clean spills on the instrument with a mild detergent. Using gloves, clean the drip tray
and sample uptake port with a 10% bleach solution. Dispose of waste using proper precautions
and in accordance with local regulations.

Preventative maintenance: The ImageStream contains no serviceable parts. Only Amnis-
trained technicians are allowed to align the laser beams or otherwise repair or maintain the
instrument. The instrument fluidic system is automatically sterilized after each day’s use. This
reduces the occurrence of clogging. Tubing and valves are replaced by Amnis service personnel
as part of a routine preventive maintenance schedule.

Access to moving parts: The movement of mechanical parts within the instrument can cause
injury to fingers and hands. Access to moving parts under the hood of the ImageStream is
intended only for Amnis service personnel.



Protection impairment: Using controls or making adjustments other than those specified in this
manual can result in hazardous exposure to laser radiation, in exposure to biohazards, or in injury
from the mechanical or electrical components.

FCC compliance: This equipment has been tested and found to comply with the limits for a
Class A digital device, pursuant to part 15 of the FCC rules. These limits were designed to
provide reasonable protection against harmful interference when the equipment is used in a
commercial environment. This equipment generates, uses, and can radiate radio-frequency
energy and, if not installed and used in accordance with the instruction manual, can cause
harmful interference to radio communications. The operation of this equipment in a residential
area is likely to cause harmful interference—in which case the user will be required to correct the

interference at the user’'s own expense.

Explanation of Symbols

Label

Location

Hazard

Waste tank, and sample
uptake port

Risk of exposure to
transmissible biological
disease.

Next to hood lock

Risk of injury by moving parts.
Consult this manual for all the
places that this symbol
appears.

£\
A

Risk of injury by electric
shock.

D

Protective earth ground.

DANGER

VISIBLE and/or INVISIBLE LASER RADIATION
WHEN OPEN AND INTERLOCK FAILED OR DEFEATED
AVOID DIRECT EXPOSURE TO BEAM

Next to hood lock and inside
surface of hood

Risk of exposure to
hazardous laser radiation.

|

ADANGER
Visible and/or invisible
Laser Radiation.
Avoid direct exposure
to beam.

Inside surface of hood

Risk of exposure to
hazardous laser radiation.

UV Light Hazard.

Avoid looking
directly at light.

Inside surface of hood

Risk of exposure to
hazardous ultraviolet (UV)
light.

Electrical Safety

Equipment ratings: The ImageStream is rated to the following specifications: 90-230 VAC,

50/60 Hz, and 8A.




Electrical hazards are present in the system, particularly in the main power supply. To protect
against electrical shock, you must connect the instrument to a properly grounded receptacle in
accordance with the electrical code that is in force in your region.

Laser Safety

The ImageStream is a Class 1 laser device and complies with the U.S. FDA Center for Devices
and Radiological Health 21 CFR Chapter 1, Subchapter J. No laser radiation is accessible to the
user during normal instrument operation.

Both visible (488-nm) and invisible (785-nm) Class Ill b lasers operate within the instrument
enclosure. When the hood is opened, interlocks on the hood turn the lasers off.

When you run the machine in set-up mode, you must wear laser-protective eyeglasses during the
time that the laser-beam interlock switches are bypassed. The glasses should comply with
Personnel Protective Equipment Directive 93/95/EEC.

The following laser warning labels appear on the inside surface of the hood:

Visible and/or invisible
Laser Radiation.

Avoid direct exposure
to beam.

DANGER

VISIBLE and/or INVISIBLE LASER RADIATION
WHEN OPEN AND INTERLOCK FAILED OR DEFEATED
AVOID DIRECT EXPOSURE TO BEAM

Caution: Using controls, making adjustments, or performing procedures other than those
specified in this manual may result in hazardous radiation exposure.

UV Lamp Safety
The ImageStream arc lamp emits hazardous ultraviolet (UV) light.
When the hood is opened, interlocks on the hood turn the arc lamp off.

The following warning label appears on the inside surface of the hood:

UV Light Hazard.

Avoid looking
directly at light.

Caution: Using controls, making adjustments, or performing procedures other than those
specified in this manual may result in hazardous radiation exposure.




Biological Safety

Biohazards: Samples may contain infectious agents that are hazardous to your health. Always
follow appropriate biosafety procedures. Wear gloves when you handle samples or empty the
waste reservoir.

Using and containing biologically hazardous materials as well as providing the required protection
in accordance with Personnel Protective Equipment Directive 93/95/E are the responsibility of the
end user. When you dispose of the contents of the waste reservoir, follow all local, state, and
federal biohazard-handling regulations.

Prevent waste-reservoir overflow by emptying the container when the waste indicator indicates
that it is full.

Run the instrument’s sterilize routine after each day’s use.
The Bio Safety Level for the instrument is BSL;.

Spare Parts List

The instrument contains no serviceable parts. Only Amnis-trained technicians are allowed to
repair, maintain, and set up the alignment of the laser beams.



Introduction

This section describes the technology used in the ImageStream® system, the requirements for
cell samples, and the fluidics system. It includes the following subsections:

e Introduction to the ImageStream

e Technology Overview

e Basic lllumination, Optics, and Image Collection
e Basic Fluidics

e SpeedBeads™ and Cell Samples

Introduction to the ImageStream

The Amnis ImageStream® 100 (ImageStream) is a benchtop imaging flow cytometer designed for
guantitative image-based analyses. By collecting large numbers of digital images per sample and
providing numerical representation of image-based features, the ImageStream combines the per
cell information content provided by standard microscopy with the statistical significance afforded
by large sample sizes common to standard flow cytometry. When you use the ImageStream, you
can collect the same types of data as with a flow cytometer; however, the best applications for the
ImageStream take advantage of the system’s imaging abilities to quantitate the distribution of
signals within or between cells in a heterogeneous sample.

The Amnis ImageStream® system includes the ImageStream multispectral imaging flow
cytometer and the INSPIRE™ and IDEAS™ software applications.

The INSPIRE software is integrated with the ImageStream and is used to control the instrument.
INSPIRE also provides tools for configuring the ImageStream, defining cell parameters, and
collecting data files for image analysis. The IDEAS software is used for statistical analysis of the
images created by the ImageStream.



Technology Overview

The ImageStream captures up to six images simultaneously of each cell or object in brightfield,
darkfield, and multiple colors of fluorescence at rates of up to 100 objects per second. The time-
delay-integration (TDI) detection technology used by the ImageStream allows up to 1000 times
more signal from moving cells than from conventional frame imaging approaches. Velocity
detection and autofocus systems maintain proper camera synchronization and focus during the
process of image acquisition. The following diagram illustrates how the ImageStream works.

TDICCD

- camera
enlarged 1

cameara

spectral decomposition
element

velocity
detector

objective

lens utefocus

cells in flow

enlarged
cells

brightfield
illuminator

Hydrodynamically focused cells are illuminated from the side by an excitation laser and from
behind by a brightfield illuminator. A high numerical aperture (NA) objective collects light from the
cells and transmits it to a unique spectral decomposition element. Light of different spectral bands
leaves the decomposition element at different angles such that each band is focused onto
different locations of the CCD camera. As a result, each cell image is decomposed into six
separate sub-images on the CCD chip, each corresponding to a different color component.



TDI, or time delay integration, is an imaging mode that electronically tracks moving objects
without moving the camera. Imaging in this mode allows for the collection of cell images without
streaking and with a high degree of fluorescence sensitivity. TDI imaging combined with spectral
decomposition allows the full morphological analysis of cells in flow using brightfield and darkfield
(side scatter) imagery, while simultaneously localizing and quantitating labeled biomolecules
using fluorescence imagery.

You can use any combination of transmitted, scattered, and emitted light simultaneously by
configuring the different illumination sources of the ImageStream to lie in different spectral
channels.



Basic Illlumination, Optics, and Image Collection

This section contains information about the ImageStream illumination, optics, and image
collection systems.

The following diagram is a schematic of these systems.

ImageStream System Optical Layout. Main subsystems, shown in color
are the , Image Collection, AutoFocus/Flow Speed
Detection, and the Excitation and AutoFocus/Flow Speed Lasers.



Brightfield lllumination

Brightfield illumination of the sample is achieved using a white light (halogen) lamp that
illuminates the object from behind. The light passes through two filters prior to reaching the flow
cell. First the light passes through a bandpass filter within a six-position filter wheel to select the
spectrum of light to be used for brightfield imagery. The light intensity is then controlled by
passage through a variable 0 to 4 optical density (OD) filter wheel.

The table below describes the spectral filters in the 6-position filter wheel.

Channel Wavelength (nm)
1 460/20
2 OPEN
3 530/25
4 577/10
5 630/10
6 680/11

488 nm Laser Excitation

Fluorescence excitation and darkfield imagery are achieved with a variable 20 to 200 mW solid
state 488 nm laser.

Optics

Brightfield, darkfield, and up to four fluorescent images per object are collected on a six-channel
charge-coupled device (CCD) camera run in time-delay integration (TDI) mode. Light is collected
from the cells flowing in the cuvette with a custom 0.75 numerical aperture (NA) objective and
relayed to the spectral decomposition element (filter stack), a custom set of longpass filters
arranged in an angular array. The filter stack directs different spectral bands to laterally distinct
channels on the detector. With this technique, an image is optically decomposed into a set of six
sub-images, each corresponding to a different color component and spatially isolated from the
remaining sub-images.

The spectral bandwidth of each camera channel is given in the table below.



Channel Wavelength (nm)
1 470-505
2 400-470
3 505-560
4 560-595
5 595-660
6 660-730

Image Collection

The CCD is operated using a technique called time-delay-integration (TDI), a specialized detector
readout mode that preserves sensitivity and image quality even with fast relative movement
between the detector and the objects being imaged. As with any CCD, image photons are
converted to photocharges in an array of pixels. During TDI operation the photocharges are
continuously shifted from pixel to pixel down the detector, parallel to the axis of flow. By
synchronizing the photocharge shift rate with the velocity of the flowing cell, the effect is similar to
physically panning a camera: image streaking is avoided despite signal integration times that are
orders of magnitude longer than those of conventional flow cytometry. Each pixel is digitized with
10 bits of intensity resolution, providing a minimum dynamic range of three decades per pixel.
The sensitivity of the CCD can be independently controlled for each multispectral image.

Autofocus and Flow Speed Synchronization

The ImageStream continuously and automatically adjusts for minute variations in the flow rate
and the focal position of the cells in the flow stream during sample runs. An auxiliary 785nm diode
laser is focused into the core stream to irradiate the SpeedBeads flowing in the core. Light
scattered off of the beads is collected through the objective lens and directed into the Autofocus -
Flow Speed optical system. This system optically conditions this light and focuses it through a
series of gratings and into photomultiplier detectors. The signal from the photomultipliers is further
processed to generate both a flow speed control signal and a focus error signal. The flow speed
signal is used in a control loop to constantly update the camera line rate to maintain image
synchrony. Likewise, the focus error signal is used in a control loop to make minute corrections in
the position of the objective lens to maintain accurate focus.

Object Detection

In TDI mode, the CCD camera collects a continuous stream of imagery, corresponding to the
continuous stream of core fluid passing through the detection region. Objects within the core
stream appear as discrete events, often with large blank image areas between them. The object
detection algorithm retains images containing object events and discards the blank imagery
between them. To do this, the algorithm sums the magnitudes of intensity gradients in the
imagery, and signals a detection event whenever it finds an image region where the summed
gradients are significantly larger than those of the surrounding background. Only images that
contain objects detected by the algorithm appear in the acquired data file.
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Basic Fluidics

This section contains information about the fluidic architecture of the ImageStream. The following
photo shows the location of the different reagent bottles in the ImageStream.

BETA 10

I

5]. Debubbler

Sterilizer, Cleanser, and Debubbler

These Amnis reagents have been formulated to optimize the performance of the ImageStream
seals, valves, syringes, and lines. The use of Amnis reagents is required for proper operation of
the instrument. The Sterilizer, Cleanser, and Debubbler reagents are used in the Sterilize and
Debubble scripts.

Waste Fluid

The waste bottle holds all of the fluids that have been run through the ImageStream, and can hold
up to 500 ml. It is recommended that the waste bottle contain 10% bleach when full and that the
waste line remain immersed in the liquid to prevent changes in the flow rate.

Sheath Fluid

There are two sheath bottles: one for phosphate buffer saline (PBS) (for running samples) and
one for de-ionized (DI) water (for rinsing the instrument during shutdown.) Only one sheath bottle
can be installed at a time in the ImageStream. Sheath is drawn from this bottle into the sheath
syringe pump. The sheath pump helps to control the speed of the core stream and the size of the
core stream diameter.

11



Hydrodynamic Focusing

Hydrodynamic focusing is used to position the beads and cells within a core stream in a
consistent place within the flow cell. This is achieved by running the microstepper-driven sheath,
sample, and bead pumps at differential speeds. Beads and cells are mixed above the flow cell in
a ratio determined by their relative pump speeds. In the flow cell, the mixture is injected into the
center of a sheath stream that is running at a constant velocity (greater than that of the beads and
cells) to form a core stream. Isolated cells and beads form a single file line within the core stream
in front of the objective. The diameter of the core stream can be increased by increasing the
sample and bead pump velocities and decreased by decreasing the sample and bead pump
velocities. The core stream flow speed can be controlled by proportionally changing all three
pumps.

SpeedBeads and Cell Samples

This section describes the general bead and cell sample requirements for running the
ImageStream system. Both bead and sample are drawn from 600 microliter capacity
microcentrifuge tubes into separate glass syringe pumps above the flow cell. Beads and cells are
mixed above the flow cell and injected through the canula into a moving column of sheath to form
a core stream that is hydrodynamically focused in front of the objective in the flow cell cuvette.

SpeedBeads

The SpeedBead™ reagent is integral to the operation of the ImageStream system, and is run with
each sample. SpeedBeads are used to test and calibrate the instrument’s illumination, optical,
camera and fluidic systems at the beginning of each day (for more information, see Daily
Calibration and Testing). In addition, run-time information from the SpeedBeads is used by the
ImageStream to maintain continuous synchronization between the camera and the sample flow
rate and to automatically focus on the sample core stream.

Cells

Any cell type that can be analyzed on a flow cytometer can also be analyzed on the ImageStream
platform. The cells you analyze with the ImageStream can be either adherent or non-adherent.
The cell/particle size should be less than 40 microns in diameter since the field of view on the
ImageStream is 44 um wide. The samples should be passed through a 70-micron mesh filter
before running to prevent clogging of the fluidic system (for more information, see Sample
Preparation guidelines)

12



INSPIRE User Interface Reference

This section describes the components of the INSPIRE™ instrument controller software in detail.
The content matches the organization of the software’s user interface and is arranged into these
sections:

INSPIRE Software Overview
Menu Bar

Action Buttons

Imaging Area and Tools
Setup Tab

ASSIST Tab

Acquisition Plots Tab
Advanced Setup Tab

INSPIRE Software Overview

The INSPIRE™ screen provides the user interface for operating the ImageStream. INSPIRE
provides basic and advanced control over the fluidic, optical, illumination, detection, Autofocus
and Flow Speed, and object classification systems in order to optimize the acquisition of image
data into a file. The left side of the INSPIRE window contains, from top to bottom:

Menu Bar: Access the instrument setup and control pull-down menus.
Action Buttons: Control camera acquisition and fluidic scripts.
Cell Detection Button: Set classifiers to identify objects for inclusion in the data file.

Imaging Area and Tools: Observe imagery, control camera staging, and manipulate
image display.

The right side of the window contains the following four tabs:

Setup: The user interface for routine operation of the ImageStream.
ASSIST: The user interface for running all or selected instrument calibrations and tests.

Acquisition Plots: Real-time graphs of calculated image parameters, such as size and
intensity.

Advanced Setup: Additional tabs that allow manual control over the fluidics, autofocus,
flow speed, camera, and illumination subsystems, and control of imaging display and
acquisition.

13



Menu Bar

The menu bar is located in the upper-left portion of the INSPIRE™ screen. It consists of these five
menus:

e File menu: Load and save instrument setup templates. A template contains instrument
settings that can be predefined and loaded to simplify the instrument setup process.

nstrument  Sample  Beads He

Cpen Template. .. Chrl+0
Save Template...

Load Default Template

Exit
e L ey

e Open Template: Browse for and open saved templates.

e Save Template: Save your settings as a template for future use. Template file
names are appended with the suffix .ist. They are saved in the INSPIRE™
ImageStreamData folder.

Note: Itis a good idea to save a template after you are satisfied with your setup
for an experiment.

e Load Default Template: Use this template to calibrate the instrument.

e Instrument menu: Run the ImageStream camera and instrument-specific fluidic scripts
(automated fluidic routines).

File IMSample Beads |
R FS

un Setup
Run Acquire F& Li:

i

= Load sheath

Load Flush Syringe
Initialize Fluidics
Flush Swstem
Sketilize Sywskem
Purge Bubbles

i,

it

‘l._.l‘

Dual Prime

Service Scrips.., L4

e Run Setup: Allows you to view the imagery and adjust the instrument settings
without collecting data.

e Run Acquire: Acquires image data and stores it in a file.

e Load Sheath: Fills the sheath syringe with sheath fluid and an air bubble that
facilitates stable flow.

e Load Flush Syringe: Fills the flush syringe with sheath fluid.

e Initialize Fluidics: Empties the sheath and flush syringes, loads new sheath fluid,
and flushes the instrument with the new sheath fluid. The sample and the
SpeedBeads™ are also flushed out of their respective pumps. The sample uptake line
is loaded with 50 ul of air in preparation for a sample load. The user is prompted to
load SpeedBeads.

e Flush System: Rinses the bubble trap; the bead and sample syringes; and the
waste, auxiliary, and load lines with sheath fluid.

e Sterilize System: Decontaminates the ImageStream system. During
decontamination, the system:

14



Prompts you to replace the sheath fluid with de-ionized water.
Turns off all illumination sources.
Empties all syringes and fills the sheath syringe with de-ionized water.

Rinses the entire fluidic system with water, sterilizer, cleanser, Debubbler, and
water, in that order. The sterilizer is held in the system for ten minutes to
ensure decontamination before the process refills the system with the next
reagent.

Empties all three syringe pumps.

Note: You will normally run this process at the end of the day. It takes about one

hour of unattended (walk-away) operation to complete the above steps. It
leaves the system with pumps empty and water in the fluidic lines.

Purge Bubbles: Removes air bubbles from the flow cell by filling the flow cell with air
and then replacing the air with sheath fluid.

Dual Prime: Rapidly delivers both the cell sample and SpeedBeads to the flow cells
in the proportion set in the Core Size and Speed area of the Setup tab.

Super De-bubble: Disabled. For Amnis service personnel only.

Service Scripts: Condition Valves, Exercise Syringe. For field service personnel

only.

15



Sample menu: Run fluidic scripts specific to the sample pump.

eads Help

Flush Lock And Load Sample
I Load Sample...

Prime Sample
Return Sample
Purge Sample Line !
Flush Sample
Super Agitake Sample

- Manual Flush Sample —
L

e Flush Lock And Load Sample: Backflushes the sample and bead lines and rinses
the sample syringe with sheath fluid three times, introduces a 50-ul air bubble, loads
and primes the sample to deliver the proportion of beads and sample material that is
set in the Core Size and Speed area of the Setup tab, and establishes Load:
Introduces a user-specified volume of sample into the sample syringe.

Warning: If you attempt to load a volume of sample that is greater than the
amount of sample in the sample vial, air will be introduced into the system.

e Prime Sample: Rapidly delivers the sample to the flow cell.
e Return Sample: Empties the syringe, returning the loaded sample to the sample vial.
e Purge Sample Line: Backflushes the sample load line with sheath fluid.

e Flush Sample: Backflushes the sample and bead lines and rinses the sample
syringe with sheath fluid three times, loads 50 ul of air into the uptake line, and
primes the beads at the end of the process to refill the flushed line to the flow cell.
You may use this option when you change samples.

e Super Agitate Sample: Pushes sample out of sample syringe pump into the load
line, then reloads it back.

Note: Use this option to re-suspend sample that has settled in the syringe over
time.

e Manual Flush Sample: Cleans sample syringe and flow cell with cleanser or 10%
bleach. Use this option to remove sample clogs from the instrument or to remove
residual DNA intercalating dye from a previous sample.

16



Beads menu: Run fluidic scripts specific to the bead pump.

elp
Load...
Prime Beads
Purge Bead Line
Flush Beads

T T o i T

=

e Load: Introduces a user-specified volume of the SpeedBeads into the bead syringe.
The dead volume in the bead load line is automatically compensated.

Warning: If you attempt to load a volume of beads that is greater than the
amount of bead in the bead vial, air will be introduced into the system. Avoid
introducing bubbles into the bead syringe.

e Prime Beads: Rapidly delivers beads to the flow cell.
e Purge Bead Line: Backflushes the bead load line with sheath fluid.

e Flush Beads: Backflushes the sample and bead lines and rinses the bead syringe
with sheath fluid three times.

Help menu: Access the current INSPIRE version number.
Help Topics

About ImageStream 100
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Action Buttons

The buttons in the upper-left corner of the INSPIRE™ screen are used to run the camera image
acquisition and to run fluidic scripts, which are automated fluidic routines.

Run /
Setup

Prirme
SpeedBeads

Fluzh/Load
SpeedBeads

Fluzh,
Lock, Load

Load Dwal Fluzh
Sample Prime Sample

. Run /
Acquire

The action buttons include the following:

Run/Setup: Runs the camera, allowing you to view imagery and feature data without
acquiring data and saving it in a file. When you click Run/Setup, the button indicator light
turns green and the name changes to Stop. Clicking Stop stops camera operation.

Run/Acquire: Runs the camera and acquires image data, saving it in a file. When you
click Run/Acquire, the button indicator light turns green and the name changes to Stop.
Clicking Stop stops camera operation.

Note: If you click Stop before the specified number of data objects have been acquired,
a dialog box appears that allows you to discard the data or save it in a file.

Flush, Lock, Load: Backflushes the sample and bead lines and rinses the sample
syringe with sheath fluid three times, introduces a 50-ul air bubble, loads and primes the
sample to deliver the proportion of beads and sample material that is set in the Core Size
and Speed area of the Setup tab, and establishes a core. Use this option when you
change samples.

Warning: If you attempt to load a volume of either sample or beads that is greater than
the amount in the vial, air will be introduced into the flow cell. Avoid introducing bubbles
into the syringes other than the 50ul introduced as part of the sample loading into the
sample syringe.

Load Sample: Loads a user-specified volume of sample into the syringe pump.

Dual Prime: Rapidly delivers both the sample and SpeedBeads to the flow cell in the
proportion set in the Core Size and Speed area of the Setup tab.

Flush Sample: Backflushes the sample and bead lines and rinses the sample syringe
with sheath fluid three times, loads 50 ul of air into the uptake line, and primes the beads
at the end of the process to refill the flushed line to the flow cell. You may use this option
when you change samples.

Flush/Load SpeedBeads: Backflushes the sample and bead lines and rinses the bead
syringe with sheath fluid three times, and primes the beads at the end of the process to
refill the flushed line to the flow cell. Use this option to reload the SpeedBeads.

Prime SpeedBeads: Rapidly delivers beads to the flow cell.

Abort Script: Stops a fluidic script that is running. The button is enabled only when a
script is running.
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Cell Detection Button

This button is located immediately below the Abort Script button. It launches the Cell Detection
window, which is used to set cell classifiers to identify objects to include in the acquiring data file.

&S INSPIRE for the Image Stream; 100

File Imstrument Sample Beads Help

. En:tr;; . .-’-'«Equu?ré LDELLfsréad SLal:lina;e F'Drli‘nilnla ‘ SF;L::SE SF|LL;Seh;I|3_§aa§$ SpePeruilrgzadS

\-"iew:lEeIIs ﬂ & | = | ImageTu:u:uIs| Pauze | | |
Charinel 1 | Channel 2 I Chanirel 3 I Channel 4 | Chankel & | Channel B |

Open the menu with a right click of the mouse to place the features in the window or to show or
hide the features. Ignore All Enabled allows you to quickly toggle the enabled features on and off
to observe the effect of the classifiers. You can set upper and lower limits for the following
features in any of the six channel images:

C® Cell Detection g@] E|

Object Area - Lower Limit
Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel &

I ICD== (8 = I = = I = I =

Show All Enabled

Object Area - Upper Limit Hide all
Channel 1 Channel 2 Channel 3 Ignore All Enabled G
v | ?50::| [ | ::l [ | ::l [ Percent Saturaked Pixels - Lower Limit E
v Peak Inkensity - Upper Limit
Peak Intensity - Lower Limit v Peak Intensity - Lower Linnit
Channel 1 Channel 2 Channel 3 Tatal Intensity - Lower Lirnit
v | mnil o | ::l o | ::l o Total Intensity - Upper Limit E

Percent Saturated Pixels - Upper Limit

Peak Intensity - Upper Limit Tokal Saturated F‘!xels - Upper L!m!t
Channel 1 Channel 2 Channel 3 Total Saturated Pixels - Lower Limit

- - - Minirmum Intensity - Lower Limnit -
[ = (M = ¥ ozz—= [ =
| :l | :l | :l Minimum Intensity - Upper Limit 3
v Mean Intensity - Upper Limik
Mean Inktensity - Lower Limit

Mazimum Gradient Intensity - Lower Limit
u | Il u | Il u | Il [ | Maximum Gradient Inkensity - Upper Limik

oy

Mean Intensity - Upper Limat
Channel 1 Channel 2 Channel 3

v Object Area - Lower Limit

N S  Obct rea - Upper L —

e Maximum Gradient Intensity: The value of the largest slope spanning two pixels in an
image. This feature measures image contrast or focus quality.

e Mean Intensity: The average pixel intensity in an image.

e Minimum Intensity: The intensity value of the dimmest pixel in an image.
e Object Area: The number of pixels in an image.

e Peak Intensity: The intensity value of the brightest pixel in an image.

e Percent Saturated Pixels: The percentage of an object’s pixels that have a value of
1023 counts.

e Total Intensity: The integrated intensity of the entire object image; the sum of all pixel
intensities in an image.
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e Total Saturated Pixels: The number of pixels in an image that have an intensity value of
1023 counts.

Note: The ImageStream can save up to three separate files per sample run, one for each
type of object classification: bead, cell, and debris. The ImageStream automatically
classifies SpeedBeads™ as beads and can save this data in a bead file. It
classifies any non-bead object that falls within the cell classification parameters as
a cell and saves data in a cell file. It classifies any non-bead object that falls
outside the cell classification parameters as debris and can save this data in a
debris file.

For more information about setting cell classification parameters, see Setting Cell Classifiers.

Imaging Area and Tools

The imaging area of the INSPIRE™ screen occupies the majority of the left side of the screen. It
displays the six multispectral channel images of the beads and/or sample. Immediately above the
imaging area are tools that allow you to perform detailed image analysis, customize the image
display, and control the camera settings.

‘-;"iew:|l:e||g j & | = | Image TDD|S| Pauze | | | Detlé.zltlion

Channel 1 | Channel 2 | Channel 3 | Channel 4 | Channel 5 | Channel & |

These imaging area and tools include the following:

e View dropdown box: Determines whether cells, beads, or debris are displayed in the
imaging area.

e Magnifying glass icons: Zoom in or out on the imagery. The scroll bar at the bottom of
the image window can be used to see out-of-view channel images.

e Image Tools: Opens the Image Display Tools window for detailed pixel intensity
analysis of the imagery.

Ol o Q;
Py o Region of Interest
I™ Show Channels Eay i
I~ Show Alignment Tools Mayimum [z
Peel Information Mean [ooseaz
el [s3887 Area Ea
Intensiy: ~ [200 Std Dev. [gig7113

e Ptr, Line, Rgn: Buttons that allow interrogation of pixel information of a single point
(Ptr), a line, or a region (Rgn) of the imagery.

e Show Channels box: Displays green vertical lines that outline the boundaries of
each channel.

e Show Alignment Tools box: Displays five vertical blue lines between the six
channels and one horizontal blue line that bisects all channels of the camera. Used
to aid in system alignment.

o Pixel Information box: Displays the selected Pixel (x,y) coordinates and its
Intensity value.

e Region of Interest box: Displays the Minimum, Maximum and Mean pixel intensity
values, their standard deviation (Std. Dev.), and the Area of the drawn region.

e Intensity Profile: Plot of horizontal pixel number vs. Mean pixel intensity for the
drawn region.

20



Pause: Stops the update of image display without stopping data acquisition. The left and
right arrow buttons (<<-- and -->>) can be used to page up or down through the images.
The Pause button changes to Resume while paused.

Resume continues the regular update of image display.

Channel configuration boxes: Allow you to customize the camera stage settings,
display color, and gain for each camera channel.

™ configure Channel I._||E rg|
Channel 1
Senzitivity Dizplay
J & Linear Threshold; |26 Color: |
] ] I ]
Channel 2
Senaitivity Dizplay %
T & Linear Threshold; |0 Color; |
] ] I ]
Channel 3
Senaitivity Display
_ J &+ Lingar Threshald: |0 Color: |
] ] I ]
Channel 4
Senazitivity Display
O {+ Lingar Threshald: |0 Calar: |
] ] I ]
32 128 256 Rz " Log Gain: 3
Channel &
Senzitivity Dizplay
T + Linear Threshald: |0 Calar: |
] ] I ]
32 128 256 512 " Log Gain: 3
Channel B
Senzitivity Dizplay
O + Linear Threshold; |0 Colar: .
] ] I ]
32 128 256 512  Log Gain: 3
Auto-zet Thresholds
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e Imaging Area: the large region on left side of the INSPIRE screen that displays six
channels of object images.

Channel 1 | Channel 2 | Channel 3 | Channel 4 | Channel 5 | Channel & |
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Setup Tab

The Setup tab provides the user interface for routine operation of the ImageStream. On this tab,
you can monitor and control instrument setup, the sample run conditions, and data acquisition.
The Setup tab covers the four main features that you must set up: data acquisition, illumination,
objective stage position, and fluidics. These features are described in more detail below.

Setup | ASSIST | Acquistion Plots | Advanced Setup |

Celstodcquie: 300 =5 [~ Save Debis ceicowre 13005 [HHERRRRER
Data File: 033106 C4 4 = Cels/Sec | 23 100% Complete
Sequence #: l'q E% Total/Sec: 14  Elapsed Twme: | 00:2355
% ’
| Brightfieid | ErckationLssas “H R e - Flaldies. h
On/off @& On/Off  Iritensiy [mw/] Agitate Beads: L

Channet 5 = wn @ PO Agiate Sample: (M)
Set Intenzity 193 poe \-—y 1 3: Diametes [rcrons);
= P - 35am \-----'-‘;I ! ! 3: Pearcent Baads:
lllumination

L Scatter Control... | | “Welocity [mmdsac)
" Focus Tracking [micions) ki

Objective Stage Position Desired:

Relative: |1 J_!_LJ . Cove Tracking [micrans)

Current; |2 54 Feszet Fletative: 15 GJ—LI
el s L
futoacking Enabled () et [ || e | = '

Actual 21,169

\

' T
Stabus Fluidics

@ Fun Sangle Sciipt Complote @  FuidLevels.. TS ko 1)
Sheath: |
" Senpt complated ~ i
ChangePumpSpeeds: end =
ChangePumpSpeeds: staing sheath flow @ 0.702778 ulfsec Sample: [ 0.000
ChangePumpSpeeds: basd % = 1.00
ChangePumpSpeeds: starfing bead flow @ 0.001806 ul/sec Bead | 332386
ChangePumpSpeeds: start . v
Freguency Specirum Flow Speed OV
200
. D.B00=—
£ 150~ =
g o 0600
= g =)
£ 100 % 0400~
E'l o
| 2
w IZI.‘:'{I:I L L_E 0.200-
- A M\\‘\-ﬂ‘\
0.00—y | I ] | 0.000— I [ | I
0.00 20.00 4000 BOOOD 8OO0 19000 19080 19100 19150
Core Valocity [mm/sec] Observatons
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e Data Acquisition. The following two boxes pertain to ImageStream data file acquisition:

Acquisition box:

= Cells to Acquire: Allows you to specify the number of objects to acquire and
store in a file.

= Save Debris checkbox: When checked, all objects not classified as cells or
beads are automatically saved to a separate file. This file's name is appended
with —debris.

= Data File: You can specify the data file name and browse for a folder in which
to save the data.

= Sequence #: This number is appended to each data file name and ascends
with each file acquired.

Acquisition Status box:

= Cell Count: Displays the current number of cells detected by the camera.
Counting is reset when the camera is set to Run/Setup or Run/Acquire mode.

= Cells/Sec: Displays the cell detection rate.

= Total/Sec: Displays the per-second rate of detection of all objects, including
cells, beads and debris.

= Acquisition status bar: Displays the data acquisition progress. Below the bar
is an indicator light that is green when data acquisition is in progress and a
percent complete annotation.

» Elapsed Time: A timer that indicates time elapsed since the beginning of data
acquisition.

¢ lllumination: Controls for the brightfield lamp and the fluorescence excitation lasers.

Brightfield: Allows control of the brightfield lamp settings.
= On/Off: Brightfield power button.

= Channel: Drop-down menu that allows you to direct brightfield light to the
specified camera channel. Once you select a channel, the brightfield
background intensity is set to the desired level.

= Set Intensity: Delivers the desired amount of brightfield light to the camera.
The default amount achieves a background mean pixel intensity of 200 counts
on the camera.

Excitation Lasers: Allows control of the indicated fluorescence excitation lasers.
= On/Off: Turns lasers on or off.
= Intensity (mW): Allows variable control over laser power.

= Scatter Control: Launches the Scatter Control dialog box, which enables you
to control the laser height. Use this feature to maximize the dynamic range of
laser side scatter signals delivered to the camera and to maintain consistent
laser height throughout an experimental run.
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Scatter Comection

Relative: Izlj I_E %
Current; m 5

Scatter Tracking Enabled:  ( Fﬂ

e Scatter Control: Dialog box that allows you to control the laser height. On the
ImageStream, small adjustments in 488 nm laser height drastically affect side scatter
intensity but not fluorescence intensity measurements. The vertical position of the
excitation beam relative to the camera can be controlled by precisely moving a height
controlling lens in the laser illumination pathway. Using the Scatter Control dialog
box, you can adjust the laser height to maximize the dynamic range of side scatter
signals from a given sample. For more information, see Setting ImageStream
Sensitivity.

The ImageStream also has a scatter control feedback loop that can maintain constant vertical
laser alignment throughout a set of samples.

= Relative: You can enter the distance to move the height-controlling lens when
the right or left arrows are clicked. This positions the lens to achieve optimal
laser height on the camera.

= Scatter Tracking Enabled: Activates the scatter tracking feedback loop that
maintains constant vertical laser alignment.

e Objective Stage Position: Controls for moving the imaging objective lens.

e Focus Tracking: Provides controls that move the objective in the z-axis to achieve
optimal focus on objects in the core stream. All values are expressed in microns.

= Relative: You can enter the distance that the objective stage will be moved in
the z-axis when the right or left arrows are clicked. This positions the objective
to achieve optimal focus on the core stream.

= Current: Records the current position of the objective stage in the z-axis.

= Reset: Returns the objective to the original z-axis position specified in the
INSPIRE™ template.

= Auto-tracking enabled: Activates the feature that automatically adjusts the z-
axis position of the objective to find and maintain optimal focus.

e Core Tracking: Provides controls that move the objective in the x-axis so that object
images are collected in the center of the camera channels. All values are expressed
in microns.

= Relative: You can enter the distance that the objective stage will be moved in
the x-axis when the right or left arrows are clicked. This positions the objective
to center images laterally within the objective’s field of view.

= Current: Records the current position of the objective stage in the x-axis.

= Reset: Returns the objective to the original x-axis position specified in the
INSPIRE template.
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e Fluidics: Information about and control of the fluidics system is provided in several areas
of the Setup tab:

e Fluidics control box:

= Agitate Beads: Starts (or stops) rotating the bead syringe. Use this feature to
keep the SpeedBeads™ in suspension in the syringe.

= Agitate Sample: Starts (or stops) rotating the sample syringe. Use this feature
to keep the sample in suspension in the syringe.

= Diameter: Allows you to specify the diameter in microns of the
hydrodynamically focused core stream. A larger diameter increases both the
object throughput and the positional variability of objects within the core
stream. The diameter is set to 10 microns for most sample runs.

= Percent Beads: Allows you to set the relative contribution of the bead and
sample pumps to the core stream. Enter the percent of the core stream that
consists of beads. The proportion of the stream that is not made up of beads is
sample. During normal operation, this is set to 10% beads (90% sample).

= Velocity: Allows you to control the core stream velocity.

o Desired: Allows you to set the desired speed of the core stream. This is typically
set to 23 mm/sec to achieve maximum object throughput without outpacing the
ability of the camera to track the objects.

o0 Actual: Displays the current velocity of the core stream.

o0 Play button: Runs the fluidics. Click to start the sheath, bead and sample syringe
pumps in proportions that will achieve the desired core stream Diameter,
Percentage Beads and Desired speed.

0 Lock-on button: Speeds up or slows down the fluidics to achieve the Desired
speed.

0 Stop: Stops the fluidics.
e Status box:
= Script Running: Indicator light that is green when a fluidic script is enabled.

» Fluid Levels: Reports information from the ImageStream fluid sensors. When
fluid levels are acceptable, the indicator light is green. When one or more of
the fluid levels are low, or if the waste tank is full, the indicator light will turn
red, and a pop-up window appears that indicates which fluid tank needs to be
filled or emptied.

= Dialog Box: Updates the progress of the current script and provides a fluidic
script history.

e Syringe Volumes: Indicates the volume in microliters in the Sheath, Sample, and
Bead syringe pumps.

e Frequency Spectrum: Plot that displays the core stream velocity in mm/sec
(corresponds to the Actual velocity) vs. signal strength as measured by the PMTs
(represented in red and black). The frequency of signals received through the
gratings by the PMTs from an object is related to the core stream velocity in mm/sec.
The focal position of the core stream is calculated from the balance of signal
amplitudes of the two PMTSs. If the core stream drifts in the z-axis, the amplitude
measured by one PMT will increase while the amplitude measured by the other will
decrease.

e Flow Speed CV: Plot that displays the variation in the measured core stream velocity
as a percentage of the mean sample speed (coefficient of variation (CV)) stream over
time. A fluidically stable core stream will have flow speed CV'’s consistently below
0.2. Higher values can result in image streaking.

Note: Double-click on a graph to launch the Chart Properties window, which allows you
to customize the graph display.
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ASSIST Tab

ASSIST stands for Automated Software Suite of ImageStream Tests. ASSIST is a set of
calibrations and tests of the illumination, camera, fluidic, autofocus, and optical systems
performed while running SpeedBeads™. Run ASSIST daily to optimize the performance of the
ImageStream. The ASSIST tab described below allows you to run these calibrations and tests,
and to monitor the fluidic scripts usage history of the ImageStream. For more information about
setting up the ImageStream to run ASSIST see Daily Calibration and Testing.

Setup  ASSIST ]Acquisition F'Iots] Advanced Setupl

Calibrations
Calibration Drate/ Tine Results
I8 Camera Synchronization 4/18/2006 8:04:55 4  37.90
|| Spatial Offsets 41842008 8:05:10 40 Minimum: -0.95, Masimunm; 0,95
|| Dark Current 418/2006 30532 40 Minimun: 23,93, Masimun: 26.97
|| Brightfield Gain 4/18/20086 8:06:06 Ak Minimoum: 0.93, Maximum: 1.05
= Autofocus S Curve Slope 41842008 8:07:.03 4M 014
|| Autofocus Accuracy Factory Calibrated Pazzed
| | 488 Laser Horiz Alignment  4/18/2006 8:07:52 AM  Value: 5,187 BE, Position: -8.09
» = 488 Laszer Vert Alignment 41842008 8:08:02 &M 92214
|| BF Intensity Selection 40/2008 82257 AM  Mawirmurn: 4.00
Excitation L :
siREn Rt | i Start Calibration Start Al Calibrations
Limitz 70000 Minimunn
1,100.00  Mawimum
Tests
Test DrateTinme Results
B BF Uniformity 4/18/2006 2:08:26 &AM Mawimurn: 0,98
|| BF Intensity Selection 4/18/2006 8:30.57 M Maximum: 4.00
|| Flow Care Axial Stability 4/18/2006 83208 00 0.04
|| Flow Core Lateral Stability  Factory Tested Pazzed
L | Flow Core Position Factory Tested Pazsed
4 | 1488 Laser Vert Alignment  4/18/200E 8:35:54 &M 726.56
[ | 438 Lager Horz Alignment  Factory Tested Paszed
i Collection MTF YerthHorz Factory Tested Pazzed
= Collection Linearity Factory Tested Pazzed
|| Callection Sengitivity Factory Tested Paszed
I Collection Detector Rotatio  Factory Tested Paszed
= AFFS Lazer Alignment Factory Tested Pazzed
. | AFFS Responge Time Factory Tested Paszed
| | AFFS Accuracy Factory Tested Passzed
| | Power Supply Yoltage Factory Tested Pazzed
|| Processing Intedrity Factory Tested Paszed
O —
Excitation Laser T26.56
Limitz 70000 Minimurn
1.100.00  Marimum

Start Test |

Start All Tests ]

Start All | Uszage Manitor... |

e Calibrations: A calibration optimizes the performance of a component or set of
components of the ImageStream. After a calibration is done, it is tested to determine
whether or not it passed or failed its purpose. The calibration values and acceptable
ranges are listed on the ASSIST display tab, and failed calibrations or tests are indicated
in red. For more information about a how a specific calibration works, see ASSIST.
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Calibrations: A table that lists each calibration, the time that the calibration was last
run, and the result of each calibration.

If you select the box that is next to the name of a calibration, the arrow will move to
the calibration that you selected. In this manner, you can run each calibration
individually. The limits that determine whether the ImageStream passes or fails are
shown for the selected calibration. If the ImageStream fails, the testing limit that failed
turns red. Click the Start Calibration button to run an individual calibration.

You can also choose to run all of the calibrations by clicking the Start All Calibrations
button. Each calibration is briefly described here:

= Camera Synchronization: Improves image sharpness by optimizing the
synchronization of the camera time-delayed integration (TDI) line rate with the
particle flow rate.

= Spatial Offsets: Determines vertical and horizontal pixel offset corrections that
are applied to ensure identical spatial registry of the six channel images for
each object.

= Dark Current: Normalizes the inherent camera background (measured in the
absence of light) to an approximate intensity level of 30 counts per pixel.

» Brightfield Gain: Normalizes the camera background to the measured mean
intensity with the brightfield lamp on.

= AutoFocus S Curve Slope: Improves the performance of the autofocus
system by optimizing the movement of the objective in response to movement
in the core stream.

= 488 Laser Horiz Alignment: Horizontally aligns the 488 nm excitation laser.
= 488 Laser Vert Alignment: Vertically aligns the 488 nm excitation laser.

»= BF Intensity Selection: Calibrates the halogen lamp to set a corresponding
intensity count in the BF channel. For each BF mode and gain setting, a
sampling of lamp settings is plotted against intensity counts that are detected
by the camera. A curve fit on this data is saved to quickly set the BF channel to
a specific intensity value. Each BF mode and gain setting combination has its
own calibration. (Six modes and two gain settings exist.) If you click Start All,
this calibration is not run. You should run this calibration individually if the BF
Intensity Selection Test fails.

Tests: A test monitors the current performance of the ImageStream, but does not
optimize performance like a calibration does. The test results and acceptable limits are
listed on the ASSIST display tab, and values outside of accepted limits are highlighted
with a light red background. For more information about a how a specific test works, see
ASSIST.

Tests: A table that lists each test, whether the ImageStream passed or failed, and
the time when the test was last performed.

If you select the box that is next to the name of the test, the arrow will move to the
test that you selected. In this manner, you can run each test individually. The limits
that determine whether the ImageStream passes or fails are shown for the selected
test. If the ImageStream fails, the testing limit that failed turns red.

You can also choose to run all of the tests by clicking the Start All Tests button.
The tests are briefly described here:

= BF Uniformity: Measures the variation of the brightfield illumination intensity
across each channel.

= BF Intensity Selection: Verifies the BF intensity calibration for each BF mode.
The image intensity must reach 200 within 10 iterations. If this test fails run the
BF Intensity Selection Calibration.
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= Flow Core Axial Stability: Measures the stability of the core stream velocity
over time.

= 488 Laser Vert Alignment: Tests the 488 nm laser power and alignment by
measuring the total 488 nm light scatter from the SpeedBeads™.

Start All: Initiates the sequential performance of all ASSIST calibrations and tests. This
is typically done at the beginning of each day for quality control and to optimize the
performance of the ImageStream.

Start All Calibrations: Initiates the sequential performance of all the ASSIST
calibrations, except for the BF Intensity Selection Test and the Factory Calibrations and

Tests.

Start All Tests: Initiates the sequential performance of all ASSIST tests.

Usage Monitor: Launches a searchable database of fluidic script usage history for the

Instrument.
= Script Usage
Filter Criteria Uszage:
: = _Sc:ript M ame : Usagg Count = |
Script: m J 5 % s
o [5055 5] To [vm = [ =
Load Sheath a9
Search Fieturn Sample A7
Return Beads 1]
Purge Sample 39
Histary: Purge Beads 17
Seript Name Date/Time ﬁ‘ Flush Sample 1060
Load Sheath 05/30/05 10:37 &M flustiBetds 3
Sterilize System 06/30/05 11:01 A Flush Systent 202
Flush System 06/30/05 11:01 AM Steriize Systam 213
Flush System 06/30/05 11:07 AM Super Agitate Sample 34
Load Sample 06/30/05 11:47 AM StperAditate Beads o
Frime Beads 06/30/05 11:43 AM 2uperDebuible %
Fun Sample 06/30/05 11:49 AM Fiime Sample 13 | |
Fun Sample 06/30/05 11:50 AM Prime Beads 83
Laad Shesth 06/30/05 12:21 PM Dual Prime 1335
Dual Prime 06/30/05 12:23 PM Ereitiss SYinge a
Load Sample 0630405 1227 PM Change Sheath Buffer 148
Dual Prime DE/A0/05 1226 PM Manual Change 5 ample 1]
Fun Sample OE/A0/05 1226 PM 2 4 anual Flush Sample 19 .
Pign Caranla AQ12
d | f il | f
SaveTo File.. | Cloze |
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Acquisition Plots Tab

The Acquisitions Plots tab displays six bivariate scatter plots of calculated object image
parameters. These plots are updated in real time while the camera is in Run/Setup or
Run/Acquire mode. The following buttons affect all six of the plots.

Setup ] AS5I5T  Acguisition Plots |.-’-‘«dvanced Setup]

Cells  Beads| Debns

Rezet Plot D ata
menu | i

menu | I

T I B I I
0 500 1000 0 a0 100 150 200

1 Peak Intensity 2 Peak Intensity
menu | I menu | £

[ [ [ 1
0 S00 1000 0 500 1000

3 Peak Intensity 4 Peak Intensity
men |20 menu | £

[ [ [ ] [ [ ] [ [
1] 200 400 {=ini] 800 1000 1] 200 400 B0 2an

5 Peak Intensity & Peak Intengity

e Cells, Beads, and Debris: View plots for objects classified as cells, beads, or debris.
¢ Reset Plot Data: Clears the data contents of the six plots.

You can manually scale each plot using the zoom tool. The Show All button, which appears after
manual scaling, can be clicked to revert the plot back to autoscale. Also, you can click the menu
button to open the Plot Properties window.
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™ plotPro perties
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In the Plot Properties window, the x- and y-axis features can be chosen and plotted in linear or
log format. The features available for plotting are identical to those used for cell classification (see
Cell Detection Button and include the following:

Area: The number of pixels in an image.
Average Intensity: The average pixel intensity in an image.

Maximum Gradient Intensity: The value of the largest slope spanning two pixels in an
image. This feature measures image contrast or focus quality.

Minimum Intensity: The intensity value of the dimmest pixel in an image.
Peak Intensity: The intensity value of the brightest pixel in an image.

Percent Saturated Pixels: The percentage of an object’s pixels that have a value of
1023 counts.

Total Intensity: The integrated intensity of the entire object image; the sum of all pixel
intensities in an image.

Total Saturated Pixels: the number of pixels in an image that have an intensity value of
1023 counts.

For more information about classifying objects and using the Acquisitions Plots tab, see Setting
Cell Classifiers.
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Advanced Setup Tab

The Advanced Setup tab contains nine additional tabs that allow access to advanced operation
of the ImageStream. Collectively, these nine tabs contain all of the same controls that appear on
the Setup tab, plus additional controls and performance graphs that are used primarily by Amnis
service engineers. As a result, much of the information in this section is for informational
purposes only.

Setup | ASSIST | Acquisiton Plots  Advanced Setup |
Fluidics Advanced Flidics i.&u]nfm:us | Flow Speed | I:amEiai THarriin ation | Displa_l..ll Acquiztion

The Advanced Setup tab contains the following eight tabs:

Fluidics: Provides information about the volume levels of the sheath, sample, and bead
syringe pumps and enables you to control the core stream characteristics.

Advanced Fluidics: Enables you to control all fluidic components, including filling,
emptying, and agitating syringe pumps, and moving valve positions.

Autofocus: Provides controls for the autofocus and core tracking systems as well as
real-time graphs of autofocus performance.

Flow Speed: Provides controls for setting and measuring the core stream velocity and
synchronizing the flow speed with camera time-delayed integration (TDI) line rate.

Camera: Enables you to control the TDI camera settings, including the individual
sensitivity of each of the six channels and the spatial resolution of the collected images.

lllumination: Provides control over the brightfield and fluorescence excitation laser
intensity, the color of the brightfield illumination, and the Scatter Tracking system.

Display: Allows you to customize the display color and gain for each camera channel.

Acquisition: Provides advanced control over object detection and bead classification
parameters, and allows you to define data file characteristics.
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Fluidics Tab

The Fluidics tab contains information about the volume levels of the sheath, sample, and bead
syringe pumps and enables control of the core stream characteristics.
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The Fluidics tab contains the following settings:

e Syringes: Provides information about the fluid levels in the syringes. The Sheath,
Sample, and Beads bars indicate the relative volume remaining in the syringes. Time
Left is a rough estimate of the time it will take to empty the syringe at the current flow
rate. The existing Volume (in microliters) is also provided for each syringe pump.

e Tank Levels: Fluid level sensors turn the appropriate warning light red when any tank is
low or if the waste tank is full.

e Core Size and Speed box: Allows control over core stream attributes, including core
diameter, velocity, and relative percentage of beads. These controls are analogous to
those found on the Setup and Flow Speed tabs.

e Diameter: Allows you to specify the diameter in microns of the hydrodynamically
focused core stream. A larger diameter increases both the object throughput and the
positional variability of objects within the core stream. The diameter is set to 10
microns for most sample runs.

e Percent Beads: Allows you to set the relative contribution of the bead and sample
pumps to the core stream. Enter the percent of the core stream that consists of
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beads. The proportion of the stream that is not made up of beads is sample. During
normal operation, this is set to 10% beads (90% sample).

Velocity: Allows you to set the core stream velocity.

Run: Runs the fluidics. Click to start the sheath, bead and sample syringe pumps in
proportions that will achieve the desired core stream Diameter, Percentage Beads
and Velocity. This button is analogous to the Play button on the Setup Tab.

Stop: Stops the three syringe pumps.
Reverse: Runs the sheath pump in reverse to slow down the core stream velocity.

Calculate and Set Values: Sets (but does not run) the sheath, sample, and bead
syringe emptying rate in order to achieve the desired core stream Diameter,
Percentage Beads, and Velocity.
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Advanced Fluidics Tab

The Advanced Fluidics tab enables you to control all fluidic components, including filling,
emptying, and agitating syringe pumps, and moving valve positions. Manual control of the fluidics
may become necessary to remove clogs or after an INSPIRE software crash.
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The Advanced Fluidics tab allows control over the following valves and syringe pumps. Refer to
the fluidics diagram to follow the fluidic pathways of the system.

e Valves: Fluids are diverted to different lines by controlling valve positions.
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Sheath Valve: A seven-position Gatling valve that controls the loading of fluids to
and from the Sheath syringe pump. The valve position to the sheath pump is always
open. You can select one of the remaining six positions to divert fluid flow through
the valve.

= Run: Diverts sheath flow between the sheath syringe and flow cell through the
bubble trap.

= Debubbler: Allows loading of Debubbler into the Sheath syringe.
= Cleanser: Allows loading of Cleanser into the Sheath syringe.
= Sterilizer: Allows loading of Sterilizer into the Sheath syringe.

= Vent: Opens a pathway between the waste tank and the sheath syringe
through the standpipe.

= Sheath: Allows loading of Sheath fluid into the Sheath syringe.

Sample Valve and Bead Valve: Controls fluid flow into and out of the sample and
bead syringe pumps.

* Run: Opens the pathway to the flow cell and sheath valve.
= Load: Opens the pathway to the sample or bead vials.

» Flush: Closes access to the sample or bead pumps and allows fluid to flow
between the uptake lines and the flow cell.

Flush Valve: Controls fluid flow into and out of the flush syringe.

Bead Flush Valve and Sample Flush Valve: Controls fluid flow from the flush
syringe into the back of the bead and sample syringe.

Debubble Flow Cell Valve: Opens a pathway to the flow cell from the flush pump
that is used to draw air into the flow cell for debubbling.

Waste Valve: Controls fluid access to the waste tank or to air.
= Run: Diverts fluid from the flow cell to the waste tank.

= Closed: Closes the waste valve so that fluid cannot move from the flow cell to
the waste tank or be exposed to air.

= Manual: Opens the pathway from the flow cell to air. Allows you to load air into
the flow cell during the debubble scripts and to manually flush the line when a
syringe is connected to the manual line.

Bubble Vent: Controls the fluidics’ access to air.

= Open: Vents the top of the bubble trap to the standpipe to release captured air
or to introduce the air bubble into the sheath syringe during the Load Sheath
script. It also depressurizes the fluidic system.

= Closed: Seals the bubble trap, thereby enabling the fluidic system to operate
normally.
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(Sheath, Flush, Sample, Bead) Pump: The dual-geared microstepper motor-driven
Sheath, Flush, Sample, and Bead syringe pumps start fluid flow. You can operate
each of the three pumps manually using the following controls (all volumes are in
microliters and rates are in microliters per second):

Velocity: Allows you to specify the syringe Fill or Empty rate. The maximum
rate for the Sample and Bead Pumps is 10 microliters per second. The
maximum rate for the Sheath Pump is 400 microliters per second if the
Sheath Valve is set to Vent (diverting fluid to the standpipe) and 50 microliters
per second if the Sheath Valve is set to Run (diverting fluid into the flow cell).
If you run the Sheath Pump at too high a speed, the Pressure Relief valve
opens, allowing sheath to flow into the waste tank through the standpipe.

Relative: Allows you to specify the relative volume of fluid that will move into
(when you click Fill) or out of (when you click Empty) the syringe.

Speed: Allows you to shift between High and Low gears for pump operation.
Use High gear for a pumping Velocity greater than 0.1 microliters per second.

Purge: Allows you to completely empty a syringe pump. When you click
Purge, the syringe empties at the rate specified in the Velocity field. When the
syringe pump reaches the empty limit sensor, it continues to drive the motor
for the time required to theoretically empty the volume specified in the Purge
field. The purpose of this action is to expel the small volume that remains in
the syringe when the empty limit sensor is tripped.

Capacity: Maximum allowable syringe pump volume.
Volume: Displays the current syringe pump volume.
Agitation: Allows you to start or stop rotation of the Bead or Sample Pump.

Status: Indicator lights turn green if the corresponding syringe pump is empty
or full.
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Autofocus Tab

The ImageStream uses hydrodynamic focusing to position the core stream, which contains beads
and cells, in a consistent place within the flow cell in front of the imaging objective. The imaging
objective is mounted on a movable stage that allows the instrument to track back-to-front (z-axis)
and lateral (x-axis) deviations in core stream position in order to keep object images in focus and
laterally centered on the camera. X-axis tracking is called Core Tracking and z-axis tracking is
called Focus Tracking. The Autofocus tab provides control over the Core and Focus Tracking
systems as well as real-time graphs pertaining to the performance of the Autofocus system.
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The features that allow you to control the Focus Tracking and Core Tracking systems with the

Autofocus tab are described below.

Focus Tracking is accomplished by moving the objective in the z-axis relative to the core
stream. The ImageStream uses SpeedBead™ IR laser side scatter information gathered by the
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Autofocus - Flow speed optical system to track the optimal focal position of the core stream.
Laser side scatter information is collected on two separate PMTSs that are focused on opposite
sides of the core stream (in the z-axis). When the PMT signal amplitudes are equal to one
another, the imaging objective is focused on the center of the core stream. When the core stream
moves out of focus, the PMT signal amplitudes become unbalanced. This information is used by
the autofocus system to continuously move the objective in the z-axis to achieve optimal focus
during a sample run. The following sections of the Autofocus tab provide manual control of the
objective z-axis position as well as control over the AutoFocus system.

FSP Enabled: When checked, turns on the infrared (IR) laser and begins Flow Speed
Processing (FSP), which allows PMT-based measurements of IR laser scatter off of the
SpeedBeads.

Autofocus Tracking Enabled: When checked, enables the automatic objective stage
movements to the best focus position as determined by infrared (IR) signals collected by
the PMTs.

PMT Settings: Displays the PMT settings critical to optimal performance of the
Autofocus - Flow Speed systems. Do not change these values.

Focus Tracking: Allows you to move the objective in the z-axis to achieve optimal focus
on objects in the core stream. All values are expressed in motor microsteps. There are
160 microsteps per micron.

e Absolute: You can enter a z-axis position in this field. Click the right arrow button to
move the objective stage to this position.

e Relative: Distance that the objective stage will move in the z-axis when the right or
left arrows are clicked. You can use this feature to position the objective to achieve
optimal focus on the core stream.

o Reset: Returns the objective to the z-axis position specified in the Default window.

e Current: Displays the current position of the objective stage in the z-axis. Click Set
as Default to reset the default position to this position.

o Default: Displays the default position of the objective stage in the z-axis. Click Go to
Default to move the objective to this position.

e At Reverse Limit: Turns green when the objective stage reaches the limit of its
mechanical range of motion in the z-axis.

Focus Offsets: Includes parameters for the Autofocus control loop.

Caution: The A, K, B, and Hyst Comp fields are pre-set to optimize the movement of
the objective in response to movement in the core stream. These fields should be edited
by an Amnis Field Service Representative only.
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e Autofocus:

e Calibrate: Launches an ASSIST test that should be run by an Amnis Field Service
Representative only.

Core Tracking is accomplished by moving the objective in the x-axis relative to the core stream.
The lateral position of the core stream in relation to the objective lens is determined by camera-
based measurements of object x-centroid. This information is used by the Automatic Core
Tracking system to continuously move the objective to the optimal lateral position during a
sample run. The following sections of the Autofocus tab allow you to control the objective z-axis
position and the Automatic Core Tracking system.

e Automatic Core Tracking: Includes parameters for the Automatic Lateral Core Tracking
control loop. The Min Time Between Updates, Core Tolerance, and Filter Length
values should only be edited by an Amnis Field Service Representative only.

e Core Tracking: Allows you to move the objective in the x-axis so that object images are
collected in the center of the camera channels. All values are expressed in motor
microsteps. There are 160 microsteps per micron.

e Absolute: You can enter an x-axis position in this field. Click the right arrow button
to move the objective stage to this position.

e Relative: Distance that the objective stage will be moved in the x-axis when the right
or left arrows are clicked. You can use this feature to position the objective to achieve
optimal focus on the core stream.

o Reset: Returns the objective to the x-axis position specified in the Default window.

e Current: Displays the current position of the objective stage in the x-axis. Click Set
as Default to reset the default position to this position.

o Default: Displays the default position of the objective stage in the x-axis. Click Go to
Default to move the objective to this position.

e At Reverse Limit: Turns green when the objective stage reaches the limit of its
mechanical range of motion in the x-axis.
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Graphs: All six graphs on this tab report PMT-based measurements of the Autofocus -
Flow Speed system that relate to Focus Tracking.

Note: Double-click on a graph to view the Chart Properties window, which allows you to
adjust the display properties
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o Autofocus Stage Position: Displays the z-axis objective stage movement in
microns (um) relative to the starting position over time.

e Focus: Displays the residual focus error (in microns) after the Autofocus system has
moved the objective stage over time. The instantaneous error is displayed in light
blue and the time-based average is shown in dark blue.

e Time Series: There are two Time Series graphs. Both plot the PMT voltage levels
over time. The red and black signals represent the IR scatter signals measured by
each of the two PMTs. Each broadening of the line represents an object.

Note: There should be no signal above 10 volts from peak to peak (this
measures saturation). In addition, the signal should look symmetrical and
consistent with previous runs with similar objects.
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Frequency Spectrum: Plots the flow speed vs. signal strength as measured by the
PMTs (represented in the red and black Time Series graphs). The flow speed is
calculated from the fast Fourier Transform of the time-based PMT signals. The
frequency of signals received through the gratings by the PMTs from an object is
related to the core stream velocity in mm/sec. The focal position of the core stream is
calculated from the balance of signal amplitudes of the two PMTSs. If the core stream
drifts in the z-axis, the amplitude measured by one PMT increases while the
amplitude measured by the other decreases.

Bead Concentration vs Time: The concentration of beads measured by both PMT
channels (red and black) of the Autofocus — Flow Speed system. Used by Field
Service for diagnostic purposes only.
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Flow Speed Tab

To prevent streaked images, the TDI camera line rate must be synchronized with the speed of
objects in the core stream. The ImageStream continuously and automatically adjusts the line rate
to account for minute variations in core stream velocity using signals derived from the Autofocus -
Flow Speed system. This system focuses SpeedBead™ IR laser side scatter light through a
series of gratings onto PMTs. The signal from the PMTs is processed to generate a flow speed
control signal that is used to constantly update the camera line rate to maintain image synchrony.
The Flow Speed tab allows you to control the camera synchronization process.
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The Flow Speed tab contains the following settings:

FSP Enabled: When checked, this box turns on the infrared (IR) laser and begins Flow
Speed Processing (FSP), which results in PMT-based measurements of IR laser scatter
from the SpeedBeads.

Camera Sync Enabled: When checked, this box begins synchronization of the camera’s
TDI line rate with the core stream flow speed as measured by the Autofocus - Flow
Speed system.

PMT Settings: Displays the PMT settings critical to optimal performance of the
Autofocus - Flow Speed systems. Do not change these values.

Core Size and Speed: Allows you to control core stream attributes, including core
diameter, velocity, and relative percentage of beads. These controls are analogous to
those found on the Setup and Fluidics tabs.

e Diameter: Allows you to specify the diameter in microns of the hydrodynamically
focused core stream. A larger diameter increases both the object throughput and the
positional variability of objects within the core stream. The diameter is set to 10
microns for most sample runs.

e Percent Beads: Allows you to set the relative contribution of the bead and sample
pumps to the core stream. Enter the percent of the core stream that consists of
beads. The proportion of the stream that is not made up of beads is sample. During
normal operation, this is set to 10% beads (90% sample).

e Velocity: Allows you to set the core stream velocity.

e Run: Runs the fluidics. Click to start the sheath, bead and sample syringe pumps in
proportions that will achieve the desired core stream Diameter, Percentage Beads
and Velocity. This button is analogous to the Play button on the Setup Tab.

e Stop: Stops the three syringe pumps.
e Reverse: Runs the sheath pump in reverse to slow down the core stream velocity.

e Calculate and Set Values: Sets (but does not run) the sheath, sample, and bead
syringe emptying rate in order to achieve the desired core stream Diameter,
Percentage Beads and Velocity.

Misc. Settings: Allows you to control syringe agitation and the Bubble Trap valve.

e Agitate Sample and Bead Syringe: When checked, the indicated syringe will rotate,
keeping the beads or sample in solution during the run.

e Bubble Trap: Controls the Bubble Vent Valve. Opening the valve depressurizes the
fluidic system by venting the bubble trap to air through the standpipe. You can rapidly
drop the core stream speed by opening this valve.

Core Stability Calibration: Initiates a test that measures core stream stability. The test
plots 100-sample running averages of the flow speed CV and is used by Field Service for
diagnostic purposes only.

Flow Speed Calculated Values:
e Flow Speed: Displays the current calculated core stream velocity in mm/sec.

e CV: Displays the current calculated variation in the core stream velocity as a
percentage of the mean sample speed (coefficient of variation (CV)).

e Camera Clock Rate: Displays the current calculated TDI clock rate (in Hertz) of the
camera. This value is used to synchronize the camera with the speed of the objects
in the core stream.

o PMT Rel Z Mag: A parameter that compensates camera synchronization for object
size. This value should be edited by an Amnis Field Service Representative only.

e Camera Sync: Sets the relative magnification of the optical system. The accuracy of
this number is critical to keep the camera synchronized with the speed of objects in
the core stream. Click Calibrate to automatically calculate and set this value.
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e Signal Level Threshold: Sets the PMT signal threshold for the Frequency Spectrum
graph. Only PMT signals above the level threshold will be considered by the
Autofocus - Flow Speed system when calculating focus position and core stream
velocity.

Graphs: All six graphs on this tab report PMT-based measurements of the Autofocus -
Flow Speed system that relate to Flow Speed Tracking.

Note: Double-click on a graph to view the Chart Properties window, which allows you to
adjust any of the graphs.
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o Flow Speed: Plots the calculated core stream velocity in mm/sec over time.

e Time Series: There are two Time Series graphs. Both plot the PMT voltage levels
over time. The red and black signals represent the IR scatter signals measured by
each of the two PMTs. Each broadening of the line represents an object.

Note: There should be no signal above 10 volts from peak to peak (this
measures saturation). In addition, the signal should look symmetrical and
consistent with previous runs with similar objects.

o Flow Speed CV: Plots the calculated coefficient of variation (CV) of the core stream
velocity over time.

e Frequency Spectrum: Plots the flow speed vs. signal strength as measured by the
PMTs (represented in the red and black Time Series graphs). The flow speed is
calculated from the fast Fourier Transform of the time-based PMT signals. The
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frequency of signals received through the gratings by the PMTs from an object is
related to the core stream velocity in mm/sec. The focal position of the core stream is
calculated from the balance of signal amplitudes of the two PMTSs. If the core stream
drifts in the z-axis, the amplitude measured by one PMT will increase while the
amplitude measured by the other will decrease.

Bead Concentration vs. Time: The concentration of beads measured by both PMT
channels (red and black) of the Autofocus — Flow Speed system. Used by Field
Service for diagnostic purposes only.
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Camera Tab

The Camera tab is used to control the properties of the six-channel CCD camera.

Note: You must click Stop (an action button on the left side of the screen) to stop camera
operation before changing these settings.
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You can use and adjust the following settings on the Camera tab:

Sensitivity: Allows you to specify, for each channel, the number of camera pixel rows, or
stages, over which to integrate the signal. The greater the stage number, the greater the
sensitivity. Typically, all non-scatter channels are run at identical stage settings, while the
scatter channel (channel 1) is run at 32 or 128 stages. All of the channels can be set to
the same stage settings by clicking Synchronize Channels.

Note: The relationship between camera stage setting and sensitivity is not linear. For
example, a channel run at 128 stages will be nearly 20-fold less sensitive than the
same channel run at 512 stages.

Bin Mode: Determines the camera pixel size. Increasing the pixel bin size allows the
camera to synchronize with higher core stream velocities, which increases sample
throughput. However, increasing the bin size also decreases image spatial resolution.
The bin mode should always be set to Highest until further testing has been done with
the other settings.

Resolution Speed Pixel Size (microns)
Highest Lowest 0.5
Higher Lower 1.0
Lower Higher 2.0
Lowest Highest 4.0

Gain: Allows for a camera gain setting of 10X, which increases camera sensitivity but
also increases background noise. Because the increased background noise affects the
segmentation mask algorithms critical for image feature calculations, you should use a
1X camera gain.

Camera Mode: The camera is normally run in TDI mode, which prevents image
streaking, or in Frame mode, which does not. To view images in Frame mode, select
Frame and click View Raw Frames at the bottom of the tab. To return to viewing images
in TDI mode, press the Stop button at the bottom of the tab, change back to TDI mode
and click Run/Setup.

Trigger Source: The camera line rate can be controlled by the Autofocus - Flow Speed
system (Automatic mode) or by the camera line rate (in Hertz) in Manual mode. The
camera line rate can be entered in the Line Rate field. Manual mode should be used by
an Amnis Field Service Representative only.

Collection Mode: Controls a six-position filter wheel that is in the optical path
immediately before the spectral decomposition element. Position 6 holds a blocking
element and Position 5 holds a Neutral Density Filter. Both are used for ASSIST tests.

Dark Current and Spatial Offsets: Each button launches the associated ASSIST
calibration.

Test Modes: The two options generate test patterns that are used to check
communication with the camera. These settings should be used by an Amnis Field
Service Representative only.

View Raw Frames: Allows you to view images in Frame mode. Select Frame in the
Camera Mode box and click View Raw Frames. The button name changes to Stop
when you are viewing frames. To return to viewing images in TDI mode, click Stop,
select TDI in the Camera Mode box, and click Run/Setup.
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llumination Tab

The Illumination tab is used to control the brightfield halogen lamp and fluorescence excitation
laser settings.

Setup | ASSIST | Acquisition Plots  Advanced Setup |
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The Illumination tab contains the following controls:

e Brightfield: Controls the brightfield halogen lamp and the fluorescence excitation lasers.

lllumination Mode: Selects the bandpass filter that is placed in front of the brightfield
lamp. The optical properties of the filter direct the brightfield light to a specific camera
channel, or, in the case of the Wide filter, to all camera channels. You can also
control the illumination mode by selecting from the Channel dropdown menu on the
Setup tab.

Background Intensity: Allows you to set the brightfield background intensity value.

Transmission: Allows you to control the intensity of brightfield light that reaches the
camera.

= Brightfield On/Off; Power button for the brightfield light source.

= Value: Increase the Value to move the wheel to a position of higher
transmission (lower density), which will result in higher brightfield intensity
measured by the camera.

= Adjust Amount: Incremental adjustment to the Value when the up or down
arrows are pressed.

= Reset: Rotates the wheel to the position specified in the loaded template.

e Excitation Lasers: Allows you to control the indicated fluorescence excitation lasers (as
on the Setup tab).

On/Off: Turns lasers on or off.
Intensity (mW): Allows variable control over laser power.

Laser Alignment: Dialog box that allows you to control the laser height. On the
ImageStream, small adjustments in 488 nm laser height drastically affect side scatter
intensity but not fluorescence intensity measurements. The vertical position of the
excitation beam relative to the camera can be controlled by precisely moving a height
controlling lens in the laser illumination pathway. Using the Scatter Control dialog
box, you can adjust the laser height to maximize the dynamic range of side scatter
signals from a given sample. For more information, see Setting ImageStream
Sensitivity.

= Relative: You can enter the distance to move the height-controlling lens when
the right or left arrows are clicked. This positions the lens to achieve optimal
laser height on the camera.

Scatter Tracking Enabled: Activates the scatter tracking feedback loop that
maintains constant vertical laser alignment.

% 488 Laser Alignment

Wertical Harizontal

st P[0 Pt 3E satesotout | aeone B[P B [38 seiasDct |
Relative: iJ _’J 0 Ceolallio M Relative: iJ _}J 0 Defotltt]ieey M
Scatter Tracking Enabled:  ( ®) At Reverse Linit @ At Reverse Limit @ M

Note: The values in the Horizontal fields should be edited by an Amnis Field Service

Representative only.
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Display Tab

The Display tab allows you to customize the image display characteristics in each camera
channel in the Imaging area of INSPIRE™. The display settings do not affect the raw data that is
collected.

The following image shows typical settings.

Setup | ASSIST | Acquisition Plots  Advanced Setup |
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The Display tab contains the following settings for each channel:
e Linear or Log: Sets the scaling of the image display look-up table.
e Threshold: Sets the background intensity level.
e Gain: Sets the amplification level.

e Color: Determines the display color that is used for the channel. The color is used both
for the images and for the dots in the acquisition plots for the channel.

e Saturated Color: Determines the color used to display saturated camera pixels, that is,
pixels with the maximum intensity (1023 arbitrary units).

e Reset All Channels Color: Turns all channel colors to white.
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Acquisition Tab

The Acquisition tab allows you to customize object detection parameters and manage the
naming and saving of data files.

Setup | AS5IST | Acquisition Flots  Advanced Setup |
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Percent Complete
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The Acquisition tab contains the following settings:
e Object Detection:

e Cells to Acquire: Allows you to specify the number of objects to acquire and save in
a file.

e Squelch: Determines the sensitivity of the object detection algorithm to reduce
collection of debris. The squelch value can be set to any number from 0 to 100.
Higher numbers result in less sensitive object detection and fewer debris particles
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detected. Squelch is used for samples with a high object rate (600 objects per
second or more) due to an excessive amount of debris particles.

Auto Detect Beads: When checked, SpeedBeads™ are automatically classified as
beads, do not appear in the Cells view, and are not collected in the sample data file.

Bead Classifiers: Allows you to set the classification scheme for beads. This is used
to eliminate debris that may be misclassified as beads using the automatic bead
detection classifier scheme.

Data File:

Folder: Displays the folder where the data will be saved.
Browse: Allows you to choose another folder for the data or create a new one.
File Name: Specifies the name of the data file.

= File names must be 256 or fewer characters in length, including the path and
file extension.

= File names cannot contain the following characters: \, /, :,*,<,>, or |.

Sequence Number: Appends an extension to the end of the file name. The
extension is incremented by 1 each time the file is saved.

Save Bead Image Data: When checked, all objects classified as beads are
automatically saved in a separate file. The file’s name is appended with —beads.

Save Debris Image Data: When checked, all objects not classified as cells or beads
are automatically saved in a separate file. The file’s name is appended with —debris.

Path: Displays the directory pathway for the data file(s).

Acquisition:

Cell Count, Bead Count, Debris Count: Displays the current number of objects that
are detected by the camera and categorized as cells, beads, or debris. The count is
reset when the camera is set to either Run/Setup or Run/Acquire mode. Total Count
is the sum of all the objects that are detected in the Cell, Bead, and Debris
classifications.

Cells/Second, Beads/Second, Debris/Second: Displays the cell, bead, or debris
detection rate.

Total/Second: Displays the per-second rate of detection of all objects, including
cells, beads, and debris.

Percent Complete: Displays the data-acquisition progress. An indicator light above
the bar turns green when data acquisition is in progress.
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Operating the ImageStream Using INSPIRE

This chapter describes the operation of the ImageStream system using the INSPIRE™ software.
Daily operation involves an initial calibration and testing of the system using SpeedBeads™ and
ASSIST, followed by sample runs and data acquisition, and finally sterilization of the system for
use the following day. Optimizing instrument setup for sample runs is also described here in
detail.

e Starting the ImageStream

e Daily Calibration and Testing

e Data Acquisition

e Changing Samples

e Shutting Down the ImageStream
e ImageStream Quick Start Guide
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Starting the ImageStream

This section describes how to prepare the ImageStream for use. The ImageStream is usually left
on with INSPIRE launched, but the following instructions also describe how to turn the
ImageStream on if the power is off.

Turning on the ImageStream:
Note: If the ImageStream power is on and INSPIRE is already launched, skip this section.

1. Press the green power button on the top-right side of the ImageStream to turn on the
computer.

Note: The light does not turn on when the computer starts, but the computer cooling fan
is audible.

2. Enter your user name (Lab) and password (is100).

3. Launch the INSPIRE software and turn on the ImageStream by double-clicking the
INSPIRE™ for the 1S100 icon on the desktop.

Preparing the ImageStream for operation:

1. Replace the Rinse bottle with the Sheath bottle. Refer to the following compatibility chart
to choose the appropriate Sheath fluid.

Sample

Solution Sheath Fluid Acceptable
PBS PBS Yes

PBS Water Yes*
PBS/Surfactant | PBS Yes
PBS/Surfactant | Water No

Water PBS Yes

Water Water Yes
Water/Surfactant | PBS No
Water/Surfactant | Water Yes

* Cells in PBS run with water sheath will swell.

2. If necessary, fill the Sterilizer, Cleanser, and Debubbler bottles.

3. If necessary, empty the Waste bottle and add concentrated bleach up to the bottom of the
Waste bottle label.

Note: Bleach sterilizes the waste fluid. The end of the waste line must be immersed in
fluid at all times to stabilize the fluidics.
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Daily Calibration and Testing

This section describes loading and running SpeedBeads followed by calibration and testing of the
ImageStream with ASSIST.

Loading and Running SpeedBeads in the ImageStream:

The sheath buffer is run through all of the syringes; and lines, valves, and beads are loaded into
the bead syringe through the red bead port.

1.

From the File menu, load the Default Template.

This turns on the illumination sources and sets up the instrument for ASSIST. Verify that
the following critical settings (all of which you can set on the main screen and the Setup
tab) are in place:

e Brightfield in channel 5 is set to 200 counts.
e 488 nm laser power is set to 20 mW.

e Channel 1 is set to 32 stages.

e Channels 2— 6 are set to 512 stages each.
e Core stream velocity is set to 23 mm/sec.

e Core diameter is set to 5 microns.

e Percent beads is set to 100.

Click Initialize Fluidics, and place a new vial of SpeedBeads on the red bead port when
prompted to do so. This script fills the system with sheath and flushes out all of the old
sheath or rinse that was in the system. The sample syringe is prepared by loading 50 ul
of air into the uptake line. Beads are loaded into the bead pump after a prompt is given to
put the bead vial onto the bead port. Note that this script takes approximately 10 minutes.
If a screen saver is activated while the prompt is waiting for user input, use the mouse to
reactivate the display or it may cancel upon reactivating the screen with the space bar. If
the operation is canceled, use the Flush/Load SpeedBeads button to continue.
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3. Click Run/Setup to start the camera and select Beads from the View dropdown box to
view beads in the imaging area.

4. Onthe Advanced - Acquisition tab, ensure that the Auto Detect Beads box is
checked.

5. Once the script completes, qualitatively assess the Frequency Spectrum plot on the
Setup tab. If a core stream has formed, a dominant overlapping red and black peak is
displayed in the plot (if not, see Troubleshooting).
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6. If necessary, click Prime SpeedBeads to rapidly deliver SpeedBeads to the flow cell.

7. If necessary, click the Lock On button to achieve the target flow speed of 23 mm/sec.
When the target speed is reached, the fluidics are automatically set to Run mode.
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8. Center the core stream images (if necessary) by laterally moving the objective under
Core Tracking.

9. In afew seconds the Flow Speed CV falls consistently below 0.2%, indicating that the
core stream has stabilized. The event rate under Acquisition status should be 100-300
beads per second. (If not, see Troubleshooting).
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Calibrating and testing the ImageStream using ASSIST:

Once the SpeedBeads™ are running, you can calibrate and test the instrument using the ASSIST
tab. For more information on the individual calibrations and tests, refer to the ASSIST chapter.

1. Click the ASSIST tab.
2. Near the bottom of the page, click Start All.
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Note: Instrument calibrations may also be run individually by selecting a particular
procedure under Individual Calibrations or Individual Tests. Next to each
calibration or test button are the acceptable testing limits that determine whether
the calibration or test passes or fails. If the procedure fails, the testing limit that it
failed turns red. If a procedure fails, repeat it. If it fails twice, see Troubleshooting
or call your Amnis Field Service Representative.

3. When all calibrations and tests have passed, return to the Setup tab.
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Data Acquisition

After the ImageStream system is calibrated, you are ready to acquire experiment data files. The
sample is loaded into the sample pump. Beads and sample are injected into the flow cell to form
a single core stream that is hydrodynamically focused in front of the imaging objective. The beads
are used by the system to keep the autofocus and camera synchronized during the sample run,
while the objects from the sample are saved to the data file.

Sample order:

Samples from an experiment are typically run in the following order. It is especially important to
avoid running samples without a DNA intercalating dye after samples with such a dye to prevent
unwanted staining by residual dye. If a sample without DNA dye must be run after one with DNA
dye, the Manual Flush script must be run between samples (see Changing Samples).

1. Unlabeled

2. Single color fluorescence controls (no DNA dye)
3. Single color DNA dye control

4. Experimental samples

Loading and running the sample:

1. If you have an Instrument Setup Template (.ist file) that is relevant to the sample you
are running, select Open Template from the File menu. Verify that the template settings
are appropriate. If you are not loading a template, go to the Setup tab and, under
Fluidics, set the Diameter to 10 microns, the Velocity to 23 mm/sec, and the Percent
Beads to 10.

2. Click Flush/Lock/Load. Enter a value from 40 ul through 220 ul for the sample volume
that the vial contains. The usable volume will be displayed. Click OK.

Note: The sample syringe will be rinsed first, and sheath will be sent through the sample uptake
port. 50 ul of air will be drawn into the sample port to prevent dilution of the sample with
sheath. It is very important to wait until prompted to place the sample on the port. There is
also a note that informs you of how many more samples can be run before SpeedBeads
need to be re-loaded. When this gets to 1 it is recommended that the Flush/Load
SpeedBeads script be run before loading sample.

Load Sample

Enter the amount of zample ta load in microliters.
Yolurme in vial: (B2 ul

U zable wolume: IEU— ul

Maote:  SpeedBeads remain to load 0 zamples.

ak, | Cancel

Warning: If you attempt to load a volume that is greater than the amount in the vial, air will be
introduced into the system. Avoid air bubbles in the sample.

3. Click Run/Setup to start the camera and select Cells from the View dropdown box to
view cells in the imaging area.
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Note: You may want to click Cell Detection and turn off all cell classifiers in the Cell

Detection window so that all non-bead objects from the sample will appear in the
Cells view.

4. Once the script completes, qualitatively assess the Frequency Spectrum plot. A
dominant overlapping red and black peak indicates that a core stream has formed and is
in focus (If not, see Troubleshooting.)
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5. The core should come in at the desired velocity, if it needs adjusting use the following
procedure:

a. Too high (above 23 mm/sec): Click Stop and let the velocity slow down to 23 and
click Run.

b. Too low (less than 20 mm/sec): Click Stop, change the core diameter to 30
microns and Click Lock On. When the velocity reaches 23 mm/sec Click Stop
and change the core diameter back to 10 and Click Run.

Welocity [mmdsec]

Desired:

Actual 13.V Lock On

RUN  [—— AL ] |<_ Stop

6. Center the core stream images (if necessary) by laterally moving the objective under
Core Tracking.

7. In afew seconds the Flow Speed CV will fall consistently below 0.2%, indicating that the
core stream has stabilized. (If not, see Troubleshooting.)
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Optimizing the ImageStream Settings for the Sample

Once the sample is running, you can optimize instrument setup for your experimental sample.
Optimization involves adjusting the illumination and detection settings while viewing a live display
of the sample imagery and data prior to acquisition. The following procedures can be performed
to optimize instrument setup:

Choose the brightfield channel

Set Image Display properties (optional)

Squelch debris (if necessary)

Set sensitivity (laser power, laser height, and camera stage settings)
Set up and enable Automatic Scatter Control Loop (optional)

Set cell classifiers

Application-specific instrument settings can be saved in a template and used to facilitate
instrument setup, but it is recommended that you verify the appropriateness of the settings for the
specific experimental run.
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Choosing the Brightfield Channel:
1. The system is currently configured with brightfield in channel 5.

| Channel 1 | Channel 2 | Channel 3 | Channel 4 | Channel 5 | Channel & |
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2. To change the brightfield channel, select the desired channel for brightfield imagery from
the Channel dropdown menu under Brightfield on the Setup tab. The brightfield
background intensity is automatically set to the specified value (usually 200 counts).

Brightfield
On A0

Channel:

Set [ntenzity

Chanrel 1 Channel 2 Channel 3 | Channel 4 | Channel 5 | Channel B |

Note: You can change the desired brightfield intensity on the Advanced Setup
lllumination tab. After typing in the value, click Set Intensity.

3. If you are collecting a fluorescence compensation control file, turn brightfield to OFF.
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Setting Image Display Properties (optional):
1. Click on one of the channel configuration boxes (or go to the Advanced Setup -

Display tab).
= Configure Channel B[ﬁ‘”gl
Channel 1
Senaitivity Display
J * Linear Threshald: |26 Calar: |
I ] I ]
Channel 2
Senaitivity Display %
_ J + Lingar Threshald: |0 Color: |
| ] I ]
a2 128 256 512 " Log Gain: 3
Channel 3
Senazitivity Display
O &+ Lingar Threshald: |0 Calar: |
] ] I ]
32 128 256 12 " Log Gain: 3
Channel 4
Sengitivity Dizplay
T + Linear Threshald: |0 Calar: |
] ] I ]
Channel 5
Senzitivity Dizplay
_1 &+ Linear Threshaid: |0 Color; |
] ] I 1
32 128 256 512 " Lag Gain; 3
Channel B
Senaitivity Display
T & Linear Threshold; |0 Color; .
] ] I 1
a2 128 256 512 " Log Gain; 3
Auto-zet Thresholds

2. Sensitivity: Allows you to specify, for each channel, the number of camera pixel rows, or
stages, over which to integrate the signal. The greater the stage number, the greater the
sensitivity. Typically, all non-scatter channels are run at identical stage settings, while the
scatter channel (channel 1) is run at 32 or 128 stages.

Note: The relationship between camera stage setting and sensitivity is not linear. For
example, a channel run at 128 stages will be nearly 20-fold less sensitive than the
same channel run at 512 stages.

3. Select the color, gain, and log or linear transformation for image display of each channel.
The color is also applied to data points on the Acquisition Plots tab.
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Select the color used to display saturated pixels on the Advanced Setup - Display tab.
Choose a color that contrasts with the chosen channel colors.

Auto-set Thresholds: Background intensity values are measured, and the thresholds
are set based on these measurements.

Channel 1 | Channel 2 | Channel 3 | Channel 4 | Channel 5 | Channel & |

Note: Changing the display properties does not change the data. They are for display
purposes only.
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Squelching Debris (If necessary):

Some samples have an abundance of small particulate debris. These can be eliminated from
collection by using Cell Classifiers or by using Squelch to reduce the sensitivity of object
detection. As opposed to classifying debris away from cells, squelching debris can prevent
INSPIRE crashes related to overburdening the computer processor with an abnormally high event
rate. Squelch should only be used if the rate of total objects per second reaches 500. Squelch
values range from 0 to 100; increasing the value decreases object detection sensitivity.

1. Turn off all cell classifiers.

2. Observe the relative proportion of cell to debris images appearing in the imaging area
and the event rate (Total/Sec under Acquisition Status).

P —
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Acquizition Status

Cell Count; 11325 l
Acquizition
Cellz/Sec: 448 Completed

Tatal/Sec: 532 Elapzed Time: 001712

3. Onthe Advanced Setup - Acquisition tab, increase the Squelch value until the
observed proportion of cells to debris increases in the imaging area.

Object Detection

Cellz ta Acquire:  [R00 El: W Auto Detect Beads Bead Classifiar

Squelch: |50 El:
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4. Observe the Total/Sec event rate on the Setup tab under Acquisition Status. If it is still
greater than 500, repeat step 2.

Acquizition Status

Cell Count; 14233 l
Acquigition
Cellz/Sec: 88 Completed

Tatal/Sec: 106 Elapzed Time: | 00:19:08

Setting ImageStream Speed and Resolution:

INSPIRE versions 1.2 and later enable image collection at different core stream velocities,
allowing for increased image collection throughput. In order to collect images at higher rates, the
pixel bin size is increased to prevent streaking. Thus, image resolution and core stream velocity
are inversely related to one another. The procedure for operating the camera at higher core
stream velocities by increasing bin size is described in detail in the release notes.

69



Setting ImageStream Sensitivity:

The best instrument setup maximizes the dynamic range of scatter and fluorescence signal
detection, while at the same time avoiding image pixel saturation (which cannot be compensated)
in the fluorescence channels. To achieve this, the user can:

e Control laser excitation by adjusting the power level and its vertical positioning on the
camera.

e Control individual channel sensitivity by choosing the number of camera rows over which
to integrate light (staging).

An important difference between these two techniques is that altering camera staging can change
the measured fluorescence crosstalk, while changing laser excitation does not.

The following explains the impact of changing laser excitation and camera stage settings on
measured intensities and spectral crosstalk:

e Changing excitation laser power: affects the intensity of all fluorescent and scatter
channels proportionally. The amount of measured spectral crosstalk does not change.

e Changing excitation laser height: Because the laser has a ‘kayak-shaped’ beam that
tapers off in a Gaussian fashion towards the top and bottom of the camera, adjusting the
height has a great impact on scatter intensity (which is typically collected at the top 32 or
128 camera stages), but a minimal impact on fluorescent channels (which are typically
collected over the entire 512 camera stages). Changing laser height has no impact on
spectral crosstalk.

¢ Equal staging of all fluorescence channels: Equal staging of all non-scatter channels
(for example, setting ch2-6 to 256 stages) can be done without impacting measured
spectral crosstalk. However, a reduction in staging makes measured fluorescence
intensity susceptible to laser height.

e Changing an individual channel’s staging: Isolated reduction of a channel’s stage
setting reduces the amount of collected light in that channel only, increasing the
measured crosstalk into other fluorescence channels. Thus, individual camera staging
should only be done as a last resort.

Optimize settings for fluorescence channels first, then for the scatter channel. For fluorescence
channels, adjust laser settings first and adjust camera staging only if necessary. As a general
guideline, try to achieve a minimum mean Peak Intensity of 75 counts (visible on the
Acquisition Plots tab) with a minimum number of saturated events in each channel. In
cases where you cannot achieve optimal instrument setup, further optimization of the staining
protocol is necessary.
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To set ImageStream Sensitivity:

1. Optimize settings for the fluorescence channels to maximize the dynamic range of
fluorescence detection for all probes while avoiding saturation of signal from bright stains.

a. Adjust the 488 nm laser power (20-200 mW) under Excitation Lasers on the
Setup tab.
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If necessary, adjust camera channel stage settings by clicking in the appropriate channel

box(es).

2. Optimize settings for the scatter channel:
a. Click Show Scatter Control under Excitation Lasers. The Scatter Control

window is displayed.

Adjust the laser height using the Scatter Control window.
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Note: Changing laser height increases scatter intensity without affecting
fluorescence intensity measurements (compare channels 1, 5, and 6 Peak
Intensity before and after laser height adjustment).

AND/OR
c. Adjust channel 1 camera stage settings.

Setting Up and Enabling the Automatic Scatter Control Loop:
Note: Use this procedure only in unstable thermal environments.

INSPIRE versions 1.2 and later contain a Scatter Control loop that, when enabled, automatically
adjusts the laser position during image collection to ensure proper alignment in unstable thermal
environments. The Scatter Control function uses the signal from SpeedBeads™ to generate a set-
point and develop an error signal for the control loop. The procedure for operating the Automatic
Scatter Control Loop is described in detail in the release notes.

Setting Cell Classifiers:

You can use the Cell Detection window to set cell classifiers to identify objects for inclusion in or
exclusion from the acquiring data file. You can set upper and lower limits for the following
features in any of the six channel images:

e Percent Saturated Pixels: Percentage of an object’s pixels that have a value of 1023
counts.

e Peak Intensity: The intensity value of the brightest pixel in an image.

e Total Intensity: The integrated intensity of the entire object image; the sum of all pixel
intensities in an image.

e Total Saturated Pixels: The number of pixels in an image that have an intensity value of
1023.

e Minimum Intensity: The intensity value of the dimmest pixel in an image.
e Mean Intensity: The average pixel intensity in an image.

e Maximum Gradient Intensity: The value of the largest slope spanning two pixels in an
image. This feature measures image contrast or focus quality.

e Object Area: The number of pixels in an image.

Objects that fall above an upper limit or below a lower limit are considered ‘debris’ by the
instrument and will be excluded from the file. Common examples include:

e Exclusion of fluorescence images with saturated pixels by setting a peak intensity upper
limit of 1023 counts in the appropriate channel.

e Exclusion of small debris by setting an object area lower limit in the brightfield or scatter
channel,

e Inclusion only of cells with positive fluorescence by setting a total intensity lower limit in
the appropriate channel.

Use the following procedure to set cell classifiers.
1. In Cells view, look at plots on the Acquisition Plots tab.
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Click Cell Detection to launch the Cell Detection window.

Right-click to select the classification feature(s). The feature(s) appear as a new row in
the popup window.

Enable the feature classifier(s) by checking the box(es) in the desired channel(s), and
type in the desired threshold value(s).
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Note: Select Ignore All Enabled on the Context menu to stop cell classification without
losing the classifier values.

To verify that classifier has worked, view the ‘debris’ images and look for objects
excluded by the cell classifiers. Also, observe changes to the appropriate acquisition
plots after clicking Reset Plot Data.
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Note: Any classifiers that are turned on will remain set for the subsequent sample unless they are
actively turned off.
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Collecting and Saving Data Files

Once the sample is running and the ImageStream is properly set up, you are ready to acquire the
data as a raw image file (.rif). This file contains uncompensated pixel data along with instrument
setting and ASSIST information in a modified TIFF format. The file includes only those objects
that meet the current cell classification criteria. You also have the option of saving the objects
classified as debris and beads in separate files.

1.

Enter the number of cells you want to acquire in Cells to Acquire under Acquisition on
the Setup tab.

Enter the file name for the acquired data in the Data File box.

Note: The number in the Sequence # box is appended to the file name, followed by the
.rif extension. The sequence number increases by 1 with each successive data
acquisition.

Browse to select an existing folder or to create a new folder in which to save the files.

Note: File names must be 256 or fewer characters in length, including the path and file
extension. In addition, file names cannot contain the following characters:
\l/l:l*l<l>1 or |'

Optional: If you want to save the debris in a file, check the box next to Save Debris. The
debris file name is appended with —debris. You may also save the beads in a file by
checking the Save Beads box on the Advanced - Acquisition tab. The bead file name
is appended with — beads.

When you are collecting a control file, turn brightfield to OFF; otherwise, leave brightfield
set to ON. The names of control files that are run with no brightfield will have the suffix —
noBF appended to them.

Acquire the data:
a. Click Stop to stop the camera.
b. Click Run/Acquire.
The Run/Acquire button changes to Stop and all other action buttons turn gray.

Follow the progress of acquisition under Acquisition Status. The acquiring data can be
viewed graphically on the Acquisition Plots tab. Press Reset Plot Data to clear the
plots.

The data file(s) are automatically saved in the selected folder once the desired number of
objects are collected. To prematurely stop acquisition, click Stop. The system prompts
you to either discard the acquired data or to save the collected data in a file.
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Changing Samples

The following procedure describes the steps involved to change samples, including returning the
old sample, flushing the sample syringe pump and lines, and loading and running the next

sample.

1.

10.

Click Flush/Lock/Load. Enter a value from 40 ul through 220 ul for the sample volume
that the vial contains. The usable volume will be displayed. Click OK.

The lines will be flushed, the sample syringe will be filled and emptied three times with
sheath fluid, and sheath will be sent through the sample uptake port. 50 ul of air will be
drawn into the sample port to prevent dilution of the sample with sheath. It is very
important to wait until prompted to place the sample on the port.

Place the next sample on the blue sample uptake port.

Note: If the next sample has no nuclear dye and follows a DNA intercalating dye-stained
sample, run the Manual Flush script (sample dropdown menu) with a solution of
10% bleach to ensure that residual dye does not stain the subsequent samples.

Name the new file in the Data File window.

The core should come in at the desired velocity, if it needs adjusting use the following
procedure:

1. Too high (above 23 mm/sec): Click Stop and let the velocity slow down to 23 and
click Run.

2. Too low (less than 20 mm/sec): Click Stop, change the core diameter to 30
microns and Click Lock On. When the velocity reaches 23 mm/sec Click Stop
and change the core diameter back to 10 and Click Run.

Welocity [mmszec]

Desired:

Bctual 18"::‘”/ Lock On

Run == b | b4 B |4_ Stop

Center the core stream images (if necessary) by laterally moving the objective under
Core Tracking.

Center the core stream images (if necessary) by laterally moving the objective under
Core Tracking.

Ensure that the Flow Speed CV is consistently less than 0.2% by monitoring the Flow
Speed CV graph on the Setup tab.

Click Cell Detection and double-check the cell classifiers.

Click Run/Acquire.

Repeat for each sample.

Note: If you are not going to run a sample for several hours, do the following:
a. Click Load Sheath.

b. Click Flush Sample.

c. Under Fluidics, enter 100 in the Percent Beads box.

d. Click the Run button under Fluidics.
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Shutting Down the ImageStream

When you've finished collecting data for the day, follow the daily shutdown procedure to sterilize
the system. If you do not plan to use the system for more than one week, follow the full shutdown
procedure.

Daily Shutdown Procedure:

This procedure sterilizes the system and leaves it with pumps empty and water in the fluidic lines.
The instrument is left on with INSPIRE running.

1. Replace the Sheath bottle with a Rinse bottle filled with de-ionized water.
2. Fill the Cleanser, Sterilizer, and Debubbler bottles if necessary.

3. If necessary, empty the Waste bottle and fill with concentrated bleach up to the bottom of
the Waste bottle label.

Remove any tubes from the uptake ports.
5. Onthe Instrument menu, click Sterilize System.
The system prompts you to complete steps 1, 3 and 4.

Stop Running Sample - Script Prompt

\!) Replace sheath Tank, Empty Waske Tank, Remove Sample and Beads Wials, then Press OF bo Conkinue (scripk runs for 45 minukes)

Ok | Zancel

Note: This procedure automatically turns off all illumination sources and rinses the entire fluidic
system with water, sterilizer, cleanser, de-bubbler, and then water again. The sterilizer is
held in the system for ten minutes to ensure de-contamination. It takes about 45 minutes of
unattended (walk-away) operation to complete.

Full Shutdown Procedure:

If the ImageStream will not be used for more than one week, sterilize the system as described for
Daily Shutdown and then follow the next two steps for a complete shutdown of the instrument.

1. Exit the INSPIRE™ program.

2. Onthe Windows Start menu, click Shutdown. This will turn the computer and the
ImageStream instrument off.
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ImageStream Quick Start Guide

1. Power up ImageStream and launch INSPIRE™,

2. Replace Rinse bottle with Sheath bottle; check fluid levels in bottles; empty waste and fill with
enough concentrated bleach to submerge waste line.

3. Load default template (Critical settings: BF in Ch5 @ 200 counts; Ex laser @ 20mW,; Ch1l
stage setting = 32, Ch2-6 = 512; Percent Beads = 100, Diameter = 8 microns, Velocity = 23
mm/sec).

Click Initialize Fluidics Buffer and load beads when prompted.

Click Run/Setup and choose Beads view.

Click Prime beads.

Click Lock-on button to equilibrate flow speed velocity (if necessary).
Adjust Core tracking to center optics on core (if necessary)

© © N o g &

Click Set Intensity button to set brightfield intensity to 200 counts.

10. When Flow Speed CV is consistently less than 0.2%, go to ASSIST tab and run calibrations
and tests by clicking Start All.

11. Open experiment template if one exists.

12. Click Flush, Lock, Load. (Important) The sample syringe and line will be flushed first so it is
very important to wait to place sample on load line until prompted to do so.

13. Place brightfield in appropriate channel. For compensation controls, brightfield is OFF.

14. Set sensitivity by adjusting laser power, and camera staging if necessary. Set the scatter
intensity by adjusting the laser height.

15. Set cell classification criteria.

16. Enter file name, destination and events to acquire.

17. Click Run/Acquire.

18. Once acquisition finishes, Click Flush, Lock, Load to load the next sample.
19. When finished collecting data on the last sample, click Flush Sample.

20. If not expecting to run until later in the day, run beads (Set Percent Beads to 100 and
Diameter to 8 microns).

21. If finished for the day, replace Sheath bottle with Rinse bottle and Sterilize System.
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ASSIST

This section describes the details of each ASSIST calibration and test.

ASSIST (Amnis Standardized Set of ImageStream Tests) is a comprehensive suite of automated
calibrations and tests for all critical subsystems operating within the ImageStream. ASSIST
performs specific calibrations and tests, measuring, evaluating and storing thousands of values to
ensure all subsystems are operating within normal limits. ASSIST permanently logs results for all
tests and flags any parameters that are beyond specified limits. It is run daily using SpeedBeads
to ensure optimal performance of the ImageStream. For more information about how to perform
instrument setup or to run ASSIST, see Operating the ImageStream.

Setup  ASEIST ]Acquisition F'Iots] Ldvanced Setupl

Calibrations
Calibration Drate/Time Results

| | Camera Synchronization 4/18/2006 8:04:55 M 37.90
|| Spatial Offgets 418/2006 8:05:10 4  Minimum: -0.95, Mawimum; 0.95
|| Dark Current 4/18/2006 B:05:32 &AM Minimunn: 23.93, Masimun: 26.97
|| Brightfield Gain 418/2006 8:06:06 &k Minimumn: 0.99, Maximum: 1.05
= Autofocus 5 Curve Slope 4418/2006 8:07:084M 014
L | Autofocus Scouracy Factary Calibrated Passed
|| 488 Laser Horiz Alignment  4/18/2006 5:07:52 M Value: B.187.68, Position: -6.03

» i 488 Lazer Vet Alignment 418/2006 8:08:02 A 52214
|| BF Intenzsity Selection 410/2008 8:22.57 A Mawimum: 4.00

Excitation L ;

Sl SR Sk Start Calibration Start All Calibrations
Limits 70000 Minimum
110000 Maximumn
Tests
Test Drate/Time Results

|| BF Uniformity 418/2006 8:08:26 A Mawimum: 0,98
|| BF Intenzity Selection 418/2006 8:30:57 &AM Mawimum: 4.00
|| Flows Care Axial Stability 4/18/2006 8:32:05 8M  0.04
|| Flows Core Lateral Stabity  Factory Tested Pazsed
= Flows Core Pozition Factom Tested Pazzed

» || 488 Laser Vert Alighment 418/2006 8:35:54 AM V2656
|| 488 Laser Horz Alignment  Factory Tested Pazsed
i Collection MTF YertéHorz - Factom Tested Pazzed
|| Collection Linearity Factom Tested FPaszzed
|| Collzction Sensitivity Factory Tested Pazsed
| | Collection Detector Rotatio  Factom Tested Pazzed
|| AFFS Laser dlignment Factom Tested Paszzed
i AFFS Responze Time Factary Tested Passed
| |AFFS Accuracy Factom Tested Pazsed
i Power Supply Voltage Factom Tested Pagzzed
|| Processing Integrity Factary Tested Passed

Excitation Laser 7T26.56

Limits 700.00  Minimum

1.100.00  Maximum
Start Test | Start Al Tests ]
Start Al | Uzage Monitor... |

A calibration is a sequence of operations designed to measure and set internal parameters that
are used to operate a subsystem. Calibrations are used to optimize performance of a subsystem
or place it in predefined state. After a calibration is performed, it is tested to determine whether
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the calibration values are within a prescribed range. The calibration values and acceptable
ranges are listed on the ASSIST display tab. A failed value has a red. ASSIST allows complete
automated operation of all calibrations or the ability to invoke a single calibration by clicking a
button. The calibrations in the current suite are described in detail below.

CameraSynch

Measures and stores a magnification calibration (camera synch) factor relating the Flow Speed
Detection frequency and the camera clock rate. This factor is used to maintain synchronization
between the moving imagery projected onto the camera surface and the electronic charge
resulting from that imagery. Proper synchronization helps ensure crisp image collection.

™ Camera Synchronization Calibration B[E”E|
Murnber of |terations: | 1 :l
: . Fesult
Mumber of Samples/Setting: | B4 :l Start 97 5417701055017
Tatal Fange: | 1.8000 :I [% DE Yalue
Hinbeen Sl [ 7 =] SaveDBY 37 an09z16a5417
Channel of Interest: | 3 :l
1 P

0.9-

08— e

07— i \.

06— W

05— /- S

\u
04—
- g

0z /f A

02— * i *

01-*%

oy =
| I I [ | o I | [ I I
v vz ar4 IE 378 38 382 354 386 88 39

As shown in the figure above, the camera synch calibration measures SpeedBead™ ellipticity at
seven discrete camera synch settings and plots the camera synch setting (horizontal axis) vs. the
ellipticity (vertical axis). It then generates the best fit curve for a 4™ order polynomial through the
data and determines the horizontal location (camera synch) of the peak of the curve. The peak
occurs where the SpeedBeads appear round. This setting is then stored and used for all
subsequent image acquisitions.
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SpatialOffsets

Measures and stores 12 calibration factors for the vertical and horizontal registration of each
spectral channel of the ImageStream. Many assays that are run on the ImageStream quantify the
spatial relationships between molecules located within cells of interest. To accurately perform
these measurements and to accurately perform spectral compensation of image data, the
ImageStream must maintain sub-pixel spatial registry between channels.

= Spatial Offsets Calibration E@@

Mumber of Samples/Setting o0 3:
Aligrment Channel 5 3: Start
Channel Report Reference = 3: SaveDB
Calculated Settings
Channels
1 2 3 4 5 5
WOffsets | 012 005 027|024 05[] 000
YOffsets | 0B8] 00| oo0s|  o0azf  0osf odo
Current DB Settings
Channels
1 2 3 4 5 5
WOffsets | 001 o003  0zz| 017 010f 000
vOffssts | 075 004 0o07|  oas] 006|000

The SpatialOffsets calibration commands the brightfield system to illuminate all channels
simultaneously and collects imagery from 500 SpeedBead objects in each of the six channels
(3000 images total). It then performs a two-axis autocorrelation between the imagery from
channels 1-5 with the imagery from channel 6. Autocorrelation is an accurate algorithmic
technique that identifies the point at which two images exhibit the highest degree of overlap. The
autocorrelation results in a vertical and horizontal coordinate for each image correlation. These
values are then processed to determine the mean coordinates to bring each channel into spatial
registry with channel 6, and therefore with each other. The values on the ASSIST tab are
reported as the number of pixels required to bring each channel into perfect spatial registry when
the raw image file (.rif) file is processed to generate the compensated image file (.cif) file. Values
exceeding 1 pixel are flagged as errors and will require manual intervention to realign the filter
stack assembly.
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DarkCurrent

Measures and stores 2304 offset values corresponding to pixel columns in the TDI camera. Every
pixel in a CCD detector is an individual sensor with its own sensitivity characteristics. In the
absence of any light each pixel emits a signal, known as dark current. Although the statistical
variation of any given pixel over time is less than one count, the mean dark current signal
generated by any pixel may vary as much as several counts from a different pixel in the array.
When the ImageStream is measuring very dim signals, even a fractional count difference
between pixels can be critical. Therefore, a dark current calibration factor is stored for each pixel
column. This factor is added to or subtracted from each pixel in the .rif file during .cif creation to
normalize detector variation. In the .cif, each pixel is calibrated so that in the absence of light, its
signal is 30 counts.

™ Dark Current Calibration E@@

Start

SaveD B!

20— 1 | | | | | | | | | |
0 50 100 150 200 250 300 350 400 450 500 550

The DarkCurrent calibration commands the system to turn off the excitation laser and blocks
brightfield from the camera with the ND filter wheel. The system then measures the mean signal
value of each camera column from 1000 rows of data per column. The difference between this
value and 30 counts is stored for subsequent correction. When the camera is operated at
different stage settings (32, 128, 256 and 512 stages) the dark current characteristics of a column
of pixels can change. Therefore, values for all stage settings are stored (total of 2304 values).
INSPIRE automatically appends the calibration values appropriate for the stage settings used
during acquisition to the .rif file. The values reported on the ASSIST tab indicate the maximum
variation detected from all test conditions.
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Brightfield Gain

Measures and stores 480 gain values corresponding to pixel columns on the TDI camera. Similar
to dark current (discussed above), each pixel in a CCD detector will generate a different signal
level for a given amount of light. Therefore, if two different pixels are exposed to the same
amount of light, each pixel can generate a different amount of signal (counts). The slope of the
line characterizing the amount of counts generated for various amounts of light input is known as
gain. For precise segmentation as well as accurate photometric measurement of absorbance,
proper pixel gain settings are critical. Therefore, each pixel is calibrated with a gain (and offset)
factor to ensure all pixels respond to light in the same manner.

£ Brightfield Gain Calibration =13

SavelB

190—
*
185—
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*
180—
*
* E ]
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180—, 1 | | 1 1 | 1 I
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The Brightfield gain calibration test commands the ImageStream to illuminate a channel with a
prescribed amount of light. The mean signal level for individual background pixel columns and for
all background pixels from a set of SpeedBead images is measured. A gain calibration factor is
then generated for each column by determining the value by which each pixel must be multiplied
in order for its signal to equal the mean value for all columns within a channel. This calibration is
performed for channels 2 through 6 at the 512 stage setting. In total, 480 values are stored, and
INSPIRE automatically appends the appropriate gain values to the .rif. These values are used by
IDEAS to correct brightfield intensities during the generation of the .cif file. The values reported
on the ASSIST tab indicate the maximum and minimum multiplier values required to correct each
channel.
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AutoFocus S Curve Slope

Measures and stores the slope of the response curve (focus error score / microns) of the
autofocus system to a given amount of defocus. The ImageStream images cells with a diffraction
limited resolution of approximately 0.43 microns (note that the pixel size is slightly larger, ~0.5
microns). Deviations in focus as small as several microns can compromise imagery. Therefore,
the ImageStream operates with an autofocus system that is capable of measuring focus errors as
small as 50nm. When the autofocus system detects a focus error, it commands a stage to move
the objective to correct the error. The actual move distance is the quotient of the autofocus signal
error and the slope of the response curve.

™ AutoFocus Calibration @@FE

. 1 = Result
Mumber of Samples/Setting: 37 Start 0.14508637115160
Total Bange: 15.0000 El' DB Value
Mumber of Settings: 7 =] SaveDD 0.156275

08—
06—
0.4—
0.2
0 *
-0.2—
04—
-0.6—

08 1 1 | | | 1 1 1 |
136 138 140 142 144 148 148 150 152 154

The autofocus calibration moves the stage 5 microns out of ideal focus and collects focus error
scores from 100 SpeedBeads. The stage then moves one micron toward focus and collects focus
error scores again. The process is repeated until the stage reaches a position 5 microns beyond
best focus. The data is then fit to a 3" order polynomial and the slope of the curve at the inflection
point is determined. This value determines the signal error corresponding to a given focus error
through the typical operating region of the autofocus system. It is used to determine each move
the focus motor makes to correct focus errors.

86



488 Laser Horizontal Alignment

The purpose of this calibration is to horizontally align the laser within the image. The calibration
routine consists of sweeping the horizontal adjustment between it's extremes. The position versus
the median total intensity is plotted. The default horizontal position is set to the peak.

[® 488 Laser Horizontal Calibration |'-_||'E|E|
Position
- AET1EE370E1 75
} - R esult
Murber of 5amples/Setting: 200 - Stkart RERD 43296004261
Total Range: 70.0000 - DE Yalue
Number of Settings: 15 =] SE'VEDB‘ £628. 03356540946
B000— |
5000—
4000—
-
3000—
-
2000—
1000—
05 I I I I I I 1 I
40 30 20 10 0 10 20 30 a0
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488 Laser Vertical Alignment

Automatically aligns the vertical axis of the laser (and stores that position) to optimize the laser
height within the flow cell. Consistent measurement and optimal photonic sensitivity require fine
alignment of the excitation laser. Minute changes in laser alignment can have a large impact on
signal levels generated for specific imaging modes. Darkfield imagery is acutely sensitive to
vertical laser alignment. The 488 laser vertical alignment calibrations ensure proper laser
alignment to maintain consistent image signal level generation.

1™ 488 Laser, Vertical & lignment Calibration E| @| @l

Fasition
3E1035170085041

Result

Start 87512
DB Walue

SavelB 143744
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The 488 laser vertical calibration sets the 488 laser power to 20 mW and activates the automatic
SpeedBead classifier. The vertical axis laser adjuster (scatter adjuster) is reset to its home
position. 488 side scatter total intensity values are measured for 50 SpeedBeads to determine a
mean intensity value. The value is compared to a preset value of 900 counts. If the total intensity
is not within 95% of the preset value, the scatter adjuster is moved until the preset value is
achieved. The position at which the scatter adjuster achieves the preset value is stored as the
new default position. This value is listed in microns of laser movement in object space (inside the
cuvette) and is set relative to a factory setting of “0” (zero). It can be viewed in the Scatter Control
window as the default setting. The value reported on the ASSIST tab is the final intensity value
achieved in counts.
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BF Intensity Selection

Calibrates the halogen lamp to set a corresponding intensity count in the BF
channel. For each BF mode and gain setting, a sampling of lamp settings is
plotted against intensity counts that are detected by the camera. A curve fit on
this data is saved to quickly set the BF channel to a specific intensity value.
Each BF mode and gain setting combination has its own calibration. (Six
modes and two gain settings exist.) If you click Start All, this calibration is not
run. You should run this calibration individually if the BF Intensity Selection
Test falls.

= Brightfield Intensity Selection Calibration
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Tests

A test is a sequence of operations designed to measure the performance of a specific subsystem.
When a test is performed one or more test parameters are generated and evaluated against
predefined limits. The test results and acceptable limits are listed on the ASSIST display tab.
Values outside of accepted limits are highlighted with a light red background. ASSIST allows
complete automated operation of all tests as well as the ability to invoke a single test by clicking a
button. The four tests in the current suite are described in detail below.

BF Uniformity

Measures the static and temporal uniformity of illumination in all of the potential brightfield
channels (Channels 2 through 6). Non-uniformities in illumination can affect segmentation and the
accuracy of photometric absorbance measurements made in the brightfield channel. Non-
uniformities can be caused by misaligned illumination and collection path elements, degradation
of pixel responsiveness and electronic noise. The brightfield uniformity test measures the
response from each pixel column with and without gain and offset correction applied to ensure
that the illumination and collection systems are providing a uniform photometric response.

L) Brightfield Uniformity Test
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[ndividual Tests
Chi Ch2  Ch3 Ch4 Ch5 ChE

BF lllumination | [ 117] 092 [ o088 | 084 | 097 % Variation
| 084 | 084 | 079 | 077 | 068 % Variation [Comected)

| 150 150 | 150 | 150 | 1.50 % Variation Linits
BF lllumination Test Results

The Brightfield illumination test sets the illumination intensity for each channel sequentially to
approximately 200 counts, and then collects 100 SpeedBead images. The test stores the first four
lines of each image in an array and then interrogates the array to find the peak variation (highest
and lowest pixel values), the mean pixel value and the standard deviation for the entire data set.
Next, the test applies the gain and offset corrections on a pixel-by-pixel basis and recalculates the
statistical uniformity (coefficient of variation) for all data. During the test the peak, mean, and
standard deviations (about the mean) are printed on a graph for each channel.

Note: Values are printed after dark current offset subtraction.

A summary of uniformity results for the corrected and uncorrected imagery, measured as the
coefficient of variation (in percent) are printed in a table on the ASSIST tab, stored permanently in
the ASSIST database, and checked against specified limits.

BF Intensity Selection

Verifies the BF intensity calibration for each BF mode. The image intensity must reach 200 within
10 iterations. If this test fails run the BF Intensity Selection Calibration individually and then re-run
the test.

= Brightfield Intensity Selection Test

Start

SavelB
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Flow Core Axial Stability

Measures the variation in the speed of the core stream as a percentage of the mean sample
speed. The ImageStream is designed to automatically sterilize, cleanse and purge air from its
fluidics systems after every day of operation. Improper sterilization, contaminants, partially
clogged fluidic lines, air bubbles or non-homogenous sheath solution can lead to excessive
sample speed variation. Although the ImageStream very accurately measures the sample speed
to synchronize camera line rate with cell movement on the detector, excessive speed variation
can lead to small amounts of desynchronization. The flow core axial stability test verifies that the
fluidic system is operating within normal limits, thereby providing the collection system with
hydrodynamically focused objects traveling at a consistent speed for proper image
synchronization.

2™ Flow Core Axial Stability Test
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The flow core axial stability test plots a running average of 100 flow speed samples, each of
which consists of an average velocity measurement of approximately 50 SpeedBeads. Therefore,
in total, the test measures the variation in sample speed of approximately 5000 beads, printing a
running average during test operation. The final average over the entire test is compared to
specified limits, displayed on the ASSIST tab, and permanently stored in the ASSIST database.
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488 Laser Vertical Alignment

Measures the integrated intensity of 488 nm side scatter light from the SpeedBeads to ensure the
excitation laser is appropriately positioned and focused on the core stream. Since SpeedBeads
are accurately calibrated, they provide a known and consistent signal ideal for the measurement
of laser position at the core stream within the ImageStream. Although the laser optics in flow
cytometers are designed to be very stable and maintain position over time, all of these systems
experience some amount of drift. To correct that drift, the ImageStream automatically positions
the laser during the ExcLaser calibration noted above. However, the 488 laser vertical alignment
test performs a second check to ensure the ImageStream excitation laser is positioned
appropriately to provide the maximum photometric sensitivity biological analysis.

(™ 488 Laser Yertical Alignment Test

Fesult

Murber of 5amples/Setting: 500 - 749,298
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Excitation Laser Test Results

The 488 laser vertical alignment test measures and stores the total integrated laser side scatter
intensity from 500 SpeedBead images with the 488 laser set to 20mW. The mean intensity from

all beads is computed, tested against specified limits, displayed on the ASSIST tab, and stored in
the ASSIST database.

For more information about the ASSIST tab, see ASSIST Tab .
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Sample Preparation Guidelines

This section provides guidelines for preparing samples to be run on the ImageStream® 100
(ImageStream) system.

e Experimental Design
e Cell Preparation

e Staining Protocols and Choice of Fluorochromes

Experimental Design

The ImageStream™ platform provides high information content data for individual cells and cell
populations within heterogeneous samples. In addition to providing standard fluorescent signal
strength data like a flow cytometer, the ImageStream system quantifies the specific location and
distribution of signals within cells, enabling high content morphological analysis on tens of
thousands of cells per sample. Therefore, the best applications take advantage of these
capabilities to discriminate subtle changes within individual cells or cell populations.

A typical experiment consists of the following samples:
e Positive biologic control
¢ Negative biologic control
e Experimental samples
e Single color and unlabeled controls in separate tubes
Control Samples: For spectral compensation it is important to have the following:
e Unlabeled cells

e Cells labeled with a single color positive control for each fluorochrome used (for example,
FITC only cells, PE only cells, and so forth)

These single control samples are collected individually without brightfield. Use the single color
control samples to compute the compensation matrix.

Cell Preparation

Any cell type that can be analyzed on a flow cytometer can also be analyzed on the ImageStream
(see below for examples). The cell/particle size should be less than 40 microns in diameter and
should be passed through a 70 micron mesh filter before running.

HuPB CD14+ Monocyte HuPB CD45+ Lymphocyte

THP-1 (NFxB FITC / 7-AAD)
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Final Sample Concentration and Volume: Ideally, 5x10 cells/ml in at least 50 microliters of
solution in a 600 microliter capacity siliconized microcentrifuge tube. Lower concentrations
increase collection time.

Cell Aggregation: We advise de-aggregation of clumps as a final step before straining the
sample through a 70 micron nylon mesh strainer. If the sample aggregation is a problem, we
suggest using an anti-clumping buffer such as EDTA or Accumax prior to fixation.

Staining Protocols and Choice of Fluorochromes

Most established labeling protocols intended for flow cytometry using 488 nm excitation will work
with the ImageStream™ platform (see Current Protocols in Cytometry). Stain cells on ice in the
presence of azide (when possible) to reduce non-specific capping of antibodies. Use
polypropylene (preferably siliconized) tubes to process samples. Use of polystyrene tubes
significantly decreases cell recovery.

Choice of Fluorochromes: Choose 488 nm-excitable fluorochromes from the table below.
Channel 1 is always darkfield. Brightfield imagery may be placed into any remaining channel that
is not used by a fluorescent marker.

Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel 6

470-500nm 400-470nm 500-560nm 560-595nm 595-660nm 660-735nm

Darkfield Brightfield Brightfield Brightfield Brightfield Brightfield
Fluorescein PE 7-AAD PE-Cy5
AlexaFluor 488 Cy3 Alexa610-PE PE-Cy5.5
GFP AlexaFluor 546 | Propidium lodide | Alexa680-PE
SYTO Green AlexaFluor 555 | PE -TexasRed Alexa647-PE
Spectrum Green ECD PerCP
YFP PerCP-Cy5.5
Sybr Green DRAQ5

QD-705

Brightness of Stain and Stain Balancing: The sensitivity of the ImageStream® 100
(ImageStream) is comparable to a flow cytometer. However, quantifying the location and
distribution of signals is a far more demanding task than measurement of simple signal strength.
Therefore, follow these guidelines:

e Adjust your staining protocols to achieve at least a full log shift over background as
measured on a standard flow cytometer using only 488 nm excitation.

e Use the brightest fluorochrome (in other words, AlexaFluor 488 or PE) for the antigen
with the smallest copy nhumber.

e |tis important to titrate fluorochrome reagents that are used in an experiment so that the
brightness levels of all the probes are balanced. Stain balancing avoids saturation of
signal from bright stains at the instrument setup conditions necessary for dim stains.
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Troubleshooting

This chapter is designed to help you troubleshoot the operation of the ImageStream. If additional
assistance is required, contact the Amnis service department.

The troubleshooting guide is broken up into the following topics:
e No flow speed signal
e Flow speed signal disappears
e Noimages
e No cellimages
e No bead images
o Ratio of bead to cell images is higher than expected
e Cell Classifiers are not working
e Imaging is intermittent or appears frozen and object acquisition rates are erratic
o INSPIRE appears to freeze
e Images appear streaked
e Cells are not centered in the channel
e Core stream is not in the normal core or focus tracking range
e Objects are rotating in the core stream
e Everything is out of focus
e Flow speed is not stable
e Flow speed changes rhythmically
e Fluidics respond sluggishly
e Core stream velocity is too high or low after a prime
e Actual velocity reading appears frozen
e Event rate slows over time
e Flow rate slows or stops over time
e Fluorescence imagery appears too dim
e Everything is too bright or images are red or flat in appearance
e One channel saturates while the others do not
e Cross-contamination from previous samples
e Scatter control value set by ASSIST is abnormally low
e Scatter is too dim or bright
e  Scatter intensity changes over time
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Large variation in brightfield intensity levels
Brightfield intensity level sets incorrectly
Blue non-parsed imagery in all channels
Erroneous waste sensor low indicator

Instrument will not pass ASSIST
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Symptom

No flow speed
signal

Possible Causes

The Autofocus - Flow
Speed system is not
operating

Recommended Solutions

Turn the IR laser on by checking the FSP
Enabled box (Advanced-Flow Speed tab).

Toggle the IR laser off and then on by
clearing, then checking the FSP Enabled
box.

System has not been
primed

Prime beads or dual prime.

Pumps are not running

Prime beads or dual prime.

Pumps are empty

If sheath syringe is empty, load sheath,
then dual prime.

If the bead pump is empty, load beads,
then dual prime.

Bead concentration is
too low

Make sure percent beads is set to 10.

The fluid in the bead pump should be
cloudy. If it is clear, then beads did not load
properly. Empty bead syringe by setting the
bead velocity to 10 high, moving the bead
valve to run, and then clicking Purge
(Advanced-Advanced Fluidics tab).
Thoroughly re-suspend the beads in a new
vial and load into the bead pump.

Flow rate is too slow or
fast

Open the bubble trap (Advanced-Flow
Speed tab) for a few seconds to slow flow
rate down rapidly. If you still don't see a
signal, then run at 100 mm/sec for a
several seconds to see if the flow speed
peak comes on-scale.

Objective stage position
is incorrect

Move the objective stage to default focus
and core positions.

Find the core stream by manually panning
the objective. Turn Autofocus tracking off.
With the laser at 200 mW, track the core
left and right with 10 um relative
movements. When laterally centered,
manually track focus. If the core stream is
found outside its normal Core and Focus
Tracking setting, then there may be a clog
or air bubble in the fluidic system.
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Symptom

Possible Causes

Air bubble in the flow
cell

Recommended Solutions

If you see bubbles in the flow cell (always
wear laser safety goggles when opening
the hood), run the Purge Bubbles script
from the Instrument dropdown menu. If that
does not work, repeat Purge Bubbles. If
that does not work, return your sample and
run the Sterilize script (Instrument
dropdown menu).

Air or clog in the
sample valve

If you see the 50-ul air plug in the sample
syringe, attempt to push the clog out. To do
this, run a 50 micron diameter core at 100
mm/sec for one minute, then return to
normal running conditions (10 micron
diameter core, 23 mm/sec). If this does not
work, or if you have loaded more than 50 ul
of sample and can see air in the sample,
return the sample, load 400 uL of hot
(boiled) 10% bleach into the sample
syringe, and wait 5-10 minutes to allow the
bleach to break up any clogs. Empty the
bleach through the flow cell. To do this, go
to the Advanced - Advanced Fluidics tab,
set the sample velocity to 10 high, move
the sample valve to run, then click Purge.
Repeat until no more air is loaded into the
sample syringe when the bleach is loaded.
Flush sample, then reload the sample.

Return the sample and run the Sterilize
script. If this does not resolve the problem,
call Amnis service.

Clogged flow cell

Clogs may occur at the taper between the
flow cell and the cuvette. Verify that the
flow cell taper is actually clogged by doing
the following. Close the waste valve and
run Sheath at 30 pL/sec in high gear
(Advanced - Advanced Fluidics tab).
Turn off the excitation and IR lasers and
block brightfield. Observe the taper with an
eye loop while opening and closing the aux
valve. If you see debris at the taper when
moving the aux valve, then the flow cell is
clogged. Return the sample and run the
Sterilize script. If this does not remove the
clog, call Amnis service.

Sheath incompatibility
with sample

Verify you are using the appropriate sheath
solution (refer to the Preparing the
ImageStream for operation chart). For
experiments using beads or containing
surfactants, dH,O sheath is optimal. For
running cells, Ca++/Mg++ free PBS is
optimal.
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Symptom Possible Causes Recommended Solutions
Flow speed The Autofocus - Flow Toggle the IR laser off and then on by
signal Speed system has clearing/checking the FSP Enabled box.
disappears stopped operating
Pumps are empty If sheath syringe is empty, load sheath,
then dual prime.
If the bead pump is empty, click Flush/Load
SpeedBeads, then dual prime.
Air or clog in the See solution for Air or clog .
sample valve
Clogged flow cell See solution for Air or clog .
No Images Camera is not running Click Run/Setup.

If the camera is already running, click Stop
to stop the camera, and then click
Run/Setup.

Imaging is paused

Click Resume.

Image view mode is set
to debris

Toggle image view mode to Cells or
Beads.

Classification
parameters limit the
number of viewable
objects

In the cell detection window, either click
Ignore all enabled or turn all classification
parameters off and toggle image view
mode to Cells. Set parameters to include
desired cell images.

Insufficient illumination

Make sure the excitation laser is turned on
and set to the proper intensity setting.

Make sure the brightfield lamp is turned on
and set to the proper intensity setting.

Core stream is outside
the objective’s field of
view

Manually find the core stream. Turn the
laser to 200 mW, core track left or right in
10 um increments to find the core, then
manually adjust focus.

Squelch setting is too
high

Set squelch to 0%. Gradually increase the
squelch value to retain desired images and
eliminate debris.

No cell images

Imaging is paused

Click Resume.

Image view mode not
set to cells

Toggle image view mode to Cells.

Cells are classified as
debris

In the cell detection window, either click
Ignore all enabled or turn all classification
parameters off and toggle image view
mode to Cells. Set parameters to include
desired cell images.
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Symptom

Possible Causes

Cells are classified as
beads

Recommended Solutions

Set the Bead classification parameters
(Advanced - Acquisition tab) to make
sure they are set to include beads but not
cells in the Beads view.

Percent beads set too
high

Set the percent beads to 10 for typical runs.

Cell concentration too
low

Make sure the sample concentration is
between 10" and 108 cells per mL. As a
guide, a sample concentrated to 10’
cells/ml runs at 15 cells per second when
the core stream is 10 microns in diameter
traveling at 23 mm/sec.

No bead
images

Imaging is paused

Click Resume.

Image view mode not
set to beads

Toggle image view mode to Beads.

Auto Detect Beads is
off

Turn Auto Detect Beads on (Advanced -
Acquisition tab).

Classification
parameters limit the
number of viewable
objects

Check the bead classification parameters
(Advanced - Acquisition tab) to make
sure they are set to include beads.

Squelch setting is too
high

Set squelch to 0%. Gradually increase the
squelch value to retain desired images and
eliminate debris.

Ratio of bead to
cell images is
higher than
expected

Cell concentration is
lower than expected

Make sure the sample concentration is 1-
10x10’ cells per mL. Some staining
protocols result in substantial cell loss. If
possible, use siliconized polypropylene
tubes to process samples, and limit the
number of wash steps.

Percent beads set too
high

Set the percent beads to 10 for typical runs.

Cells have settled in the

lines

Cells settle in the lines after 45-60 minutes
of running, resulting in a drop in cell event
rate. Stop and save the acquisition. Turn
sample agitation on for at least 30 seconds
if it was off. Run the Super-agitate Sample
script. Dual prime, re-establish the core
stream, and begin data acquisition again.

Too many cells are
classified as debris

In the cell detection window, either click
Ignore all enabled or turn all classification
parameters off and toggle image view
mode to Cells. Set parameters to include
desired cell images.

101



Symptom

Cell Classifiers
are not working

Possible Causes

Ignore all enabled box
is checked

Recommended Solutions

Right-click in the cell detection window and
uncheck the Ignore all enabled item.

Imaging is
intermittent or
appears frozen
and object
acquisition
rates are erratic

Sample concentration
is low

Make sure the sample concentration is
between 10" and 108 cells per mL. As a
guide, a sample concentrated to 10’
cells/ml runs at 15 cells per second when
the core stream is 10 microns in diameter
traveling at 23 mm/sec.

Classification
parameters limit the
number of viewable
objects

In the cell detection window, either click
Ignore all enabled or turn all classification
parameters off and toggle image view
mode to Cells. Set parameters to include
desired cell images.

The sample is too
concentrated

The process of object detection can safely
handle up to 500 objects per second. The
maximum sample concentration is 4-5x10°
cells per mL, with the recommended
concentration 1-10 x10” cells per mL. As a
guide, a sample concentrated to 10’
cells/ml runs at 15 cells per second when
the core stream is 10 um in diameter
traveling at 23 mm/sec. To decrease the
event rate, either dilute the sample or
decrease the core diameter.

The sample has an
excessive amount of
debris

Debris is often detectable due to its laser
scatter. Adjust the laser scatter height (or
reduce the 488 excitation laser power) to a
setting that reduces detection of debris
without compromising optimal cell
acquisition.

Increase the squelch setting until less
debris is imaged while maintaining cell and
bead imaging (Advanced - Acquisition
tab).

The computer is
running other programs
that use a lot of
processing power.

Exit other programs.

INSPIRE
appears to
freeze

Camera is not running

Click Run/Setup.

If the camera is already running, click Stop
to stop the camera, then click Run/Setup.

Imaging is paused

Click Resume.

No objects in the
current image view
mode

Toggle image view mode to Cells, Beads
and Debris to look for objects.
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Symptom Possible Causes

A script is running

Recommended Solutions

If the status indicates the syringes are
moving and the Abort Script button is dark,
a script is running. Wait until the script
completes, or if necessary, click Abort
Script to prematurely stop the operation.

The INSPIRE
application has crashed

Open the Windows Task Manager by
simultaneously pressing <Ctrl + Alt + Del>.
Click the Applications tab. If the INSPIRE
status is ‘Not Responding’, select the
INSPIRE task and click End Now. Restart
the INSPIRE application by double clicking
the INSPIRE for the ImageStream icon on
the desktop. If the program restarts, make
sure the lasers and brightfield lamp are
turned on and then re-establish the core
stream. If the application does not start,
use the Windows Task Manager to end the
INSPIRE task again. Shut the
ImageStream computer down from the
Start menu. Then turn on the instrument as
described. If a crash occurs during the day,
a complete shutdown is recommended at
the end of the day, prior to running the
sterilize script.

Core stream is moving
too fast for the camera

Images appear
streaked

Briefly open the bubble vent (Advanced -
Flow Speed tab) to drop the actual flow
speed to 23 mm/sec or lower. Make sure
the desired velocity setting is set to 23
mm/sec or lower. Click Lock-on to acquire
the desired core stream velocity.

Camera
synchronization setting
is incorrect

The camera synch value (ASSIST tab)
should not change significantly from day to
day. If the value is radically different (+/-
0.5), re-calibrate the camera
synchronization using ASSIST or manually
set it to a value that has previously worked
(Advanced - Flow Speed tab).

Core stream position is
grossly off-center within
the flow cell due to air
or clog in the fluidics

The core tracking and focus tracking
objective positions should not change
significantly from day to day. If either value
is radically different (+/- 10 microns), the
core may experience poor laminar flow,
resulting in high flow speed variations and
streaked imagery. An off-center core
stream is caused by air or clogs in the
fluidic system. See solution for Air or clog
in the sample syringes or flow cell.

Excessive flow speed
variation due to air or
clog in system

See solution for Air or clog in the sample
syringes or flow cell.
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Symptom

Possible Causes

Sample pump agitation
is introducing excessive
core instability

Recommended Solutions

Turn sample and/or bead pump agitation
off.

Insufficient air buffer in
the sheath syringe

The sheath syringe should contain 2-4 mL
of air to buffer the movement of the pump’s
microstepper motor. If too little air is
present, set the sheath valve to vent and
empty the sheath syringe at 300 high
(Advanced - Advanced Fluidics tab), then
run the Load Sheath script.

Insufficient fluid volume
in the waste tank

Fill the waste tank with enough fluid to
immerse the waste line outlet.

Cells are not
centered in the
channel

Lateral deviation of the
core stream due to air
or clog in the system

See solution for Air or clog in the sample
syringes or flow cell.

Sample pump agitation
is introducing excessive
core instability

Turn sample and/or bead pump agitation
off.

Core stream is
not in the
normal core or
focus tracking
range

Core and Focus
Tracking values are
incorrect

Reset the core and focus tracking motors
and go to the default position.

Deviation in the core
position due to air or
clog in the system

See solution for Air or clog in the sample
syringes or flow cell.

Sample pump agitation
is introducing excessive
core instability

Turn sample and/or bead pump agitation
off.

Autofocus is not
tracking properly

Reset the focus position. If the cells come
back into focus, turn Autofocus tracking on.
If the cells gradually become defocused as
the focus position moves, then Autofocus
tracking is not working. Run with Autofocus
tracking off and call Amnis service.

Objects are
rotating in the
core stream

Core stream position is
grossly off-center within
the flow cell due to air
or clog in the fluidics

The core tracking and focus tracking
objective positions should not change
significantly from day to day. If either value
is radically different (+/- 10 microns),
objects may rotate due to interactions with
the sheath stream. An off-center core
stream is caused by air or clogs in the
fluidic system. See solution for Air or clog
in the sample syringes or flow cell above.
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Symptom

Everything is
out of focus

Possible Causes

Camera
synchronization setting
is incorrect

Recommended Solutions

The camera synch value (ASSIST tab)
should not change significantly from day to
day. If the value is radically different (+/-
0.5), re-calibrate the camera
synchronization using ASSIST or manually
set it to a value that has previously worked
(Advanced - Flow Speed tab).

Sample pump agitation
is introducing excessive
core instability

Turn sample and/or bead pump agitation
off.

Excessive core stream
variation due to air or
clog in the fluidics

See solution for Air or clog in the sample
syringes or flow cell.

Core stream is moving
too fast for the camera

Briefly open the bubble vent (Advanced -
Flow Speed tab) to drop the flow speed to
23 mm/sec or lower. Make sure the desired
velocity setting is set to 23 mm/sec or
lower. Click the Lock-on button to acquire
the desired core stream velocity.

Autofocus is not
tracking properly

Reset the focus position. If the cells come
back into focus, turn Autofocus tracking on.
If the cells gradually become defocused as
the focus position moves, then Autofocus
tracking is not working. Run with Autofocus
tracking off and call Amnis service.

Flow speed is
not stable

The sample is clumpy
or is not at a high
enough concentration

Filter and/or concentrate the sample.

There is a clog or air
bubble in the system

See solution for Air or clog in the sample
syringes or flow cell.

Sample pump agitation
is introducing excessive
core instability

Turn sample and/or bead pump agitation
off.

Insufficient air buffer in
the sheath syringe

The sheath syringe should contain 2-4 mL
of air to buffer the movement of the pump’s
microstepper motor. If too little air is
present, set the sheath valve to vent and
empty the sheath syringe at 300 high
(Advanced - Advanced Fluidics tab), then
run the Load Sheath script.

Insufficient fluid volume
in the waste tank

Fill the waste tank with enough fluid to
immerse the waste line outlet.

Flow speed
changes
rhythmically

Insufficient fluid volume
in the waste tank

Fill the waste tank with enough fluid to
immerse the waste line outlet.
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Symptom

Fluidics
respond
sluggishly

Possible Causes

Air buffer in the sheath
syringe is too large

Recommended Solutions

The sheath syringe should contain 2-4 mL
of air to buffer the movement of the pump’s
microstepper motor. If too much air is
present, set the sheath valve to vent and
empty the sheath syringe at 300 high
(Advanced - Advanced Fluidics tab), then
run the Load Sheath script.

Leak in the fluidic
system

Call Amnis service.

Core stream
velocity is
unusually high
or low after a
prime

Air buffer in the sheath
syringe is too small or
large

The sheath syringe should contain 2-4 mL
of air to buffer the movement of the pump’s
microstepper motor. If too much or too little
air is present, set the sheath valve to vent
and empty the sheath syringe at 300 high
(Advanced - Advanced Fluidics tab), then
run the Load Sheath script.

Actual velocity
reading
appears frozen

Fluidic script is running
and/or core stream has
not yet formed

Wait for core stream to form.

Autofocus - Flow speed
system is not operating

Turn the IR laser on by checking the FSP
Enabled box (Advanced-Flow Speed tab).

Toggle the IR laser off and then on by
clearing, then checking the FSP Enabled
box.

Event rate
slows over time

Cells have settled in the
lines

Cells settle in the lines after 45-60 minutes
of running, resulting in a drop in cell event
rate. Stop and save the acquisition. Turn
sample agitation on for at least 30 seconds
if it was off. Run the Super-agitate Sample
script. Dual prime, re-establish the core
stream, and begin data acquisition.

There is a clog or air
bubble in the system

See solution for Air or clog in the sample
syringes or flow cell.

Sample syringe is
empty

Flush sample, load the next sample and
dual prime.

Sheath syringe is
empty

Load sheath, then dual prime.

Flow rate slows
or stops over
time

Sheath syringe is
empty

Load sheath, then dual prime.

There is a clog or air
bubble in the system

See solution for Air or clog in the sample
syringes or flow cell.

Leak in the fluidic
system

Call Amnis service.
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Symptom

Fluorescence
imagery
appears too
dim

Possible Causes

Image display settings
are set too low

Recommended Solutions

Increase the image display gain and/or
change to log in the appropriate camera
channel.

Sample did not label
well

Look at the sample with a fluorescent
microscope.

Instrument sensitivity is
not optimized

Increase the 488 excitation laser power
(maximum is 200 mW).

Increase the camera stage setting
(maximum is 512 rows) to increase camera
sensitivity in the fluorescent channel. Refer
to camera stage setting guidelines.

If the probing protocol results in dim
staining, sensitivity of the instrument can be
increased by running the core stream at a
lower velocity and/or increasing the camera
gain to 10x (Advanced — Camera tab).

Core stream position is
grossly off-center within
the flow cell due to air
or clog in the fluidics.

The core tracking and focus tracking
objective positions should not change
significantly from day to day. If either value
is radically different (+/- 10 microns),
objects may rotate due to interactions with
the sheath stream. An off-center core
stream is caused by air or clogs in the
fluidic system. See solution for Air or clog
in the sample syringes or flow cell.

488 excitation laser is
misaligned

The laser is misaligned if the scatter control
value set by ASSIST is abnormally low (15
microns less than normal). Call Amnis
service.

488 excitation laser set
too low by the scatter
controller

When collecting less than 512 rows in the
fluorescent channel, the scatter controller
height setting will impact fluorescence
detection. Decreasing the scatter controller
value will increase fluorescence intensity in
this case.

Everything is
too bright or
images are red
or flatin
appearance

Image display settings
are set too high

Decrease the image display gain and
change to linear in the appropriate camera
channel.

Instrument sensitivity is
set too high

Decrease the 488 excitation laser power
(minimum is 20 mW).

Decrease the camera stage setting
(minimum is 32 rows) to decrease camera
sensitivity in the fluorescent channel. Refer
to camera stage setting guidelines.
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Symptom

Possible Causes

Recommended Solutions

Set the brightfield intensity to 200 counts.

The core stream
velocity is set too low

Set the desired speed to 23 mm/sec and
click the Lock-on button.

The sheath syringe is
empty

Load sheath, then dual prime.

There is a clog or air
bubble in the system

See solution for Air or clog in the sample
syringes or flow cell.

One channel
saturates while
the others do
not

Instrument sensitivity is
not optimized

The best instrument setup maximizes the
dynamic range of scatter and fluorescence
signal detection, while at the same time
avoiding image pixel saturation (which
cannot be compensated) in the
fluorescence channels. See Setting
ImageStream Sensitivity for guidance on
instrument setup.

Probing protocol
requires better stain
balance

Reduce the concentration of the stain that
produces the saturating signal so that all
probes can be simultaneously imaged
without excessive saturation.

Cross-
contamination
from previous
samples

DNA dye from previous
sample is labeling
current sample

DNA dyes must be thoroughly flushed from
the sample lines, syringe and flow cell to
prevent residual dye from labeling
subsequent samples that do not contain
the same DNA dye. Run the Manual Flush
Sample script with 10% bleach to remove
all traces of the DNA dye.

Cells from the previous
sample are appearing
in current sample

This suggests a minor clog. Run the
Manual Flush Sample script to remove all
traces of the previous sample.

Scatter control
value set by
ASSIST is
abnormally low

488 excitation laser is
misaligned

The laser is misaligned if the scatter control
value set by ASSIST is abnormally low (20
microns less than normal). Call Amnis
service.

Scatter is too
dim or bright

Laser power set too
high or low

Increase or decrease the 488 excitation
laser power (20-200 mW).

Laser height set too
high or low

Raise or lower the scatter controller (-60 to
+60 microns).

Camera stage
improperly set in the
scatter channel

Increase or decrease the camera stage
setting (32-512 rows).

488 excitation laser is
misaligned

The laser is misaligned if the scatter control
value set by ASSIST is abnormally low (20
microns less than normal). Call Amnis
service.
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Symptom

Possible Causes

Core stream position is
grossly off-center within
the flow cell due to air
or clog in the fluidics.

Recommended Solutions

The core tracking and focus tracking
objective positions should not change
significantly from day to day. If either value
is radically different (+/- 10 microns),
objects may rotate due to interactions with
the sheath stream. An off-center core
stream is caused by air or clogs in the
fluidic system. See solution for Air or clog
in the sample syringes or flow cell.

Scatter
intensity
changes over
time

Instrument is
experiencing large
temperature variation

Allow the instrument to warm up by running
for 15 minutes.

Direct a fan toward the back of the
instrument to dissipate excess heat.

Enable the "Scatter Control Loop” as
described in detail in the release notes.

Large flow speed
variation

See Flow speed is not stable.

Large variation
in brightfield
intensity levels

Large flow speed
variation

See Flow speed is not stable.

Light source delivering
variable output

Call Amnis service.

Brightfield
intensity level
sets incorrectly

Intensity set before
desired flow speed has
been achieved

Wait until actual velocity matches the
desired velocity, then click Set Intensity.

ND filter wheel is dirty

Call Amnis service.

Blue non-
parsed imagery
in all channels

This sometimes
happens when
instrument exits from
ASSIST.

Toggle between Beads and Cells views.

Erroneous
waste sensor
low indicator

Debris has
accumulated on the
optical sensor

Clean sensor with detergent and water.

Sensor is broken

Call Amnis service.

Instrument will
not pass
ASSIST

SpeedBeads are not
running properly

Verify that the core stream is stable, and
100-300 beads per second are flowing
through the instrument at 23 mm/sec.
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Symptom Possible Causes

Incorrect template

Recommended Solutions

The template should set the instrument as

loaded follows:
= Brightfield in Ch5 at 200 counts
= Excitation laser at 20 mW
= Chl stage setting at 32 rows
= Ch2-6 at 512 rows
= 5 um core diameter
= 23 mm/sec core velocity
= 100% beads
Camera If Camera Synchronization fails, manually

Synchronization
calibration failed,
causing all other
calibrations and tests to
fail

enter the last known good value (~37.5)
and run ASSIST again. Note that if this
calibration fails, most of the other
calibrations will fail as well.

Spatial Offsets
calibration failure

Verify the camera synchronization value
and run Spatial Offsets calibration again. If
it will not pass, the filter stack is misaligned:
call Amnis service.

Dark Current calibration
failure

Make sure the 488 excitation laser is off
and brightfield is blocked. If it fails the Dark
Current calibration a second time, call
Amnis service.

Brightfield Gain
calibration failure

Verify the camera synchronization value,
reset the brightfield filter wheel, make sure
the core is centered and in normal range,
and re-run the Brightfield Gain calibration.
Call Amnis service if it continues to fail.

AutoFocus calibration
failure

Verify the camera synchronization value
and re-run the AutoFocus calibration until it
passes. If it continues to fail, call Amnis
service.

488 Laser Alignment
calibration failure

Verify the camera synchronization value
and re-run the Laser Alignment calibration
until it passes. If it continues to fail, call
Amnis service.

Brightfield Intensity
Selection calibration
failure

Verify the camera synchronization value,
re-calibrate the brightfield gain, make sure
the core is centered and in normal range,
and re-run the Brightfield Intensity
Selection calibration. Call Amnis service if it
continues to fail.

Brightfield Intensity
Selection test failure

The image intensity must reach 200 within
10 iterations. If this test fails run the BF
Intensity Selection Calibration individually
and then re-run this test
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Symptom Possible Causes

Recommended Solutions

Flow Core Axial
Stability test failure

Verify that the SpeedBeads are running
well and that there is no air trapped in the
system. Run the Debubble or Sterilize
System scripts, then repeat ASSIST. Call
Amnis service if it continues to fail.

488 Laser Vertical
Alignment test failure

Verify that the correct templates are
loaded and that the camera
synchronization value is normal, then re-
run the 488 Laser Vertical Alignment test. If
it fails again, set the laser to 20mw, reset
the laser height, then go to the default
height setting (Scatter Controller). Run
the 488 Laser Vertical Alignment test and
adjust the excitation laser height until the
Ch1 mean total intensity is near 1000
counts. If this is not possible, or if the laser
height setting is 20 microns or more lower
than normal, call Amnis service.
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GLOSSARY

Term

Definition

acquisition

The process of collecting data from the instrument

acquisition plots

Graphs of real-time image feature data.

agitation Rotation of the bead or sample syringe; performed to keep samples in
suspension.

area The number of pixels an image occupies.

ASSIST Automated Software Suite of ImageStream Tests. ASSIST include 1)

calibrations that optimize instrument performance and 2) tests that report
instrument status.

average intensity

The mean pixel intensity of an image.

autofocus

The process of using the infrared (IR) scatter signals collected by the
photomultiplier tubes (PMTSs) to automatically move the objective lens to
keep the core in focus.

autofocus tracking

The feature that allows the camera to automatically keep the core in focus.

arc lamp

An electric lamp that produces light by passing a current between two
incandescent electrodes surrounded by gas.

background mean
intensity

Average intensity of all the pixels in the background. The average intensity
is around 30.

bead pump The syringe, motor, and gear unit that injects the Speedbead reagent into
the flow cell.
bead port Place where beads are introduced into the ImageStream.

bead syringe

The part of the bead pump that contains the Speedbead reagent.

bead view

Display of SpeedBeads in the image gallery (as opposed to cells or
debris).

bead volume

The volume of SpeedBeads in the bead syringe expressed in microliters

(ul)..

bleed-through

The overlap of fluorescence from one fluorochrome to another.

brightfield

Image produced with transmitted light from the arc lamp.

brightfield channel

The camera channel in which the brightfield image appears; determined by
the spectral characteristics of filter that the brightfield light passes through
on the brightfield filter wheel.
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Term

Definition

brightfield filter
wheel

Six-position wheel in front of brightfield light path that contains optical
filters used to select the brightfield light bandwidth.

bubble trap Chamber that collects any air originating from sheath pump, removing it
from the sheath fluidic line.
calibration Precise adjustment of instrument components based on test results in

order to optimize function.

camera clock rate

The readout rate in Hertz of rows of camera pixels. This rate is directly
proportional the velocity of the core stream.

camera stage

The number of camera rows (in pixels) over which image acquisition

setting occurs. Sensitivity increases with the number of rows. The available
settings are 32, 128, 256, and 512.
camera The process of matching the charge transfer line rate of the TDI camera to

synchronization

the velocity of the moving cell image.

camera sync value

Calibration factor derived from the optical magnification of the image
collection pathway and used to synchronize the camera line rate to the
velocity of the moving cell image.

cell port

Place where cell sample is introduced into the ImageStream.

sample volume

Volume of cells in the sample syringe expressed in microliters (ul).

cell view Display of cells in the image gallery (as opposed to beads or debris).
channel One of the six physical partitions on the camera. Each camera channel
collects a different spectral band of imagery, allowing for the collection of
brightfield, darkfield, and up to four fluorescence images per object.
Cleanser Solution used to clean the syringes and fluidic lines.

Coefficient of
variation (CV)

Mean-normalized standard deviation, expressed as a percentage. The CV
measures variation of a feature independent of the population mean value.
CV = 100*standard deviation/mean.

compensation

The process of removing intensity derived from fluorescence crosstalk
from dyes centered in other channels; done on a pixel-by-pixel basis.

compensation
control file

A data file containing single fluorescent probe-labeled cells collected with
no brightfield; used to calculate the compensation matrix.

compensation
matrix

Set of values that report the relative amount of fluorescence of each probe
in each channel. Used to subtract intensity originating from dyes centered
in other channel.
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Term

Definition

Core stream

The hydrodynamically-focused fluid stream that contains SpeedBeads and
cells; located in the center of the sheath stream.

core size

The diameter (in um) of the core stream.

core tracking

The manual process of laterally centering the optical objective on the core
stream.

cross
contamination

Carry-over from the previous sample to the following sample.

crosstalk Interference between fluorescence channels (same as fluorescence
overlap).
crosstalk Same as fluorescence compensation.

compensation

cuvette

Portion of the flow cell in which the laser and brightfield illumination
pathways intersect with the core stream, and from which light is collected.

dark current

The pixel intensity reading of the camera in the absence of light.

dark current

The measurement of camera background. The values for each camera

calibration channel are saved in a database for correction of raw images.

darkfield A type of illumination in which the sample is illuminated at angles that do
not directly enter the objective. 90 degree angle side scatter from the 488
nm laser provides the darkfield imagery on the ImageStream.

debris Anything not identified by the ImageStream as a cell or beads.

debris file A file that stores image data related to debris. It could become quite large
but does not need to be saved.

debris view Display of cells in the image gallery (as opposed to beads or debris).

Debubbler Fluid used to remove bubbles from the fluid lines.

default template

The starting settings for the ImageStream. The values are saved to a data
file at the end of each run.

excitation laser

A blue (488nm) laser.

experiment Instrument configuration, control and sample information for a given set of

template samples.

flow cell The optical chamber in which the core stream is formed and in which the
laser and brightfield illumination pathways intersect with the core stream.

flow rate Number of particles (per second) above a threshold.
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Term

Definition

fluorochrome

A fluorescent dye used to label cellular constituents or specific probes of
cellular constituents.

fluorescence

Light emitted by a fluorescent dye following excitation.

fluorescence
compensation

See crosstalk compensation.

fluorescence
overlap

See crosstalk.

flush

To rinse a sample or bead syringe and lines with sheath fluid.

focus tracking

The manual process of focusing the optical objective in the z-axis on the
core stream.

frame mode An image from the camera chip taken at one time, as opposed to time-
delayed integration.

FSP Flow speed processing.

gain Amplification of a detector signal.

grayscale The brightness level of a pixel or group of pixels ranging from black to

intensity white.

imaging area

The left hand side of the INSPIRE acquisition screen. Contains 6 images
of each of the last 10 cells and controls for image display and image
acquisition.

imaging rate The number of images acquired per second.
instrument The ImageStream.
IR Infrared.

laser excitation
value

Display of the current laser power setting, measured in milliwatts (range is
from 20 to 200 mW.

linear gain Amplification on an equally divided scale, as opposed to logarithmic gain.

Longpass An optical filter that transmits longer wavelengths and attenuates shorter
wavelengths.

menu One of the pull-down menus on the top left of the screen.

mw Milliwatt; The common unit of measure for laser power.

non-adherent

Refers to cells that grow in suspension.

Numerical
aperture (NA)

The cone angle-angle of light captured by the objective lens. Higher NA
improves image resolution.
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Term

Definition

objective lens

Primary image forming optic; focused on the flow cell.

Optical density
(OD)

A logarithmic transformation of light transmission: OD = -log(T), where T is
transmission and is a value between 0 and 1.

PBS

Phosphate buffer saline.

peak intensity

The maximum value of any pixel in an image; can range from 0-1023.

PMT

Photomultiplier tube.

guantitate and
guantitation

Measure and measurement

sample pump

See bead pump.

sample syringe

Syringe that contains a cell suspension or other particle suspension to be
imaged.

sample volume

The amount of suspension in the syringe; ranges from 0-500pll.

saturation

Describes pixels whose values are at or above 1023.

script

A series of individual commands run as a single command.

segmentation

Discrimination of an object from its background.

self-calibration
routines

A set of scripts used to verify normal instrument performance. Grouped
together in ASSIST.

sheath

The fluid into which the sample suspension is injected. Typically is PBS;
may be DI water.

sheath bottle

Bottle that contains the sheath fluid.

sheath fluid

See sheath.

sheath pump

The syringe, motor, and gear unit that controls the delivery of sheath fluid.

sheath syringe

Container for the sheath fluid to be added to the flow cells; can contain
cleanser, sterilizer or debubbler.

signal saturation

See saturation.

Spectral
decomposition
element

A custom set of longpass dicroic filters arranged in an angular array. The
spectral decomposition element directs different spectral bands to laterally
distinct channels on the detector. With this technique, an image is
optically decomposed into a set of six sub-images, each corresponding to
a different color component and spatially isolated from the remaining sub-
images.
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Term

Definition

spatial offset

Registration error of the 6 channel images for a single cell. Offset is
measured during calibration (see ASSIST) and the values are saved to the
image database.

SpeedBeads™ A reagent supplied by Amnis that contains a unique and proprietary
suspension of microbeads. SpeedBeads are used 1) to test and calibrate
the instrument’s illumination, optical, camera and fluidic systems, 2) to
maintain continuous camera synchronization with the core stream flow
rate, and 3) to autofocus the objective on the core stream

Sterilizer Sodium hypochlorite.

template A file that contains instrument settings, display configuration, and sample
and control collection specifications for a particular experiment.

TDI Time-delayed integration.

threshold A value below which the information associated with a cell prevents it from

being ‘seen’ by the instrument.

time-delayed
integration (TDI)

The successive readout of rows of camera pixels used to compose an
image of a moving particle. As the objective image moves across the
camera chip, the value in each row is shifted down and added to the
charge on the next row resulting in a sum of all pixels in the camera stage.

total intensity

The sum of all pixel intensities in a given image.

velocity detection
laser

The infrared laser.

waste bottle

The container for all fluids introduced into the instrument.
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