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Quick Start Guide

1. Install and register your new software...

Installation and Setup of GemStone

Reqistering your new software

2. Take a quick look at the user interface and terminology...

GemsStone User Interface

The GemStone Workspace

What is a Project?

The Project Library

What is a Template Document?

Saving and Opening

Users and Groups

3. Try out a tutorial or two...

Analyzing Files with an Existing Project

The Develop tutorials for creating your own projec ts:

Starting a New Project from Scratch

Adding Cell Types to the Project

Analyzing Subsets

Exploring with Cen-se'

Additional Exercises




Quick Start Guide

Finishing the Project

Stain Assessment

Further reading
When you have a chance, review the Reference sections.

Reference



License and Warranty

License Agreement

Copyright laws of the United States and international treaty protect this software. Verity
Software House provides this software (the "Software") under the following conditions:

Software is intended to be installed and used on one computer. An additional computer
license is required for each additional installation.

Network versions of software require one serial number for each simultaneous use. Network
versions are intended for installation and use on a local area network; other uses are not
supported.

Backups of the software must be used only for archival purposes.

Duplication of the manual is strictly prohibited without the expressed written permission of
the copyright holder.

If you transfer the use of this software to another party, that part y must accept the terms of
this agreement, and you must transfer all copies of the software or destroy them.

Your license to use this software will terminate if you are found to be in violation of this
agreement.

The laws of the State of Maine and the United States of America govern this license.

Limited Warranty

Verity Software House (VSH) warrants the physical media and the physical documentation, if
included, to be free of defects in materials and workmanship for a period of 30 days from
date of purchase. If VSH receives notice of defects in materials or workmanship within the
warranty period, VSH will replace the defective media or documentation.

VSH makes no other warranties, either expressed or implied, with respect to this manual or
with respect to the software described in this manual, its quality, performance,
merchantability, or fitness for any particular purpose. VSH software is licensed "as is". The
entire risk as to its quality and performance is with the buyer. Should the software prove
defective following their purchase, the buyer (and not VSH, its distributor, or its retailer)
assumes the entire cost of all necessary servicing, repair, or correction and any incidental or
consequential damages. In no event will VSH be liable for direct, indirect, incidental, or
consequential damages resulting from any defect in the software, even if VSH has been
advised of the possibility of such damages. Some states do not allow the exclusion or
limitation of implied warranties or liability for incidental or ¢ onsequential damages, so some
of the above limitations or exclusions may not apply to you.






Latest Versions

To find the latest versions for GemStone and the documentation, visit the Verity Software
House web site at www.vsh.com. This site provides a complete version of the latest revision
of the online documentation, patches, and technical support information for the program.

You can also email us at verity@vsh.com to determine whether or not you have the latest
version. Please include the version that appears on the start-up dialog box, and the file date
for the program with your email.

The software also has a Check for Updatescommand in the Help menu. Use this command
periodically to see if there are updates for your software. The command can download and
install updates that are available, if you have administrative rights to your computer.
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New Features in GemStone

GemsStone 2.0 is a totally redesigned application. While it is based on the same Probability
State Modeling engine introduced with GemStone 1.0, the user interface and workflows are
entirely different.

And you will love the changes!






System Requirements

NOTE: Your software will only run on the operating system you select at the time of
purchase.

Minim um System Configurations
If you purchased a Windows version:

Windows 7, Windows 10 or greater, 3.40GHz CPU or better, 8GB RAM or greater, 8 or more
logical processors, with 750MB free disk space for program files.

If you purchased a Mac version:
macOS 10.12 or greater, 3.40GHz CPU or better, 8GB RAM or greater, with 750MB free disk
space for program files.

Optimal Configurations

Faster CPUs with more cores, highspeed SSD drives, and greater RAM will improve
performance.
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Installation  and Setup of GemStone

IMPORTANT NOTES:

T Your software will only run on the operating system you select at the time of
purchase.
T Stand -alo ne versions of the program are designed to be installed and

registered on a single computer

1 You must have administrative rights to the computer during installation and
registration of the software. After registration, the program can be run by users with
restricted access to the computer, as long as the program is installed in a location
where users have read/write permissions.

1 You will need to register the software with Verity Software House in order to unlock
the program on the computer. This can be done using the online registration process
or by contacting technical support.

1 If your program is an update version, you will need the serial number for the previous
version to register and unlock the software.

1 If your program is an additional computer license , you will need the serial number for
the primary license to register and unlock the software.

Windows Version
Ins tallation

1 Log on to your computer with an account that has Administrator privileges. You must
have administrative rights during installation .

1 If you downloaded the software, extract the installation files from the download into a
temporary folder. If you h ave an installation CD, insert the program CD into the CD-ROM
drive.

1 Run the program named GemStoneSetup.exe . Follow the directions on the screen to
complete the installation.

1 See the section on reqgistering your software for information on how to register your
software.

Using the software

1 Log on to your computer with your own user account. This should be the account that
you normally use on the computer.
1 Open the Start menu and navigate to the Verity folder. Choose GemStone 2.0 .

Mac OS Version

13



Installation and Setup of GemStone

Installation

1 Log on to your computer with an account that has Administrator privileges. You must
have administrative rights during installation.

{1 The installer is distributed as a disk image, or "DMG" file. Double-click the DMGfile to
mount and open the disk.

1 A Finder window will display program icons and instructions for how to install the
program. Follow those directions to complete the installation.

1 See the section on reqistering your software for information on how to register your

software.

Using the software

il

Log on to your computer with your own user account. T his should be the account that
you normally use on the computer.

In Finder, navigate to the Applications folder.

If there is a GemStone shortcut in the Applications folder, double -click it to start the
program.

If there is no GemStone shortcut, open the GemsStone 2.0 folder, and then the
Application subfolder. Double-click the GemStone 2.0 application icon.
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Registering your new software

Why You Should Register

Registration is a key step in setting up the software to run on your computer. In fact, your
software will not be fully functional until you register . Here's why.

This version of the program uses software security, which requires you to register your
software in order to receive an Unlock Code to make the program fully functional. An
unregistered installation will be fully functional for 30 -days, and then become a "trial version"
with limited functionality until it is registered.

Of course, registration is useful for other reasons, too. We can inform you of bug fixes and
updates, and provide you with better technical support.

How to Register

When you start the program for the first time, it will automatically start the Registration
Wizard. You can access his dialog at any time by clicking the Registrationbutton on the
dialog box that is displayed when the program starts up.

Registration Wizard

Welcome to the Registration Wizard.

This wizard wil guide you through the process of registering the software and
getting an Unlock Code.
Click Next to begin the wizard, or Cancel to register another time.

Verity

Software House

Cancel << Back

Click the Next button to begin the registration process.
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Registering your new software

Registration Wizard

How would vou like to do the registration?
(@ I want to register using the wizard. )

O I want to register using my browser,

() I want to register by email.

O I want to use another computer to register.
Or I already have my Unlodk Code.

Verity

Software House

Cancel << Back

The wizard will ask how you want to register the program. Select the appropriate option and
click Next.

Registration Wizard

Please fil in the Serial Number and CD Key that came with the software, along
with your email address.

Program: |Gem3tnne for Windows |

Version: |2 .a |

Computer 1D [AB1907FC233E |

Computer Name{Optional): |Ben—HPS |

v = Serial Mumber: |12345 |

erlty CD Key: [MA3FIYY |

Software House Your Email: |yuu1~Emai1Eyuu1~Dn main.edu |
Descriptive Characters: Mumber A; Letter 0; Mumber 1; Letter I

Print Cancel << Back

Then next step in the wizard shows some information about the program. There are 3 fields
that you need to fill in for this step: Serial #, CD Key and Your Email You can also enter or
edit the Computer Namefield to identify your computer.

16



GemStone User Guide

The Serial numberand CD Keycan be found on the outside of the pro gram box or in email if
the program was provided to you by download. Enter these exactly as they appear; they are
case-sensitive. If you have lost or misplaced the Serial number or CD Key, contact Verity
technical support at tech@vsh.com or (207) 729 6767.

For the Emailfield, make sure to enter your valid email address. Otherwise, you may not
receive the Unlock Code and the program will not be fully functional.

Click Next to continue the registration process.

If you have not yet created a user account on vsh.com, a user account wizard is displayed.
This step only appears if you have not yet created a user account.
Fill in all fields on the form and click Next .

Registration Wizard

We didn't find an account for ben@gmail.com.

* To create an account for ben@gmai.com, complete the form below.
* If ben@gmail.com is wrong, dlick Back to correct it.

Password: |u-u | Confirm Password: |-uu |
Pazsword may contain: letters, numbers, dof, plis, minus, underscore, !, and @

First Mame: |John | Last Mame: |D|::-E |
® Institution: |Doe Cytometry Group |
ve rI ty Address: |1234 Bestway Road |
Software House City: |Sumewhere | St Prov.; |C.E\ |
Country:  |USA | Postal Code: |12230 |

Phone: (2434232434 |

Cancel << Back

If you have more than one user account at vsh.com, you will be presented with another step.
This step only appears if you have more than one account.
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Registering your new software

Registration Wizard

In the list below are the user accounts that matched your email address. Please
select the user account that you would like to use to perform the registration.

Your Email: | vourEmail@yourDomain.edu |

Matching Web accounts:  yourEmail@yourDomain . edu -

Verity

Software House

Cancel << Back

Choose the web account that you want to use for registration, and then click Next .

At this point, the program will request an unlock code from the registration server at
vsh.com. If successful, you will see the confirmation step and the Unlock Code for your
computer.

Registration Wizard

Congratulations, registration was successfull.

Below is the Unlock Code used to register GemStone for Windows on this
computer. Please keep this information for your records.

Web Account: |yuurEmailEyuuan main .edu |

Serial Number: |12345 |

v e COKey: [MA3FIYY |

erlty Unlock Code: |ABCDE23456 |
Software House

Descriptive Characters: NMumber B; Letter 0; Mumber 1; Letter I

18
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You can print the registration information by clicking the Print button. Click Finish to close
the wizard and continue working with the program

If there was a problem with the registration, an informative message will explain the pr oblem
and steps to take to correct it.

Once you have completed the registration successfully, the program will be fully functional.

If the registration wizard cannot connect to vsh.com

Sometimes firewalls can prevent the registration wizard from conn ecting to vsh.com. In this
case, you can try registering with your browser. Choose the second option in the list and click
Next to launch your browser with the correct registration information.

Registration Wizard

How would you like to do the registration?

() 1 want to register using the wizard,

@ I want to register using my bruwser.)

(_) T want to register by email.

D I want to use another computer to register.
Or I already have my Unlock Code,

Verity

Software House

Cancel << Back

Follow instructions on screen to complete the process.

To register your software using email

The registration wizard can help you send email to Verity Software House with your
registration information. Choose the third option in the list and click Next to create an email
message.

19



Registering your new software

Registration Wizard

How would vou like to do the registration?

() I want to register using the wizard.
O I want to register using my browser,

@ I want to register by email)

O I want to use another computer to register.
Or I already have my Unlodk Code.

Verity

Software House

Cancel << Back

Follow instructions on screen to complete the process.

To register your software using another computer...

When the installation computer does not have internet access but another computer does,
you can use the fourth option in the list and click Next to begin the process.

Registration Wizard

How would vou like to do the registration?

(7)) I want to register using the wizard,
O I want to register using my browser,
() I want to register by email,

@ I want to use another computer to register.)

Or I already have my Unlock Code.

Verity

Software House

Cancel << Back
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On the installation computer, write down the Computer ID displayed in the
Register Software dialog

Next, go to the computer that has Internet access, launch a browser, and navigate to
www.vsh.com.

Click the Register Software  link.

If you already have a web account, login with your user name and password. If you do not
have a web account, create a new account that will be associated with this registrati on.

After you login, the Software Registration page will be displayed on the web site. Fill in
the information in the form on this page to register the product. If you are registering an
update version, you will need the serial number of the previous vers ion to complete the
registration. If you are registering an additional user license you will need the serial number
of another copy of the program that is registered to your institution.

Getting an Unlock Code is a two-step process First, you fill in and submit the registration
form on the web site. This sends a registration request is sent to Verity. Your Unlock Code is
then emailed to you, so make sure you provide a valid email address.

When you receive your Unlock Code via email, paste or type it into the Unlock Code field in
the Registration dialog box on the installation computer. When possible, use Copy and Paste
to do this, to ensure that the characters are correct. Then click the OK button.

Your program will become fully functional once the Unlock Code isentered correctly.

If you do not have Internet access

If you do not have access to the Internet, you can send the registration information below to
Verity Software House by fax, mail, or telephone. Our technical support staff can register the
software for you with the information you provide, and supply you with the Unlock Code to
enter into the Registration Wizard.

Here is the information we need. You can print this page and fill it in.
These fields are found in the Registration dialog box.

Program Name:
Program Version:
Computer ID:
Serial number:
CD Key:

User Information

Name:
Institution:
Address:

City:
State/Province:
Zip/Postal Code:
Country:

Phone;:

21
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Registering your new software

Fax:
Email:

Our technicians will use the information below to create a web user account for you on our
web site.

Name to use on VSH web:

Password to use on VSH web:

A question we can ask to verify who you are:

The answer to the question to verify who you are:

If you are updating from a previous version, you will need to supply the serial number of the
previous version.

Serial Number of previous version:

Contact Verity Software House

Verity Software House
PO Box 247, Topsham, ME 04086
USA

Email: verity@vsh.com

Web: www.vsh.com
Phone: (207) 729 6767
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GemStone User Interface

When GemStone startsup, the main window is comprised of a ribbon bar at the top, a batch
list on the left, and a report tab that contains tabs for each page in a report.

Main window

Ribbon tabs
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The ribbon bar contains most of the commands that you will use. The commands are divided
into a series of ribbon tabs: File tab, Home tab, Insert tab, Options tab, Develop tab, and the
Help tab. Some tabs are only visible when the Develop option is enabled.

Ribbon tabs

Develop Mode
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In Develop mode, additional elements are displayed:

Additional ribbon tahsj
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Cell Types

and other tabs Tab for each Cell Type

Additional ribbon tabs are displayed in Develop mode. Batch commands determine what
actions are performed on files in the batch. Additional tabs appear at the bottom of the
window to select FCS File, Cell Types, and Mas view. With the Cell types view selected, a
tab is shown for each cell type defined in the model templ ate.
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GemStone Us er Interface

When GemStone startsup, the main window is comprised of a ribbon bar at the top, a batch
list on the left, and a report tab that contai ns tabs for each page in a report.

Main window
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Ribbon bar
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Ribbon tabs

[ Report tab j

The ribbon bar contains most of the commands that you will use. The commands are divided
into a series of ribbon tabs: File tab, Home tab, Insert tab, Options tab, Develop tab, and the
Help tab. Some tabs are only visible when the Develop option is enabled.

Develop Mode

In Develop mode, additional elements are displayed:
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Additional ribbon tahsj
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Cell Types
and other tabs

Tab for each Cell Type

Additional ribbon tabs are displayed in Develop mode. Batch commands determine what
actions are performed on files in the batch. Additional tabs appear at the bottom of the
window to select FCS File, Cell Types, and Maps view. With the Cell types view selected, a
tab is shown for each cell type defined in the model template.
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The GemStone Workspace

The GemStone workspace is a folder on disk where the software is installed. The folder
contains key components of the program in sub-folders that store the progra m itself, the user
guide, the Project library, and other important parts of the software.

Application
Archived Projects
CrashReports
Databases
Help

Workspace Folder
Project Library
Setting

Tutorials
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What is a Project?

The term "Project" in GemStone refers to collection of files that d etermine an analysis
approach. A Project includes one or more model templates that are used to analyze FCS
files. Itincludes one or more batch scripts that determine how to load FCS files and model
templates, what operations to perform on the FCS files, and the outputs of the analysis such
as PDF files and databases. A Project contains the FCS fies added to it, and the output files
it generates.

Projects provide a simple way to design an analysis strategy and to manage the related
files. On disk, a Prgect is organized as a set of folders and files.

Batch System
Databases
FCS Files
Fitted Models
Graphics

Project Model Templates
PDF Reports
Reports

Settings
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Project

The Project Library

The Project Library is part of the GemStone Workspacethat contains the Projects that can be
used for analysis, including those that you create. Each Project is a folder which contains
additional folders of information.

The example below shows Projects that have been created: 16 Color Demo, Exp 1 10-Jan-
2018, and Exp 2 17-Jan-2018. The folder structure of one of the Proj ects is also shown.

pm— . .
Application
Archived Projects
CrashReports IS
Batch System
Databases
== 16 Color Demo Databases
Help
Workspace Folder FCS Files
Project Library Exp 1 10-Jan-2018
Fitted Models
Setting
Exp 2 17-Jan-2018 s Graphics
Tutorials
— Model Templates
PDF Reports
Reports
Settings
—
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What is a Template Doc ument?
A template document contains the cell type definitions, expression profiles, report design,

and objects on the cell type canvas. It is the underpinning of the analysis system - the
Probability State Model. This component of the software is only accessible in Develop mode.

A template document defines a set of cell types. Each cell type is defined by a set of
expression profiles for the key markers of the cell type. For example, a CD8 celltype is
typically defined with expression profiles for CD3, CD66b, CD19, CD8, CD4, and other
markers. The cell types can include staging related to the cell type, as well as graphical
elements like 1P and 2P plots, overlays, and more.
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Saving and Opening

GemsStone has many different types of items that can be saved and opened. Here's an
explanation of the primary open and save operations that you will encounte r in the software.

The Home tab, Develop tab, and File tab of the ribbon are used for saving and opening:
File Home Inzert Help

[~ -.L_.Cut T * 2
B dmmam—at X - 0000 # M.

Paste ‘ New [ pevelop ‘ Add Remove StartAt ‘ Run  Next Auto  Stop ‘ Open  Save
Clipboard FCS Files

Project Processing Analysis Document

File Home Inzert COptions Develop Help

1 MNew = e Stages k3 Pakat L Enrich Track
- - ¢ -/ -00
Read

u ¥ Open - ¥ Equations Profles = | [{JReset
Save . Measurement Cell Type N Classify Auto Step
Flsave ~ | File | Wizard Wizard  # Properties ‘ Apply
Project Template Data Madel Analysis Model Stats
Projects

When you open or save a Project, the program opens or saves the batch commands and
database fields for the method. The batch commands determine what template documents
are used, what kinds of out put to save (PDF, analysis documents, etc.), and what to print.

Command Where Function
Is It?
. Save the current method in the
1 File . :
. Project Library  folder. In
menu, o
i Develop mode, it will also prompt
Save Develop
you to save the template
tab
document.
MC HIMP 11-Nov-2017 4
Working with TriCOM Adc This dropdown list displays all of
MC HIMP Add Markers Home the methods in the Project
| MC HIMP tab Library . It opens the selected
- MC HIMP 11-Nov-2017 method.

Method Run Tutorial
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File Home Insert C

e New Project _ The Open Project command

*  Ooen Proiect File allows a method to be opened

: e % menu from outside of the Project
I Save Project

Library .

Save Project &s

Analysi s Documents

An Analysis document stores the analysis of an FCS file with a template document. Typically,
this is saved automatically in the Fitted Models folder by the batch commands. The user can
also manually save and open analysis documents for review.

Where Is

Command 1t Function

» H
open _— Saves the current analyzed document to the current
% Hometab 1 othod's Fitted Models  folder.

Analysis Document

=
Open% Save Home tab Opens an analysis document from the Fitted Models

folder or other location.
Analysis Document

Template documents

A Template document stores the probability model definition. These files are only accessible
in Develop mode. Templates are stored in the Model templates folder of the method. The
Develop mode user can also manually save and open template documents.

Where Is

Command 1t Function
Mew -
* Open '
: Develop tab Saves a template document to the current method's Model
[ save ]} P Templates folder.
Template
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New =

¥ Open[}

Template
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Phenotype Naming

Each marker for each cell type has a Phenotype field. The field shows up in the Cell Type
Wizard and on the Expression Profileproperties. Use this field to describe the marker
expression for the cell type.

The recommended syntax for this field is to use the short name of the marker (e.g. CD8),
with one of the fo llowing appended:

Symbol Meaning
+ plus symbol Positive expressionof the marker
- minus symbol Negative expressionof the marker
dim text Dim expression of the marker
plus, greater Transition of positive to negative expression of the
+> - than, minus marker
minus, greater Transition of negative to positive expression of the
>+ than, plus marker

The values in the Phenotype field are used on report pages to show the full phenotype of a
cell type. For example, the CD4 phenotype is shown as "CD4: CD66-CD3+Cd8CD4+CD14
TCRgACCR7+>-CD27+>-CD45RA+>-"
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What is a Probabilit y State Model?

Flow cytometry data analysis focuses on identification of populations in a sample and
providing statistical results about those populations. Typically, regions drawn on plots are
used to create a hierarchy of subsets by "gating" the events. The subsets are analyzed for
frequency, intensity, and other common statistics to characterize the cells that were
analyzed.

GemStone approaches data analysis quite differently by using a Probability State Model
(PSM) to identify and quantify subsets. So what is a Probability State Model, and why is it a
better approach?

Let's examine the words that make up the name to get an idea of what a PSM is:

Probability : the statistical likelihood of a particular event occurring. A PSM classifies events
using probabilities rather than gates. Gating is subjective, and relatively small errors made in
drawing gates are compounded with each subsequent gate in the hierarchy. By using
probability, a PSM actually reducesthe error with eac h additional measurement that is added
to the model. The likelihood that you are actually identifying the cells you are interested in
increasesas you build a PSM.

State : a set of conditions that discretely characterize something. A PSM classifies eventsinto
a set of states, based on the characteristics defined for each measurement. GemStone uses
the state as the common, X-axis for its expression plots. This allows all measurements to be
compared on a common axis, making it possible to correlate a/l measurements in a single
plot.

Mod el: a mathematical representation of a process. A PSM uses fitting routines to classify
cells into the most probable states and cell types. Using this approach, GemStone can
provide objective assessment of how well the model represents the data. There are no hard-
edges in a PSM. The modeling process allows populations to overlap based on probabilities.

A PSM allows us to classify events into populations based on a model that we define. The
model is made up of one or more c e// types, where each cell type defines a subset that we
want to analyze. We use what we know about the markers in our experiments to create a set
of expression profilesfor each subset. An expression profile uses a set of control points to
define how the subset transitions over the state axis. The state axis is typically labeled
"Progression”, but it does not have to be a progress at all. In fact, simple models can be
designed to identify and quantify cell populations where the parameter profiles are simply set
for constant intensities.

With the PSM approach, we can measure and report confidence limits. We can evaluate the
goodness-of-fit with reduced chi-square (rcs). And we can co-plot our parameters in a single
graphic that allows us to examine the coor dinated transitions of markers in the cells we
analyze.
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Analyzing Files with an Existing Project

Overview

In this tutorial, you will use a previously -created GemStone Project to analyze FCS files from
a 16-color immune profiling panel. The Project was designed to identify seven cell types and
to present a report with a summary table and details for each cell type.

You will add files to this project and analyze them with just a few clicks. The results that you
see can bereproduced if you or someone else runs the analysis again. The approach is
simple, fast, and reproducible.

Let's give it a try!

Start GemStone

Start Gemstone by following the instructions in the Installation and Setup of GemStone
section.

Create a N ew Project
On the Home tab, click the New Project button to create a new Project.

Mew

In the New Project dialog, select Example 16 Color inthe Based on field. This will create a
new project based on the selected project.

For Project Name you can leave the suggested name or type your own.
Click OK.

Basedon: | Example 16 Color N v

Project Name: | Example 16 Color 20-Dec-2019°

Location; :C:\Gemsmne\GemStone 2.0\Project Library\, | Browse...

cars

Add FCS Files
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Next, you will add files to analyze. Click the Add FCS Filesbutton on the Home tab.

=k

Add

In the Select FCS Files dialog, navigate to the Tutorials folder of the GemStone
workspace. Select the three files 16-color_1.fcs, 16-color_2.fcs, and 16-color_3.fcs. Click
Open.

G Select FCS Files

“ v A « Q5(C) » GemStone * GemStone 2.0.gsw * Tutorials w Search Tutorials 2
Organize « New folder =~ [ @
Tuterials ~ MName Date modified Type Size
HUNSBERGER | 16-color_1.fcs 2/19/2018 3:17PM  FCS File 15,830 KB
Intel D 16-color_2.fes 2/19/2018 3:23PM  FCSFile 7,189 KB
Max parPathsett D 16-color_3.fcs 2/19/2018 3:18 PM FCS5 File 10,046 KB
MYORBODBC @ 16-Color-Gating Strategy.pdf 4/26/2019 T:45 AM  PDF Document 291 KB
MYORODBCUS: D BD-FACSAria_1.fcs 5/20/2019 2236 PM  FCS5File 56,424 KB
BD-FACSAria_2.f 5/20/2019 2:36 PM  FCSFil 39,260 KB
MNewDevelepme D ra.cres o 8 e <o
Perflogs
Perled
Program Files
Proaram Files iy ¥ € 4
File name: | "16-celor_3.fcs" "16-color_1.fcs" "16-color_2.fcs" ~ | " &3

The files are added to the batch list in the left p anel of the program.

At this point, you are ready to analyze these files automatically with the example 16 -Color
immune panel project.

Analyze the Files
The First File

Let's analyze the first FCS file.

Click the Run button in the Processing group on the Home tab. This tells GemStone to follow
the steps in the batch script to read and analyze the selected file.

0000

‘ Run [}Hext Autc  Stop
Processing
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The software first opens a template document, which defines the analysis for seven cell
types, along with the plots and report pages. Once the template is opened, the FCS file is
read into the template.

The auto-analysis step is next. In this step, each of the defined cell types is adjusted to the
data in the FCS file. The status pane at the bottom of the main window indicates which step
of the analysis is being performed.

Avatyzing: 04 T I

Estimating CCRY state index values (pass 3)...

When the process is complete, the summary page of the report presents a table of the key
results of the analysis.

¥ Verity GemStone™ Report wiad Dnc 4 7015
Fil: M-ookor_1.os
Summary
Count % Call Typa % Trbal
Iritact Cells 173030 A, Ba.71
Lymphocyles 20aa7 A 15.50
coaT 23066 (T 11.96
G4 T 17037 100 Ba3
Niive 5356 36T Z80
CM 5634 50,66 448
EM 1907 11.19 099
TE 1100 .46 n&7
Trags TIE 432
coaT 5864 100 304
NaveCh rai i a4 58 1408
EM Fial-] 45 35 141
TE 1118 1907 0.58
Gamma Delta T 166 100 [REi[]
B Galls k] 100 165
Maive 2154 6801 1.12
Mamary 1015 31.00 .53
o] ol 101 1.5H)
Merncyles B4ET 100 335
Classical 5662 8768 294
Man=Classical ] 1231 D1
Graniilocytes 136685 100 TO.BE
Other 19843 (T 10.29

At the bottom of the main window, th ere are tabs for each page in the analysis report. To
review a page, click the tab.

Master Page Summary CD“}T CDET qd T =] ME Mano Grans Cen-se L+ ]
Report Maps

For example, click the CD4 T tab to review the analysis of CD4 T cells.

The report shows the name of the cell type and its phenotype at the top. The Selection
Markers section shows several plots for the measurements that were used to identify CD4 T
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cells, along with a table of intensity values. The Staging Markers section includes plots of
markers that are used to identify the stages of CD4 T cell development and a tabl e of
frequencies for each stage.

W Verity GemStone™ Report Wed Do 4 2018
Flle: M-ockor_1.hcs
CD4T. SSC-A-CD3+ CD4+ CD8- CCR7+>- CD45RA+>- CDZ7+>-
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The Rest of the Files

If you wa nt to analyze and review each file one-by-one, you would use the Next button to
read and analyze the next file. However, in this tutorial we want to analyz e all of the files
without intervention.

Click Auto Advance to process all of the files in the batch.

o

Auto

Review the Analysis
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After analyzing each FCS file, GemStone saves the finished analysis so that it can be
reviewed later. A PDF of the report is also generated for your records. You can easily re-open
a saved analysis for the files in the project.

Double-click the second file in the batch list, 16 -color_2.fcs. A prompt dialog will appear
offering several choices of actions.

G GemStone for Windows X

There is a saved PDF report and analysis document for this file.

Please choose:
Open PDF to open the PDF report
Open GS to read the saved analysis
Analyze to redo the analysis
Cancel to stop processing

Open POF Open G5 Analyze Cancel

ChooseOpen PDF to review the PDF report of the analysis. Open GS will open the analysis
document associated with the FCS file. ChooseAnalyze to re-analyze the file, or Cancel to
close the dialog.

Summary

In this tutorial, you created a new Project based on an existing one designed to analyze the
16-color tutorial files. You added files to the new project and initiated the analysis of the files
using the Add, Run, and Auto -Advance buttons on the Home tab of the ribbon.

GemsStone automatically adjusted the template document to each of the FCS files, fitting the
model to the peaks in each file. The analysis included a summary table of key results, along
with a more detailed page for each of the seven cell types defined in the template document.
A PDF and an analysis document was saved for each file.

You were able to analyze these files with just a few clicks. The approach is simple, fast, and
reproducible.
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Analyzing Files with an Existing Project

Overview

In this tutorial, you will use a previously -created GemStone Project to analyze FCS files from
a 16-color immune profiling panel. The Project was designed to identify seven cell types and
to present a report with a summary table and details for each cell type.

You will add files to this project and analyze them with just a few clicks. The results that you
see can be reproduced if you or someone else runs the analysis again. The approach is
simple, fast, and reproducible.

Let's give it a try!

Start GemStone

Start Gemstone by following the instructions in the Installation and Setup of GemStone
section.

Create a New Project
On the Home tab, click the New Project button to create a new Project.

Mew

In the New Project dialog, select Example 16 Color inthe Based on field. This will create a
new project based on the selected project.

For Project Name you can leave the suggested name or type your own.
Click OK.

Basedon: | Example 16 Color - v
Ls

Project Name: .Example 16 Color 20-Dec-2019

Location: :C:\Gemsmne\GemStcne 2.0\Project Library\, | Browse...

==

Add FCS Files

Next, you will add files to analyze. Click the Add FCS Fileshutton on the Home tab.
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=k

Add

In the Select FCS Files dialog, navigate to the Tutorials

folder of the GemStone

workspace. Select the three files 16-color_1.fcs, 16-color_2.fcs, and 16-color_3.fcs. Click

Open.
G Select FCS Files
“ v A « Q5(C) » GemStone * GemStone 2.0.gsw * Tutorials
Organize = Mew folder
Tutorials Ced MName B
HUNSBERGER D 16-color_1.fcs
Intel D 16-color_2.fes
Max parPathsett D 16-color_3.fcs
MYORBODBC @ 16-Color-Gating Strategy.pdf
MYOBODBCUS: [ ] BD-FACSAria_1fcs

BD-FACSAria_2.f
MNewDevelepme D ra-ctes

Perflogs
Perl6d
Program Files

Proaram Files (x ¥ <

w Search Tutorials

f-= -

Date modified Type

2/19/2018 3:17 PM FICS File
2/19/2018 3:23 PM FCS File
2/19/2018 3:18 PM FCS File
PDF Document
FCS File
FICS File

File name: | "16-celor_3.fcs" "16-color_1.fcs" "16-color_2.fcs"

P
m @

Size

15,830 KB
7,189 KB
10,046 KB
291 KB
6,424 KB

39,260 KB

Cancel

The files are added to the batch list in the left panel of the program.
At this point, you are ready to analyze these files automatically with the example 16 -Color

immune panel project.

Analyze the Files
The First File

Let's analyze the first FCS file.

Click the Run button in the Processing group on the Home tab. This tells GemStone to follow
the steps in the batch script to read and analyze the selected file.

0000

‘ Run [}Hext Auto  Stop

Processing
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The software first opens a template document, which defines the analysis for seven cell
types, along with the plots and report pages. Once the template is opened, t he FCS file is
read into the template.

The auto-analysis step is next. In this step, each of the defined cell types is adjusted to the
data in the FCS file. The status pane at the bottom of the main window indicates which step
of the analysis is being performed.

—_— I

Estimating CCRY state index values (pass 3)...

When the process is complete, the summary page of the report presents a table of the key
results of the analysis.

¥ Verity GemStone™ Report wiad Dnc 4 7015
Fila: BE-oodor_1.008
Summary
Coint % Call Typa % Trtal
Irviact Cells 173009 WA BT
Lymphacyies 28897 [N 15.50
coaT 2066 Ml 11.96
G4 T 17037 100 Ba3
Maive 5356 6T 280
oM 8634 50,68 448
EM 1907 11.18 0.98
TE 1160 .46 087
Tregs 736 4.32
coaT 5864 100 304
HameCh i ] a4 5B 1408
EM 2ria 45 35 141
TE 1118 19.07 0.58
Gamma Delta T 166 100 [REi[]
B Galls k] 100 165
Maive 2158 6601 1.12
Memary 1015 11.88 0.53
o] ol 101 1.5H)
Moroeyles B45T 100 3.35
Classical 5662 B7.68 294
Man=Classical T8 1231 D1
Granulocyles 136685 100 701,86
Cther 19843 Ml 10,29

At the bottom of the main window, there ar e tabs for each page in the analysis report. To
review a page, click the tab.

Master Page Summary CD“}T CDET qd T =] ME Mano Grans Cen-se L+ ]
Report Maps

For example, click the CD4 T tab to review the analysis of CD4 T cells.

The report shows the name of the cell type and its phenotype at the top. The Selection
Markers section shows several plots for the measurements that were used to identify CD4 T
cells, along with a table of intensity values. The Staging Markers section includes plots of
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markers that are used to identify the stages of CD4 T cell development and a table of
frequencies for each stage.

W Verity GemStone™ Report Wed Dnc 4 2019
Fllo: Moookor_1.0cs
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The Rest of the Files

If you want to analyze and review each file one -by-one, you would use the Next button to
read and analyze the next file. However, in this tutorial we want to analyze all of the files

without intervention.
Click Auto Advance to process all of the files in the batch.

Qo

Auto

Review the Analysis
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After analyzing each FCS file, GemStone saves the finished analysis so that it can be
reviewed later. A PDF of the report is also generated for your records. You can easily reopen
a saved analysis for the files in the project.

Double-click the second file in the batch list, 16 -color_2.fcs. A prompt dialog will appear
offering several choices of actions.

G GemStone for Windows X

There is a saved PDF report and analysis document for this file.

Please choose:
Open PDF to open the PDF report
Open GS to read the saved analysis
Analyze to redo the analysis
Cancel to stop processing

Open POF Open G5 Analyze Cancel

ChooseOpen PDF to review the PDF report of the analysis. Open GS will open the analysis
document associated with the FCS file. ChooseAnalyze to re-analyze the file, or Cancel to
close the dialog.

Summary

In this tutorial, you created a new Pr oject based on an existing one designed to analyze the
16-color tutorial files. You added files to the new project and initiated the analysis of the files
using the Add, Run, and Auto -Advance buttons on the Home tab of the ribbon.

GemStone automatically adusted the template document to each of the FCS files, fitting the
model to the peaks in each file. The analysis included a summary table of key results, along

with a more detailed page for each of the seven cell types defined in the template document.
A PDF and an analysis document was saved for each file.

You were able to analyze these files with just a few clicks. The approach is simple, fast, and
reproducible.
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Develop: Starting a New Project from Scratch

Overvie w

Any time you have a new panel to analyze with GemStone, you will create a new Project to
setup the analysis for the panel. This tutorial shows how to create a new Project from scratch
with a model template, a report, and a database of results. You will a Iso set up batch options
that define how each FCS file is read and analyzed.

That sounds like a lot of work, but you will leverage wizards and a streamlined interface to
make quick work of it.
Start GemStone

Start Gemstone by following the instructions in the Installation and Setup of GemStone
section.

Create a New Project

On the Home tab, click the New Project button to create a new Project.
|||.|||

Mew

In th e New Project dialog, type "New Project Tutorial" for the name, and then click OK.

Based on: None ~

Project Name: |New Project Tutorial |

Location: hemStone‘\GemStone 2.0.gsw\Project Library".,| Browse...

I OK ; Cancel

Add FCS Files
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Next, you will add files to analyze. Click the Add FCS Filesbutton on the Home tab.

=k

Add

In the Select FCS Files dialog, navigate to the Tutorials folder of the GemStone
workspace. Select the three files 16-color_1.fcs, 16-color_2.fcs, and 16-color_3.fcs. Click
Open.

G Select FCS Files

« v A « Q5(C) » GemStone * GemStone 2.0.gsw * Tutorials w Search Tutorials 2
Organize « New folder =~ [ @
Bentest Pro * MName Date modified Type Size
New Projec | 16-color_1.fcs 2/19/2018 3:17PM  FCS File 15,830 KB
Batch Sys [ ] 16-color_2.fcs 2/19/20183:23PM  FCS File 7,189 KB
Database: D 16-color_3.fcs 2/19/2018 3:18 PM FC5 File 10,046 KB
FCS Files @ 16-Color-Gating Strategy.pdf 4/26/2019 T:45 AM  PDF Document 291 KB
Exporter [] BD-FACSAria_1.fcs 3/20/2019 236 PM  FCSFile 36,424 KB
.. [ ] BD-FACSAria_2.fcs 5/20/2019 236 PM  FCSFile 39,260 KB
Original
Synthesi
Fitted Mo
Graphics
Model Tee ¥ € 4
File name: | "16-celor_3.fcs" "16-color_1.fcs" "16-color_2.fcs" V| " &3

The files are added to the batch list in the left panel of the program.

Using the Measuremen t Wizard

When you read files that are new to the program, it's a good idea to read one in and review
the measurement names and transforms. You can edit the names and transforms with the
Measurement Wizard.

Click the Develop checkbox to enable "Develop mode'. This mode exposes additional tools
that are used to build the Project.

File Home Insert Help

=28 gyt °
i _ _
. i‘| Copy Mew Project Tutorial e
Paste ‘ New Develop
Clipboard Project
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On the Develop tab, select the first file in the list and click the Read Filebutton. This
command will read the selected FCS file without performing any analysis.

File Home Insert Options Develop Help

.' Mew ‘ R {

i & Open = - 0 -
Save . Read Measurement Cell Type
Flsave ~ ‘ File Wizard Wizard
Project Template Data fdeslel
: : P %Ehil:t and read an FC5 file }
- B File 1of3
Status FileMarme
[+ |16-color_1.fcs

L1 16-color_2.fcs
L1 16-color_3.fcs

Now click the Measurement Wizardbutton. This wizard is used to set up the names and
transformations for the measurements in the FCS files.
N
10

Measurement
Wizard

Click the All button to select all o f the measurements in the FCS file.
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Measurement Wizard

Select Measurements

Select the measurements you want to edit.
All None

CCR7 n
CcD3
CD4
CD8
CcD14
CD16
CD19
CD25
ch27
CD38
CD45RA
CD56
cD127
FSC-A
FSC-H
HLA DR
PD-1

Lol ol iy

INERNARNAAEAAEAMAREA AR R

Help < Back Next = Cancel

Click Next .

The properties for CCR7 are listed, and a histogram of the measurement provides a preview
of the measurement with the properties applied to it.

In this dialog, you can edit the measurement name and ab breviation. By default, these will
display the long name from the FCS file's keywords. You can also edit the transform and its
properties.

No changes are needed for CCR7.
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Measurement Wizard

Measurement Properties

Edit the properties of PE-CF594-A_CCR7.

Measurement CCR7
Abbreviation  CCR7
Color

Transform VLog v
Calculate Decades Oon

Decades 6.62 q
VLlog Beta 4000.000 ]

2000

qolot | Maimum Next

Page Max Linear Option Automatic & _ Measurement
Max Linear 4194304.00 g+
Min Linear Option Percent of Max Linear ~
Percent of Max Linear 0.10 2
Min Linear -4194.30 R Y AR 0 o

CCRT
- 1of 21
< Back Next = Cancel

Click the Next Measurement  button.

Mext
Measur ent
Mext measurement

Review each of the remaining measurements in the same manner. There is only one change
you will need to make.

When you reach the Time measurement, set the Transform to Linear .
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Measurement Wizard

Measurement Properties

Edit the properties of Time.

Measurement  Time
Abbreviation  Time

Color

Transform Linear v

Max Linear Option Automatic v 1
Max Linear 16777216.00 7

Previous o . ; . % _ Next
Measurement Min Linear Option Percent of Max Linear ~ | Page
Percent of Max Linear 0.10
Min Linear -16777.22
= T T " T T
0 1000
Time (x 10000)
Help < Back Cancel

After setting the Time measurement, click Next and the Summary page is displayed.
Enable the Launch Cell Type Wizard checkbox and then click Finish.

Measurement Wizard

Summary

CCR7
Abbreviation: CCR7
Transform: VLog
CD3
Abbreviation: CD3
Transform: VLog
CD4
Abbreviation: CD4
Transform: VLog
CcD8
Abbreviation: CD8
Transform: VLog

CD14
Abbreviation: CD14
Transform: VLog
mrMMis j
Finish Up
[J Add to Cen-se'

M Launch Cell Type WEM

0 Update Preferences unch the Cell Type Wizard to create or edit cell types h

Help < Back Cancel
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Using the Cell Type Wizard

Now that the program knows about the measur ements and transforms, let's start building the
analysis using the Cell Type Wizard This wizard creates or edits the analysis of one cell type
at a time, one measurement at a time. You will use it to create ju st about everything for
analyzing this 16-color example.

If the wizard is not already showing, click the Cell Type Wizardbutton on the Develop tab.

£

Cell Type
Wizard

On the Welcome page, chooseCreate a new cell type  and click Next .

Cell Type Wizard

Welcome to the Cell Type Wizard
What would you like to do?

@® Create a new cell type.
Duplicate the selected cell type. *
Link selection markers

Edit the selected cell type. *
* Only cell types compatible with the Cell Type Wizard are available for duplicating and editing.
Disable other cell types whie editing

Create a report page

Insert before None

On this page, you will give the cell type a name.
Type "CD4 T" for the Cell Type Name .

This page also lets us enable the cell type, pick a color for it, and determine the classification
type. For this tutorial, leave these options as they appear and click Next .
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Cell Type Wizard

Cell Type Properties
Edit the properties for this cell type.

Cell Type Name cD4aT

Description
Enable On
Color

Classification Type |Competitive

Help < Back Cancel

Next choose the measurements that are used to identify the CD4 T cells. These are called
Selection Markers. These can be "positive" markers, as well as markers that are "negative"
for the cell type. In this tutorial, you'l | just choose several markers that are positive for CD4
T cells.

In the Available Markers list, click each of these markers in this order: SSC-A, CD3, CD4,
and CD8

The markers will be removed from the Available Markers list and added to the Selection
Markers list.

If the markers are not in the correct order, you can drag the markers in the Selection
Markers list to reorder them.
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Cell Type Wizard

Selection Markers

Choose the markers used to select CD4 T cells.
These can be negative or positive selection markers.
For example, CD3+ is a selection marker for CD4 and CD8 T-cells.

Click to add or remove, drag to re-order.

Available Markers ” Selection Markers

CCRY SSC-A
CD3
CD16 CcD4
CD19 CDa8
CD25
cbz2v
CD38
CD45RA
CD56

CD127
FSr-A v

Help < Back Cancel

Click Next .

On the next page of the wizard, choose the Staging Markers for the CD4 T cells. These are
markers that change expression levels within the cell type. They are used to identify
different stages of CD4 T cells.

In the Available Markers list, click each of these markers in this order: CCR7, CD45RA, and
CD27



Staging Markers

Start with the simplest and best defined.

Click to add or remove, drag to re-order.

For example, CCR7 is a staging marker for CD4 and CD8 T-cells.

Tutorials

Cell Type Wizard

Choose the markers used to stage CD4 T cells.

Available Markers ”

CD14

CD16

CD19

CD25

CD56

CD127

FSC-A

FSC-H

HLA DR

PM-1 ¥

Staging Markers

CCRY
CD45RA
cD27

Help

< Back

Click Next .

Next is the Functional and Other Markers page of the wizard. This is where you can pick

other markers that you want to see in the CD4 T cell type, even if they are not used for

selection or staging of the cells. Activation markers are a good example of what you would

pick on this page.

In th e Available Markers list, click each of these markers in this order: CD25, CD127, and

HLA DR
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Cell Type Wizard

Functional and Other Markers

Choose the functional and other markers for CD4 T cells.
These may be activation markers or any other markers you want to display.

Click to add or remove, drag to re-order.

Available Markers Functional and Other Markers

CD14 CD25
CD16 CD127
CD19 HLA DR
CD38

CD56

FSC-A

FSC-H

S5C-H

TCRgd

Time

Help < Back Cancel

Click Next .
Now that you have identified the markers to use for the CD 4 T cells, the next task is to set
up expression profilesftor them.

GemsStone uses expression profiles (EPs) instead ofgafes used in most cytometry analysis
software. EPs come in different shapes, like constant, step-up, and step-down. They define a
probability envelope, which does not have hard edges.

The wizard is showing the first Selection marker, SSGA, with several properties and an
unusual dot plot that may not make immediate sense to you.
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Cell Type Events: 0

Cell Type Wizard

Selection Profiles

Define the expression of SSC-A in the CD4 T cell type.
Use the Next Profile and Previous Profile arrows to set up each expression profile.

Which Peak? Brightest Peak  ~ Links... [ Preview
Distribution Normal ¥l g |
Phenotype SSC-A+ = F

Initial Intensity ~ 2556594.66 i
( Initial Width 14.52 1 )

Width from Peak On

N

2000
]

Marker Next
[] T
Page Add to Repaort M On ] Profile
<
O Disable Expression Profile
< Back Mext > Cancel

Here's how to interpret the plot. Think of a typical hi stogram of SSC, as in panel A below.
Now rotate that histogram 90 degrees (panel B). Now notice that the density of dots in panel
C matches the peaks in panel B. The Y-axis of the dot plot is SSC-A, and the X-axis (at this
point) is the order of the events in the FCS file. There are black triangles on the right edge to
indicate locations where the program found a peak in the data.

*-]
4000

toon
1
{;\_
B,
1
L
% A I (x 1084
L L

4000
|

G

>
0
N

-
[
=
e -
: . R g2 5_
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| £ 0 J
| | l."l l,_\ L
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= L I
I l\ ™ . g - _
I - 7 T . "
= - T T T T T T T T T T T a —
[} 2000 4000 nnx o
SE0N ( 1088) fauenbary Event Order

The CD4 T cells have low SSEA, and you can see a black triangle that identifies the dimmest
peak of the SSGA distribution. That's the one you want to capture with this expression

profile.
ChooseDimmest Peak for Which Peak .
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There are several options for the Distribution . Leave the Distribution set to Normal .
The Phenotype is automatically updated as you make choices. It should show "SSCGA-" at
this point.

The Initial Intensity is currently set to the location of the peak that you linked the profile
to. You do not need to change that.

The Initial Width s set to the width (SD) of the peak that was found. You don't want this
expression profile to be quite that restrictive, so you'll make two changes.

Set Initial Width  to 5 and uncheck Width from Peak . This will leave the width at an SD
of 5 and maintain a generous width for SSGA.

Cell Type Wizard

Selection Profiles

Cell Type Events: 0

Define the expression of SSC-A in the CD4 T cell type.
Use the Next Profile and Previous Profile arrows to set up each expression profile.

SSC-A
Which Peak? Dimmest Peak  ¥|  Links... O Preview
Distribution Normal v
Phenotype SSC-A- ]
Initial Intensity  366186.87 _
( Initial Width 5.00 1 e )

Width from Peak [ Off

4000

2000

Marker i Next
Page Add to Report On ] >
O Disable Expression Profile
< Back Next > Cancel

Click the Preview checkbox on the right of the dialog to see what cells will be selected by
this profile.
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Cell Type Wizard

Selection Profiles

Cell Type Events: 40731

Define the expression of SSC-A in the CD4 T cell type.
Use the Next Profile and Previous Profile arrows to set up each expression profile.

SSC-A

Which Peak? Dimmest Peak Links... [ Preview
Distribution Normal ¥ g_ %
Phenotype SSC-A- =
Initial Intensity ~ 366186.87 _

( Initial Width 5.00 i )
Width from Peak [ Off 8-

IVFI)aargk:r Add to Repaort On 1 I . Pr:c?f)i{lte

O Disable Expression Profile

- 10f 10

Help

< Back MNext = Cancel

Click Next Profile
CD3 is next. We want the program to find the brightest CD3 peak, and it is already setup that
way.

CD3

Which Peak? Brightest Peak  ~ Links... O Preview
Distribution Normal v
Phenotype CD3+
Initial Intensity ~ 37730.45
( Initial Width 4,34 )

Width from Peak On

Previous
[1
Profile Add to Report & On

Next
Profile

< >

[ Disable Expression Profile

Clickthe Preview checkbox on the right of the dialog to see wh at cells will be selected by
this profile.
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CD3

Which Peak? Brightest Peak  ~ Links... & Preview
Distribution Normal v
Phenotype CD3+
Initial Intensity ~ 37730.45
( Initial Width 4.34 )

Width from Peak On

Previous
[
Profile Add to Report . On

Next
Profile

< >

O Disable Expression Profile

Click Next Profile

CD4 is set up in the same way, tracking the brightest peak. You don't have to make any
changes to this profile.

CD4

Which Peak? Brightest Peak  ~ Links... I Preview
Distribution Normal v
Phenotype CD4+ o
Initial Intensity ~ 71535.11 c 3
( Initial Width 2.35 . i )

Width from Peak On
Add to Report On

Previous
Profile

104
IIIIIIII 1 11
©
=
m

-10%

< >

O Disable Expression Profile

Click Next Profile .
For CD8, chooseDimmest Peak .

For the Distribution, select Low Pass . A low pass distribution includes the events below the
top of the expression profile. This will capture all of the CD8 negative events.
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CD8

Which Peak? Dimmest Peak  ~ Links... O Preview
Distribution Low Pass N
Phenotype CD8- . ]
Initial Intensity ~ 205.22 "3 T
( Initial Width 3.34 ] L )
Drevi Width from Peak [ On . b e Next
;?:f.ﬁgs Add to Report On 23 ! Pr::?ﬁle

-10%

£ >

O Disable Expression Profile

Click Preview to see the events that are selected.

CD8

Which Peak? Dimmest Peak  ~ Links... = Preview
Distribution Low Pass ¥
Phenotype CD8- o
Initial Intensity ~ 205.22 73
( Initial Width 3.34 o )
Drevious Width from Peak On = Next
Profile Add to Report On 5 Profile

-10°

€ >

O Disable Expression Profile

Click Next Profile

Now that you have set up the expression profiles for the selection markers, you are ready for
the staging markers. For these, you will use profiles that have two or more levels of
expression.

CCRY7 is expressed on naiveCD4 T cells, and it is down-regulated as the cells mature. The
StepDown profile is designed for this type of expression.

NOTE: Depending on your monitor, you may need to resize this dialog to see the options in
the property list.
For Expression Profile Sh  ape, choose StepDown .

The other settings will update so that the First Level of the profile tracks the Brightest Peak
and the Second Level tracks the Dimmest Peak.
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Cell Type Wizard

Staging Profiles

Cell Type Events: 17001

Define the expression of CCR7 in the CD4 T cell type.
Use the Next Profile and Previous Profile arrows to set up each expression profile.

2 Links... O Preview
Expression Profile Shape ‘

Phenotype CCR7+>- B

CCR7

10

)

Next
Profile

Which Peak? Brightest P
Initial Intensity 12628.73
Initial Width 11.77
Width from Peak On

< >

Previous
Profile

O Disable Expression Profile

I

Help < Back Next > Cancel

Enable the Preview checkbox to see the StepDown profile results. Note that the dots
representing the cells have been reordered so that the brighter CCR7 events are first and the
dimmer ones are at the end. As soon as you enable a staging profile like this, the X-axis is no
longer showing the order of events in the FCS file. Now, the X-axis is showing the
progression of events, and this order is also enforced in the selection marker plots that you
setup previously.
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Cell Type Events: 17031

Define the expression of CCR7 in the CD4 T cell type.
Use the Next Profile and Previous Profile arrows to set up each expression profile.

CCR7
‘shape " e & Preview

Expression Profile Shape |StepDown

Phenotype CCR7+>- o
( Which Peak? Brightest F )
Brevi Initial Intensity 12628.73 Next
revious . .
Profile Inlltlal Width 11.77 Profile
Width from Peak On
SR
£ >

O Disable Expression Profile
I

Click Next Profile
You will setup CD45RA in a similar wegy with a StepDown profile.
Select StepDown for the Expression Profile Shape.

Because there is so much variability in the brighter level of CD45RA, you will set the Initial
Width to 10 and uncheck the Width from Peak setting.

~ Links... O Preview
Expression Profile Shape
Phenotype CD45RA+>-
Which Peak? Brightest Peak )
Brevi Initial Intensity 31369.38 Next
revious . .
Profile Inl.tlal Width 10.00 Profile
Width from Peak O Off
(RS g
£ >

O Disable Expression Profile

Enable the Preview checkbox to see the StepDown profile results.
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2 Links... & Preview
Expression Profile Shape |StepDown
Phenotype CD45RA+>-
( Which Peak? Brightest Peak )
Drevi Initial Intensity 31369.38 Next
revious . .
Profile Inl.tlal Width 10.00 Profile
Width from Peak O Off
T
< > =

[ Disable Expression Profile

Click Next Profile

The program thinks there are three levels of expression for CD27, and this may in fact be the
case. However, unless the levels are very clearly shown, it generally works better to use two
levels for these distributions with wide variation.

" Links... O Preview
Expression Profile Shape |Threelevels 1
Phenotype CcD27 :':,_:
( Which Peak? Closest Peak “ ] )
Drevi Initial Intensity 97948.79 i Next
revious . . ]
Profile Inl_tlal Width 4,15 o Profile
Width from Peak On E
FalliILnnnT— L g
< > 273

O Disable Expression Profile

Select StepDown for the Expression Profile Shape.
Set the Initial Width  to 10 and uncheck the Width from Peak setting.
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CD27

- Links... O Preview
Expression Profile Shape

Phenotype CD27+>- o

( Which Peak? Brightest Peak o

) Initial Intensity 88077.61 B

Previous Initial Width 10.00 .

Profile . =
Width from Peak 0 Off

‘v
>

-10%

£

O Disable Expression Profile

Enable the Preview checkbox to see the StepDown profile results.

. Links... i Preview
Expression Profile Shape |StepDown

Phenotype CD27+>-

)

Which Peak? Brightest Peak .
Brevi Initial Intensity 88077.61 - Next
revious . .
Profile Inl.tlal Width 10.00 3 Profile
Width from Peak O Off
PRGN~
< » =

O Disable Expression Profile

Click Next Profile
Next come the functional makers. For now, skip over these without setting up a profile.
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Cell Type Wizard

Functional Profiles

Define the expression of CD25 in the CD4 T cell type.
Use the Next Profile and Previous Profile arrows to set up each expression profile.

Cell Type Events: 17037

Expression Profile Shape None i Links... [ Preview
Which Peak? User Estimate
Phenotype CD25
Initial Intensity 88077.61
( Initial Width 10.00 )
Drovi Width from Peak Off Next
revious
Profile Add to Report on Profile
O Disable Expression Profile
< Back Hext = Cancel
Click Next Profile  for CD25.
The CD127 profile is shown.
Expression Profile Shape None ¥ Links... O Preview
Which Peak? User Estimate
Phenotype CD127
Initial Intensity 88077.61
Initial Width 10.00
Drevi Width from Peak Off Next
revious
Profile Add to Report = 0n Profile

[ Disable Expression Profile

Click Next Profile for CD127.
The HLA DR profile is shown.
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HLA DR

Expression Profile Shape None v Links... O Preview
Which Peak? User Estimate 1
Phenotype HLA DR . ]
Initial Intensity 88077.61 " 3 .
( Initial Width 10.00 . i )
_ Width from Peak Off " 3 5
p;‘?;'rﬁgs Add to Report on 5] 5‘;’;}‘”

0%

O Disable Expression Profile

Click the Summary Page button.

A Summary page is shown, allowing you to review the choices made in the wizard.
Make sure all the checkboxes are enabled, except for Do another cell type.

Cell Type Wizard

Summary

Cell Type Info
eCD4T

Selection Markers

® 4 selection markers
® SSC-A (S5C-A-)

® CD3 (CD3+)

® CD4 (CD4+)

* CDS (CD8-)

Staging Markers

® 3 staging markers

P el o e I o e Y hY

Finish Up
[ Do another cell type Update summary map
Save template model Add to Cen-se'
Add database fields
Help < Back Cancel
Click Finish .

Congratulations! You've just created the CD4 T cell type analysis, conplete with a report
page. Your work was saved as a "template model" which can be applied to any FCS files that
have the same markers and marker names.
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Review the Cell Type Report

The wizard created a report page based on the choices you made for each marker. The page
includes the current date, the name of the FCS file, and the cell type nhame and phenotype at
the top.

Next, there is a section for the selection markers. Each marker is included in at least one dot
plot. These plots can be changed to show different marker combinations, and you can add
other plots as well with the tools on the Insert tab.

On the right is a table listing all of the ma rkers you included in the cell type. For each
marker, the table shows the median intensity for the whole cell type as well as for each
stage. You would need to resize the table to see all of the columns, but leave that for later.

W Verity GemStone™ Report Mon Dec 2 2019

File: 16-color_1 fcs
CD4 T: 3S5C-A-CD3+ CD4+ CD8- CCR7+>- CD45RA+>- CD27+>-

Selection Markers

CT Total Med | Stg1 Med
SSC-A  [365895.08 | 35620434
co3 41892.81 52078.01
CD4 73836.35 67726.83

10°
Dr

™ 5 [==]
8 = % i 8 = cos 149.83 319.44
. 1 . CCR7 [18857.56 |38751.57
= y 2 CD45RA | 1173.25 31020.35
- - CD27  |888565.50 |110504.66
S = : Co?5  |231651 | 137337
0 2000 4000 a0 4t 100 10 CDM27 |40195.16 3328375
SSC.A  (x1000) cD4 HLADR [211.25 166.50

The next section in the report shows the staging markers. A table summarizing the
percentages and number of events in each stage appears on the right. The wizard
automatically determined the four stages of CD4 T cells based on when markers changed
expression levels.

Staging Markers

Stage |% CT |%T |Evenis
CT Total | 100 |8.83 |[17037
Stg1 32.29 |2.85 |5502
Stg2 50.12 |4.43 |8539
Stg3 10.78 |095 |1836
Stg4 6.81 |0.60 |1180

10%
10%

10%
10%

CCRY

CD45RA

104
10

3

-0
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Finaly, the other markers are shown, each with an expression profile plot. The footer of the
report page shows the name of the Project, the page number, and the template model that
was used for the analysis.

(Other Markers

10%

cD25
10°
cD127

SETE
3 1|:|-1

0 50 10C 0 50 10C 0 50 100
Progression (%Events) Progression (%Events) Progression (%Events)

Mew Project Tutorial Page 2 TemplateMaodel.gs (02 Dec 2019 16:58)

The report is well organized and shows the important information from the
analysis. However, it is not showing the expression profiles that were set up int he Cell Type
wizard. For that you need to switch to a different tab.

Review the CD4 Cell Type

At the bottom of the program window, click the Cell Types tab. The program switches from
showing the report pages to showing the cell type definitions.

@  Other Events ® cD4aT

Repart FCS File Cell Ty;E Maps

On the left of the CD4 T cell type tab is a stack of expression profiles. These are the same
profile plots that were created in the wizard. There is al so an Overlay Plot, which shows all of
the markers and stages on a single plot. This is a great plot for seeing how markers up - and
down-regulate in a coordinated manner.
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GemStone for Windows: 2.0.65 | CD4T
o4 T 16-color_1.0cs BEXSCD4T
= S5C-A [Constant] [0.0]
£3-
<
28

“Relutive Intensity

CD3 [Suggest StepDown] [36.1]
CD4 [Suggest StepUp] [26.2]

€08 [Constant] [0.0]

CCR7 [Suggest ThreeLevels] [76.8]
CD45RA [StepDown] [117.6]

CO27 [Stephown] [109.7]

CD25 [Seggest Fourlevels] [13.6]

| DoDooooooan

R . _ o i
Frequency (RCS=1.61) ‘ Progressicn [%Events)

The icon next to the title of eac h expression profile is used to expand or collapse the profile.

D4 T 16-color_1.fes B.E
SSC-A [Constant] [0.0)

\ Click to collapse this profile.

a
1

4000
|

X 1000)

2000

SSC-A

Click to expand this profile.

O D3 [Suggest StepDown] [35.9]
O DA [Suggest StepUp] [26.0]
B s [Constant] [0.0]

If you scroll down in the cell type window, you'll find the three staging markers that were set
up with StepDown profiles. You can see that the first stage (green dots) ends when CD45RA
has down-regulated. Stage two (orange) ends after CCR7 down-regulates. Stage three (red)
ends after CD27 down-regulates, and stage four (purple) contains the events that have
down-regulated for all three markers.
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CCR7Y [Suggest ThreelLevels] [76.8]

10

CCRT
10%

104

n}

CD45RA
10%

104

n}

co27

104

0%

Setup the Batch Options

Now that you have the beginnings of an analysis approach, let's see how to set it up for
automation.

You may need to resize the section to see the properties listed. You can also change the
width of the batch list by adjusting the right edge as shown below.
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— & Filelof3 m|
Status FileMame CellTypel_Zonel_CT Total_Zonela

k L1 16-color_1fcs  CT Total
L1 16-color_2.fcs
L1 16-color_3.fcs

NP

The lower left portion of the screen contains the settings that control batch processing.

& L1

Mame Value (s

Enable On

Level Mame

Description
InitalizeandOpen

Template |Don't Open or Reset V|

Open Template Opticns... | Edit... |

Compact File L] or

Read File On

Panel Tube Options |DneTube Vl
CAnalysis

Auto Analyze Data L] off

Enrich Data L] off

Classify File L] o

Update Cen-se' On

The first thing the batch should do when analyzing a file is to open the template model that
you just created with the wizard.

ChooseOpen for the Template property.

Initializeand Open
Template |'Dpen Eje
Open Template Options... | Edit... |
Cornpact File L1 o
Read File On
Panel Tube Options |DneTube v|

Next click the Edit... button for Open Template Options

In the dialog that appears, make sure that Target File is setto TemplateModel.gs . If not,
click the folder icon and select the template model to use.

Click OK.



Edit Properties for Open GemS5tone Document

Confirm Selection [ ] Off

-y

Target Path . "Model Ternplates =7
Target File .. \Model Templates\TemplateModel.gs 25
Custom Path [FilePath]y[FileMame]

Mame Value I OK |
Coptions | cancel
Location Option | Use the specified target file ~ |

i

S8

Help...

Tutorials

In the Analysis section, enable Auto Analyze Data . This tells the program to auto analyze

the FCS file with the template model.

CAnalysis
Auto Analyze Data &1 On
Enrich Data ] &F
Classify File L1 of
Update Cen-se' On

Once the analysis is complete, the Finish Up section determines what kinds of output to

generate.
Enable the Save Document and Save PDFs properties.

Pause L] of
Print Report ] of
Save Document A on
Save Document Options... | Edit... |
Save PDFs 1 On
Save PDF Options.. . Edit.. |
Save Graphics L] of
Save Graphics Options... | Edit... |
Save Database L] os
Save Database Options... | Edit... |

Now you're ready to save these changes. Before you do, let's make sure that the template
model is showing the Report tab and the CD4 T report page. This will be the view you see

when the analysis completes.
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‘ I_m_

Magter Page Pagel CD4T &)
Ra&t FCS File Cell Types Maps

Click the Save Projectbutton in the upper left of the Develop tab of the ribbon bar.

T
]
Save

When prompted to save the model template, click Yes.

o Do you want to save the model template?

e [

ril

You now have created the model and defined the batch process.

Try it out!

Let's see if everything works as expected.

Right-click the first file in the batch list and choose Start Here from the context menu.
— H# Filelof3
Status FileMame CellTypel_Lonel CT Total_Zonelabel

A ———
L1 16-color_2.fes Sta re
L1 16-color_3.fcs Cleaf'Flags

Remowve

Rermowe All

Edit Fields...
Clear Results...

Export Database...
Copy

On the Home tab, click the Auto Advance button. This tells the program to analyze all of the
files in the batch without intervention.
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0000

Run Mext  Aufp Stop Ope

.
Processing |

Our template model is pretty simple at this point, so the analysis will be quick. Once it has
completed, you can review the results by scrolling horizontally in the batch list.

— +# File3of3
Status FileMame CellTypel_Zonel_CT Total_Zonelabel CellTypel_Zonel_CT Total_PcntOfCellTypebvents CellTypel

v L1 16-color_1.fcs  CT Total 100 8.83
v L1 16-color_2fcs  CT Total 100 10.52
Fw L1 16-color_3fcs  CT Total 100 7.39 LS
=

If you want to review one of the analyzed files, dou ble -click the file in the list. The program
will ask what you want to do: open the PDF, open the saved analysis (Open GS), redo the
analysis (Analyze), or cancel the dialog.

ChooseOpen PDF to view the report in PDF format. Note, at this point the first pa ge in the
report will be blank. We will use this blank page as a summary page in later tutorials.

Status FileMame CellTypel_Lonel_CT Total_fonelabel CellTypel_Lonel_CT Total_PentOfd

v L1 | 18-color_1.fcs | CT Total 100
CT Total

v L1 |16-] vor_3qmm
“ GemnStone for Windows X

There is a saved PDF report and analysis document for this file.

Please choose:
Open PDF to cpen the PDF report
Open G5 to read the saved analysis
Analyze to redo the analysis
Cancel to stop processing

Open PDF Open G5 Analyze Cancel

Double-click the file again, and this time choose Open GS. This will open the finished
analysis of the file. With this, you can make manual changes and review the details of each
cell type. This is especially useful when creating new template models or trying to determine
the cause of a problem.
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G GemStone for Windows X

There is a saved PDF report and analysis document for this file.

Please choose:
Open PDF to open the PDF report
Open G5 to read the saved analysis
Analyze to redo the analysis
Cancel to stop processing

I Open POF | | Open G5 Analyze Cancel

Summary

In this tutorial you started a new project from scratch. You gave friendly names to the
measurements and used the Cell Type wizard to create one cell type for CD4 T cells. In the
process, you looked at the different ways to setup expression profiles and a few caveats. The
wizard created a template model from our choices and a report page with plots and tables of
statistics.

You learned how to set up the batch options to process a set of files through the template
model, and then you tested it out by analyzing all of the files added to the project.

One thing to keep in mind is that you will not always ha ve to start from scratch. You can
reuse the template model for other files that were acquired with the same panel. If you
extend that panel with additional markers, you can create a new Project based on this one so
that you only need to define the new port ions of the analysis.

The tutorials that follow will build upon what you have created in this one.
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Develop: Adding Cell Types to the Project

Overview

In the previous tutorial, Starting a New Project from Scratch, you set up the analysis of CD4
T cells and ended up with a nice report and database of results.
In this tutorial, you will add two more cell types to the analysis: CD8 T and NK cell types. You

will use the Cell Type Wizard to add a cell type and test each cell type before moving on to
the next one. This iterative process is the recommended approach, as it tests each

enhancement incrementally.

Prerequisites

This tutorial continues to build the Project that was started in the following tutorial:

Develop: Starting a New Project from Scratch

Start GemStone

Start Gemstone by following the instructions in the Installation and Setup of GemStone
section.

Open the Project

Open the "New Project Tutorial" Project that you created in the previous tutorial by selecting
it in the Project dropdown list.

il |New Project Tutorial ~
Mew  [7] Develop

Click the Develop checkbox to enable develop mode.

19" e Project Tutorial ~
Mew velop

Project

Open the Template
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On the Develop tab, click the Open Template button.

Mew * j‘_

3 = o
HS | Read | Measureme
= Open template document |
Tempolate Data

Select "TemplateModel.gs" in the Open GemStone Document dialog and click Open.

G QOpen GemStone Document

&« v P <« MNew Project Tutorial.gsm » Model Templates »
Organize = Mew folder

MNew Projec ™ MName -

Batch Sys History

Databases w TemplateModel.gs

FCS Files

Fitted Mo %

Graphics

Model Tet

PDF Repo

Reports

Settings

Mew Prajec ¥ €

File name: | TemplateModel.gs

v 0 Search Model Ternplates 2
=~ M @
Date modified Type Size
8/30/2019 4:58 PM File folder
8/30/2019 455 PM GemS5tone Docum... 1,807
>
v| GemStone Document files (*.gs ~

Click the first file in the list, and then read the FCS file by clicking the Read Filebutton. This
will read the file into the template without auto -analyzing it.

File Home Insert Options Develop

n - [N 2
i — —|—|-|-|'|:
i i Open = - 1 -
Save . Read Measurement
Fsave ~ | File ‘ Wizard
Project Template Da&
— B Fie3of3

Status FileMame CellTypel_Zonel_CT Total_

v L1 16-color_1.fcs  CT Total
v L1 1b-color_2fcs  CT Total
Fo L1 1b-color_3.fcs  CT Total

Cell Type Wizard for CD8 Cell Type

Click the Cell Type Wizardbutton to start the wizard.
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Cell Type
Wizard

In the Cell Type Wizard dialog, select Create a new cell type  and click Next .

Tutorials

Cell Type Wizard

Welcome to the Cell Type Wizard
What would you like to do?

® Create a new cel type.
O Duplicate the selected cel type. *

cD4T ~ Link selection markers
O Edit the selected cel type. *
cD4aT ~

* Only cell types compatible with the Cell Type Wizard are available for duplicating and editing.

Disable other cell types while editing
Create a report page

st etore

Help Mext =

|| Cancel

For the Cell Type Name enter"CD8 T " and click Next .
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Cell Type Wizard

Cell Type Properties
Edit the properties for this cell type.

Cell Type Name CD8T

Description
Enable On
Color

Classification Type

Help <Back [ MNext> | Cancel

Selection Markers

In the Available Markers list, click each of these markers in order: SSC-A, CD3, CD4, and
CD8. The markers will be added to the Selection Markers list.
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Cell Type Wizard

Selection Markers

Choose the markers used to sefect CD8 T cells.
These can be negative or positive selection markers.
For example, CD3+ is a selection marker for CD4 and CD8 T-cells.

Click to add or remove, drag to re-order.

Available Markers ~ Selection Markers

CCR7Y S5C-A
cp3
CD16 CcD4
cD19 cDs
CD25
cDz7
CD38
CDASRA
CD56
coDiar
FSC-A
FSC-H
HLA DR
PD-1

< Back || Mext = || Cancel

Click Next .

Staging Markers

In the Available Markers list, click each of these markers in order: CCR7 and CD27. The
markers will be added to the Staging Markers list.
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Cell Type Wizard

Staging Markers

Choose the markers used to stage CD8 T cells.
Start with the simplest and best defined.
For example, CCR7 is a staging marker for CD4 and CD8 T-cells.

Click to add or remove, drag to re-order.

Available Markers ~ Staging Markers

CD14 CCR7
CD16 CD27
CD19
CD25
CD38
CD45RA
CD56
CD127
FSC-A
FSC-H
HLA DR
PD-1
SSC-H
TCRgd

Help < Back Cancel

Click Next .

Functional and Other Markers

In t he Available Markers list, click each of these markers in order: CD38 and HLA DR. The
markers will be added to the Functional Markers list.
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Cell Type Wizard

Functional and Other Markers

Choose the functional and other markers for CD8 T cells.
These may be activation markers or any other markers you want to display.

Click to add or remove, drag to re-order.

Available Markers Functional and Other Markers

CcD14 CD38
CD1e HLA DR
CD19
CD25
CD45RA
CD56
cD127
FSC-A
FSC-H
PD-1
SS5C-H
TCRgd
Time

Help < Back Cancel

Click Next .

Selection Marker Expression Profiles for CD8

SSC-A is the first selection marker, and you will use a new technique to set up its expression
profile. When you setup the CD4 T cell type, you tracked the dimmest peak of SSC-A. That's
what we want to do for the CD8 T cell type, too. When two cell types set up a marker in the
same way, you can "link" them t ogether. Linking expression profiles speeds up the analysis
and ensures consistency in how the profiles are set up.

Click the Links button.
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Cell Type Wizard

Selection Profiles

Cell Type Events: 0

Define the expression of SSC-A in the CD8 T cell type.
Use the Next Profile and Previous Profile arrows to set up each expression profile.

SSC-A

Which Peak? Brightest Peak v ] Preview
Distribution Mormal v g k
Phenotype SSC-A+ 2Lk

Initial Intensity 2556594.66

Initial Width 14.52 1
( Width from Peak B4 On + )

Add to Report On g |
Marker = | Next
Page - Profile
[ Disable Expression Profile
< Back Mext = Cancel

In the menu of choices, choose CD4 T: SSC-A.

Links... Preview

CD4 T: S5C-A
=2 X
1 3

When the link is made, the properties for the CD8 T SSCGA measurement are set by the CD4
marker in the CD4 cell type. The profile switches into Preview mode automatically.

85



SSC-A

Which Peak?
Distribution
Phenotype
Initial Intensity
Initial Width

Add to Report
Marker
Page

User Estimate

e

MNormal

Width from Peak

S5C-A-
>66186.87
5.00

Off

1 On

[ Disable Expression Profile

Click Next Profile .

Use the same technique for CD3.
Click the Links button and select the "CD4 T: CD3" profile.

3

.

revious
Profile

Which Peak?
Distribution
Phenotype
Initial Intensity
Initial Width
Width from Peak
Add to Report

Brightest Peak
MNormal

CD3+
3773045
4.34

On

On

4000

1of8

10%

10%
Ll

104

Tutorials

Linked to CD4 T 4 Preview

il e s

Again, after the link is made the profile switches to Preview mode.

Next
Profile
Preview
MNext
Profile
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CD3

Which Peak?
Distribution
Phenotype
Initial Intensity

Initial Width
( Width from Peak
Add to Report

Previous
Profie

User Estimate

Mormal

CD3+
3773045
5.00

Off

M on

[ Disable Expression Profile

Click Next Profile .

Links... Linkedto CD4T [ Preview

10%

10%

MNext
Profile

104

-10*%

2of8

For the CD4 marker in the CD8 T cell type, select Dimmest Peak and Low Pass . As we saw
earlier, the Low Pass profile captures events that are below the top of the expression profile..

CD4

Which Peak?
Distribution
Phenotype
Initial Intensity
Initial Width
( Width from Peak
Add to Report

Previous
Profile

CD4-
1120.40
142

4 On
4 On

[ Disable Expression Profile

Click Next Profile .

Links... [ Preview

10"

10%

10%

102

3of8

For CD8 we are interested in the dim to bright CD8 events. Let's learn another trick to

capture these events.
Click the Links button.
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CD8

Which Peak? Brightest Peak ™ [ Preview
Distribution Normal ~ ;
Phenotype CD8+
Initial Intensity 703600.95
Initial Width 3.34

( Width from Peak On . )
Add to Report On - §

Previous | Next
Profile Profile

104

-10°%

In the menu, select "CD4 T: CD8".

Links... Preview
Co4T: ﬁm |

This may seem like a mistake at first, because the CD8 expression in the CD4 T cell type is
not the expression level for the CD8 T cell type. In fact, it is the opposite. For the CD8 T cell
type the cells of interest have dim to bright expression of CD8.

Change the Distribution to Inverse Low Pass . The Inverse Low Pass distribution selects the
events abovethe top of the profile, which are the dim to bright events.

CD8

Which Peak? User Estimate Linked toCD4 T [ Preview

Distribution
Phenotype CcD&+ a
Initial Intensity 205.22
Initial Width 5.00

( Width from Peak Off
Add to Report On

Previous
Profile

10

}

-10%

[ Disable Expression Profile

&

Click Next Profile .
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Staging Marker Expression Profiles for CD8

Moving on to the staging markers for the CD8 T cell type, the first is CCR7. This marker is
abundant on early CD8 T cells, and is lost as they mature.

Select StepDown for the Expression Profile Shape.

Cell Type Wizard

Staging Profiles

Cell Type Events: 6036

Define the expression of CCR7 in the CD8 T cell type.
Use the Next Profile and Previous Profile arrows to set up each expression profile.

CCR7
‘shape 0 ke 0 Preview
|

Expression Profile Shape
Phenotype CCRT+=-

( Which Peak? Brightest Peak *

Initial Intensity 47066.68
Initial Width 6.36
Previous Width from Peak On
Which Peak? Dimmest Peak ~
Tmidim] lemdmim i o N0 TC v
< »

[ Disable Expression Profile

< Back Mext = Cancel

Enable the Preview checkbox to see how the StepDown profile fits the two le vels of
expression for CCRY7.
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Define the expression of CCR7 in the CD8 T cell type.
Use the Next Profife and Previous Profife arrows to set up each expression profile.

CCRY
Cshape

Expression Profile Shape |StepDown ~
Phenotype CCR7+5=-

Which Peak? Brightest Peak ~
( Initial Intensity 4706668
Initial Width 6.36
Previous Width from Peak Cn
Profile

Which Peak? Dimmest Peak

lnitial badnncid. 0o T
£ >

[ Disable Expression Profile

~

W

Cel Type Events: 6026

Links... 1 Preview
E
. ),
4 MNext
é 1 Profile

" i a

I3 vy hen at
EE e P e el I T

-10°

Click Next Profile .

The program suggests a ThreeLevels profile shape for CD27 because it detects three levels of
expression. There may indeed be three levels of expression, but they are not clearly
distinguishable in this data. We will choose a simpler profile shape.

CD27
(shape

Expression Profile Shape |Threelevels -~
Phenotype CD27

Which Peak? Closest Peak ~
( Initial Intensity 101758.60
Initial Width 397
Previous Width from Peak On
Profile

Which Peak? Closest Peak ~

lmidiml lmdmim =4 s ANA7TT OC

£ >

[1 Disable Expression Profile

~

1 Preview

Next
Profile
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Select Step Down for the Expression Profile Shape. For theInitial Width  type 10.00 and
uncheck Width from Peak . Using a larger, fixed width for the bright peak will allow the
program to capture the two appar ent levels of bright expression.

CD27

Links... ] Preview

>

Expression Profile Shape
Phenotype CD27 +=-

10%

Which Peak?
( Initial Intensity 55741.56 o )
Initial Width 10.00 -
Previous Width from Peak O off Next
Profile

Profile

104

Which Peak? Dimmest Peak ~
lmitiml Lt~ ida e 1440 A4 7 “
< > E

[ Disable Expression Profile

Enable the Preview checkbox. Notice that even with the StepDown profile, we can
appreciate three levels of expression in CD27.

CD27
shape " ks Preview

Expression Profile Shape | StepDow ~
Phenotype CD2T7+>-

‘ I
10%

Which Peak?
( Initial Intensity 55741.56 o )
Initial Width 10.00 .
Previous Width from Peak O o Next
Profile Profile

10

Which Peak? Dimmest Peak ~

lemidiml lemdmim i o 1A4A0 A4 W

< >

-10%

1 Disable Expression Profile

Click Next Profile .

Functional Marker Expression Profiles for CD8
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Next come the functional makers. For now, skip over these without setting up a p rofile.

Cell Type Wizard

Functional Profiles

Cell Type Events: 6031

Define the expression of CD38 in the CD8 T cell type.
Use the Next Profile and Previous Profile arrows to set up each expression profile.

CD38

Expression Profile Shape |MNone ~ Links... [ Preview

Which Peak? User Estimate ~
Phenotype CD38
Initial Intensity 55741.56
Initial Width 10.00

( Width from Peak Off )
Add to Report On

Previous Next
Profile Profie
[ Disable Expression Profile
- e ]
Help < Back Mext = Cancel

Click Next Profile  to skip CD38.
The HLA DR profile is shown.

HLA DR
Expression Profile Shape |Mone i Links... [ Preview

Which Peak? User Estimate
Phenotype HLA DR
Initial Intensity 55741.56 :&'—
Initial Width 10.00

( Width from Peak Off “
Add to Report On =

Previous
Profile

104

-10%

[ Disable Expression Profile
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Click Summary Page to skip HLA DR.

On the Summary page, review the summary information for the cell type. Make s ure that

Save template model

fields checkboxes are enabled.

Cell Type Wizard

Summary

, Update summary map

, Add to Cen -se', and Add database

Cell Type Info

*CD8T

Selection Markers

* 4 selection markers
* S5C-A (SSC-A)

* CD3 (CD3+)

* CD4 (CD4-)

* CD8 (CD8+)

Staging Markers

* 2 staging markers
* CCR7 (CCR7+>-)
* CD27 (CD27+>-)

Function and Other Markers

Finish Up

O Do another cel type
Save template model

Update summary map
Add to Cen-se'
Add database fields

Help

Click Finish .

After the wizard closes, the changes you made to the model template will be saved and the
wizard-created report page for CD8 will be displayed.

Review the CD8 Report

As we saw previously, the report page is divided into sections for Selection Markers, Staging
Markers, and Other Markers. Plots in each section display the measurements that we added
to the cell type. Tables are included to show median intensities for the markers and

frequency information for the stages.
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A 4 Verity GemStone™ Report Tue Dec 3 2019

File: 16-color_1 fcs

CD8T. SSC-A-CD3+CD4-CD8+ CCR7+>- CD27+>-

Selection Markers

CT Total Med | Stg1 Med |
= = SSC-A |424068.80 | 39343520 [4
- - CD3  |35137.47 |3538383 |3

s s cD4  [1306.35 137313 |1

a2 a2 CD8  |66225162 |679956.21(6

o o CCRT |1865.58 1898963 |1
= o CD27 [50366.45  |102468.74 |2
T - cD38 [3306.32 536872 |2
o @ HLADR [-221.82 -850.80 |-
) E L L '

0 2000 4000 T S T/ M [ S 11
SSC-A (x1000) CDh4

Staging Markers

Stage |%CT |% T |Evenis
CT Total [ 100 |3.13 |6031
Stg1 35.07 [1.10 |2115

10%

pow St [45.23 [1.41 [2728
%‘_ Stg3  [19.70 [062 [1138
-
o
=
-0 1t 1w 10°
CCR7

CD38

104

2
0 50 100 0 50 100
Progression (%Events) Progression (%Events)
Mew Project Tutorial Page 3 TemplatelModel.gs (03 Dec 2019 10:26)

Test the Analysis with CD8 T and CD4 T

Each time a cell type is added or revised you should check how the new cell type affects
other cell types in the model template.
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The idea is to review each of the other cell t ypes to make sure that nothing has changed
dramatically.

Click the Run button at the bottom of the batch list. This has the same function as the Run
button on the Home tab, running the batch commands to process the selected FCS file.

Batch DOOOC0 O
Run the current item un

When prompted, choose Analyze to re-run the analysis of this FCS file with the modified
template.

& GemStone for Windows >

There is a saved PDF report and analysis document for this file.

Please choose:
Open PDF to open the PDF report
Open G5 to read the saved analysis
Analyze to redo the analysis
Cancel to stop processing

Open G5 Cancel

When the analysis is complete, select the CD4 T cell type pageof the report by clicking the
CD4 T tab at the bottom of the report pages. The distributions in the CD4 T cell type are
almost identical to what they were with the original model template. This suggests that
adding the CD8 T cell type did not adversely affect the CD4 T cell type.
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GemStone™ Report

Tue Dec 3 2019
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File: 16-color_1.fcs

Selection Markers

10+

#I;.=E§E=:E§HHFFODF’\:"£|

-
Coa
10"

2 2
= =
- -
- -
=] (=]

Staging Markers

1w W
CD4

4000 100

CO45RA

Other Markers

= ¥ i

10

CD4T. 3SC-A-CD3+CD4+ CD8- CCRT+>- CD45RA+>- CD2T+>-

CT Total Med | Sog1 Med t
SSC-A (15600294 25084852
o003 (4188201 | S2223 82
D4 TIIE.54 6753629 |
COB | 14860 126,60
CCRT 15847.89 see st |
CO45R4 | 117012 3100138
G027 |8884280 | 11032288 |
C025 | 23208 1356.24
CON2T 4018858 | 3322547
HLADR | 210.08 I
£ *

T T

Sage .ﬂ cT _1¢T Evanis
T Total| 100|883 17038
Sigl 3155 [282 | 5431
[S1g2  [S0.0% 481 (8703
Stg3 | 1020 [0.80 [1737
[Sips (684 |08 | 1185

Master Page  Pagel aar @
Report  FOSFle Cell Types Haps

o4 T

Excellent. Let's move on to the next cell ty pe.

Cell Type Wizard for NK Cell Type

The NK cell type is a very simple one, so let's add that one now.
Click the Cell Type Wizardbutton.

&

Cell Type
Wizard
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ChooseCreate a new cell type  and click Next .

Cell Type Wizard

Welcome to the Cell Type Wizard
What would you like to do?

® Create a new cel type.
O Duplicate the selected cel type. *

cD4T ~ Link selection markers
O Edit the selected cel type. *
cD4aT ~

Disable other cell types while editing
Create a report page

st etore

* Only cell types compatible with the Cell Type Wizard are available for duplicating and editing.

Mext =

Cancel

Type "NK" for the Cell Type Name and clickNext .
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Cell Type Wizard

Cell Type Properties
Edit the properties for this cell type.

Cell Type Name [Nk |

Description
Enable On
Color

Classification Type

Help | <Back | | Next> | Cancel

Add three selection markers in order: CD3, CD56, and CD14.
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Cell Type Wizard

Selection Markers

Choose the markers used to select NK cells.
These can be negative or positive selection markers.
For example, CD3+ is a selection marker for CD4 and CD8 T-cells.

Click to add or remove, drag to re-order.

Available Markers ~ Selection Markers

CCR7 CD3
cD4 CD56
cD8 CcD14
cD19

CD25

co27

CD38

CD45RA

coDiar

FSC-A

FSC-H

HLA DR

PD-1

Help < Back Cancel

Click Next .
This cell type will not have any staging or functional markers.
Skip Staging and Functional by clickingNext for each of these pages.

NK Sel ection Marker Expression Profiles

For CD3, chooseDimmest Peak and Low Pass .
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Cell Type Wizard

Selection Profiles

Cel Type Events: 0

Define the expression of CD3 in the NK cell type.
Use the Next Profile and Previous Profile arrows to set up each expression profile.

CD3

Which Peak?  ||Dimmest Peak  +| Links... O Preview
Distribution _
Phenotype CD3- b
Initial Intensity | 1294.04 2
Initial Width 2.20 ]
Width from Peak [ On o |
Add to Report On 3 <
Marker ] MNext
Page < Profile
. %5 <4
o
[ Disable Expression Profile
< Back Mext = Cancel

Click Next Profile

For CD56 we want the dim to bright events. The best way to capture them is with an Inverse
Low Pass profile.

ChooseDimmest Peak and Inverse Low Pass

Since the dim peak has a very small width, let's manually adjust the width so that we don't
include the dimmest CD56 events.

Set the Initial Width  to 5.0 and uncheck Width from Peak .
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CD56
Which Peak?  |Dimmest Peak v Links... [ Preview
(Inverse Low Pass |

Distribution _
Phenotype CD56+ ]
Initial Intensity 105869 273
Initial Width 5.00 | i . .
( Width from Peak ] Off | )
Add to Report On v
Previous Next
Profie Profie

[ Disable Expression Profile

Enable the Preview checkbox to verify that the dim to bright events are selected.

Cell Type Events: 4919

Define the expression of CD56 in the NK cell type.
Use the Next Profife and Previous Profife arrows to set up each expression profile.

CD56

Which Peak? Dimmest Peak ~ Links... [ Preview
Distribution Inverse Low Pass
Phenotype CD56+
Initial Intensity 1058.69
Initial Width 5.00

( Width from Peak [ Off )
Add to Report On

Previous MNext
Profile Profile

[ Disable Expression Profile

Click Next Profile
For CD14, chooseDimmest Peak and Low Pass .ac
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CD14

Which Peak?  |Dimmest Peak v Links... [ Preview
Distribution _
Phenotype CD14-
Initial Intensity ~ 714.12 =
Initial Width 1.61
( Width from Peak On o )
Add to Report On -
Previous | e summary
Profile Tl E han s T‘ Page

104

Cha EErAaL

NPT

-10%

[ Disable Expression Profile

Enable the Preview checkbox to verify the selection.

CD14

Which Peak? Dimmest Peak ~ Links... = Preview
Distribution Low Pass ~ .
Phenotype CD14- 1
Initial Intensity ~ 714.12 El
Initial Width 1.61 ]
( Width from Peak 4 On . )
Add to Report On T
Previous ] summary
Profie = Page

-10%

[ Disable Expression Profile

Click Summary Page
Review the cell type wizard summary and click Finish .
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Cell Type Wizard

Summary

Cell Type Info
* NK

Selection Markers
* 3 selection markers
* CD3 (CD3-)

* CD56 (CDS6+)
*CD14 (CD14-)

Staging Markers
* 0 staging markers

Function and Other Markers

* 0 functional markers

Finish Up
[ Do another cel type
Save template model

Update summary map
Add to Cen-se'
Add database fields

< Back | | Finish | | Cancel

The report page for the NK cell type is very simple, with just the three selection markers.
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¥ Verity GemStone™ Report Tue Dec 32019

File: 16-color_1.fcs

NK: CD3-CD56+ CD14-

Selection Markers

CT Total Med
CO3 [631.28
CD56 |81410.43
CO14 |902.38

10%
10

10%

CD56

104
104

-10°

Staging Markers

Stage |% CT |% T |Events
CT Total (100 |1.90 |3864

Test the Training Set with the Three Cell Type Model Template

The model template now has three cell types: CD4 T, CD8 T, and NK. Let's test it out by
running the batch of FCS files in our training set. We'll review the reports for each of these
to verify that all cell types are workin g properly.

Right-click the first file in the batch list and choose Start Here .

— A Filelof3
Status FileMame CellTypel_Loneld CTT

¥ |16-colomisems
o L1 16-coor NISURHEEINI QU
v L1 16-color Clear Flags

Remowve

Click the Auto Advance button to autom atically process all three files in the batch.
| < > | Report | Fcss

Batch 000 QO
Auto Advance through the batch

When the batch is finished, you can review the results by scrolling horizontally in the batch
list, the part of the window where the files are listed. You can change the width of the batch
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list by adjusting the right edge as shown below. Result for all three cell types will appear in

the database.

— & Filelof3 =
Status FileMame CellTypel_Zonel_CT Total_Zonelab

L1 16-color_1fcs  CT Total
L1 1&-color_2.fcs
L1 1&-color_3.fcs

N o B

If you want to perform additional statistical analysis on the results in another program, you
would right-click on the batch list and choose Export Database This option displays a file
save dialog and allows you to save the database in tab-delimited format, which can be
imported into spreadsheets, word processors, and lab information systems.

tatus FileMame CellTypel_Zonel_CT Tot

L [16-coloruatu

v L1 18-color
v L1 16-color, Clear Flags

Start Here

Remove

Remowve All

Edit Fields...
Clear Results...

Export Data hase.lk
Copy

You can compare the report PDFs for each of the files. Double -click the file in the list. The
program will ask what you want to do: open the PDF, open the saved analysis (Open GS),
redo the analysis (Analyze), or cancel the dialog.

ChooseOpen PDF to view the report in PDF format. Note, at this point the first page in the
report will be blank.

Repeat this for each of the files in the batch list.
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Status FileMame CellTypel_Zonel_CT Total_Zonelabel CellTypel_Zonel_CT Total_PentOfd

v L1 | 18-color_1.fcs | CT Total 'I.J.J
CT Tota
v L1 18-

5 GemStone for Windows

There is a saved PDF report and analysis document for this file.

Please choose:
Open PDF to cpen the PDF report
Open G5 to read the saved analysis
Analyze to redo the analysis
Cancel to stop processing

Open PDF Open G5 Analyze Cancel

Summary

In this tutorial you extended the model template by adding two more cell types: CD8 T and
NK. You learned how to link expression profiles from one cell type to another. Linking profiles
helps to speed up the processing and makes the model template more consistent and robust.

We introduced the use of Inverse Low Pass distributions for capturing the dim to bright
distribution of the CD8 marker.

In the next tutorial you will learn how to analyze subsets in a cell type.
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Develop: Analyzing Subsets

Overview

In this tutorial, you will learn how to extract information about subsets within a cell type. We
use the term "subset" to refer to a group of cells within a cell type that have some common
attributes, but t hey do not necessarily fall into a particular stage of development.

A good example of a subset is the Treg subset of CD4 T cells. These cells are positive for
CD25, negative for CD127, and they can occur in any stage of CD4 T cells.

In this tutorial you w ill add to the Project we developed in the previous tutorials, Starting a
New Project from Scratch and Adding Cell Types to the Project You will add a TriCOM object
to quantify cells that are CD25+CD127- and add a table to the report to show Treg statistics.

Prerequisites

This tutorial continues to build the Project that was started in the following tutorials:

Develop: Starting a New Project from Scratch

Develop: Adding Cell Types to the Project

Start Gem Stone

Start Gemstone by following the instructions in the Installation and Setup of GemStone
section.

Open the Project

Open the "New Project Tutorial" Project that you created in the previous tutor ials by selecting
it in the Project dropdown list.

il |New Project Tutorial ~
Mew  [7] Develop

Click the Develop checkbox to enable develop mode.
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@ New Project Tutorial v

Mew  [4] Gevelop

Project

Open a Saved Analysis Document

Double-click the first file in the batch list. A dialog of choices will be displayed.
Click Open GS to open the saved analysis for the file.

- B Fie1of3
Status FileMame CellTypel_Zonel_CT Total_
16-color_1fcs | CT Total

v L1 |16-color_2.fcs | CT Total
v L1 |16-color_3.fcs | CT Total

™ GemStone for Windows

There is a saved PDF report and analysis document for this file.

10¢

Please choose:
Open PDF to open the POF report

Open G5 to read the saved analysis o

Analyze to redo the analysis E -
Cancel to stop processing

o

Open PDF | | Open G5 Analyze Cancel =

SS5C-A (x1000)

Edit the Cell Type with the Cell Type Wizard

Next we need to make several edits with the Cell Type wizard. These edits will allow us to
define the Treg subset of CD4 T cells.

Click the Cell Type Wizard button to initiate the wizard.

N

Cell Type
Wizard

This time you will use the wizard to edit the CD4 T cell type.
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Click the Edit the selected cell type option and select CD4 T from the list of choices and
click Next.

Cell Type Wizard

Welcome to the Cell Type Wizard
What would you like to do?

O Create a new cel type.
O Duplicate the selected cel type. *

cD4T Link selection markers
@® Edit the selected cel type. *

* Only cell types compatible with the Cell Type Wizard are available for duplicating and editing.

Disable other cell types whie editing
[ Create a report page

Insert before None

We only need to edit the Functional markers, so we can skip past a number of pages in the
wizard:

Click Next on the Cell Type Properties page.
Click Next on the Selection Markers page.
Click Next on the Staging Markers page.
Click Next on the Functional Markers page.

Most of the expression profiles do not need any edits:

Click Next Profile  on the Profiles pages for SSC-A, CD3, CD4, CD8, CCR7, CD45RA, and
CD27.

Set up the Functional Profiles
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For CD25, set up the expression profile with the following:
ChooseConstant for the shape and Dimmest Peak for the peak.

Cell Type Wizard

Functional Profiles

Cell Type Events: 17037

Define the expression of CD25 in the CD4 T cell type.
Use the Next Profile and Previous Profile arrows to set up each expression profile.

CD25
Expression Profile Shape _ Links... [ Preview

Which Peak? Dimmest Peak |
Phenotype CD25
Initial Intensity 1466.18 °

Initial Width 7.24
( Width from Peak On

Previous
Profile

MNext
Profile

[ Disable Expression Profile

< Back Mext = Cancel

Enable the Preview checkbox to try out these settings.

Note the heavy black line above the expression profile. These identify the 95% confidence
limits of the profile. Events that are above the top line have a low probability of being
included in the profile. They are the events that will be considered "high" for CD25 as we
define the Treg events.

If you wanted to include fewer events in the profile, you would make the Initial Width smaller
and uncheck Width from Peak. Similarly, to include more events, you would make the Initial
Width larger.
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CD25

Expression Profile Shape |Constant i Links... ] Preview
Which Peak? Dimmest Peak ~ .
Phenotype CD25 1
Initial Intensity 1466.18 o3
Initial Width 7.24 1
( Width from Peak On ] )
Previous 1 Next
Profie Profie

[ Disable Expression Profile

Click Next Profile

For CD127, set up the expression profile with the following:
ChooseConstant for the shape and Brightest Peak for the peak.

Set the Initial Width  to 8.0 and uncheck the Width from Peak option.

CD127

Expression Profile Shape _ Links... O Preview

Which Peak?

Phenotype cD127

Initial Intensity 66950.83 f‘:'_

Initial Width
( Width from Peak O off o )

Previous Next

Profile Profile

10%

U] Disable Expression Profile

Enable the Preview checkbox.

The Initial Width of 8 puts the lower side of the 95% confidence limit in a good position to
separate positives and negatives. Events within the confidence boundaries will be considered
"positive” for CD127, and those that fall below the lower boundary will be considered
"negative" for CD127.
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CD127
Expression Profile Shape | Constant V Links... ] Preview
Which Peak? Brightest Peak
Phenotype D2y
Initial Intensity 66E50.83
Initial Width 8,00
Width from Peak [Joff

Previous
Profile g

["] Disable Expression Profile

Click Next Profile
Skip over the HLA DR profile for the time being. Click Summary Page

Review the summary information. Make sure that Save template model  and Update
summary map options are checked.

Click Finish to close the wizard and save your changes.

Cell Type Wizard

Summary

Cell Type Info
*CD4T

Selection Markers

* 4 selection markers
* S5C-A (S5C-A-)

* CD3 (CD3+)

* CD4 (CD4+)

* CD8 (CD8-)

Staging Markers

* 3 staging markers
* CCR7 (CCR7+>-)
* CD45RA (CD45RA+>-)
* CD27 (CD27+=-)

Finish Up
[] Do another cel type Update summary map
Save template model [ Add to Cen-se'
[ Add database fields
< Back | | Finish | | Cancel

What is a TriCOM?
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TriCOM is the tool that can identify subsets within a cell type. As its name implies, TriCOM
can compute three states for the combination of measurements that we add to it. The three
stats identify whether an event is within the 95% confidence limits of th e expression profile
(normal), below the lower confidence limit (low), or above the upper confidence limit (high).

10°

10%

104

-10°

In some cases, you may only be interested in whether the expression is high, as with CD25 in
this tutorial. In other cases, only the low expression is of interest. TriCOMs can be set up for
High-Only and Low-Only to accommodate these cases.

Here is an example that uses a High-Only TriCOM to quantify activated CD4 T cells. In the
illustration, there are two expression profiles on the lef t, one for HLA DR and the other for
CD38. These are activation markers for CD4 T cells. The plots show the high (H) and normal
(N) expression levels. Also note that there are two stages: naive CD4 T cells are dark blue
dots and memory cells are orange dots. A cartoon of a TriCOM is shown on the right. The
bottom row of the TriCOM would show events that are in the normal 95% confidence limits,
however this TriCOMis set up to show high events only. The next row up from the bottom
guantifies events that are high for either HLA DR or CD38, but not both. For example, there
are 2200 events that are high for HLA DR in the naive stage and 7000 events high for HLA
DR in the memory stage. The top row contains events that are high for both HLA DR and
CD38.
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Let's create a TriCOM to see how it works.

Create a TriCOM

On the Insert tab of the ribbon, click the TriCOMbutton. There is also a TriCOM button on
the cell type toolbar on the left edge of the Cell Type window.

PR

TriCOM,  Design  Cen-se'

Statistics

Scroll to find an empty place on the CD4 cell type, then click and drag

TriCOM location. A TriCOM with default measurements is created.

to define the
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\.;l.l'l'l.!l\n

DR

B HIA DR CUS
0 50
< Progression (%Events)
o o
Stg1 0.134% Stg3 0.177%
m 0.000% 0.000% 0.000% 0.000%

! | Click here...

@
£
E 0.000% 0.000% 0.000% 0.000%
=
E
s
(g [o=] ]
9 <T
e
[=]
T o
'E 0.134% 0.188% 0.177% 0.063%
= b 0.032%
= <p-49%, ety C 0.015%
i 0.084% 0.027°9
C 0.043% £* 0.102%
10 : ? c0.021%
= o o ands NOMSS 00
% =0f CellType
i *=5ig at p<0.0
@ssc—n ﬁcm A cD4 Max YaScale=0.
A #Combs=14
I T T T . T

0 2
Active Stages
L

drag here.~

@ co4aT @ cpsT D Nk

Right-click in the TriCOM and chooseEdit Graphics from the context menu.

Edit Graphics... l}

Edit Segrnent...
Edit All Segments...
Turn Off All Animations...

Find the Measurements sedion of the dialog and click the Choose button.
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® General D ssC-A

@ D3 @ o4 @ cos

Mame

Yalue

Background Color Ijl Set color for the
X Grid Lines ] of Check to show
% Grid Lines [~ On Check to show

Grid Line Width

Gnd line widt

Tutorials

0
Grid Line Style

Grid Color

“ Grid line style.
Set the color of

!

Grids On Top L] of

Check to draw «

Measurements Choose meazul
Stage Labels 1 on Check to show
Cemprriant | ahele Fire | akhels S S N

Uncheck the SSC-A, CD3, and CD4 measurements Include property.
Check the CD25 and CD127 Include property.
Select High Only for CD25 and select Low Only for CD127 .

Items: 10
UserMame  Include Mode Filter | OK |

Default ~ | Mo Filter o

Default ~ | Mo Filter W

Default ~ | Mo Filter w

CDa [] Off |Default “ | Mo Filter w
CCRY [] off Default ~ Mo Filter e
CD45RA [] off Default ~ Mo Filter e
co2y [] Off Default ~ Mo Filter w
D25 4 on  |HighOnly  ~ NoFilter v
Mo Filter o

HL& DR [] off Default ~ Mo Filter e

Click OK.
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Click OK to close the Edit Graphic Options dialog.
The TriCOM for CD25 and CD127 is displayed.

CD4T Stages
| Stg2 7.881% Stg3 2.429%
7 0.405% 2.841% 1.045% 0.029%
Row 2: .
Two measurements .
outside the ® & g@ R
. - Q@
expression profile = ' Ab 0.029%
g Ab* 0.405% 1 Ab* 1.045%
= Ab* 2.841%
E
o oy -
5 1.106% 5.040% 1.384% D.834%
Row 1 %
ow 1. o b* 0.086%
One measurement 2 - "-315%&)5 b* 2.156% b* 0.501%, 5
outside the z / A 2.884% Lo _
. - h A* 0.791% e | A* 0.883%
expression profile A* 0.749%
— % =0f CellType
*=Sigatp=<0.01
Max YuScale=5.04
_lAV{:DZ? | A@CD]Z? | | #COI'I“'.'FIIE

0 2 4
Active Stages

The TriCOM is divided into four vertical sections, one for each of the stages. The Y-axis
shows the number of measurements that are outside the expression profiles. Each element
in row one has one measurement outside the expected expression level, while row two has
two measurements outside the expression profile. The key at the bottom indic ates that A is
CD25 andB is CD127. An uppercase letter indicates elevated expression, and a lowercase
letter indicates low expression.

Notice the largest pie on the bottom row. All of the cells in this pie are in the Stg2 stage of
the progression. The A wedge represents cells that have elevated CD25 and normal, positive
expression of CD127. The b wedge represents cells that have low expression of CD127 and
normal, low expression of CD25.

Pies on the second row have the phenotype Ab, which corresponds to CD25+ CD127-. This
is Treg phenotype. The size of the pies is proportional to percentage, so Stg2 contains the
largest fraction of the Tregs.

Naming Stages

Even though we will not rename the stages in this tutorial, it is useful to know that
GemStoneallows you to rename stages from the default stage names of Stgl, Stg2, etc. The
Stages command on the Develop tab is used for this purpose. Some of the elements on
reports need to be updated after stages are renamed, and the easiest way to update them is
to use the Cell Type Wizard to edit the cell type and create a new report page.

We will leave that for another tutorial.
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Verify a TriCOM with Animation

We can use animation to verify the Treg events. Anim ation will blink events in all of the plots
for the pie segment that we select.

Right-click the pie for Ab events in the Stgl stage and choose Edit Segment
Note: your statistics may differ from those shown in the images below.

Stgl 1.511%

0.405% 2.841%
5 2
1 Edit Graphics...
Ab
Edit Seg t... oy
Edit All 5eginents...
1.106 Turn Off All Animations...

In the Animation section, choose a bright color like pink and enable the Animate checkbox.
Scroll the cell type window with this dialog open. Open the CD25 and CD127 profiles. Note
the events blinking in the expression profile plots are CD25+ CD127- in Stgl.

< ral
S Co4T Edit Properties for A+b-
- Stgl 1.5
o — 0.4054 MName Value | OK. |
& Label A+b- Cancel
Alias
Reset
& Events 69,00
2 b
2 . % Abnormal Events 68,99
é’ Ab* | Prob of Normal 0.0000
= & Est Mormal Events 0.01
E [‘Animaton
S oy |
cé 1.106° Animate [~ on
5 Color ¥
g | Percents
2 1 0.315%
E (& | & Percent 100,00
= ¢ |4 Percent of Stage 1.28
3 Percent of CellType 0.40
yp
— — & Active on
AVCD 25 Always Add to Information System [ Off
71 |3 Number a

Uncheck the Anim ate checkbox and click OK to close the dialog.

Right-click the large Ab pie on the upper row in Stg2 and choose Edit Segment
Choose a bright color and enable the Animate checkbox.

Again the CD25+ CD127- events are blinking, this time in Stg2.
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cD127

2
|

o
Number of Abnormal Markers

|
o

Stg1 1.511%
0.405% 2.841%
® o )
Ab* 0.405% .
* 2
1.106% 5.040%
| n.315%5&, b* 3156 J
‘A‘ 0.791%
| AVCMS AVC

Animation makes it easy to verify the TriCOM segments.
Uncheck the Animate checkbox and click OK to close the dialog.

Create a Table

Edit Properties for A+b-

Name Value
5 Label A+b-
Alias
& Events 484.00
& Abnormal Events 483.98
& Prob of Normal 0.0000
{3 Est Mormal Events 0.02
| Amimation
Animate B on
Color
[Percents
) Percent 100.00
{3 Percent of Stage 5.58
{3 Percent of CellType 2.84
{3 Active on
Always Add to Information System  [] Off
B Kuimker n

Let's create a table under the TriCOM to show the percentages for the Tregs in each stage,
as well as the total percentage of Tregs.

Click the Table tool on the Cell Type toolbar or on the Insert tab of the ribbon.

Below the TriCOM you just created, click and drag
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*=5iga
l AV CcD 2.5 | A@c D127 | H#cm;:fﬁ

0 2
o Active Stages o

|

N

o o

Right-click just above the table's grid and choose Edit Frame in the menu.

- o o
% Copy
< . Save Image...
Right-click ]
o Edit Frame...
3 Bring To Front

"3 Send To Back
Delete

Flag to Save
Export Table...

Copy Formulas

Edit the Rows to 5 and Columns to 2.
Click OK.

Tutorials
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Edit Properties for Information Table

Marme Value | Ok |

_D | Concel |

Flag to Save Off

Subfolder
o

X Position 5.40

% Position 1232

X Size 277

W Size 1.82

Show Title
Title Font

Cutline Color

Cutline Width -1
Rows

Columns

Fant Sample...
Decimals 2

ﬂ

Enter the appropriate value for this property.

In the first column, type the following text labels:
Naive Tregs , CM Tregs, EM Tregs, TE Tregs, and Total Tregs .

Maive Tregs

Next you will add information fields that contain the percentages for the Treg subset.
Left-click the cell next to Naive Tregs , then right -click that cell.

Maive Tregs

CH Tregs N

EM Tregs hy

TE Tregs
Total Tregs
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The Edit Selected Information Units dialog is displayed. This dialog contains all of the
information that GemStone has computed for this model template and FCS file, including the
TriCOMinformation.

Note, you may need to resize this dialog and adjust column widths on some monitors to see
the information presented below.

Scroll to the section labelled CellTypel TriCOMGraph and click the arrow next to the label
to open the section.

Edit Selected Information Units

Choose one or more information units to display.
If you choose mare than one, the info keywords will be put
in the rows directly under the one you are editing.

Select Items Below Ttems: 0
ame }/alue & | Name | Description SectionMams

Other Events Other Events Delete Al

- CellTypel_TnCOMGraph
CellTypel_TriCOMGraph_Parameterki A CD25 B by CD127
CellTypel_TriCOMGraph_Filterkey

ents

CellTypel_TiCOMGraph__CellTypeEwv: 17037
CellTypel_TiCOMGraph__CT Total_Abnermal.. 2160.92
CellTypel_TriCOMGraph__CT Total_NeormalEv... 14876.02
CellTypel_TriCOMGraph__CT Total_Degree0_.. 14830
CellTypel_TriCOMGraph__CT Total_Degreel_.. 14876.02
CellTypel_TriCOMGraph__CT Total_Degreel_.. 87.32
CellTypel_TriCOMGraph__CT Total_Degreel_.. 1471
CellTypel_TriCOMGraph__CT Total_Degreel_.. 142502
CellTypel_TriCOMGraph__CT Total_Degreel_.. 836
CellTypel_TriCOMGraph__CT Total_c-_Events 73
CellTypel_TriCOMGraph__CT Total_c-_Adjust... 52,10
CellTypel_TriCOMGraph__CT Total_c-_Percen... 0.31 v

Replace Delete Up

< > Down

Insert add

Sekect the item named CellTypel TriCOMGraph_Stgl A+b  -_PercentCellType and
click the Add button. The statistic is added to the list on the left of the dialog.
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Edit Selected Information Units

Choose one or more information units to display.
If you choose maore than one, the info keywords will be put
in the rows directly under the one you are editing.

Select Ttems Below Ttems: 1

ame })alue ~ Name [ |L|
CellTypel_TiCOMGraph__Stg1_a-b-_AdjustedEvents 0 1
CellTypel_TiCOMGraph__Stgl_a-b-_PercentZone 0
CellTypel_TiCOMGraph__Stg1_a-b-_PercentCellType 0
CellTypel_TiCOMGraph__Stgl1_A+b-_Events 69
CellTypel_TriCOMGraph__5tg1_A+b-_AdjustedEvents 68.99
CellTypel_TriCOMGraph_5tgl_A+b- PercentZone 1.28

CellTypel_TriCOMGraph__5tg1_a-B+_Events
CellTypel_TriCOMGraph__Stg1_a-B+_AdjustedEvents
CellTypel_TriCOMGraph__5tg1_a-B+_PercentZone
CellTypel_TriCOMGraph__Stg1_a-B+_PercentCellType
CellTypel_TriCOMGraph__5tg1_A+B+_Events
CellTypel_TriCOMGraph__5tg1_A+B+_AdjustedEvents
CellTypel_TriCOMGraph__Stg1_A+B+_PercentZone
CellTypel_TriCOMGraph__5tg1_A+B+_PercentCellType
CellTypel_TriCOMGraph__5tg1_a-c-_Events

CellTunel T OMMGranh  Stnl a-r- AdinstedFuents
< > Down

et [

< >

CelTypel_TriCOMGraph__Stgl_A+b-_PercentCelType

| Replace || Delete | Up

oo oooooo

Scroll down in the list and select CellTypel _TriCOMGraph_Stg2_A+b -
_PercentCellType . Click Add to add it to the list on the left.

mation Units

Choose one or more information units to display.
If you choose mare than one, the info keywords will be put
in the rows directly under the one you are editing.

Select Items Below Ttems: 2

ame Palue G | Mame | L | OK |
CellTypel_TriCOMGraph_Stg2_a-b-_AdjustedEvents 0 CellType 1 TriCOMGraph__Stgl_A-+b-_PercentCellType Perce:
CellTypel_TriCOMGraph__5tg2_a-b-_PercentZone 0 _I
CellTypel_TriCOMGraph__5tg2_a-b-_PercentCellType 0
CellTypel_TriCOMGraph__5tg2_A+b-_Events 434
CellTypel_TriCOMGraph__Stg2_A+b-_AdjustedEvents 483,98
CellTypel_TriCOMGraph_ Stg2 A+b- PercentZone 5.59

CellTypel_TriCOMGraph__5tg2_a-B+_Events
CellTypel_TiCOMGraph__Stg2_a-B+_AdjustedEvents
CellTypel_TriCOMGraph__5tg2_a-B+_PercentZone
CellTypel_TriCOMGraph__5tg2_a-B+_PercentCellType
CellTypel_TriCOMGraph__5tg2_A+B+_Events
CellTypel_TriCOMGraph__5tg2_A+B+_AdjustedEvents
CellTypel_TiCOMGraph__Stg2_A+B+_PercentZone
CellTypel_TriCOMGraph__5tg2_A+B+_PercentCellType
CellTypel_TriCOMGraph__5tg2_a-c-_Events

CellTmel Trit OMGranh  Stad a-r- AdinctedFuents
< > Down

==

< >
CelTypel_TriCOMGraph__Stg2_A-+b-_PercentCelType

| Replace || Delete || Up

=== = = = B = I = I = = B

Next select CellTypel _TriCOMGraph_Stg3_A+b - PercentCellType and click Add.
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Choose one or more information units to display.
If you choose maore than one, the info keywords will be put
in the rows directly under the one you are editing.

Select Items Below

ame })alue Mame
CellTypel_TiCOMGraph_5tg3_Degree? PcntOfZone 9.20 CellType 1 TriCOMGraph__Stg1_A+b-_PercentCelType
CellTypel_TiCOMGraph_Stg3_Degree2_PentOfCellType  1.04 CellTypel TriCOMGraph_Sta2 A+b- PercentCelType  Percel
CellTypel_TiCOMGraph__5tg3_a-b-_Events 0 !
CellTypel_TiCOMGraph__5tg3_a-b-_AdjustedEvents 0
CellTypel_TriCOMGraph__5tg3_a-b-_PercentZone 0
CellTypel_TriCOMGraph__5tg3_a-b-_PercentCellType 0
CellTypel_TriCOMGraph__5tg3_A+b-_Events 178
CellTypel_TriCOMGraph__Stg3_A+b-_AdjustedEvents 178.00
CellTypel_TriCOMGraph__Stg3_A+b-_PercentZone 9.20
CellTypel_TriCOMGraph__5tg3_a-B+_Events 0
CellTypel_TriCOMGraph__Stg3_a-B+_AdjustedEvents 0
CellTypel_TriCOMGraph__5tg3_a-B+_PercentZone 0 < >
CellTypel_TriCOMGraph__Stg3_a-B+_PercentCellType 0 CelTypel_TriCOMGraph__Stg3_A-+b-_PercentCelType
CellTypel_TriCOMGraph__5tg3_A+B+_Events 0
CellTypel_TiCOMGraph_Stg3_A+B+_AdjustedEvents 0 | Replace || Delete || up
CellTunel T OMMGranh  Stn3 A+R+ Perrent7nne n

< Down

Perce Delete Al

Select CellTypel TriCOMGraph_Stg4 A+b

Edit Selected Information Units

-_PercentCellType and click Add.

Choose one or more information units to display.
If you choose maore than one, the info keywords will be put
in the rows directly under the one you are editing.

Select Items Below

|

ame })alue Mame L |LI
CellTypel_TiCOMGraph__5tgd_Degree? Events 5 CellType 1 TriCOMGraph__Stg1_A+b-_PercentCelType Percel
CellTypel_TiCOMGraph_Stgd_Degree2_AdjustedEvents  5.00 CellTypel TriCOMGraph_Sta2 A+b- PercentCelType  Percel
Cellfypel_TriCOMGraph_Stg4 Degree2 PentOfZone  0.48 CellType 1_TriCOMGraph__Stg3_A-+b- PercentCellType  Fercel
CellTypel_TriCOMGraph__5tg4_Degreed PontOfCellType  0.03
CellTypel_TriCOMGraph__5tg4_a-b-_Events 0
CellTypel_TriCOMGraph__5tg4_a-b-_AdjustedEvents 0
CellTypel_TriCOMGraph__5tg4_a-b-_PercentZone 0
CellTypel_TriCOMGraph__5tg4_a-b-_PercentCellType 0
CellTypel_TriCOMGraph__5tg4_A+b-_Events 5
CellTypel_TriCOMGraph__Stg4_A+b-_AdjustedEvents 5.00
CellTypel_TriCOMGraph__Stg4_A+b-_PercentZone 0.48
CellTypel_TriCOMGraph__5tgd_a-B+_Events 0 < >
CellTypel_TriCOMGraph__Stgd4_a-B+_AdjustedEvents 0 CelTypel_TriCOMGraph__Stg4_A-+b-_PercentCelType
CellTypel_TriCOMGraph__5tgd_a-B+_PercentZone 0
CellTypel_TiCOMGraph_Stgd_a-B+_PercentCellype 0 | Replace || Delete || up
Cellfimnel T (MGranh  Stnd A+R+ Fuents n

< Down

Scroll back up to the CT total section and add the

CellTypel_TriCOM Graph_CTTotal_ A+b -_PercentCellType
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Edit Selected Information Units

Choose one or more information units to display.
If you choose maore than one, the info keywords will be put
in the rows directly under the one you are editing.

Select Items Below Items: 5
ame b/alue ~ Name | | oK |
CellTypel_TriCOMGraph__CT Total_a-b-_Events 0 CellType 1 TriCOMGraph__Stgl A+b-_PercentCelType Pe | Delate Al
CellTypel_TiCOMGraph_CT Total_a-b-_AdjustedEvents 0 CellType 1_TriCOMGraph__Stg2_A+b-_PercentCelType Pe
Cellfypel_TiCOMGraph_CT Total_a-b-_PercentCellype 0 Ee:?‘ﬂe1—:!58:53'3:—2@1—:ﬁ:—gercenie:?pe ~
Cellfypel_TrCOMGraph_CT Total A+b-_Events 736 elType L_TrcOMGraph_stgd_A ib-_PercentcelType ;

. - CellType1_TriCOMGraph_ CT Total_A-+b-_PercentCelType Pe
CellTypel_TriCOMGraph__CT Total A+b-_AdjustedEvents 733,97

|CellTypel_TiCOMGraph_CT Total A+b-_PercentCellType 4,32 I} _______________

CellTypel_TriCOMGraph__CT Total_a-B+_Events 0
CellTypel_TriCOMGraph__CT Total_a-B+_AdjustedEvents
CellTypel_TriCOMGraph__CT Total_a-B+_PercentCellType
CellTypel_TriCOMGraph__CT Total_A+B+_Events
CellTypel_TriCOMGraph__CT Total_A+B+_AdjustedEvents
CellTypel_TriCOMGraph__CT Total_A+B+_PercentCellTy...
CellTypel_TriCOMGraph__CT Total_a-c-_Events
CellTypel_TriCOMGraph__CT Total_a-c-_AdjustedEvents
CellTypel_TriCOMGraph__CT Total_a-c-_PercentCellType
CellTypel_TriCOMGraph__CT Total_A+c-_Events

CellTunel Tl CihAGranh T Tntal 4+r- AdinstedFuents
< > Down

< >
CelTypel_TriCOMGraph__CT Total_A-+b-_PercentCelType

Replace Delete Up

oo oooooo

With these five statistics added to the list on the left, click OK.

The fields we picked fill down from the selected cell, and the five results are added to the
table. You may need to tab out of the first cell to see the value.

Maive Tregs 0.40

CM Tregs 2.84
EM Tregs 1.04
TE Tregs 0.03

Total Tregs 4.32

You can create tables on a report page using the same technique.

Save your Work

At this point you have a TriCOM for Tregs in the CD4 T cell type and a table to display the
results. This is the approach used to quantify subsets within a cell type.

Before saving, switch back to the Report tab, display the CD4 T report page, and scroll it to
the position you want to appear when this template is used. The template will remember
this view when it is saved. Click Save in the Template section of the rib bon.
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This tutorial introduced the TriCOM object, which you used to identify the Tregs subset of
CD4 T cells. TriCOMs are associated with functional markers and identify elevated and
diminished levels of expression. The Tregs TriCOMquantified high CD25 and low CD127

expression.

You animated segments of the TriCOM to see where the associated events appear in other
plots. This technique was used to verify that the TriCOM was working correctly.

Once the TriCOM was created you created atable, added some text labels to it, and then
selected the results to display in the table.

The next tutorial introduces the Cen-se' plot and how it is used to explore your data.
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Develop: Exploring with Cen  -se

Overview

GemStone has two independent analysis systems. In the previous tutorials, you have worked
with the Probability State Modeling (PSM) system to analyze the FCS files. Cerse' is the
second system, which can make use of PSM information to color and label cell type
information.

Cense' is a fantastic tool for exploring your data. It statistically determines related events
based on the measurements we select, and presents them in a bivariate plot. With Cen-se’,
we can assess how well our model is identifying cells in our cell types. We can also explore
cells that do not yet belong to a cell type to find out what measurements identify them.

In this tutorial we extend the Project developed in the previous tutorials, Starting a New
Project from Scratch, Adding Cell Types to the Project, and Analyzing Subsets We add a
Cense' plot to a report page and used to explore our data.

Prerequisites
This tutorial continues to build the Project that was started in the following tutorials:

Develop: Starting a New Project from Scratch

Develop: Adding Cell Types to the Project

Develop: Analyzing Subsets

Start GemStone

Start Gemstone by following the instructions in the Installation and Setup of GemStone
section.

Open the Project

Open the "New Project Tutorial" Project that you created in the previous tutorials by selecting
it in the Project dropdown list.

1y |New Project Tutorial . ~
Mew 7] Develop
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Click the Develop checkbox to enable develop mode.

19 e Project Tutorial w
Mew  [4] Gevelop

Project

Analyze a File

Double-click the first file in the batch list. A dialog of choices will be displayed.
Click Analyze to reanalyze the file with the latest model template revisions.

— 8 Fielof3
Status

FileMame CellTypel_Zonel_CT Total_Zonelab

CT Total
CT Total

lor_2.fcs
lor_3.fcs

GemStone for Windows

There is a saved PDF report and analysis document for this file.

Please choose:
Open PDF to open the PDF report
Open GS to read the saved analysis
Analyze to redo the analysis
Cancel to stop processing

Cancel

B |

Open PDF Open G5

Adding a Cen -se' Page and Plot

Click the Add Page button on the Report tab next to th e NK cell type. This will create a new
page for the report.

£

Master Page Pagel C04T CDaT NE +

eport FCS File Cell Types Maps k dd Page

Right-click the new page and choose Rename .
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-

Delete
Rename
Inse;T[:%

Edit the name to Cen-se and press Enter.

Pag

MK Cen-se W

[

Select the Cen-se' tool on the report toolbar or from the Insert tab of the rib bon.

o
"

EEH-EE' Map

Click and drag to define space for a Cen-se' plot on the report page.
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W Verity GemStone™ Report Thu et 3 2019

File: 16-color_1fes
@ &

BHEES=RARRSFO0 AN

- tae 0 re () TP @ B 76O WM Wult 43 Ok : s
0 2] %0 B0 [
Con-sel
@ o t} -
T 3

Master Page Pagel CDMT 08T W Cenvse @

Double-click in the new Cen-se plot to display the Edit Graphics Options dialog.
Click the Choose button for Measurements
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Edit Graphic Options

General Cen-se'

Mame Value
CGraphics
Background Color Ijl Set color for the background of all plots
X Grid Lines b1 On Check to show the X grid lines,
Y Grid Lines A On Check to show the ¥ grid lines.
Grid Line Width 0 Grid line width in points, (0t 10)
Grid Line Style | Grid line style.
Grid Color L™ Set the color of the grids
Grids On Top L] off Check to draw grid on top of plots,
Margin (%) 10.00 Margin arcund the Cen-se plot for labeling. (1,00
Legend 1 on If true, draw a legend on the plot.,
Initial 5caling Size 10,00 Initial scaling size for the Cen-se plot (default=10
Labels i on Show or hide the labels,
Label Font Sample... Click to choose a font for the labels.
Measurerments —N!_‘ Choose measurements for the graph.
Cell Types | Choose... Choose cell types for the Cen-se graph.
Measurement List | Rebuild | Reconstruct the list of options if the measuremer
Cell Type List | Rebuild | Reconstruct the list of cell types if the cell types h
Maximum Events 10000 Maximum number of events to allow for the Cen
Percent Meighborhood Size 2.0 Relative size of the nearest neighborhood as a pel
Meighborhood Size 200 Size of the nearest neighborhood. M5, (2 to 10000
Density Mormalization 1 On Mormalizes each row of the high-dimensicnal sin
—

In the Choose Measurements dialog, enable all of the measurements excepitfor FSC-H,

SSC-H, and Time . We exclude these because FSEA and SSGA provide more information for

the Cen-se, and Time does not help the Cen-se differentiate cell types.
Click OK.
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Choose the measurements you want to include in the Cen-se' plot.

Items: 21

Mames

CCRY
Cho3
CDd
Choa
Cod
Coe
Cog
CD25
Cco2v
C038
CD45RA
CDs56
Cma7
FSC-A
FSC-H
HLA DR
PD-1
SSC-A
S5C-H
TiRgd
Time

Include

[~ On
] On
] On
i On
i On
i On
i On
i On
i On
i On
i On
i On
i On
M On
O] off
1 On
M On
[ On
O] off
i On
O] off

z
2

Click the Choose button for Cell Types .
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Edit Graphic Options

Mame Value 2

CGraphics

Background Color Ijl Set color for the background of all plots

X Grid Lines b1 On Check to show the X grid lines,

Y Grid Lines A On Check to show the ¥ grid lines.

Grid Line Width 0 Grid line width in points, (0t 10)

Grid Line Style | Grid line style.

Grid Color L™ Set the color of the grids

Grids On Top L] off Check to draw grid on top of plots,

Margin (%) 10.00 Margin arcund the Cen-se plot for labeling. (1,00

Legend 1 on If true, draw a legend on the plot.,

Initial 5caling Size 10,00 Initial scaling size for the Cen-se plot (default=10

Labels i on Show or hide the labels,

Label Font Sample... Click to choose a font for the labels.
 Measurementsand Cell Types

Measurements m Choose measurements for the graph.

Cell Types [ Choose... [ | Choose cell types for the Cen-se graph.

Measurement List | Rebuild lg” | Reconstruct the list of options if the measuremer

Cell Type List | Rebuild | Reconstruct the list of cell types if the cell types h
CemseOptions

Maxirnum Events 10000 Maximum number of events to allow for the Cen

Percent Meighborhood Size 2.0 Relative size of the nearest neighborhood as a pel
Meighborhood Size 200 Size of the nearest neighborhood. M5, (2 to 10000

Density Mormalization 1 On Mormalizes each row of the high-dimensicnal sin

My
W
£

| ok || Cencel || Hep || Defaut |

Make sure that all cell types are selected exceptfor Other Events
Click OK.
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Choose Cell Types

Choose the cel types you want to include in the Cen-se' plot.

Mames Include 1D I Ok |

Unclassifieds On 0 Cancel
Other Events |:| Off 1

CD4T on 2 Select Al
CDsT On 3 Deselect Al
NK On 4

Click OK to close the Edit Graphic Options dialog.
Move the mouse over the Cense plot to show its toolbar, then click the Build Cen-se' tool.

semStone™ Report Thu Oct 3 2019

File: 16-color_1.fcs
e

Ar CFEERNL LT °
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After a few moments, the Cen-se' plot will be displayed. The plot is a two -dimensional
representation of the 21 measurements we selected in previous steps. Based on the popular
t-SNE embedding algorithm (-SNE © 2014 Laurens van der Maaten, Delft University of
Technology), Cense' provides better separation of populations and computes much faster
than t-SNE.

Notice that some of the populations are labeled with the cell type and stages created with
the Cell Type wizard. This labeling is applied automatically for any of the cell types t hat we
include in the Cen-se'. The coloring of the populations comes from the stage colors in this
initial view of the plot. The gray dots represent populations that have not been defined in the
template model yet.

Note, your graphics and statistics may differ from those shown below.

TemplateModel.gs

[
L]

T CD4 T:5tgl CD4 T:5tg3
1 2.80% | 0.99%

4 CD4 T:5tg2
4.48%

FE vents: 192882 me 18 TP: 1 #lt: 750 t Dist: On NN Size: 200 Theta: 0.5 Prob Mult 12 DI: 1
T T T T | T T T T I T T T T | T T T T | T T T T
=10 0 10 20

Cen-sel

Using the Intensity Heatmap

The CD4 T, CD8 T, and NK cell types are labeled, and the coloring from the cell types is
applied to the events in the Cen-se' plot. There are also several populations of gray-colored
events.

Double-click the plot to display the Edit Graphic Options dialog again. Move and size the
dialog so that you can see the Cen-se' plot. Click the Cen-se' tab of the dialog.
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Edit Graphic Options

General Cen—sft\
Marme b\? Yalue

Auto Size 1 of
Dot Size 2.00

In the Coloring section, change Color Scheme to Intensity Heatmap .

Select CCRY7 for the Heatmap Measurement. The Naive (Stgl) CD4 T and CD8 T cells are
brightest for CCR7, as shown with red dots. Events that do not express CCR7 are shown as
dark blue dots. The intensity color scale is shown on the right-hand side of the Cen-se' plot.

TemplateModel.gs HM: CCR7 Edit Graphic Options
o

General Cen-se'

Name Value Descripti
Auto Size O o Check to have the system try to find the
Dot Size 2,00 Choose the appropriate dot size in poin
Show All Dots On Check to show all dots.
Number 10000 Enter the specific number of dots to dis
Color Scheme _ Choose the desired color scheme for Ce
Heatmap Measurement CCR7 | Click to choose a heatmap measuremel
MNext Measurement Next Measurement Click to choose the next heatmap meas
Previous Measurement Prec Measurement Click to choose the preceding heatmap

!

Alternative Color Color for the Alternative Color mode.

Population Selection Mode [ Off If checked, only populations selected in

< >

Censel Cancel Help Default

Change the Heatmap Measurement to CD3.
With CD3 selected, the CD4 T and CD8 T cell type show bright red dots.

TemplateModel.gs HM: CD3 Edit Graphic Options
o4
General Cen-se'
Mame Value Descripti
o
Auto Size O o Check to have the system try to find the
Dot Size 2.00 Choose the appropriate dot size in pein
Show All Dots On Check to show all dots.
~No— ; i . 1 Mumber 10000 Enter the specific number of dots to dis
: e || i
c
3 Color Scheme Intensity Heatmap ~ Choosethe desired color scheme for Cg
° Heatmap Measurement (Ilck to choose a heatmap measuremel
- Mext Measurement Mext Measurement |ck to choose the next heatmap meas)
Previous Measurement Prec Measurement Click to choose the preceding heatmap
Alternative Color Color for the Alternative Color mode.
5 [optons
Population Selection Mode  [] Off If checked, only populations selected in
< >
Cancel Help Default
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SelectCD14 for the Heatmap Measurement.
One population is red, probably the monocytes.

TemplateModel.gs

HM: CD14

SelectCD16 for the Heatmap Measurement.

Edit Graphic Options

General Cen-se’
Name Value Descripti
Auto Size [ o Check to have the system try to find the
Dot Size 2,00 Choose the appropriate dot size in poin
Show All Dots On Check to show all dots.
MNumber 10000 Enter the specific number of dots to dis|

Intensity Heatmap ~ | Choose the desired color scheme for Ce
Iick to choose a heatmap measureme
MNext Measurement Tlick to choose the next heatmap meas
Prec Measurement

Alternative Color - Color for the Alternative Color mode.

[options
O of

£ >

Color Scheme
Heatmap Measurement
Mext Measurement

Previous Measurement Click to choose the preceding heatmap|

Population Selection Mode If checked, only populations selected in

Cancel Help Default

The CD16 events are likely neutrophils, which would explain the large fraction of events in

this population.

TemplateModel.gs HM: CD16
o

D4 T.5tg3)

Cen-se2

Cen-sel

SelectCD19 for the Heatmap Measurement.

Edit Graphic Options

General Cen-se'
Mame Value Descripti
Aute Size O off Check to have the system try to find the
Dot Size 2.00 Choose the appropriate dot size in poin
Show All Dots On Check to show all dots,
Mumber 10000 Enter the specific number of dots to dis

Intensity Heatmap | Choose the desired color scheme for Ce

ckto choose a heatmap measuremel

MNext Measurement %k to choose the next heatmap meas
Prec Measurement
Alternative Color Color for the Alternative Color mode.
O off

< >

Color Scheme

Heatmap Measurement
Mext Measurement

Previous Measurement Click to choose the preceding heatmap,

Populaticn Selection Mode If checked, only populations selected in

Help Default

One of the CD19 positive populations is probably B cells.
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=

Edit Graphic Options

General Cen-se'

Tutorials

Mame

Auto Size
Dot Size
Show All Dots

Number

Color Scheme
Heatmap Measurement
Next Measurement
Previous Measurement

Alternative Color

Population Selection Mode

Value Descripti
O o Check to have the system try to find the
2.00 Choose the appropriate dot size in poin
On Check to show all dots,
10000 Enter the specific number of dots to dis|
[Coloing
Intensity Heatmap * Choose the desired color scheme for Ce
_ lick to choose a heatmap measuremel
| Next Measurement | k to choose the next heatrnap meas|
Prec Measurement Click to choose the preceding heatrmap)
Color for the Alternative Color mode.

[ off If checked, only populations selected in

>

Cancel Help Default

The Intensity Heatmap is a great way to explor e and verify populations in the Cen-se plot.
Set Color Scheme back to Summary Map Colors , and click OK.

Exploring Unknowns with Cen  -se’

We have seen how colors and labels from the template model can enhance the Cen-se' plot.
We can also use the Cense' plot to explore populations in the template model. This tight
integration of Cen-se' and the Probability State Model is unique to GemStone and may be one

of its most powerful features . Let's try it out.

Select the Ellipse Region tool in the Cen-se toolbar on the right side of the Cen-se plot.

T:5tg 3
e

4T:Stgd
0.57%

LAV P E

-
. E1
T: 5tg2
14% .
LY
3Testtl [

Draw an elliptical region around the population we identified as CD14+.
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TemplateModel.gs

CD8 T:Sip2|

] “R1 752

_pfﬂivents: 192882 me 18 TP: 1 #It: 750 t Dist: {}On NN Size: 20%Theta: 0.5 Prob Mult 12 DI: 1
T T T T [ T T T T [ T T T T [ T T T T T T T

-10 0 10 20
Cen-sel

Right-click inside the region and choose Show Region Animation

jors| 109%]

Edit Region Label...
“  Show Resize Handles

10 Show Region Vertices
Cen-sel

Show Region &imﬂﬁun

Show Region Qatliers Animation

T3 Bring To Front
"5 Send To Back

Click the Cell Types tab and select the Other Events cell type.

@ oOther & cpat @ cpsT D Nk
Report FCS File Cell Types Maps
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The Other Events cell type displays events that are not included in any of the other cell types
defined in the model template.

You may need to scroll the cell type window so that you can see the upper left corner.
Right-click the first plot and choose Expan d This Plot .

Dther Events 16-color_1.fcs

[ —

-

o % Suggested Expression Profiles., * h
— D3 [Sugges Choose Expression Profile... r

o O Auto Fit EP
(=
L = ..
o Reszet to Initial Values |

Update Initial Values

o
é :_ ; Edit Expression Profile... !

e e ] Edit Graphics...
. Edit Frame...

Delete H

=]
=" b Show Unclassified ﬂ
U - L]

- . Show Peak Tracks —
©o Copy
B . = ¥ = Save.., "

The dots that are blinking are the ones you surrounded on the Cen-se plot with the region.
You can see that CCR7 is negative to dim for those events.

Use the Page Do wn key (PgDn) on the keyboard to view the next measurement,
CD3. Most of the blinking events are negative for CD3.
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Other Events 16-color_1.fcs 0.000%
8
o
| @
T 2
L
=
e
S 3
J L *
o . .
&
o L
= 3 e L d
] L
2 ] B

Page down until you find CD14 . Note that most of the blinking events are positive for CD14.
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10"

CcD14

EY ® o s ®
. * 3 ® [
1,.° 2ev°ef Me ge¢

Page down until you come to CD38. Notice that it is also positive.
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10°
IIIII|
L

CD38

104

-10*

Page down to HLA DR. Note that this marker is positive for the animating events.
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Other Events 16-color_1.fcs 0.000%
a
a

] L ® *

4 L]

° .
&
= o ¢

10%

HLA DR

104

Ll
»

%

L ]

L
a®

-0

The phenotype of these blinking events, CD3- CD14+ CD38+ HLA DR+, points to this
population being the monocytes. Using this information, you could use the Cell Type Wizard
to create a new cell type for monocytes.

Return to the Cen-se' plot by selecting the Reports tab and choosing the Cen-se page.

Move the region to the smaller population near the monoc ytes. This was CD19+ in the
Intensity Heatmap, so it may be the B cell population.
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TemplateModel.gs

o
[}

CD4 T:5tg1
. 2.80%
o |
i CD4 T:5tg2|
i 4.48%
‘% =7 CD8 T: 5ig2
s | Nk | 1A
s .
8 ] 1.90%
o CDB T:51g1
- 1.06%

BE vents: 192882 me 18 TP 1 #it: 750 1 Dist: On NN Size: 200 Theta: 0.5 Prob Mult 12 Dl 1
T T T T T T T T | T T T T T T T T T T T T
-10 0 10 20

Cen-sel

Return to the Other Event s cell type by selecting the Cell Types tab and choosing Other
Events .

Find CD38 and use the Expand This Plot command.

Note that all intensities of CD38 are blinking. Naive B cells express CD38, and CD38 is down
regulated as B cells mature.
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10%

CD38
104

10

Expand the CD19 expression profile.

Consistent with B cells, the bright CD19 events are blinking, along with some dim CD19
events.

10°

CD19

104

-10*

III|| |IH_HIII|
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Finally, expand the HLA DR plot and notice the bright HLA DR events are animating. This
confirms that this is the B cell populatio n.

10°

10%

HLA DR

104

-10°

Back on the Cense plot, right-click the R1 region and choose Show Region Animation
again to toggle the animation off.

Using region animation, you can identify the key markers for unknown events that cluster
together in Cen-se'. Often the markers will point to a known cell type that has not yet been
created in the template model.

Save your Work

It is time to save the enhancem ents to our model template. Before saving, switch back to the
Report tab, display the CD4 T report page, and scroll it t o the position you want to appear
when this template is used. The template will remember this view when it is saved.

Click Save in the Template section of the Develop tab on the ribbon.
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