Advanced flow cytometry
data analysis with
FlowJo™ v11 Software

A detailed overview of the full workflow to analyze
high-dimensional flow cytometry data using
advanced features in FlowJo™ v11 Software

Flow cytometry data often contains numerous parameters, making it
challenging to visualize and interpret. Algorithmic tools can help improve
and enhance the characterization of such complex data. FlowJo™ Software is
a leading solution for single-cell flow cytometry analysis, offering a suite of
machine learning tools that accelerate discovery, deepen insights, automate
workflows and enable more objective data exploration.

Let’s see how you can investigate all the information available in your
experiment in a few steps using tools that are built into FlowJo™ v11 Software.
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Flowlo™ Software data analysis workflow

Drag-and-drop files into the sample pane or click Add Samples. FlowJo™ Software performs best if data is accessed from a local
hard drive to avoid latency and disconnection issues.
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Step 1: Data preprocessing

The steps below prepare your files for high-dimensional analysis by adding categorical information to support comparisons,
organizing parameters for clarity and removing technical artifacts from your data that could lead to misleading results.
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Parameter management

Edit Fluorochrome and Stain names in the Parameters tab to correct typos or align parameter labels across data sets. Group desired
parameters into Parameter Sets for quick access.

If your algorithmic workflow focuses on a subset of many parameters, simply selecting your desired set each time parameters are
required can significantly streamline the process and save a lot of time.
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Overlay of Bad Events and Good Events over Time.

Quality control (QC) of data is an important step in your  |®
analysis workflow, especially when many parameters are
measured and manually inspecting every combination
of parameters would be tedious. Issues at the cytometer
can introduce technical outliers into your files, lowering el - =
the quality of the data. Use the onboard QC check iy

in FlowJo™ v11 Software, modeled after FlowAl, to f

automatically inspect your files and remove time-based il
abnormalities. The algorithm checks for irregularities 5
in flow rate, signal stability and dynamic range. Review

the visual report to see which “bad events” events were
removed, then continue your downstream analysis on

the “good events” subpopulation which is automatically — «
added to your gating hierarchy. ‘
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Compensation or Unmixing

Correct for spillover using the Compensation Wizard. The Wizard will assign controls to specific parameters, auto-gate the data and
provide both 2D plots and spectral signatures for you to ensure accuracy.

Use the Preview tab to review your matrix and the associated quality metrics such as spillover spread and cosine similarity.

To improve high-parameter compensation or unmixing, AutoSpill is a built-in feature that uses robust linear regression to calculate
spillover coefficients. It automates gating and eliminates a key step in the compensation workflow, while iteratively refining results for
optimal accuracy.

New to Flow]o™ v11 Software is the Correction Matrix, a tool used to correct unmixing matrices by applying a direct parameter-
parameter adjustment, greatly improving on the parameter-detector adjustment necessary to adjust spectral matrices currently. For
more information, see our Correction Matrix documentation. https://flowjo.com/docs/flowjo11/compensation-and-unmixing-2/
correction-matrix)

Transforms

Expand or compress data on

a graph to enhance the visual
separation of cell populations; a
crucial step in advanced workflows.
Dimensionality reduction and
clustering tools rely on this
transformed data to form islands

or identify distinct cell clusters. }& ]l. }é‘ ‘ Z

Plots before Transform Plots after Transform

The algorithm interprets the data as it appears to you. Use the ‘T’ button or the Transforms property to select a scale, adjust axis
ranges and tailor the visualization space for parameters that will be used in downstream algorithms.


https://flowjo.com/docs/flowjo11/compensation-and-unmixing-2/correction-matrix

Doublet and debris removal

Continue with manual removal of irrelevant events such as
debris, doublets and dead cells. Apply appropriate gating
strategies to define specific cell populations of interest to be
used as inputs for dimensionality reduction and clustering.
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Step 2: Dimensionality reduction

Dimensionality reduction techniques can help simplify data while preserving their essential characteristics. These methods allow
effective visualization of complex datasets and aid in identifying patterns within the data. Reduce the dimensionality of the data for
easy visualization with t-SNE and UMAP, built into FlowJo™ v11.2 Software, and add a third layer of information by using the
heatmap statistic function.

t-SNE

Generates new parameters that are optimized in such a way that data
points that are close to one another in high-dimensional space are
plotted close together in the low-dimensional data space created via the
t-SNE parameters.

UMAP

Simplifies high-dimensional cytometry data into an intuitive 2D map. It
organizes cells based on similarity, bringing related populations close
together while keeping distinct populations separate.

Virtual concatenation

Merging multiple samples allows them to be computationally analyzed
together and directly compared. Rather than create a new concatenated
file, FlowJo™ v11 Software creates Virtually Concatenated Populations
(VCP) with the click of a toggle, which allows clustering or dimensionality
reduction to be run on an entire experiment, while preserving the ability
to view the results on the individual samples.

Step 3: Clustering analysis

Clustering allows you to identify populations in your samples
without manual gating by grouping cells into distinct clusters
based on the similarity of their features. Common clustering
algorithms include Self-Organizing Maps (SOM), partitioning
algorithms and density-based clustering. This can be applied
as a complete gating analysis or as a means of identifying
subsets within manually gated high-level populations.

Automate population identification in FlowJo™ v11
Software using X-Shift or/and FlowSOM, both fast and
high-performing clustering algorithms designed for the
discovery of rare cell populations.




Mapping clusters to a phenotype is essential to completing an analysis. There are multiple tools in FlowJo™ Software to help you
interpret clusters and drive biological insights. Examples are View by Parameter or Heatmap Color Axes in the Graph Gallery.

New in Flow]o™ v11.2 Software, Cluster Explorer
provides a fast, intuitive way to visualize and
interpret clustering results. By automatically
displaying dimensionality-reduced parameters
and clustering results together with bar charts and
line trace plots, you can quickly identify the most
interesting clusters in your data. For deeper cluster
annotation and phenotypic analysis, FlowJo™
v11.2 Software results can be exported to Flow]o™
v10 Software, where additional tools such as
Marker Enrichment Modeling (MEM) are available.
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Step 5: Comparison

Comparing distributions of data is an
important goal in many applications.
Numerous experiments are designed
to test whether two populations are
statistically significantly different.
Create a list of statistics in Tables to
visualize them in Charts and perform
tests for statistical significance.

Visualizing flow cytometry data is essential for interpreting results and communicating findings effectively. Many of the tools described
thus far include graphical outputs to assist in this. Additionally, the integrated Image Wall allows you to visualize images of cells
collected on the BD FACSDiscover™ S8 Cell Sorter and BD FACSDiscover™ A8 Cell Analyzer.

Embracing advanced data analysis techniques will help you extract meaningful insights to drive scientific discoveries.

This data analysis workflow described here serves as a general guideline, and specific analysis strategies may vary depending on
research objectives and data characteristics.

If you have any further questions or require assistance with your flow cytometry data analysis, our team of experts is always here to
support you. Happy analyzing!



Resources

e Webinars: https://flowjo.com/learn/webinars

e FlowJo University: https://www.flowjo.com/learn/flowjo-university/flowjo-v11
e Documentation: https://www.flowjo.com/docs/flowjo11

e Try Flow]o™ Software for free: https://flowjo.com/flowjo/free-trial

¢ FlowJo newsletter: https://www.flowjo.com/newsletter

e FlowlJo Support: https://www.flowjo.com/contact

e Introduction to FlowJo™ Software brochures: https://flowjo.com/learn/marketing-materials

BD flow cytometers are Class 1 Laser Products.

For Research Use Only. Not for use in diagnostic or therapeutic procedures.
BD, the BD Logo, BD CellView, BD FACSDiscover and FlowJo are trademarks of
Becton, Dickinson and Company or its affiliates. All other trademarks are the

property of their respective owners.
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