
Flow cytometry data-Analysis 
and Visualization
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Challenges in analyzing high-dimensional 
data

• Historically

• Manual gating pitfalls-subjective, time consuming, will not work 
for high-dimensional data) 

• Histograms and biaxial plots are almost impossible for high 
parameter flow cytometry.

• Supervised vs semi-supervised vs unsupervised

manual gating

histograms and biaxial 
plots



https://www.chugcytometry.com @chugcytometry ChUG Cytometry

Bendall et al., Trends Immunol. 2012 Jul; 33(7): 323–332.
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Supervised, useful for hypothesis testing

- manual gating
- visual QC with 2 and 3D plots
- Abundance, MFI, statistics etc.

Unsupervised, approach is better suited for exploratory analysis and hypothesis-generating 
experiments
- Dimensionality reduction
- Clustering
- HeatMaps

With well designed multi-parameter panel of antibodies this two approaches can be combined in one 
experiment. We postulate that most experiments would benefit from dual approach and will be 
demonstrated today.

Supervised vs unsupervised vs semisupervised
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The Best Data Analysis Approach Depends on Your Experiment

Can I analyze 
hundreds of samples 
quickly?

How can I discover all 
possible populations 
in my samples?

• Report defined population 
abundance 

• Report marker intensity endpoints 
for user specified populations

Week 3

Responders & 
Non-Responders

Treated
population

• What previously unkown cellular 
subset exist in the sample?

• Which specific biomarker(s) 
differentiate the two groups?

Week 1 Week 2

Slide courtesy of Cytobank, Beckman 
Coulter
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Some of the common platforms

Learning curve

Flexibility
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Computational 
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Cloud based analysis vs Desktop based 

• Easier management of large data
• Easier sharing of data and analysis
• Data is secure
• Cloud computing
• Desktop- Comfort Zone
• Need high-efficiency computer
• Most likely resort to the cloud for data sharing
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Experiment outline
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Antibodies donated by:
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Antibodies donated by:

I would be happy to offer a one-time 50% promo valid for 2 
weeks (excluding OptiBuild) to help academic researchers They 
would just need to reach out to me directly for a quote.

Shari Sanders
Research Reagent Specialist 
Single Cell Multiomics (scM) 
BD Biosciences
2350 Qume Drive
San Jose, California, 95131-1807
mobile: 331-302-6716
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Antibodies donated by:
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Antibodies donated by:

I am happy to let you know I was able to create a promotion 
that will give all ChUG attendees 50% off all Flow Antibodies 
and Reagents (comp beads, Live/Dead Dyes, Molecular Probe 
Dyes, etc…) and this promotion will extend until December 
15th, 2022 Emily Hennessy

Technical Sales Specialist
Flow Cytometry Reagents
MN, WI, IA, IL, MI, IN
Thermo Fisher Scientific
Mobile +1 978-766-9552
Emily.Hennessy@Thermofisher.com

https://mail.uchospitals.edu/owa/UrlBlockedError.aspx
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Antibodies donated by:

Yes! 50% off the first three StarBright antibodies per customer until the end of this year, and I 
will do 50% off any other flow antibody for the rest of the year (up to three per customer). They 
are welcome to reach out to me directly and you are welcome to provide them with my 
contact information.

Don Boyer
Senior Account Executive | Cell Biology
Southeast and Midwest Regions
Bio-Rad, Inc.
Email: Donald_Boyer@Bio-Rad.com
Cell: (510) 806-5779

mailto:Donald_Boyer@Bio-Rad.com
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Using this data set we may be able to:

- Evaluate different analysis methods

- Observe, quantify and correct batch effect

- Take a closer look at spectral unmixing methods

- Compare data from different instruments
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Computational Cytometry Data Analysis Workflow for Cytobank

viSNE,
tSNE-CUDA, 

opt-SNE, 
UMAP

Data 
Acquisition

tSNE1

tS
N

E2

tSNE1

tS
N

E2

viSNE 
Overlay

Pre-gate
(optional)

Memory 
CD8 T cells

QC and 
clean up

SPADE, 
FlowSOM, 
CITRUS

Experiment set-
up & data 
acquisition

Compensation, 
scaling, QC & 

clean up

Pre-gate 
population of 

interest

Exploratory 
data analysis

Clustering & 
ID significant 

subsets
Visualization
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Preprocessing supervised unsupervised

Clustering

Dimensionality reduction
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Preprocessing
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Compensation
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Scaling - aka transformation
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Scaling - aka transformation
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Scaling - aka transformation
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Automated methods that can identify and remove artefacts generated during data acquisition (clogs, drastic flow rate changes, out of range signal)

Data cleanup
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3 cleanup algorithms were run (all default settings) on our data set (20 files from Aurora) for 
comparison purpose.

https://doi.org/10.1002/cyto.a.24501

https://doi.org/10.1093/bioinformatics/btw191

https://doi.org/10.1002/cyto.a.24670

FlowAI (12min) flowCut (36min) PeacoQC (11min)
PBMC Stim 7.39 0 3.30
PBMC Unstim 14.6 2.48 13.26
PBMC Stim exp2 10.27 0.05 4.60
PBMC Unstim exp2 9 0 5.64
PBMC Stim_exp3_1 6.28 0 3.28
PBMC Stim_exp3_2 6.47 3.8 5.27
PBMC Stim_exp3_3 4.89 0.05 4.48
PBMC Unstim_exp3_1 8.59 0 7.56
PBMC Unstim_exp3_2 8.16 0 8.30
PBMC Unstim_exp3_3 8.38 0 6.64

% of rejected events

Gating = cleanup too

Data cleanup
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supervised
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Supervised, gating
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What aspects of reproducibility are cytometrists
most concerned about? [multi-select]

0 50 100 150 200

Variation in staining reagens

Variations in staining procedures

Variation in sample background

Inconsistency from manual gating

Comparing data across different
instruments

Instrument settings across
experiments/users

Source: 
- 2019 Flow and Mass Cytometry User Survey, >300 

participants

Manual gating is a concern!
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• Automate the gating process to 
reduce intra- and inter-operator 
variability.

• Eliminate time spent on repetitive, 
manual tasks, to focus result 
interpretation and the generation of 
novel insights.

Cytobank v10 has recently added a new Automatic gating feature

Cytobank Automatic 
gating is trained on your 
panel and gating strategy

Share your Cytobank 
Automatic gating model 
easily with other users

Complete gating in less 
than one minute per 
sample*

* For files with 300 000 events, 19 parameters and 42 populations. 
Performance dependent on gating strategy and file size.

Slide courtesy of Cytobank, 
Beckman Coulter
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Subsampling/Downsampling
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Dimensionality reduction

unsupervised
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Common approaches to 
dimensionality reduction-
• viSNE/tSNE- non-linear dimensionality reduction algorithm developed 

based on Stochastic Neighbor Embedding-similar objects are modeled by 
nearby points and dissimilar objects are modeled by distant points with 
high probability

• tSNE-CUDA- GPU accelerated t-distributed stochastic neighbor 
embedding, faster computational time

• UMAP- Uniform Manifold Approximation and Projection for Dimension 
Reduction, models the underlying pattern of a dataset using a topological 
framework

• opt-SNE- Can produce superior dimensionality reduction results than the 
original t-SNE algorithms
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Fast Dimensionality Reduction: How To Choose?

v UMAP can generate islands that are distance from each other and dense, therefore, it might be more clear than a tSNE map 
for samples with few events

v tSNE-CUDA islands are bigger, less compact, the points are more spread out and don't overlap each other as much as 
UMAP. It will be easier to discriminate subpopulations within the tSNE-CUDA islands than the dense UMAP islands

v Distance between islands in UMAP is meaningful while it’s not for the tSNEs maps

v tSNE-CUDA might be a fast option to explore large datasets working well with default settings BUT if you want to be able to 
include the seed for your run in your paper, then you need to use opt-SNE 
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The good and the bad...
Advantages of Dimensionality Reduction
• Data compression and better visualization
• Reduces time of analysis
• Allows automation, identification of unique 

populations, biomarker discovery and predictive modelling to 
correlate with clinical outcome.

Disadvantages of Dimensionality Reduction
• Potential data loss
• Requires either a good code writer or potentially expensive software
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Multiparameter data analysis 
Tools/algorithms 
Dimensionality reduction
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Multiparameter data analysis 
Tools/algorithms 
Dimensionality reduction

Opt-SNE: https://doi.org/10.1101/451690
UMAP: https://arxiv.org/abs/1802.03426
EmbedSOM: https://doi.org/10.12688%2Ff1000research.21642.2
TriMap: https://arxiv.org/abs/1910.00204
Isomap: https://doi.org/10.1126/science.290.5500.2319
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Experiment outline



https://www.chugcytometry.com @chugcytometry ChUG Cytometry

88.3%
lymphocytes

FSC-A

SS
C-

A

Unfiltered
PBMC Unstim.fcs

0.0 1.0M 2.1M 3.1M 4.2M
0.0

1.0M

2.1M

3.1M

4.2M

96.6%
singlets

FSC-A

FS
C-

H

lymphocytes
PBMC Unstim.fcs

0.0 1.0M 2.1M 3.1M 4.2M
0.0

1.0M

2.1M

3.1M

4.2M

52.8%
CD45+, live

NovaBlue 610-A | CD45

LI
VE

 D
EA

D 
Aq

ua
-A

 |
 Li

ve
/D

ea
d

singlets
PBMC Unstim.fcs

0 10³-10³ 10⁴-10⁴ 10⁵ 10⁶

0

10⁴

-10⁴

10⁵

10⁶

71.8%
CD3+

NovaBlue 660-A | CD3

BV
71

1-
A 

| 
CD

20

CD45+, live
PBMC Unstim.fcs

0 10³-10³ 10⁴-10⁴ 10⁵ 10⁶

0

10³

-10³

10⁴

-10⁴

10⁵

10⁶

Supervised, gating

SBV570 CD27
BV785 CD8a
BB515 CD35
PE TCRa/b
PE-CF594 CD56
PE-Cy7 CD38
APC CD4
APC-R700 CD25
APC-Fire750 CD62L

BUV395 CD11b BB515 CD35
BUV496 CD16 NB610 CD45
Live/Dead AquaViabilityNB660 CD3
BUV737 IgD PE TCRa/b
BUV805 CD14 PE-CF594 CD56
BV421 CD66b PE-Cy7 CD38
SBV570 CD27 APC CD4
BV605 IgM APC-R700 CD25
SBV670 CD19 APC-Fire750 CD62L
BV711 CD20
BV785 CD8a



https://www.chugcytometry.com @chugcytometry ChUG Cytometry

54.3%
CD27

StarBright570-A | CD27

No
va

Bl
ue

 6
60

-A
 |

 C
D3

PBMC Unstim.fcs

0 10³-10³ 10⁴-10⁴ 10⁵ 10⁶

0
10³

-10³

10⁴

-10⁴

10⁵

10⁶

41.2%
CD8

BV785-A | CD8a

No
va

Bl
ue

 6
60

-A
 |

 C
D3

PBMC Unstim.fcs

0 10³-10³ 10⁴-10⁴ 10⁵ 10⁶

0
10³

-10³

10⁴

-10⁴

10⁵

10⁶

6.2%
CD35

BB515-A | CD35

No
va

Bl
ue

 6
60

-A
 |

 C
D3

PBMC Unstim.fcs

0 10³-10³ 10⁴-10⁴ 10⁵ 10⁶

0
10³

-10³

10⁴

-10⁴

10⁵

10⁶

86.7%
TCRab

PE-A | TCRab

No
va

Bl
ue

 6
60

-A
 |

 C
D3

PBMC Unstim.fcs

0 10³-10³ 10⁴-10⁴ 10⁵ 10⁶

0
10³

-10³

10⁴

-10⁴

10⁵

10⁶

21.5%
CD56

PE-CF594-A | CD56

No
va

Bl
ue

 6
60

-A
 |

 C
D3

PBMC Unstim.fcs

0 10³-10³ 10⁴-10⁴ 10⁵ 10⁶

0
10³

-10³

10⁴

-10⁴

10⁵

10⁶

19.3%
CD38

PE-Cy7-A | CD38

No
va

Bl
ue

 6
60

-A
 |

 C
D3

PBMC Unstim.fcs

0 10³-10³ 10⁴-10⁴ 10⁵ 10⁶

0
10³

-10³

10⁴

-10⁴

10⁵

10⁶

55.5%
CD4

APC-A | CD4

No
va

Bl
ue

 6
60

-A
 |

 C
D3

PBMC Unstim.fcs

0 10³-10³ 10⁴-10⁴ 10⁵ 10⁶

0
10³

-10³

10⁴

-10⁴

10⁵

10⁶
10.2%
CD25

APC-R700-A | CD25

No
va

Bl
ue

 6
60

-A
 |

 C
D3

PBMC Unstim.fcs

0 10³-10³ 10⁴-10⁴ 10⁵ 10⁶

0
10³

-10³

10⁴

-10⁴

10⁵

10⁶

5%
CD62L

APC-Fire 750-A | CD62L

No
va

Bl
ue

 6
60

-A
 |

 C
D3

PBMC Unstim.fcs*

0 10³-10³ 10⁴-10⁴ 10⁵ 10⁶

0
10³

-10³

10⁴

-10⁴

10⁵

10⁶

*CD62L expression pattern seems to be incorrect, new antibody the same pattern but 
titration on fresh PBMC ok, Possible that freeze/thaw cycle affect CD62L expression
https://doi.org/10.1016/s0022-1759(03)00202-3

Supervised, gating
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opt-SNE
Modified version of t-SNE that enables high-quality embeddings in the optimal amount of compute time without having 
to tune algorithm parameters.
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Can we see the difference in our experimental 
model using this tools?



https://www.chugcytometry.com @chugcytometry ChUG Cytometry

optsne_1

op
ts

ne
_2

3 Files Unstimulated

-91 -46 -1.8 43 87
-88

-45

-1.8

41

84

APC-A | CD4

0

10³

-10³

10⁴

-10⁴

10⁵

optsne_1

op
ts

ne
_2

3 Files Stimulated

-91 -46 -1.8 43 87
-88

-45

-1.8

41

84
APC-A | CD4

0

10³

-10³

10⁴

-10⁴

10⁵

Yes, we can!



https://www.chugcytometry.com @chugcytometry ChUG Cytometry

Clustering

unsupervised
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Clustering

• Dividing the population or data points into groups where data 
points in the same groups are more similar to other data points 
and dissimilar to the data points in other groups.
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Clustering
• SPADE=Spanning-tree Progression Analysis of Density-normalized Events

-clusters phenotypically-similar cells into a hierarchy that allows high-
throughput, multidimensional analysis of heterogeneous samples.

• FlowSOM= analysis and quality of clustering with Self-Organizing Maps (SOMs)
-Quicker analysis, clusters cells based on chosen  markers

CITRUS=algorithm developed to automatically find stratifying signatures from 
within a data set to explain differences between multiple groups of samples 
(responders vs non-responders). Very useful for human studies with a high number 
of experimental samples.
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Some references-
• Toward deterministic and semi-automated SPADE analysis-Cytometry A. 2017 Mar; 91(3): 281–289.

• viSNE enables visualization of high dimensional single-cell data and reveals phenotypic heterogeneity 
of leukemia-Nat Biotechnol. 2013 Jun; 31(6): 545–552.

• Analyzing high-dimensional cytometry data using FlowSOM-Nature Protocols volume 16, pages3775–
3801 (2021)

• A Beginner's Guide to Analyzing and Visualizing Mass Cytometry Data 2018 Jan 1;200(1):3-22. doi: 
10.4049/jimmunol.1701494

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=28234411
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=23685480
https://www.nature.com/nprot
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Advantages vs limitations for clustering 

Individual cells are not displayed, only clusters are.

No automatic methods to determine the number of clusters and meta-
clusters based on the individual panel. It is user-defined and often 
needs to be optimized by a couple of runs
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Clustering is like gating 
but for multidimensional
data set



https://www.chugcytometry.com @chugcytometry ChUG Cytometry

Clustering 
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Clustering with FlowSOM

DOI: 10.1002/cyto.a.22625

Uses Self-Organizing Map
Allows to set seed
Reproducible 
Fast
Works with large number of events and samples
Outputs clusters (~overclustering) and metaclusters
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Clusters and metaclusters

DOI: 10.1002/cyto.a.22625

Minimal spanning tree

Metaclusters
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Clustering, allows us to derive multiple statistics for 
different populations
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Clustering, individual clusters visualization (couple clicks in OMIQ)
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Clustering, focus on cluster 8 and 9
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How many 
clusters to pick?
30 Clusters with 
Phenograph
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Clusters heatmap, results from OMIQ for advanced statistics (MFI)
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Clusters heatmap results from OMIQ for advanced statistics (Abundance)
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Can we identify differences 
between batches?
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Unstimulated       Stimulated

Week1

Week2

Week3

10 Samples

20 data files
10- unmixed with new set of 
reference controls for each “week” 

10- unmixed using reference 
controls recorded in library on week1

Aurora - Unmixing 2x
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tSNE and Clustering overtime
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tSNE and Clustering overtime
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tSNE and Clustering overtime
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Instruments comparison, sensitivity
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BD Cell Sorter Symphony S6 Data (compensation matrix generated in OMIQ)

Week1 Week2 Week3
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Panteon Data (compensation matrix generated in OMIQ)

Week1 Week2 Week3

Symphony S6 – is comparing cell sorters to analyzers fair?  
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Symphony S6 – is comparing cell sorters to analyzers fair?  



https://www.chugcytometry.com @chugcytometry ChUG Cytometry

Library vs experiment reference controls unmixing analysis, Unstimulated samples:
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Library vs experiment reference controls unmixing analysis Unstimulated samples:

LibraryExperiment
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Normalization

Data normalization refers to the process of transforming variables to fit a limited range of values and create consistency between samples. 
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Normalization in OMIQ

https://doi.org/10.1002%2Fcyto.a.20823
https://doi.org/10.1002%2Fcyto.a.23904
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normalization
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Mean %CV
CD27 MFI 6147.8 74.9
CD8 MFI 2705 90.3
CD35 MFI 1295 35.8
TCRab MFI 47323.6 14.3
CD56 MFI 390.6 40.1
CD38 MFI 980.4 15.1
CD4 MFI 21625.6 172.4
CD25 MFI 169.56 52.0
CD62L MFI 853.4 7.8
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Mean %CV
CD27 MFI 6147.8 74.9
CD8 MFI 2705 90.3
CD35 MFI 1295 35.8
TCRab MFI 47323.6 14.3
CD56 MFI 390.6 40.1
CD38 MFI 980.4 15.1
CD4 MFI 21625.6 172.4
CD25 MFI 169.56 52.0
CD62L MFI 853.4 7.8
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not_normalized fda_norm gauss_norm cytonorm1 cytonorm2
Mean %CV  Mean %CV  Mean %CV  Mean %CV  Mean %CV

CD27 MFI 6147.8 74.9 1.646 37.4 1.712 35.5 1.646 38.2 1.674 35.2
CD8 MFI 2705 90.3 1.4028 49.9 1.416 50.5 1.453 50 1.4784 53.7
CD35 MFI 1295 35.8 0.6758 7.5 0.6728 6.4 0.63 19.3 0.615 25.7
TCRab MFI 47324 14.3 3.908 1.2 3.926 1.1 3.76 2.9 3.814 1.7
CD56 MFI 390.6 40.1 0.2642 67.7 0.1424 130.8 0.303 60.7 0.2668 38.3
CD38 MFI 980.4 15.1 0.447 17.8 0.4998 10.4 0.462 22.7 0.4704 10.2
CD4 MFI 21626 172.4 2.752 39.7 0.8396 180.1 2.122 72.8 2.0702 74.6
CD25 MFI 169.56 52 0.2368 10.9 0.2086 12.7 0.203 39.1 0.1771 48.1
CD62L MFI 853.4 7.8 1.2066 15.1 1.2014 15 1.368 10.6 1.308 5.8
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Normalization
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Normalization
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Normalization
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