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Spectral Flow Cytometry is amazing!!!

4 Capable of resolving remarkably similar
fluorophores — increased number of
markers per panel compared to
conventional flow cytometry (CFC)

U Allows for rapid acquisition of millions of
events in a few minutes — typically
greater number of acquired cells per
sample compared to mass cytometry (MC)

4 Spectral Flow Cytometry (SFC) datasets
have an unique combination of width and

depth compared to preceding technologies

OOOOOOOOOOOOOO
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Spectral Flow Cytometry is amazing!!!

~ Able to efficiently acquire greater number
of cells — more thorough profiling of rare
cell subsets

>~ Build one panel, evaluate multiple cell
types — invaluable for studies with

limited biospecimen

> Expand our knowledge about immune
system heterogeneity
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Trade-off: Increasing analytical complexity

2 If you are only interested in a single
population of cells — analysis process
remains essentially unchanged (manual
gating with a few more gates)

@ If your goal is to characterize all cell " —p
populations that may be present — 4 ’32_ ";\b"':
@ the breadth and depth of the datasets = y
complicate the analysis % &
JDER
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Complex Datasets: Combinatorially Exponential Clusters
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O If for a given marker in your panel, you split the
cells into positive and negative populations

O And this splitting process was repeated for every
marker in your panel

O And at the end, we grouped cells that only
expressed the same markers

° “GI'OUPS” Per p anel — 2Nurnber of Fluorophores
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Complex Datasets: Combinatorially Exponential Clusters
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O If for a given marker in your panel, you split the
cells into positive and negative populations

O And this splitting process was repeated for every
marker in your panel

O And at the end, we grouped cells that only
expressed the same markers

* 9-color CFC panel - 512 groups at most
* 40-color SFC panel - 1.1e+12 groups (trillion)

* 60-color SFC panel - 1.2e+18 groups (quintillion)
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What even is a quintillion?

If I were to manually check for every combination...

60-color SFC panel - 1.2e+18 groups (quintillion)

(@]

(@]

(@]

1 gate, every 10 seconds — 6 groups/minute
60 minutes in an hour — 360 groups/hour
Awake 16 hours a day — 5760 groups/day

365 days per year — 2,102,400 groups/year

i
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What even is a quintillion?

If I were to manually check for every combination...

60-color SFC panel - 1.2e+18 groups (quintillion)

(@]

(@]

(@]

1 gate, every 10 seconds — 6 groups/minute
60 minutes in an hour — 360 groups/hour
Awake 16 hours a day — 5760 groups/day

365 days per year — 2,102,400 groups/year

i

....Not even close....
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Continuously since the Big Bang

60-color SFC panel — 1.2e+18 groups (quintillion)

(@]

365 days per year — 2,102,400 groups/year
Invent a time-machine, become immortal
13.8 billion years — 2.9e+16 groups/reality

(@]

(@)

S

-~ -"13.8'billion years ago . #.
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Continuously since the Big Bang

60-color SFC panel — 1.2e+18 groups (quintillion)

(@]

365 days per year — 2,102,400 groups/year
Invent a time-machine, become immortal
13.8 billion years — 2.9e+16 groups/reality

(@]

(@)

13 3 b||||on years ago & ....Still not enough....
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Continuously since the Big Bang

* 60-color SFC panel — 1.2e+18 groups (quintillion)

° 365 days per year —» 2,102,400 groups/year

° Invent a time-machine, become immortal
° 13.8 billion years — 2.9e+16 groups/reality

° So we need ~ 50 immortal researchers working
continuously since the Big Bang just to check all
group combinations for a single 60-fluorophore
panel .fcs file
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Continuously since the Big Bang

* 60-color SFC panel — 1.2e+18 groups (quintillion)

° 365 days per year —» 2,102,400 groups/year

° Invent a time-machine, become immortal
° 13.8 billion years — 2.9e+16 groups/reality

° So we need ~ 50 immortal researchers working
continuously since the Big Bang just to check all
group combinations for a single 60-fluorophore
panel .fcs file

1 file down, 99 more to go!
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The challenge for unsupervised approaches
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The challenge for unsupervised approaches
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The challenge for unsupervised approaches
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The challenge for unsupervised approaches
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My PhD’s focus: HIV-exposed Uninfected Infants
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Our Malawian Cohort

nal Vira Load:

Ma e detectabl®
HIV- Mother HIV+ Mother HIV+ Mother
Knew HIV Status @ Unaware HIV Status @
> ( ( Started ART @ ( Started ART ‘%
before * during
conception preghancy
_- | ) Fetal Fetal Fetal
& - Exposure: Exposure: Exposure:
A N No Virus Low Viral High Viral
1 No ART High ART Some ART
L e
. T | -'
ﬁ_“%h-l ; * |
ey - ¥ ol
5 ares HIV-unexposed HIV-exposed HIV-exposed
Wat il uninfected Infant uninfected Infant uninfected Infant
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Study Timeline

- - Infant PBMC
Maternal Enrollment Infant Enroliment Immunizations Infant PBMC 2 HIV Test
= . .
] ‘]
; i 2 1 —>
1st ANC Visit: Birth 14 9
> 20 weeks gestational age Maternal CD4 Viral Load R WEEE BiERE e Ll Months

1 1 1
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32-Fluorophore Spectral Flow Cytometry Panel

uv1
uv2 BUV395 [ cD62L | (sk1y
UV6 | |

uv7

uv9 BUVS63 CD69 (FN50)
Uv10 BUVE15 CCR4 (1G1)
V11 BUV661 V52 (B6)
Uuvi14 BUV737 D38 (HB7)
UV16 BUV205 cD4 (5K3)

V1 |

V2

V3 Pacific Blue | CD14 | (msE2) |

V3 Pacific Blue | cD18 | (s125C) |

V4 |

V5 BV480 CD161 (HP-3G10)

V6 | |

V7

V8 BV570 I CD16 |

V9

V10 BV605 CD45RA (H1100)
Vi1 BV650 cD8 (RPA-T8)
V13 BV711 Va7.2 (3C10)
V14 BV750 IFNy’ (B27)
V15 BV786 CCR6 (1149)
V16

B2 Alexa Fluor 488 FoxP3 (236A/E7)

B3 Spark Blue 550 cD3 (SK7)

B4 Spark Blue 574 cD45 (2p1) |

B6 RB613 PD1 [EH12.1)

B7

B8

B9 |
B10 RB705 | CcD26 | (M-A261)
B12

B13

B14 RB780 CXCRS (RFB2) |
YG1 PE IcOs (1SA-3)
YG2 :

YG3 |  PE-Dazzle594 | TNFa | (mAB11)
YG4 ]
YG5 PE-Cy5 | CXCR3 [ (Go25H7)
YG6

YG7 PE-Fire 700 D127 (AD19D5 )
YG8 PE-Fire 744 CD25 (M-A251)
YG9 PE-Vio 770 HLA-DR (REAB05)
YG10

R1 APC | CcD39 | (A1)

R2 Alexa Fluor 647 | IL2 | (ma1-

R3

R4 APC-R700 | €Dio7a | (H4A3) |

RS

R6 Zombie NIR L/D

R7 APC-Fire 750 cD27 (0323)

R8 APC-Fire 810 CCR7 (G043H7)
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SCHOOL OF MEDICINE

Thaw &
Rest

Antigen
Incubation

Flow
Cytometry
Staining
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4) Aliquot by
condition

.

9) Pellet

14) Resuspend
in 0.4% PFA

Xahr

5) Add antigens  6) |ncubate
(PPD, SEB, Ctrl)
Ij
- )
3 =\
L Y g, -
v
10) Viability 11) Surface
stain antibodies

[ | N
1
G
15) Refrigerate 16) Acquisition
at 4*C

7) Add Golgi

Cytek Aurora 5L

g 9 hr
8) Incubate

Transport
Inhibitors
. T .
eSS L
9 - .
\cﬂy.
12) Fix & 13) Intracellular
permeabilize antibodies

@O0



ersona Gol: No cell left behind

Repeated 3 AM thoughts

 What makes spectral flow cytometry
data amazing is both the depth and
the breadth

4 How to fully profile the entirety of
the acquired dataset, not just a single
cell population of interest

el TN i 7 ' .*. % 9
. @O0
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Previously looked at unconventional T cells

:" frontiers | Frontiers in Immunology O”“:_»Ij;u:-"l‘_’_p Maj-n differences this time around:

O Shifting from 50%-50% FlowJo
YT Cord blood innate-like —Rto increasingly more R

[m
(=]

Icell Fesponses in neonates U Targeted re-writes in Rust to

I born to healthy women and o
i women livilg with HIV speed up original R code
L 1 o T e David Rach?, Hao-Ting Hsu?, Nginache Nampota-Nkomba**,
Ofyfies e u Building around reproducibility
Paper Ancrea G. Buchwald’ Frankiin R, Toapanta’, from the start (not as an after
13 May 2025 Marcelo B. Sztein®, Miriam K. Laufer®, Kirsten E. Lyke™

27 June 2025 - . &
1 ey and Cristiana Cairo
22 Auwgust 2025
J, Hsu H-T, Nampata-Nkamba i
Mkar

L Improved Bioconductor
interoperability
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"l UNIVERSITY of MARYLAND @

SCHOOL OF MEDICINE
\



=

i

UNIVERSITY of MARYLAND
SCHOOL OF MEDICINE

Semi-supervised Pipeline

¥

1) Achisition

(Cytek Aurora 5L)

2) Unmixing Controls

(Luciernaga)

3) Unmixing

(OLS, TRU-OLS, AutoSpectral)

EO__2

4) File Checks

(PeacoQC, Flow Al, etc)

i i

5) Clean Up Gates

(FlowJo or flowWorkspace)

6) Initial Gates

(openCyto or flowMagic)

7) FlowJo .wsp

(CytoML Docker)

[R—— —
100%: —m

m%$$
0% . . §
HU HEU-lo HEU-hi

8) Major subset
Outputs

9) Subset Export

R

10) Returnto R

— & T ————
il

P
- ,/ \\ i

12) Normalization
(CytoNorm or CyCombine)

13) Clustering

lterating by Experiment

(flowWorkspace) (FlowSOM)
Coereba
5 @ 14) Dimensionality
Visualization
11 ) Coereba (UMAP or PaCMAP)
Coereba

J Bioconductor

Summarized
Experiment

15) Coereba

Iterating by Cell Subset

@O0



Pipeline: Acquisition

L= U Acquired day of staining on a 5-Laser
1) Acquisition

(Cytek Aurora 5L) CytEk AUFOFa

J Instrument flushed with 10% Contrad

2) U"”}Q&LQ%C’""O'S and Water for 20 minutes pre-use UMGCCC FCSR Plots for our
InstrumentQC 51, Aurora
U Instrument passed by both the

o UMGCCC FCSR and Cytek’s QC
N criteria immediately before acquisition

-

4) File Checks

(PeacoQC, Flow Al etc)

Historical Data Dashboard
5L Aurora How-To-Set-Up

Iterating by Experiment

= @ ©
| | UNIVERSITY of MARYLAND
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1) Acquisition of

QC bead samples
(Cytek Aurora 5L)

2) Imported
automatically to R
(flowWorkspace)

1000

Side light acatter (S5C)

R T S
e B H =2 B8

* Poward lght scamsr. 1

3) Apply and check

gates (openCyto)

Automated Daily Processing

4) Extract data
(Luciernaga)

L---

5) Calculate MFI
and %RCV for the
beads

FC3

6) Retrieve recorded
Gain and Laser data

from the keywords

7) Update Website
(Quarto)

6

GitHub

8) Transfer data to
GitHub

9) Retrieve
longitudinal data

Behind-the-scenes:

9]
(<4
ct
-
Q
£
g
O

9 Using R (and increasingly Rust) to
process the .fcs files

2 Automated transfer to GitHub via

Windows Task Scheduler

9 Our Quarto Website gets updated
twice daily via a GitHub action

@00



Dashboard

[=]
)

How-To

Instrument Quality Control Dashboard

s UMGCC FCSS  Home Historical ~

Levey-Jennings Plots ~

a
Dashboard data last updated <
on 2026-06-05

Definitions:

Pass: All gains within 100%
baseline and all RCVs <6% for 3L aL

all detectors. QC Status: QC Status:
ERS Pass

Caution: All gains within 100%
baseline, but at least one
detector had a RCV above the
>6% cutoff. Instrument
remains usable but resolution
for fluorophores on the failed
detector may decrease.

Fail: Either a gain exceeded
100% baseline, or RCVs
exceeded >6% for at least one 5L cs

indicator detector. Significant
variation and batch effects QC Status: QC Status:
Pass Pass

may occcur.

For additional information,

navigate to the Help page. v

University of Maryland, Baltimore

3L 4L

Detector Value

FSC

SSC

S5SC-B

V1

V2

V3

V4

V5

V6

471

270

129

312

331

407

249

322

282

—

cs

Gain

Status

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

History
%RCV
Value  Status

]

Help Download Data Other + © Q
A
Date 3L 4L 5L CS
2026—06-05@ NA  NA
2026*06*04@ NA S
2026-06-03 el as 11y

2026-06-02 GEHIEHEENY NA
2026-06-01 el s e |
2026-05-29 R T e T
2026-05-28 el INE NI E
2026-05-27 UEIEEEEEENY NA
2026-05-26 EEHINEHIN I

2026-05-22 SN NA

Built with Quarto. How? Find Out

B ©



Instrument Quality Control Dashboard

04

wwen (JMGCC FCSS  Home  Levey-Jennings Plots ~  Historical ~ Help Download Data Other + € Q

i

@ Please see left-sidebar for definitions Eyiek Suroes Il X

| Cytek Aurora 4L
Dashboard data for the Cytek<
Aurora 5L last updated on
2026-06-01 Yellow Cytek Aurora CS YellowGreen Red Scatter YellowGreen Red Scatter

UltraV cytek Aurora 5L UltraViolet Violet Blue UltraViolet Violet Blue

Note: Cytek QC Bead Lots Laserk IserScaling LaserPower LaserDelay LaserScaling LaserPower LaserDelay LaserScaling

BD FACSCantol Il
were switched on 12-06-2024.
MFI change on this date was BD LSR II UVvV1-Gain UV1-% rcv
expected.

| Timepoint 15001
| = After

BD FACSAria Il
First Column: MFI Median
Fluorescent Intensity (MFI)
values for QC beads acquired Before 14004
Before and After QC.
Measures stability over time.
Second Column: Gain Gain 2e+05- i 1300
(Voltage) values set for
instrument after QC. Changes
over time reflective of laser 1200
health. Third Colum: RCV 1e+05-
Percentage change of Robust
Coefficient Variation (RCV) 11004
after QC. Higher values reflect

3e+05 -

10.0

754

MFI
Gain
%rcy

5.05

2.5+

decreased resolution between 06400 - - ®
positive and negative for that
detector.

Jul 2025 Oct 2025 Jan 2026 Apr 2026 Jul 2025 Oct 2025 Jan 2026 Apr 2026 Jul 2025 Oct 2025 Jan 2026 Apr 2026

For additional information Uva-A UV2-Gain Uv2-% rcv

T I |

https://umgccfcss.github.io/InstrumentQC/Aurora5L.html# s o i Timepoint

4DD-i
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Pipeline: Evaluating Unmixing Controls

+* New unmixing controls acquired with
each experiment.
) aeskslion “* Extra specimen cells acquired as
additional unstained controls

5 1 Unmixing Controls are screened for

2) Unmixing Controls suitability for unmixing

1 Single-colors: Tandem degradation,

g and autofluorescence contamination
3) Unmixing 1 Unstained(s): Presence of multiple-

(055 TRUOLS, Adtospectal autofluorescences in lymphocyte gate

Luciernaga Luciernaga
e . Vignette
_ J Flagged unmixing controls are
%zeai:,!g e replaced with equivalents from

adjacent experimental date

Iterating by Experiment

- @O0
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Luciernaga: Individual Cell Normalized Signatures

1
f
1 |
|
A
(1
woo{ | [
H \ I L
z \ )
Eao00{ || 1y o
|| (.l
i | [ T Y
woi{ | | | LS
/ N
./ A

Identify detector
with brightest
MFI for each cell

R1-A

V7-A

Group cells with
shared peak
detectors

Subtract Out
Autofluorescence

Y
’h\\ M\
AV |

Normalize individual
cell fluorescent
signatures

|
|

|dentify peaks
using
local maxima

||||||||||

Group cells with
shared peaks &
heights

FCS

Enumerate and
export out cells that
share signature
as .fcs files

nnnnnnnnnnnnnn

Checks for tandem
degradation

Autofluorescence
Isolation

UNIVERSITY of MARYLAND
SCHOOL OF MEDICINE
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Automated tools for screening unmixing controls

0.75 1 ! " APC-
. | || Fire 810
& 050
£
= 0251

0.00 {*=*

eeeeeeeee

Autofluorescence Isolation

Normalized Values

Residual Autofluorescence

D4

SCHOOL OF MEDICINE
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Identifying degrading fluorophores

Fluorophores in good shape — one predominant
normalized signature within the unmixing control

raw .fcs file

* When the fluorophore degrades, noticeable increase
in variant signatures, making up substantial
proportion of all cells in the unmixing control

* Automated screening all acquired unmixing controls
from campus users during off-hours

D4

/

| UNIVERSITY of MARYLAND
SCHOOL OF MEDICINE

Normalized Value

1.00 ~

0.75+

o
U
o

0.25 4

0.004"
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Isolating additional autofluorescence signatures

1.00 Cluster
VT_10-UV8 04-B3_04

V7_10-UVE_04-B3_05

) S ~ This approach also works to isolate variant
S autofluorescence signatures from unstained
00 controls
jijﬁzjjjzzz * Unlike other approaches, the isolated cells share
Dmem norm alized Sign atures, OIlly dlfferlng iIl terms Of
brightness

> Return directly as an .fcs file containing just cells
with same signature for use as an autofluorescent
tag in SpectroFlo

D4
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Residual autofluorescence in dim cell single-color controls

U — N R W
>~ “As bright or brighter” — | £
* Dim antigen-fluorophore R §
combinations acquired as cell o
single-color controls often have A
residual autofluorescence 5 5

contribution to their signature

> Identifying and switching these

dim cell single-color controls to i .

bead single-color controls g o

significantly improved unmixing
for our panels e v
= Signature with Signature without

/

| UNIVERSITY of MARYLAND

SCHOOL OF MEDICINE rESidual AF residual A_F



Pipeline: Unmixing

1) Acquisition

(Cytek Aurora 5L)

+ Unmixing Method Agnostic

2) Unmmg Controls 1 Unmixing in SpectroFlo (with modified

(Lucereoe) single-color and unstained inputs via TRU-OLS TRU-OLS
Luciernaga) Walkthrough
3) Unmixing d Unmixing in R E
(Ors TrUOms Asospecred - OLS (Luciernaga using Rust)
R - TRU-OLS (via Julia wrapper) :-._i'.l r
- AutoSpectral
AL [w]

AutoSpectral Autospectral
Iterating by Experiment Walk'through

= @ ©
UNIVERSITY of MARYLAND
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Pipeline: File Checks

¥ B
1) Acquisiti :
eIz Tion ]
PeacoQC PeacoQC
Vignette

2) Unmixing Controls

(Lucieriaga)

Bl

(OLS:? 'I)Rgg_gti(olsr:egtral) E
= d Checking for fluidic or laser-related FlowAl FlowAl
- = issues in the unmixed files Vignette
4) File Checks
(Pescoac Flow i et9 > R:PeacoQC or FlowAl
» Rust: PeacoQC (thanks James!)
Iterating by Experiment y
PeacoQC
= . (c0) O ©
[ ittt in Rust




Pipeline: Manual and Automated Gating

- EyRE B

1) Acquisition | |5) Clean Up Gates : H
) (CytelSIAurora 5L) ()FlowJo or ﬂowv\ri)orkspace) E ||
tlowGate flowGate
Walkthrough
2) Unmixing Controls | | 6) Initial Gates
(Lucierfiaga) (openCyto or flowMagic)

. ' Doublets, Debris, Dead cell
% cleanup (in R or FlowJo)

3) Unmixin 7) FlowJo .wsp ; -
(OLS,'I)'RUOLS, AuioSpe%tral) ) (CytoML Docker) H Automated Gatlng for OpenLytO
o i [a—— major cell subsets Walk-through
’ b E%H (openCyto or flowMagic) Of A0,
4) File Checks T

(PeacoQC, Flow Al, etc)

8) Major subset | (1 A]] qutomated gate
Outputs . . .
placements visualized via

Of%

lterating by Experiment export to a .pdf ﬂowMagic flowMagic
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Pipeline: Save to FlowJo v10 .wsp

1) Acquisition
(Cytek Aurora 5L)

2) Unmixing Controls

(Lucierhaga)

3) Unmixing
(OLS, TRU-OLS, AutoSpectral)

o

4) File Checks

(PeacoQC, Flow Al, etc)

5) Clean Up Gates

(FlowJo or flowWorkspace)

6) Initial Gates

(openCyto or flowMagic)

%

7) FlowJo .wsp

(CytoML Docker)

100%

8) Major subset
Outputs

U Everything is saved to a
FlowJo v10 .wsp, via
CytoML

U Any automated gates that
need adjustment get
corrected

-

L Major cell subset statistics
exported and analyzed

-

Iterating by Experiment

=
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FlowJo to R R to FlowJo

Data for Statistics
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Pipeline: Iterating through cell subsets

1) Acquisition | |5) Clean Up Gates 9) Subset Export
(Cytek Aurora 5L) (FlowJo or flowWorkspace) -
B I l ' Cell subset of :
2) Unmixing Controls 6) Initial Gates 10) Returnto R . Subset EXpOFt Gatlngsets
i) (openCyto or flowMagic) (flowWorkspace) 1nterest Walkthrou gh Walkthrou gh
ani - exported out as
HEEER ;L
I " ‘gﬁ own .fcs
3) Unmixing 7) FlowJo .wsp PN 4 All cell
(OLS, TRU-OLS, AutoSpectral) (CytoML Docker) 11 r
) EesEeE subset .fcs
o fff ig_ . files brought
| R $ J Bioconductor into R
4) File Checks
(PeacoQC, Flow Al etc) i X
8) Major subset Summarized C b
Outputs Experiment f)ere d
Vignette
Iterating by Experiment Iterating by Cell Subset
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Pipeline: Coereba

1) Acquisition | |5) Clean Up Gates 9) Subset Export
(Cytek Aurora 5L) (FlowJo or flowWorkspace)
2) UnmLixivng C)ontrols 6) Initial Gates 10) Returnto R Subset EXpOFt Gatlngsets
| (e (smenCyio ol el (fowWorkspace) d Coereba Walkthrough Walkthrough
I-= Coereba
EEEER r é '
3) Unmixing 7) FlowJo .wsp PR
(OLS, TRU-OLS, AutoSpectral) (CytoML Docker) 1 -I) Coel’eba
50% ,ﬁ‘ — e
1#F E% J Bioconductor
4) File Checks
(PeacoQC, Flow Al etc) i .
8) Major subset Summarized C b
Outputs Experiment f)ere d
Vignette
Iterating by Experiment Iterating by Cell Subset
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Coereba

Coereba R HO
£ : 4) Gate Constraints
1) Load into R )

(flowWorkspace)

FCS

7) CoerebalD

J Bioconductor
Fluorophore 5) Shiny App S B
2) Calculate adjustments
Splitpoints 8) Summarized
Experiment

1000

m
2
2

- - i~

. I T T s ks
g L T WL
o Comp-BV570-A CD16 - -

.:_w_%@ j’g*‘!‘_ia’fj “I :J

6) Splitpoints FREAR e
updated o

3) ijﬂﬁkjfﬁuz f; 9) Visualize

o

o

S
I

N
=]
/e

Side light scatter (SSC)
=
o

3 mm-"‘!._. T .

o

- @O0
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Coereba

Grouping cells that share every marker

R
(4]
. . o ©%6%,
o o i oo 0 0° 0%
O . 'o o 0 o 02,2 0°6%0%
o0 PR e e el B T
O< |o o 088, | L
o o o 0 .Oo .o °o°°:°°o°:°o° ooooo
(o] o o oo 0o o°o°°°°°oo
0 o 0 © © : o =
o . o . o o oo . 092 o
o 0 e
All Cellsina Major Cell In a single cluster, In a single cluster, Every cell it's own
Single Cluster Types not all markers are all markers are shared cluster.
shared by individual cells. by individual cells.
. ——————
Severely under-clustered Untitled
I Severely over-clustered
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Coereba

Initial automated gate, with ability to adjust

N

(&)

o
1

N

o

o
1

4 Initial gates for designated

¥

-

I

<

S

2 1507 e markers calculated via
g 1007 | & lasBgEsd openCyto (mindensity)
Q

g 100 15IO 260

(4] - - “7e

2 Comp-BUVEE1-A Vd2 4 Ability to update gate_range
T 2507 constraints

i 200 -

~

h- .

S 1507 z 4 Launch a Shiny app and
o100l g | designate interactively
Q

£ 100 150 200

(&

Comp-RB780-A CXCRS
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“=  CoerebalD column gets added to the .fcs file
@

CD7+ CD3+ CD8+
CD7+CD3+ | ~p74 cD3+ CDS-

O S
O CD7+ CD3- CD8+

CD7+ |CD7+CD3-

PEVio770pos APCneg AlexaFluor647neg | APCR700neg | APCFire750neg | APCFire810neg

CD7+ CD3- CD8-

O

PEVio770pos APCneg AlexaFluor647neg | APCR700neg | APCFire750neg | APCFire810neg

PEVio770pos || APCpos AlexaFluor647neg | APCR700neg | APCFire750pos | APCFire810neg ® CD7-CD3+CD8 +
PEVio770pos APCneg AlexaFluor647pos | APCR700neg | APCFire750neg | APCFire810pos : CD7-CD3+ |cp7-CD3+ CDS -
CD7-
@ CD7- CD3- CD8+
CD7- CD3-

CD7- CD3- CD8-

-~ ) @
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Pipeline: Summarized Experiment

i
i

1) Acquisition | |5) Clean Up Gates 9) Subset Export

(Cytek Aurora 5L) (FlowJo or flowWorkspace)

D .
2} Unmlxmg Controls 6) Initial Gates 10) Return to R Data stored in a
i) (openCyto or flowMagic) (lowWorkspace) Summarized
| o228, = Experiment
‘ ,‘% U Interoperability
3) Unmixin 7) FlowJo .ws ‘ . .
(oLs, lRUAOLS, AutoSpe%tral) ) (CytoML Docker) p 11) Coereba W]-th BlOCOHdUCtOF

statistics packages

"l Eig J Bioconductor
4) File Checks ‘ HU HED-lo  HEU-hi
(PeacoQC, Flow Al, etc) i X
8) Major subset Summarized

Outputs Experiment

Iterating by Experiment Ite
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Summarized Experiment

- _I
: I
1 M R R
.i st U Permits rapid re-aggregation of
@ ' E the terminal nodes for re-
(mmmmm===-- - P evaluation
I Samples : Lo
\__(Columns) . N_— ——
""""" colData(se) H Ties in with downstream

_ Bioconductor statistics packages

1
I
|
7

J Portable. Don't like how we

m | aggregated groups of cells? File
§ | Is small enough to store in the
I R R S same data repository as .fcs files

for subsequent re-analysis.

Features

(
I
I
L

. U Filterable by metadata or node.
|

- Nodes only in HEU-hi?
rowRanges(se) 1 metadata(se) ) S ~
rowData(se) metadata(se)$modelFormula - Nodes unique to one individual”

assays(se)

subsetByOverlaps(se, roi) assay(se, n = 2)

assay(subsetByOverlaps(se, roi))

= @ ©
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Coereba Retrieval of marker expressions

1.00 4 I
0.75 4
L ]
0.50 1 2
oo
0.25
=52
0.00 1 Ereoalite
e T T T T T T T T T T T T T T T T
cD8 cCD4 CD26 CCReE CcD161 CD56 MNKG2ZD cD16 CD27 CD45RA CDB2L CD127 CCR4 CD25 FD1 CD38

1.004 Eﬁg Es

n

a
0.75 4 [ ]

(=]

0.504

[ =]
0.25
0.004

cD8 CD4 CD26 CCR6 CD161 CD56 NKG2D CD16 CD27 CD45RA CD62L CD127  CCR4 CcD25 PD1 D38
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Pipeline: Normalization

. g ' : FCs p—

1) Acquisition 5) Clean Up Gates 9) Subset Export 1%2,&2;2?3!3@33 n

(Cytek Aurora 5L) (FlowJo or flowWorkspace)
oo GoDet® - ey gD R [ I
2) Unmixing Controls 6) Initial Gates 10) Returnto R 13) Clusterin
D e (openCyto or flowMagic) )(ﬂowWorkspace) ) (FlowSOM) g CytONorm CytONOI'Hl
et Coureha Vignettes
CEEELE r :
Ji
a#ji (\ o
3) Unmixing 7) FlowJo .wsp ad "4)V|?'m€i!15'9na“ty =1 J
(OLS, TRU-OLS, AutoSpectral) (CytoML Docker) 1 1) Coereba (uLfAléa Igitr\zgg k
or Fa -

c’ Uj: ﬂ,ﬁ ‘g— E%El e Coereba
A J Bioconductor ,
4) File Checks A

(PeacoQC, Flow Al, etc)

8) Major subset Summarized 15) CoeiEha
Outputs Experiment CyCombine CyCombine

Vignettes

Iterating by Experiment Iterating by Cell Subset

- ©00]
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Pipeline: Clustering

[ - & i 5 .." N
= : FCS "
H A § - i o L

1) Acquisition 5) Clean Up Gates 9) Subset Export 13&?&?3{5@23 n

(Cytek Aurora 5L) (FlowJo or flowWorkspace) -
o) GO - Gy - G R I_j - E
2) Unmixing Controls | | 6) Initial Gates 10) Return to R [

(LUCiemaga) (o)penCyto or flowMagic) )(ﬂowWOrkspace) 1 3) (CH!)I\:J!SSOtI\ngng FlOWS OM FlOWS OM
= Vignettes

HER Coereba

EOTED :

i R 14) Dimensionalit
3) Unmixing 7) FlowJo .wsp a Dimensionality
(OLS, TRU-OLS, AutoSpectral) (CytoML Docker) 1 1) Coereba (\éﬁAléallgiugg
or Fa

o Bioconductor

os
100%: —00
O g

sonl B Coereba
sonl %;

if
0%

HU  HEU-do  HEU-hi

4) File Checks
(PeacoQC, Flow Al, etc)

8) Major subset Summarized 15) Coereba
Outputs Experiment

lterating by Experiment Iterating by Cell Subset

. @O0
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Pipeline: Dimensionality Visualization

1) Acquisition
(Cytek Aurora 5L)

(Lucierhaga)

3) Unmixing
(OLS, TRU-OLS, AutoSpectral)

T

4) File Checks

(PeacoQC, Flow Al, etc)

2) Unmixing Controls

5) Clean Up Gates

(FlowJo or flowWorkspace)

6) Initial Gates

(openCyto or flowMagic)

%

7) FlowJo .wsp

(CytoML Docker)

vos
i
g
=Sh
3]
HU HEU-lo  HEU-hi

8) Major subset
Outputs

100%
50%
0%

9) SUbset Export (CytoNorm or CyCombine)

10) Returnto R

(flowWorkspace)

Coereba

&
N
P &

!

11) Coereba

12) Normalization

-

13) Clustering

(FlowSOM)

14) Dimensionality

Visualization
(UMAP or PaCMAP)

C)

lterating by Experiment

UNIVERSITY of MARYLAND
SCHOOL OF MEDICINE

2 Bloconductor

Summarized
Experiment

15) Coereba

Iterating by Cell Subset

UMAP

Wrapper
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Ability to contrast unsupervised methods vs. “manual” ground-truth

A) C)] . D)
e N 1 &y 2 4
S g it 2 :
g % : 922 z | Cluster
O o - B PD1hi V&2
] CD8 Va2
] PD1hi NKTs B co4vs?
PaCMAP 1 'PHATE 1 | oNvs2
V52 ]
T17 . TH7 Vo2
-E - MA'TS ] e TR NKTS
(&]
3 Z'- NKTS &) | B was
2= < = ™| Ungated
S 3 = T
Lo
<
= ] h
o
PaCMAP 1 T UMAR 1

PHATE_1

=
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/

Retrieving and re-enumerating

2

2) Retrieve manual-
annotated gates

PEVio770pos APCneg AlexaFluor647neg | APCR700neg | APCFire750neg | APCFire810neg

Control
PaCMAP 2

PEVio770pos APCneg AlexaFluor647neg | APCR700neg | APCFire750neg | APCFire810neg

] DN a

V52
PD1hi NKTs

PEVio770pos APCpos AlexaFluor647neg | APCR700neg | APCFire750pos | APCFire810neg

PEVio770pos APCneg AlexaFluor647pos | APCR700neg | APCFire750neg [ APCFire810pos

PaCMAP_1 3) Re-enumerate
and plot

1) Gate

1.00 [===ns ]
0.75
0.50
0.25
0.00 4 %ﬁ
('!:)8 ('ll)ﬂ CE:Z& ('CIRG (:D:I 61 (TJIS& NK[‘iZD C D’16 CDIZ7 (,DAISRA LDE;2I (T)I127 ('(’IR4 Cr}'ZS PFI)'\ ('DISS

D4
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Retrieve manual annotated gating information following unsupervised steps

V62 V82 V&2 V&2 V82 V62
Marker MAITs NKTs CD4 CD8 DN Ti7 PD1 T17
cD7 : ) MAITs

NKTs

CcD3

V62

UMAP_2
tSNE_2
PHATE_2

Va7.2

PaCMAP_2

Va24ja18

PMA-ionomycin

CcDb8
Cb4

CD26

s
~
75

CCRé
100-._

+

CD161

NKG2D

~
ih
.
~
+

CD56 0754 -

g
.
~
+

CD16
CD62L

<~
o5

D27 G501

CD45RA

D127 0,254

I I
N B
N B
.

v
. .
++lI I

CD25
CCR4

Ccb8 CD4 (D26 CCR6 (D161 NKG2D (D27 CD45RA CD127 CCR4 (CD25 PD1 CD38 (CD69 TNFo IFNy CD107a

0.00+4

PD1
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I III
'

CD38

+
4
e
+
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Functional and Iterative: plenty for everyone to dislike [

Well your unsupervised
clusters are merging cell
types that are unrelated

UNIVERSITY of MARYLAND

S

OOOOOOO MEDICINE

Those manual gate
adjustments are not
reproducible

That's a skill issue, try
adding another meta-cluster

RunawaylLabBook.com

Fun off-label uses thus far:

4 Contrasting where “manually-
gated” cells end up vs. our
unsupervised methods
(normalization, clustering, etc.)

1 Added benefit of looking-at-the-
forest: Easy to identify badly
cryopreserved specimens where
cell populations were lost




Are our high-dimensional analysis problems fixed?

OUR FIELD HAS BEEN
STRUGGLING WITH THIS
PROBLEM FOR YEARS.

STRUGGLE NO MORE!
I'™M HERE TO SOLVE
IT JITH ALGORITHITS!

151X MONTHS LATER:

WOL, THIS PROBLEM

15 REHLLYPM)

‘i
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Semi-supervised Pipeline

¥

1) Achisition

(Cytek Aurora 5L)

2) Unmixing Controls

(Luciernaga)

3) Unmixing

(OLS, TRU-OLS, AutoSpectral)

EO__2

4) File Checks

(PeacoQC, Flow Al, etc)

i i

5) Clean Up Gates

(FlowJo or flowWorkspace)

6) Initial Gates

(openCyto or flowMagic)

7) FlowJo .wsp

(CytoML Docker)

[R—— —
100%: —m

m%$$
0% . . §
HU HEU-lo HEU-hi

8) Major subset
Outputs

9) Subset Export

R

10) Returnto R

— & T ————
il

P
- ,/ \\ i

12) Normalization
(CytoNorm or CyCombine)

13) Clustering

lterating by Experiment

(flowWorkspace) (FlowSOM)
Coereba
5 @ 14) Dimensionality
Visualization
11 ) Coereba (UMAP or PaCMAP)
Coereba

J Bioconductor

Summarized
Experiment

15) Coereba

Iterating by Cell Subset
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What good is any tool if the community is not able to use it?

Few resources to learn Cytometry
in R to begin with

Those that exist aimed at those
with intermediate-advanced R
skills, not beginners

Know-how concentrated at a few
institutions

Most self-learning attempts end
in frustration

UNIVERSITY of MARYLAND
OOOOOOO MEDICINE
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Cytometry in R: A free weekly course for flow cytometrist
with no-to-little coding experience

CYTOMETRY IN R

Shared Resource

MARLENE AND STEWART GREENEBAUM
COMPREHENSIVE CANCER CENTER

A COURSE FOR BEGINNERS

Website

UNIVERSITY of MARYLAND @ @ @
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%3



=

S~

Half-way through this passion project

Introduction to R

Installing File Paths Inside an Intro te Gating Visualizing Applying Manual & It's Downsampling Data for Spectral Similarities Unrixing Cleaning
R Packages .FC8 file Tidyverse Sets with Transformations Automated Raining & Statistics Signatures & in R Algorithms
ggplot2 Gating Functions! Concatenation Hotspots
Unsupervised Analysis
.z LoE [E -{g EEE  ErESE
:..__ ‘_H.jr A Sl ¥ r 3 A s . - E: _-._- F)
[ e .oy e RS i) Ao TN T [E] A
Clustering Normalization Dimensionality Annotating The Art of XML Files Utilizing Building Everyone gets Reproducibility Opan Validating Databases Assembling Future
Algorithms Algorithms Vigualization Unsupervised GitHub All The Way Bioconductor our First a Quarto & Source Algorithmic g '&t . Web Directions
Clusters Diving Down Packages Package Hebzite Replicability Licenses Tools epositories Data

9 Wrapping up Cytometry Core module

9 Gathering steam to start on the Unsupervised
Analysis section

UNIVERSITY of MARYLAND @ @ @
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All mothers and their infants, and
their communities
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Dr. Daniela Franco
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Questions?

UMGCCC FCSR
InstrumentQC dashboard

InstrumentQC How-To Coereba YouTube @CytometrylnR
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