A LITTLE BIT OF BACKGROUND ABOUT BACKGROUND

* There are 3 main factors that contribute to the ability to clearly separate cells
expressing a given marker

* The spread is the single most relevant factor!
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WHAT DOES THIS MEAN FOR FLUOROCHROME PERFORMANCE?

* The standard way to describe the performance of a given fluorochrome is to use the
stain index i . (MFIpos — MFineg)
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Laser

HOW TO DETERMINE FLUOROCHROME PERFORMANCE

* Fluorochrome properties can differ between instruments
» Laser power, bandpass filters, instrument sensitivity...

* Optimal method: measure all fluorochromes conjugated to the same antibody and

calculate SI

* For a rough estimate, use vendor information

Fluorochrome

Bright

Ultraviolet BD Horizon™ BUV661
(355 nm) BD Horizon™ BUV737

Moderate

BD Horizon™ BUV395
BD Horizon™ BUV496

Dim

BD Horizon™ BUV805

BD Horizon™ BV421

Violet . BD Horizon™ BV605 . BD Horizon™ V450
BD Horizon™ BV650 o m BD Horizon™ BV510 o m
(405 nm) BD Horizon™ BV711 BD Horizon™ BV786 BD Horizon™ V500
Blue BD Horizon™ BB515 PE FITC
(488 nm) BD Horizon™ PE-CF594 PE-Cy™M7 Alexa Fluor® 488 PerCP
PE-Cy™5 y PerCP-Cy™S5.5
PE
BD Horizon PE-CF594
PE-Cy5
PE-Cy7
APC Alexa Fluor® 700

Alexa Fluor® 647
BD Horizon™ APC-R700

APC-H7
APC-Cy7

From BD Biosciences
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MEASUREMENT ERROR LEADS TO SPREADING

* The main source of the spreading error is the so-called,
“Poisson Error” that occurs during photo counting in the
detector (both PMT and APD)

* The error is proportional to the square root of the signal
intensity
» The stronger/more intense the signal, the greater the error (more
photons!)
* Any error will be propagated throughout mathematical
operations
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EXAMPLE: SPREADING IN COMPENSATED DATA

Measurement u ted C ted
error ncompensate ompensate
\ Al
S
. 1100
] 700
Spillover ] = 200
Fluorescence ' 5
10’

i

(-200)

.E:I:-. ::_ .:_ "'I £ -
10° 10' 162 10° 10*

Primary Fluorescence
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INSTRUMENT ALIGNMENT IS CRITICAL

Uncompensated

* The compensation amount
remains the same

* Improved instrument
alignment means

PE
decreased measurement
Compensated error

e Spreading decreases and
limit of detection increases

Slide provided by S. Perfetto



COMPENSATION VALUES DO NOT PREDICT THE SPREAD

 The compensation value does not necessarily reflect the extent of the spreading

error
« Remember — compensation only subtracts the extra signal
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HOW TO CREATE AN SSM IN FLOWJO

1. Gate compensation controls

2. Within the compensation module, there is a button for the SSM in both FlowJo 9.x and FlowJo 10.4
FlowJo 10.4: FlowdJo 9.x:

100 e 008
== You can now create the compensation matrix to add it to the workspace.

Workspace Ma"“es ]| Edit Save Matri Displaying matrix 'Matrix' | Hints: To apply the matrisc o yaur experimental samples after you sreate t, click o the samples (or a graup of samples) in the wor kspace and select
[H[Comp matrix € matrix name from e “Compensation” menu. Under tht men, you can 120 chocse {0 it the matrix sfter 1 has beencreate. After creating the
how Al A Bol0A  Bo60A  B710A  8780A  Res0A  RIoA  RIs0A  vason  wsioA  veron %, 9o co ot crese tnr et s, or £k an ~clos 1 soore 1o
BS15-A 100 2.4406 136 03772 0.0302 0 0 0007 00332 | 25273  0.8326
B610-A 1.5016 100| 65.7462| | 217739 = 2.9146  3.1450 = 0.8971 02286  0.0195 02354 15464 |
B660-A 1652 2.9859 100| 56.7147 83808 | 920146 35.0867| 85904 00699  0.4125 1.1226 e e ol BSLS S Cara 00816 <ot ool BSISAE e BELEA
8710-A 17121 3194 | 196120 100 10.7902| | 28.6408 | 43.9583 154534  0.0298 03493 14609 7 e Compenston ol S6105ane Coto I3 56100 sl bit-he | oSl bihok
= = Compensation Conrls_8650 Stained Conrol 004 fcs <5650- Sl lon SER0AS | crmSize/om SE50-A-
B780-A 40198 62354  7.9565 8.511 100 00953 14679 | 143266  0.0371 06619  2.8473 < Compensation Conrls_6710 Stained Contro_005 65 <9710-4 owSzeI L0 cveSize/n 6710
<+ Compensation Conrls_6780 tained ControL 005 s wb760-4 oS lon SI80A% | Size o ST80-A-
R660-A 0.0055 0002/ | 04405 03287 | 00325 100 37.9023 104994  0.0223 003 00145 T Compensaton Contals_G575 Saind ComroL 025 fs - <GS15A coninefon G575 A1 conSaelen GET5 A
@ r710-A 0.2338 0.0228 0.0564 2.5676 0.4637 2.0801 100 26.1772 0.0711 0.1294 0.0869 <. Compensation Controls G610 Stained Contro_626.cs  wGE10-A cvSizelon_GBL0-A+  cvSize/aw_G810-A-
= = Compensation Conrls_Ge60 Stained ControL027.1cs  <GBS0A | cuiSizelm O6DAF | cSizecm_GEED-A-
R780-A 0.0339 0 00269 0006 = 10701 18355 55529 100 01063  0.1309  0.0305 = = Compensation Conrols G710 Stained ControL0261cs <G710-A Sl GTI0AE | Siaelon G710-A-
= Compensation Conrols_G780 Stained ControL0281cs wG780-A S lon GT00AL | Size/on G780-A-
@ vaso-a 0.0102 0 0 0 0 ooo1 0 0 100 | 11.0249] 13727 -+ Compensation Controls R660Stained Comro0071cs <RSS0_A aSize o RSSO_AH | cvSize/on_RO50-A-
- 77069 02225  0.1326 0.041 0 0 0 0 157219 100 23.9322 = = Compensation Conrls K710 Stained Contal 008 6 <R710-4 coSizslon RI10AS | cSizson RII0-A-
@ vs70-a 00541 51451  3.7622 1324 01265 00588 0025 00388  19.3086 24304 100 = = Compensation Conrls U385 Stained ConvoL 016 1cs U5 A | cmSizelm U3S5AE | cmSize/cm U3S5-A-
@ veion 2.0053] IBESS ] MESin] s | o320] [Bhdiicss| ™ oess o5 BEEE | Loses MREESS = - Compensation Conrols_USQ0 Stained ControL0201cs <US00-A Sz o USO0-A cvSize /o U500
=+ Compensation Conrols_US70 Stained ControL0211cs wUS70-A owSize o USTO-AL | cveSize/n UST0-A-
B vess-A 0.015 0.1755 1.9885 0.919 00791 | 57.7654 2417 58104  11.5844 1.7259 0.4817 | = Compensation Cantrols UGG Stained Control 022cs  wUUS50-A cvSize/cn_UBS0-Ar | cvSize/om_UBE0-A-
= - Compensation Conrols U730 Stained ControL023.4cs  <UI0A | cuSizelem U730Ab | cmSizelem U730-A-
£ V710-A 00026~ 0.0033 01519 = 11404 = 25023  4.9865 | 63.016] 10.8347  11.4828 14108  0.2824 =+ CompereationComvots U700 5tained Comro 02055 |o0780-n | esiseion-rbt-ar | eveSicsien 070
5 = - Compensation Conrls V450 Stained ControL 01015 <VAS0-A Sz lon SO | cmSias/om VAS0A-
= V750-A 00175 | 00042 | 00042/ | 20913 | 44385 00223 | 87081 | 10.6369| 54383/ | 07159 | 01946 = = Compenston Conrls V510 et oL 11 fs ¥S10-% wSieicn-VS10 amSielen-vS10A-
& V780-A 00356 | 0.0125| [ 00200 [ 0.0014] R [ 0708 1.366| EEEEE BREEEER [ 13293 | 03565 S Compersation Gomrols Va7t stained comroL 01z 1is Jev10n | ivesizerom V10t | cwsizefon VETO-A-
H = = Compensation Conrol VE10 Stained ControL013.4cs  wVEIOA | cmSize/m VELDAF | cuSize/cm VELD-A-
i U395-A 0 0.0008 0 0 0 0 0.0028 0 0.3567 0.0895 0.0204 v« Compensation Controls_V655 Stained Control 0146t <VE55-A conrSize ow MESS-A+ | wrSize/om VES5-A-
F | @uson Lewr  oase  oaws o1 0 ol osess oosse 140518 369 07085 e ot sttt oot Tesinion Laiie s
ﬁ' U500-A 9.3038 0.2324 0.1453 0.036 0 0 0.009 0 0.8602 | 15.4267 3.632 |« Compensation Controls V760 Stained Control017.7cs  <V780-A CSIZe/WNTO0AT | omSize/om VTB0-A-
2 ' Compensation Conrol \HS0 Stained ControL 01615 wUnstaned v wwsize
U570-A 0.0859 2.6998 1.5376 0.4571 0.0415 0.0043 0.0037 0 0.065 0.0423 2.1913
U660-A 0.017 0.0557 1.8872 1.2029 0.1456 92.3367 38.1858 9.4486 0.1124 0.0761 0.034
U730-A 0.0164 0.0063 0.0265 11.0025 5.5722 0.4841 38.4333 17.9319 0.1108 0.0572 0.0474
U780-A 0.0389 0.0284 0.0218 0.0141 0.5385 0.0698 0.2219 12.7042 0.3524 0.1794 0.0782
G575-A 05366 | 42753 | 282355  8.2245 09781 00519  0.0214 0 00126 00462 | 39.8207
M cain-a 0.233R A4.04726 45 6379 208015 32157 14677 0552 0168 0.0133 0.0217 0.731
Preview Sample: | Compensation Controls_G660 Stained Control, | Preview Population + View~ ey U]
B610-A B660-A B710-A B780-A R660-A R710-A R780-A
5 Deselectall | [ Use “Clean-up" Gates Validation Graphs >
H o . ) 0 CreateScater Gates i needed Show Al Fuorescence Plors M| €| B [ @@
7 s 8 2 (e v Current Matrix | &) | € Make negative values zero | Compute SSM Spectral
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After creating matrix: Apply to All Samples (Close Wizard) <]
Image courtesy of Florian Mair R oo




NDERSTANDING A SPILLOVER/SPREADING MATRIX

Rows with high sums are fluorophores that
donate a lot of spillover

Detector
B515 B710 G575 G610 G660 G780 R660 R710 R780 U395 U730 V450 V510 V570 V610 V655 V710 V780
B515 0 0.165 0.0628 0.042 0.0697 0 0 0.0436 0.15 0.0537 0.161 0.102 0.0742 0 0 0 0 0 0.924
B710 0.385 0 0.0966 0.067 0.508 1.15 0.324 2.26 0.977 0 1.54 0 0.197 0.183 0.166 0.343 1.41 1.38 10.9866
G575 0.291 0.982 0 1.4 1.08 0.5 0.111 0.244 0 0 0.476 0.152 0.191 0.842 0.673 0.273 0.297 0.193 7.705
G610 0.127 2.35 0.46 0 2.04 1.16 0.28 0.577 0.158 0.139 0.564 0 0 0.121 0.556 0.339 0.521 0.344 9.736
G660 0.214 6.68 0.25 0.206 0 2.09 0.986 1.78 0.529 0 1.19 0 0.13 0 0.108 0.35 1.16 0.456 16.129
G780 0.644 0.313 0.186 0.186 0.29 0 0 0.192 0.826 0 0 0 0 0.0205 5.06E-03 0.192 0.179 1.08 4.11356
g R660 0.211 0.903 0.112 0.12 1.75 0.692 0 2.22 1.15 0 1.35 0 0 0 0 0.463 0.451 0.479 9.901
o R710 1.09 0.639 0.289 0 0 0.877 0 0 1.84 0 1.67 0 0 0.882 0 0 0.608 0.741 8.636
< R780 0.419 0.17 0 0.121 0.504 1.69 0.728 0.63 0 0 0.679 0 0 0.332 0 0.131 0.256 1.42 7.08
o U395 0.875 0.463 0.27 0.259 0 0 0 0 0.479 0 0 0 0 0.37 0.367 0.28 0.202 0.245 3.81
g U730 0 1.12 0 0.113 0 0.493 0 2.01 1.52 0.468 0 0.333 0.513 0.0118 0 0.174 0.321 0.754 7.8308
o V450 0.363 0.205 0.141 0 0 0 0.0692 0 0 0 0 0 0.953 0.299 0.267 0.113 0.109 0.142 2.6612
V510 0.256 0 0.412 0.324 0 0 0.12 0.194 0.304 0.16 1.23 0.831 0 1.38 1.45 0.707 0.563 0.669 8.6
V570 0 0.61 1.1 1.07 0.915 0.582 0.149 0.161 0.46 0 0.927 0.817 0.253 0 1.77 0.879 0.827 0.518 11.038
V610 0.257 0.969 0.358 1.23 1.45 0.783 0.345 0.486 0.333 0 2.19 0.329 0.031 0.369 0 1.41 1.22 1.18 12.94
V655 0.992 0.573 0 0.218 0.861 0.457 1.12 1.25 0.797 0 2.15 0.747 0.503 0.493 0.593 0 1.77 1.63 14.154
V710 0.648 1.52 0.237 0 0.385 0.353 0.219 1.87 0.866 0.292 4.71 0.395 0.393 0 0.313 0.246 0 33 15.747
V780 0 0 0 0 0 0.894 0 0.25 0.839 0 0.939 0.461 0.386 0.268 0.187 0.207 0.25 0 4.681
6.772 17.662 3.9744 5.356 9.8527 11.721 4.4512 14.1676 11.228 1.1127 19.776 4.167 3.6242 5.5713 6.45506 6.107 10.144 14.531

Columns with high sums are detectors
that collect a lot of spillover



<UGB0-A= HLA-DR

WHAT DO THESE NUMBERS REPRESENT IN REALITY?

=lJ6G0-A= HLA-DR

=lJBG0-A= HLA-DR

<lJGG0-A= HLA-DR

=lJGG0-A= HLA-DR

=lJ6G0-A=: HLA-DR

—<UTE0AS

=R710-A=

=l1450-A=

G780

R710

U450

U730

U780

0.873

3.58

0.287

3.41

2.48

Example of SSM values for U660 (HLA-DR BUV661) for several
detectors
The larger the value, the more spread



WHAT DO THESE NUMBERS REPRESENT IN REALITY?

=B515-A= CD4
=B515-A= CD4
=B515-A= CD4
=B515-A= CD4
=B515-A= CD4

R ™ i

=G7E0-A= =RE60-A=

G780 R660

0.0928 0.315

Example of SSM values for B515 (CD4 Ax488) for several detectors



IMPLICATIONS OF SPILLOVER/SPREADING ERROR ON RESOLUTION

* Spreading error is the single most relevant contributor to loss of resolution

* KEY POINT: spreading error reduces the resolution in the detector that is collecting

the spillover

empty U740

BUV737 (U740): poor choice

for dimly expressed
antigens on CD45RA+ cells

10 Dim
BUV737
population

CD45RA-BV711

empty G780

PE-Cy7 (G780): good choice
for dimly expressed
antigens on CD45RA+ cells

Dim
103 PE-Cy7
population

CD45RA-BV711

Image courtesy of Florian Mair



IN REVIEW

* Compensation
» What is compensation and why it is necessary
» Compensation controls
» Transformation of data to confirm compensation
» Diagnosis of compensation errors and how to fix them

* Spillover/Spreading
» Background noise and how it impacts resolution
» Stain index (fluorchrome performance) and how to calculate it
» Measurement error (spreading)
» How to generate and interpret a spillover spreading matrix

* Panel Design



PYRAMID OF PANEL DESIGN
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CYTOMETER STANDARDIZATION AND CHARACTERIZATION

Note — this is for conventional flow cytometers

1. Perform voltage titration on each detector with CD4 stained cells (CD4 is available
in every colour)

2. For each detector, calculate the stain index at each voltage reading and plot Sl vs
voltage to obtain a Sl curve

3. Choose optimal voltage — minimum voltage where stain index is highest (optimize)

NOTE: Can choose something slightly below optimal voltage to allow for populations that may be
brighter than CD4

4. Run QC beads to determine target MFI for each detector (standardize)

5. Run QC beads and adjust voltages before every experiment so that bead MFI
meets target MFI



CYTOMETER SPECIFIC (REPRESENTATIVE) SSM

 For each detector...
1. Stain cells with CD4 and acquire samples

2. Create a compensation matrix
3. Create SSM matrix

* Spillover/Spread matrix is representative (depends on markers in panel) but will
always follow the same pattern IF the cytometer is kept at the same settings



