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Basic Workflow — Hands On

* In your lab:

 Obtain single cell suspension
« Stain cells with fluorescent antibodies/dyes

At the cytometer:
« Create your experiment layout
« Set flow rate
« Set voltages for FSC and SSC to get all cells on interest within the plot

¢ Set volta%es for fluorophores so that the fluorescent intensity is not saturating
the detector (no cells on right or top axis)

« Compensate data (optional, can be done on your own computer)
 Run samples and controls

* In your lab:
* Analyze data
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Creating an Organized
Experiment Layout

R
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Why bother adding annotations to FCS files?

« Adding annotations to the FCS files will make data analysis
easier — especially when generating a manuscript with multiple
flow cytometry experiments

* |f you our your PI have to analyze the data months (or years!) after the
data was collected, you will be VERY thankful for annotations

« Examples of Information that can be added:
» Marker/fluorophore used
* Mouse |ID/patient ID, mouse genotype
* Treatment type
 Tissue type
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File Names (BD FACSDiva)

* The experiment (“Experiment_001") will be the
name of the folder on the server that contain
your files

* We recommend including your name/initials followed
by the date

* The specimen and tube make up the file names

» The default file names would be
Specimen_001_Tube 001.FCS,
Specimen_001_Tube 002.FCS, etc.

 We recommend changing the specimen to something
that applies to a group of your samples, such as
Sample, Spleen, Lung, FMO, Single Stain, Control, or
the date
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Shortcuts for Creating Filenames

* When the “next tube” button is clicked, the software will add “ 0017 to the
file name

« Example: label the first tube “ PBS 001" and click “next tube” 4 times to generate
“PBS_002, PBS_ 003, PBS 004, and PBS_ 005"

* You can start at any number with the “ xxx” format: clicking “next tube” on
“mouse_479” will generate “mouse_480"

* The specimen and all tubes within can be copied

« Example: Change “specimen_001" to “unstimulated” and label the 5 tubes. Then
duplicate at the specimen level and rename to "stimulated”. Now all of the unstim and
stim tubes are labeled in half the time!
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Annotating Fluorophores

Cytometer - LSRII (H17700025)
« By default, all of the detectors are S oot [Tt [ corpereston st
. . . Parameter Voltage Log A H w
iIncluded in your experiment o | @ 0| o
e 55C 276 [ [l
. - nm_¢ P #] VI [ L
« We recommend deleting the detectors Eesswm = GHlE
. . . . nm_780/60 (Al y7) V] O O
that you are not using to simplify and  Smeses @ w8
. . e 561nm_610/20 (PE-Dazzle 594) 666 ] O
downsize your files Y R 5o
) ¢ 561nm_710/50 (PECy5_5) 514 [#] 7 o [
« Select the unused detectors and click delete e S61m_780/60 (PECy7) H
. ¢ 488nm_525/50 (FITC) 498 v v =
 These can be added back with the add button ¢ Mo O 0STED e . ol e
« 405nm_450/50 (BV421 486 v v
» Once you have recorded a sample, you 0% 52540 Y510 0 | C
# 405nm_610/20 (BV605) 768 @] ] [
cannot add back detectors, so make sure you + J050m_670/25 BV660) @ | @ | O
include all of the ones you need! P EmARETD ==
Delete
Cytometer Connected
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Annotating Fluorophores: Experimental Layout Window

* You can use the experiment layout window to label your fluorophores with their
Irespetc;,tlve markers and avoid future confusion (Experiment menu-> experiment
ayou

Experiment Layout [ ] @ Sample_1.fcs: cells/Single Cells/live cells/CD3+...

Labels | Keywords | Acquisition

NERENEE REINEED
&s > @SingleCells > ¢ livecells > ¢ CD3+ > »

Quick Entry : Labels -0 5
10
Label - Name +4.00 1 ?41‘1 . Ogg
Name: Label Label Label Label LiSt t:{ user = 4 o
=& Flowuser ] 10
e {L.] Experiment_007 @ 7-AAD k_’: 1
S
. B & Specimen_001 E t I b I h 8‘ -
t 10
) 640nm_660/20 (AP| 56 1nm_582/15 (PE|488nm_525/50 (FI]405nm_450/50 (BV n e r a e S e re 2
- U Tube_oo1 ';.
c .
. J Tube_o02 640nm_660/20 (AP| 56 1nm_582/15 (PE|488nm_525/50 (FT]405nm_450/50 (BV to h ave th e I I l S h OW E 0 i e
] Q4 . Q3
H H g 161 - 596
. J Tube_o03 640nm_660/20 (AP| 56 1nm_582/15 (PE|488nm_525/50 (FT|405nm_450/50 (BV u p I n a n a I y S I S § Gt | MR
§ Tube_o04 640nm_660/20 (AP|56 1nm_582/15 (PE]488nm_525/50 (FT1405nm_450/50 (BV! M 0 10 10° 10
. ul =
_{ i -0 +4.00/-39.8
AP| 4 v i 45-; —_
. § Tube_00s 640nm_660/20 (AP| 56 1nm_582/15 (PE]488nm_525/50 (FT1405nm_450/50 (B! , : gg 4; 2 @ B G LR Q [l
640nm_660/20 (AP| 56 Inm_582/15 (PE|488nm_525/50 (FT1405nm_450/50 (BV. @ D82 Color Map Axis |
. U Tube_00 P1-850/20 (P 35 10m 582113 (P 88nm_S25/50 () 050m._A%0/%0 B e o coornns (D |
- @ CD73 —  FSC-A
Comp-405nm_450_50_BV421-A :: CD44
. J Tube 007 540nm_660/20 (AP| 56 1nm_582/15 (PE|488nm_525/50 (FI1405nm_450/50 (BV o o5 [ omp-405nm_450_50_ [ FSC-H
/20 ( 2/15 ¢ /50 (Tl /50 @ Cecn. | Fsew
. ) 640nm_660/20 (AP| 56 1nm_582/15 (PE|488nm_525/50 (FI1405nm_450/50 (BV P -, Options 1 ~
U Tube_oos ‘.. @ DAPI |/ Active Gate - 24.1 Q1:CD4-,CD8+ 1 zzg_ﬁ
. J Tube 009 640nm_660/20 (AP| 56 1nm_582/15 (PE|488nm_525/50 (FI]405nm_450/50 (BV - ® dsRed 3 Statistics - Count:9020 / 54595 165 | P
- - @ FceR L | -
) 640nm_660/20 (AP| 56 1nm_582/15 (PE|488nm_525/50 (FT1405nm_450/50 (BV - ® Fit3 - | 488nm_525_50_FITC-A :: CD45
- U Tube_o10 640nm_670_30_APC-A :: CD62L
o 640nm_710_50_APCR700-A :: TCRb
640nm_780_60_APCCy7-A :: CD8
Assign or Remove Labels 561nm_582_15_PE-A :: CD25S
Assign Remove 561nm_780_40_PECy7-A :: CD3
405nm_450_50_BV421-A :: CD44
> 405nm_525_50_BV510-A :: live dead
405nm_610_20nm_BV605-A :: CD127
405nm_710_50_BV711-A :: CD4
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Annotating Fluorophores: Experimental Layout Window

' Experiment Layout

Labels [ Keywords I Acquisition

1. Select column
to label

2. Type marker
name here, then

Label |

Quick Entry

v

L

hit enter/return

Name

L2 m Experiment 007

Label

Label

Label Label

640nm_660/20 (AP

561nm_582/15 (PE

488nm_525/50 (FI1405nm_450/50 (BV

640nm_660/20 (AP

561nm_582/15 (PE

488nm_525/50 (FI1405nm_450/50 (BV

640nm_660/20 (AP

561nm_582/15 (PE

488nm_525/50 (FI1405nm_450/50 (BV

640nm_660/20 (AP

561nm_582/15 (PE

488nm_525/50 (FI1405nm_450/50 (BV

640nm_660/20 (AP

561nm_582/15 (PE

488nm_525/50 (FT1405nm_450/50 (BV

640nm_660/20 (AP
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488nm_525/50 (FI1405nm_450/50 (BV
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Annotating Fluorophores: Experimental Layout Window

The acquisition tab will allow
you to set acquisition
¥ Experiment Layout parameters for each tube

' Labels | Keywords | Acquisition l

Quick Entry
Events to Record i v Stopping Gate| all Events + | Stopping Time (sec) 0 ﬂ:ﬂ
Global Worksheet 10000 A\ Storage Gate |a)l Events v
20000
20000 .
30000 | (EventstoRec... GlobalWorksh... | StoppingGate | Storage Gate  Stopping Tirm
& - LﬁJEXDef 50000
= & 5p{50000 -
100000
r g ....... U 0000 ) o ¥
—Y1200000 v
4 ~|J Tube_002 0,000 Al Eve :
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Keywords are useful for analysis with algorithms

« Add keywords to FCS files:

« Gender, age, treatment, etc.
(useful for clinical information)

* Convert information to
integers
« Example:
* 1=yes, 2=n0
 1=male, 2=female

SSC-A
SSC-A

T T T

T —— — 7
1.0K 2.0K 3.0K 2.0K 4.0K 6.0K

« Keywords can be entered on +Cender »GestationalAge

the cytometer or analysis
software
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Experiment Templates can save time

* If you are planning on running the same experiment over
several months, consider creating a template to save time!

» Experiment templates include specimens, tubes, keywords,
cytometer settings, labels, worksheet elements, and
worksheets, but do not include recorded data.
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Experiment Templates can save time

cIosedﬂ
« With your experiment open and open— 2 1 Experiment 001

. = L.E,ISlm le &nalysis
selected, choose File > Export > i

o= 8 Cytometer Settings
Experiment Template. Name the - @Gmhal Workshests

template and click finish —
« To create a new experiment fromthe | & =5 e amw
template, select “New Experiment” ZEZZZZEZJ;?TI“ il

U Mew Tube... Crl+T

2 New Cytometer Settings

from the Experiment menu, then
select your template from the list

Import Cytometer Settings
E’g Mew Global Worksheet...
4 Mew Plate... Cerl+Y
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Setting Voltages
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Always set the voltages for FSC and SSC for each
tissue to make sure all cells are within the plot

 First decide if you want your SSC to be in linear or log, then set the voltages

SSC is linear SSC is logarithmic

250K - .:.."'- L. ‘ ..\,-:\ﬁ{ T, .-{' .

200K o7 : L

< qsok Hhi i : <
5 . Neutrophils ¢

%)
@ 100K »

Lymphocytes
50K
0_""1""1""1' T T
0 50K 100K 150K 200K 250K 0 50K 100K 150K 200K 250K
FSC-A Tissue: Human blood FSC-A
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Exercise: How do these FSC and SSC voltages look?

250K
10 10 73
' a0k This lung tissue is OK if

* I you are only interested
< 1 < 5
g 10°3 |9 w01 5 e in small cells
@ @ Z (lymphocytes), but you

100K ’

" 3 are missing out on

o 1 o' 1 2 K larger cells

0 50k 100K 150K 200K 250K 050K 100K 150K 200K 250K SR S S HARE AR
FSC-A FSC-A FSC-A
250K -

10 10 ]

o “ 200K ] i Same tissue,
< < < o - different voltage
8 10 8 10 [®)

99}
» %) b ]
100K =
10 10
ik 50K 1

10" E 4 10"

0 50k 100K 150K 200K 250K 0 50k 100K 150K 200K 250K P e
FSC-A FSC-A

FSC-A
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Can you change voltages between samples?

« FSC and SSC can be changed for each sample, though it is
recommended that you keep the same voltages for each sample
type

* Options:

* Run all tubes on the same FSC and SSC voltage

* Run comp beads on one FSC/SSC, run cells on a different FSC/SSC
* Run tissue 1 on one FSC/SSC, run tissue 2 on a different FSC/SSC

* Do not change FSC and SSC voltages randomly on samples

* Do not change voltages on the fluorophore detectors — every control
and sample must be run on the exact same voltages
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The CAT Facility has optimized the voltages
on the Fortessas for you!

 Setting voltages can be

challenging! 600 -
» Use the optimized voltages in the ase
. . le)) 4
default experiment as a starting £ /c01
place = 400 .
- Read more about voltage 35011 [t
optimization here 3005 i
- 250 ; 83
PE-CF594
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https://voices.uchicago.edu/ucflow/2019/10/18/optimized-voltages-on-benchtop-analyzers/

Voltage selection for fluorophores — simplified

* The voltages on the Default Experiment template are the
optimized value for cluster resolution
 In general, there is no advantage to increasing the voltage
 Voltage should definitely be reduced if the data is off-scale (too bright)

* A good panel design and titrated antibodies will prevent issues
of low resolution

* Increasing voltage is not a good way to deal with low resolution
problem — switch the marker to a brighter fluorophore instead!
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Exercise: How do these fluorophore voltages look”

250K = 250K =

250K : 250K -:

200K 200K 200K 200K

< 450K o < 50K A < 450K A < 50K o

O ] O ] O ] O ]
7} N 7} N

N n 1 »n n 1

100K 100K - 100K 100K -

50K 50K 50K 50K

0 : 0l 0
3 3 4 5 3 3 4 3 3 4 5 3 3 4 5
-10 0 10 10 10 -10 0 10 10 10 -10 0 10 10 10 -10 0 10 10 10
Comp-405nm_450_50 (BV421)-A Comp-405nm_525_50 (BV510)-A Comp-488nm_525_50 (FITC)-A 640nm_780_60_APCCy7-A
100 -_ 1B ” 100 -_ ZB 100 -_ 100 -_4B

80 - 80 - 80 - 80 -

T 60 - s 60 = 60 s 60

o e 1 © 1 © 1
e} o e} o
= 1 = 1 = 1 =

40 7 40 7 40 7 40 =

20 - 20 - 20 - 20 -

OLM O-' 0-' ] M R | MR LR | N 0-

0% o 10° 10* 10° 0% o 10° 10* 10° 10° 10* 10° 102 o 10 10* 10°
Comp-405nm_450_50 (BV421)-A Comp-405nm_525_50 (BV510)-A Comp-488nm_525_50 (FITC)-A 640nm_780_60_APCCy7-A
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Can you change voltages after recording data”

* No. Voltage is an instrument setting.

* [n contrast, compensation is math that is applied to the data —
this can be changed whenever.

« Sometimes new users do not set voltages properly and do not
realize their error until analyzing the data. Unfortunately the only
way to fix problems with voltages is to run the entire experiment
again.
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How do you know that your voltage
settings are correct?

« Compensate the data, check the compensation. Gate your
sample.

* |If the data doesn’t look compensated and it's difficult to gate
populations, it's possible the voltage wasn't set correctly

R
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Advanced Voltage Setting

* A popular way of setting voltages is to ensure that the
fluorophore in the tube is the brightest in its assigned detector

Positive signal from PerCP-Cy5.5 doesn’t PerCP-Cy5.5 spills PerCP-Cy5.5 spills
PerCP-Cy5.5 spill into FITC into BV650 into APC-Cy7

SSC-A
SSC-A
SSC-A
SSC-A

5
—103 0 103 104 10S »103 0 103 104 10S —103 0 103 104 105 —103 0 103 104 10

PerCP-Cy5.5 FITC BV650 APC-Cy7

-
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Cytometer Fluidics
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The Lowest Cytometer Flow Rate is Best

 For Fortessas: set the flow rate to low

* The best way to run more cells is to increase concentration of the
sample, not the cytometer flow rate

LOW Pressure HIGH Pressure L —— - -

Core Stream Core Stream 1™

<> <> H ALY TH L T < L ™
o | - . L. '\'.- n .
: Y ¢ -4 ~ » - . -~ .
° ° s s . P > v T B
LR 3] TCRAES S e A T s N
o L . . . . 0y S @
. - N . . ...... .' - ® " »
L]
2 : Lo
[ ®
o [ '.’
|
. ° < - -~ - R —
p - n .
® ® o | | — I - C bt
L LJ
- -
° » |
| Time >

https://expert.cheekyscientist.com/troubleshoot-flow-cytometer-fluidics-system/

https://expert.cheekyscientist.com/fluidics/
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Check the time parameter for clogs

* The signal should be Good Bad
steady over time

* If the signal is not steadly,

there could be aclogor g 5
. " wn wv
other issues with the 2 2
fIUIdICS 0 -y 0
-103 _103 | ¥
o 'I(I)O‘ ' 'Z(I)O' ' '3(l)0' ' ' 'I(I)O' ' 'Z(I)0| ‘ I3(I)O‘ ' '4(l)0' -
Time Time
113018_A_053.fcs 120518_A_094.fcs
Ungated Ungated
4.33E5 6.05ES5
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Calculating Compensation
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Compensation (conventional flow cytometry)

* In conventional flow cytometry, one detector is assigned to one
fluorophore. However, some of the spectra of other fluorophores will spill
into the incorrect detector. Compensation “corrects” this mathematically.

o

. K -~ APC (blue spectrum)
. AF700 (red spectrum) spills into spills into the AF700
the APC detector (filter 670/30) detector (filter 710/50)
e
2
200 400 1010 waveie’::g;:(nm) /00 00 900
B Alexa Fluor® 700 Emission B APC Emission Custom Filter 670 / 30 Custom Filter 710/ 50
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Compensation (conventional flow cytometry)

 Single stain controls are required to determine compensation

 Single stains should only be positive for one fluorophore! Anything
that looks double positive is spillover or autofluorescence

Increasing Compensation Value

Uncompensated Undercompensated Undercompensated  Compensated Overcompensated

> APC

> AF700
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Compensation (conventional flow cytometry)

« Compensation can be calculated multiple ways:
* On the cytometer (pre-acquisition) in FACSDiva
« Post-acquisition in analysis software (FlowJo/FCS Express)
« Automatically (compensation wizard)
* Manually

* |t is up to you when/how you want to do compensation
« Automated methods are quick and great for beginners
« Everyone should understand how to perform manual compensation
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Setting Gates for Automated Compensation

» Gate placement will affect the calculation of the compensation
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Setting Gates for Automated Compensation

Best

10.5

BV711

BV711
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BV711

BV711

10°
10* 4
E —
—
>
]
10
o 3
_103- -10" 7
T ™ T 3 T 4 T 5 T ™ T 3 T T
-10° 0 10 10 10 -10 0 10 10 10
BV605 APC
10° 4 10° 3
10*4 10% 4
E — e —
— —
~ ~
> >
o0 3 o0
10”3 107 7
o3 o 3
108 10° 4
T 3 Ll T 3 Y 4 T N T 5 L R § 3 T 4 T 5
-100 0 10 10 10 -10 0 10 10 10
BV605 APC

Cytometry and Antibody Technology Facility

BV711

BV711

BV711

S
1009

T
103 10 10

BUV737

103 10 10

BUV737
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Setting Gates for Automated Compensation

Some Errors

BV711

Large Errors

1.04 E

BV711

!.03 E
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BV711

BV711

BV711

BV711

-
-10° 10° 10 10
APC

é T 3 T 4 T
-10 10 10 10
APC

Cytometry and Antibody Technology Facility

BV711

BV711

105"
104"
- E
i
>
o
10
o 4
»103'
Y 4 T s T '.li ™ T s Ty 4 T T
10 10 -10 0 10 10 10
BUV737
Ll
-
S
o
»103“
Y 4 T T T 5 ™ T 3 Ty 4 T N
10 10 -10 0 10 10 10

BUV737
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Remember the Rules for Compensation Controls

1. The positive population of the control must be as bright
or brighter than the multicolor sample

2. The control should ideally be exactly the same fluorophore as
the one in the sample

3. The control should ideally contain a positive and negative
population, and these populations must have the same
autofluorescence properties

4. Controls should have sufficient events in both positive and
negative populations
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Gate placement determines the MFI

105" . 105 105' 10S
104 ! 104 3 104 3 104 |
= = = o o
5 S 5 & 5
ERTSE Q@ 10 j «a T ' e 103j
o 4 o 4 o 4 o 4
10° E 10° E 10 103: -m3:
W e W Compensation is “correct” when the
MFI of the positive population is
aligned with the MFI of the negative
. population
105 105 105 10S | . -
104"‘ 104"
= = = = =
2 2 2 2 2
4 4
103- 10 103 10 E 10
AP RT AP R AP R AP R O R

4 5 PE BUV737
0 10 10

Setting the gate too low is the same as bringing
a control that is dimmer than the sample
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Remember the Rules for Compensation Controls

1. The positive population of the control must be as bright or brighter than
the multicolor sample

» When calculating compensation, the MFI of the positive gate is used (dotted line in
the examples). In the examples, the compensation is worse as the MFI| decreases —
cells above the MFI will not be compensated correctly

4. Controls should have sufficient events in both positive and negative
populations

* FlowJo autocompensation: there are rules regarding the positive population — it must
contain more than 100 events and be 5% or greater of the parent population. If the
positive gate contains less than 5%, try setting a parent (preceding) gate to ensure
that your positive gate meets or exceeds 5%.
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Steps for using compensation

Automated Compensation Tool

ece Control Group: Compensation
] ApplyTo Group - Matrix Name: Compensation W viewsawix Finalized

Spectral Al Detectors Weights Optimize Weights
Confirm gates and control assignments look correct. Double click a graph to edit it.

et sample Comp Name B Negative Positive
— 400V_BVA21. S .
Comp-405nm_450_50_BV421-A cllsd05um_450_50...  celsi05am_450_50.
The set of parameters for which to build
2 compensation matrix V_AF4S8fcs | Comp-488nm_530_30_FITC-A cllSiom 530 0. | cells4Ram_530_30,

@ 561nm_586_15_PE-A 600V_PE fes Comp-561nm_586_15_PE-A

@ 640nm_670_30_APC-A 600V_APCfes  Comp-640nm_670_30_APC-A

cels/s6lam_S86_15.

csls/6d0nm_670_30.

cells/S6lom_586_15.

cels/640nm_670_30.

405nm_450_50_BV421-A

400V_BV421.fcs

| E
57 Y
H— —
< A
g
a
v
T T
o 0* 10°

405nm_450_50_BV421-,

488nm_530_30_FITC-A
600V_AF488.fcs

SSC-A

* For manual compensation, skip the
automated compensation tool and start

with a blank matrix
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Edit Compensation Matrix

[M] Edit Save Matrix SSM

Displaying matrix

Show All
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It's Important to look at multiple graphs
when changing compensation
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Changed a single value in the compensation
matrix: multiple plots are affected
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BV711

ldentifying Compensation Errors in Fully
Stained Samples

PerCP-Cy5.5
APC
BV750-A :: CD4

—103 0 103 104 10S -104 0 104 10S 106

BV605 BV711 AF700 PerCP-eFluor 710-A :: CD8

« Super negative populations and populations with a teardrop shape can
indicate compensation errors.
« Symmetrical populations are acceptable
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Troubleshooting Single Stain Controls

* | checked my compensation with my single
stain controls, but it looks like there are
compensation errors in my sample.

 Are you sure you followed all of the rules for
compensation controls?

 Did you use compensation beads? Sometimes you
may not get optimal compensation with comp
beads.

* Do you have a lot of brilliant violet or BUV dyes?
Did you use the brilliant stain buffer? These
fluorophores are sticky and the brilliant stain buffer
prevents this.

ET2 THE UNIVERSITY OF ' .
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10° Single Stain
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What happens if there are compensation errors?

* It's not ideal to have compensation errors, BUT if minor errors exist, the gating controls
(FMOs) can be used to ensure that the data is being interpreted correctly
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The Flow Basics 2.0 Series

2.2: 2.4:

Optimizing the 2.3: Experimental
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Protocol Controls

2.1:
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Protocol

Setup and
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