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Intellectual Property
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Any disclosure, use, copying or distribution of this 
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FITC

PE

ECD PC5.5

PC7

APC

APC-A700

APC-A750PacBlue

KrO

Maximize Sensitivity !

Multicolor phenotyping : 
Multiple markers can be analyzed simultaneously in the same sample, 

more and better information, less sample required 

Infrared

dyes

Ultraviolet

Violet

Polymer dyes
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NUV 375nm

Violet 405nm

Blue 488nm

Yellow 561nm

Red 638 nm

IR 808 nm

BUV395

BUV496
BUV661

PacBlue

PE

PC5 PC7

PC5.5

ECDFITCPerCP

APC

APCA700
APCA750

ALEXA792

Krome Orange SN650

SN605

SN785

Brightness : dim / medium / bright / bright+

Overview Brightness Of Popular Dyes

SN428
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• Emission spectrum of dyes can extend into multiple channels: 

Spillover

• The spilled light has to be subtracted to get the correct amount 

of light in a channel : Compensation

FL6 FL4/FL7 FL5/FL8FL1 FL2 FL3

Fluorescence Spillover: Why do we need compensation?

SPILLOVER
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• This problem is significant with PC5.5 

and PC7 spilling into FL7 and FL8.

• Mainly due to the fact that PC5.5 and PC7 

can be excited by both 488 and 638nm 

lasers.

Data spread in the red 

channels FL6, FL7, FL8

Fluorescence Spillover: Why do we need compensation?
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Fluorochromes, Lasers and Filters – Distortion Matrix 

CytoFLEX

 (APD)
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For Research Use Only. Not for use in diagnostic procedures.

Co-expression of crosstalking antigens
(non-exclusive co-expression)

Co-expression of
discrete antigens

Positive threshold for
co-expressed

discrete antigen

Co-expression of
modulated antigens

Parent and descendant
(exclusive co-expression)

Exclusion

Relationship Is Everything



Beckman Coulter, Inc. All rights reserved. Beckman Coulter, the stylized logo, and the Beckman Coulter product and service marks used 

herein are the trademarks or registered trademarks of Beckman Coulter, Inc. in the United States & other countries9
Confidential - Company Proprietary

9

Rules to Maximize Effective Sensitivity

Weak antigen

Bright dye (PE)
Strong antigen

Weak dye (PBE)

Mutually exclusive

Spillover allowed

Co-expression

Spillover not allowed

Child to Parent

Spillover allowed

Not vice versa

Weakly expressed antigen works best on ‘untouched’ 

channel, strongly expressed antigen works best with 

‘silent’ dye 

Allow spillover between excluding antigens 

Avoid spillover between non-exclusively 

co-expressed antigens

Allow spillover from descendant 

antigens to parent antigens, avoid 

vice-versa
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Match Brightness and Antigen Density

Better Sensitivity for weak Ags Less Spillover from strong Ags



Beckman Coulter, Inc. All rights reserved. Beckman Coulter, the stylized logo, and the Beckman Coulter product and service marks used 

herein are the trademarks or registered trademarks of Beckman Coulter, Inc. in the United States & other countries11
Confidential - Company Proprietary

Appropriate Dye Brightness - Example

Dim and/or modulated expression: 

the brighter, the better !

Discrete / bimodal antigen expression (e.g. 

lineage markers): 

dim dyes are equivalent……or even better ?

Weakly expressed antigen works best with bright dye, strongly expressed antigen works with all dyes („old school“)
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Expression Patterns – Exclusion

Allow spillover between mutually exclusive antigens
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* RUO. For Research Use Only. Not For Use In Diagnostic Procedures

Expression Patterns – Parent descendent

CD3 Parent

CD4 Descendent

Allow CD4 to spill into CD3

CD45 Parent

CD3 Descendent

Improper separation

Allow spillover from descendant antigens to parent antigens, avoid vice-versa
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* RUO. For Research Use Only. Not For Use In Diagnostic Procedures

Expression Patterns: co-expression

Bright CD25 in PC7 is essential in distinguishing 

the Treg population (CD25+ CD127-)

Weaker CD25 population will not separate clearly

Avoid spillover between non-exclusively coexpressed antigens
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Classification is specific for each 

combination of antibodies and conjugated 

dyes on a given hardware configuration 

Untouchable: No overspill from 

                          other dyes (clean row)

Fluorochromes, Lasers and Filters – Distortion Matrix 

Weakly expressed antigen works best on “untouchable“ channel, 

“UNTOUCHED”

“UNTOUCHED”
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Classification is specific for each 

combination of antibodies and 

conjugated dyes on a given hardware 

configuration 

Untouchable: No overspill from 

                          other dyes (clean row)

Silent: No overspill into 

             other channels (clean column)

Fluorochromes, Lasers and Filters – Distortion Matrix 

Weakly expressed antigen works best on “untouchable“ channel and strongly expressed antigen works best with 

“silent“ dye
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Rules to Maximize Effective Sensitivity

Weak antigen

Bright dye
Strong antigen

Weak dye

Mutually exclusive

Spillover allowed

Co-expression

Spillover not allowed

Child to Parent

Spillover allowed

Not vice versa

Weakly expressed antigen works best on „untouched“ 

channel, strongly expressed antigen works best with 

„silent“ dye 

Allow spillover between excluding antigens 

Avoid spillover between non-exclusively 

co-expressed antigens

Allow spillover from descendant 

antigens to parent antigens, avoid 

vice-versa
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Panel Design Interdependencies (PanelMate)
October 28, 2024 18

FITC A488

PE

ECD

PC5

PC5.5 PC7

APC

A647

APCA700

A700

APCA750

PacBlue

Krome Orange
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Dyes

Instrument

Antigens

§

§

CD3

CD4

CD25

FoxP3

CD45RA

CD45

CD127

CCR7

CD95

CD27

CD28

CD39

PD-1

dim bright

Range of density

Antigens
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• Start with AA700 and AA750, put parent markers

• Otherwise put exclusive markers on AA700 and 
PC5.5, and AA750/PC7

• Markers for analysis on FITC, PE, PC5.5, PC7 and 
APC

• Rest are mainly for gating markers.

• Refer to existing/working panels for guidance.

• Good sub/parent or exclusion pairs

• ECD-PC5.5

• PC5.5-AA700

• PC7-AA750

• PE-ECD

Panel design guide
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FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD45

Panel configuration example 1

*For Research Use Only

Not for use in diagnostic procedures

• Strongest antigen on the silent channel/weakest dye

 CD45 on Krome Orange (silent channel). No spillover into other channels

Combination of cytoplasmic and surface markers:
nTDT, CMPO, cCD79a, cCD3, cCD22, CD19, CD34, CD3, CD15, CD45

(Differentiation in the cytoplasmic and surface markers will be done with the sample staining procedure)

• Data spreading high in the Red channels

• Start with AA700 and AA750, put parent markers

 Put CD3 (surface) in AA750 parent markers for all T Cells can tolerate spillover from PC5.5, PC7.  

 Does not spill into other channels

 Put cCD22 in AA700, parent marker for all B cells. Mutually exclusive to CD3.

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD22 sCD3 CD45
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Panel configuration example 1

*For Research Use Only

Not for use in diagnostic procedures

• Weakest antigens on the brightest dyes

 cCD3, cCD79a, CD34 to be placed in PC5.5, PC7, APC

• cCD79a is a weak marker and cannot tolerate any spillover, so APC

• CD34 is available in PC7 but not in PC5.5

• cCD3 in PC5.5

Combination of cytoplasmic and surface markers:
nTDT, CMPO, cCD79a, cCD3, cCD22, CD19, CD34, CD3, CD15, CD45

• TdT and MPO are available only in FITC and PE

• CD19 is placed in ECD, as it is too weak for PB

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

nTdT cMPO cCD22 sCD3 CD45

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

nTdT cMPO cCD3 CD34 cCD79a cCD22 sCD3 CD45

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

nTdT cMPO CD19 cCD3 CD34 cCD79a cCD22 sCD3 CD45
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Panel configuration example 1

*For Research Use Only

Not for use in diagnostic procedures

Combination of cytoplasmic and surface markers:
nTDT, CMPO, cCD79a, cCD3, cCD22, CD19, CD34, CD3, CD15, CD45

• CD15 is placed in PB, it is a relatively bright marker and available only in PB

Differential surface and cytoplasmic staining (suggested procedure)

• Place all surface markers in the same tube (CD45, CD19, sCD3, CD34, CD15)

• Stain cells with surface markers, wash the cells

• Fix the cells with formaldehyde

• Permeabilize and stain with cytoplasmic markers (nTdT, cMPO, cCD3, cDD79a, cCD22)

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

nTdT cMPO CD19 cCD3 CD34 cCD79a cCD22 sCD3 CD15 CD45
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Panel configuration example 2

*For Research Use Only

Not for use in diagnostic procedures

• Strongest antigen on the silent channel/weakest dye

 CD45 on Krome Orange (silent channel). No spillover into other channels

Myeloid, NK, lymphs cell markers

Myeloid markers: CD64, CD117, CD10, CD34, CD14

NK markers: CD7

Lymph markers: CD5, CD7, CD34, CD20, CD10, CD3

• Data spreading high in the Red channels

• Start with AA700 and AA750, put parent markers

 CD3 (T), CD14 (Mono), CD20 (B) can tolerate spillover from PC5.5, PC7.  

 Does not spill into other channels

 Put CD14 in AA750, and CD20 in AA700. CD3 can also be put in PB

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD45

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD20 CD14 CD3 CD45
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Panel configuration example 2

*For Research Use Only

Not for use in diagnostic procedures

• Weakest antigen with the brightest dyes

 CD117, CD64 and CD10 in PC5.5, PC7 and APC

• CD64 can tolerate spillover the best, so CD64 in PC7 (descendant to CD14-AA750)

• CD10 in APC, can tolerate spillover the least

• CD117 in PC5.5

• Among CD5, CD7 and CD34, the weakest is CD7

• CD7 in PE 

• Among CD5 and CD34, 

• ECD is brighter than FITC, so CD34-ECD and CD5-FITC

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD117 CD64 CD10 CD20 CD14 CD3 CD45

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD7 CD117 CD64 CD10 CD20 CD14 CD3 CD45

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD5 CD7 CD34 CD117 CD64 CD10 CD20 CD14 CD3 CD45
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Panel configuration example 3

*For Research Use Only

Not for use in diagnostic procedures

• Strongest antigen on the silent/weakest dye

 CD45 on Krome Orange (silent channel). No spillover into other channels

T cell marker panel

CD2, CD5, CD7, TCRab (Pan alpha beta), TCRgd (Pan gamma delta), CD57

Gating markers: CD3, CD4, CD8, CD45

• Data spreading high in the Red channels

• Start with AA700 and AA750, put parent markers

 CD3, CD4, CD8 can tolerate spillover from PC5.5, PC7.  

 Does not spill into other channels

 Put CD3 in AA750, and CD8 in AA700.

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD8 CD3 CD45

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD45
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Panel configuration example 3

*For Research Use Only

Not for use in diagnostic procedures

• Weakest antigen with the brightest dye

 CD7, TCRab. So CD7 in PE and TCRab in APC, not in PC7, cannot tolerate spillover

• CD57 is available as PB

• Among CD4, CD5, CD4, TCRgd; CD5 in FITC, untouched, clear discrimination

• CD4 in ECD as parent of CD7-PE

• CD2, TCRgd in PC5.5 and PC7

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD7 TCRab CD8 CD3 CD45

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD5 CD7 CD4 TCRab CD8 CD3 CD57 CD45

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD5 CD7 CD4 TCRgd CD2 TCRab CD8 CD3 CD57 CD45
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Panel configuration example 4

*For Research Use Only

Not for use in diagnostic procedures

• Parent markers: CD14 (mono), CD16 (NK and myeloid cells)

 CD14 in AA750 and CD16 in AA700

• Weak markers: CD13, CD33, CD11b, CD123

• CD13/CD33 is a convenient combination, can tolerate spillover, classic PC5.5/PC7

Myeloid cell markers:

CD15, CD123, CD11b, CD16, CD13, CD33, CD14

Activation markers:

CD38, HLA-DR

• CD123 in PE and CD11b in APC. CD11b can be also be placed in PB

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD16 CD14 CD45

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD33 CD13 CD16 CD14 CD45

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD123 CD33 CD13 CD11b CD16 CD14 CD45
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Panel configuration example 4

*For Research Use Only

Not for use in diagnostic procedures

• CD15, CD38, HLA-DR are medium/weak markers,

• Can be placed in FITC, ECD, PB

Other possibilities: 

CD15 is available only as FITC or PB

• HLA-DR is expressed, can be placed in FITC, ECD, PB

• HLA-DR is an activating marker and will spill into all cell types, ideally placed 

in an “untouched” channel with no spillover issues, like PB

• CD38 can also be placed in AA700, moving CD16 to AA750, CD14 in ECD

1

2

3

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD123 CD33 CD13 CD11b CD16 CD14 CD45

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD15 CD123 CD38 CD33 CD13 CD11b CD16 CD14 HLA-DR CD45

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD15 CD123 CD14 CD33 CD13 CD11b CD38 CD16 HLA-DR CD45

FITC PE ECD PC5.5 PC7 APC APC-A700 APC-A750 PacBlu KrO

CD38 CD123 HLA-DR CD33 CD13 CD11b CD16 CD14 CD15 CD45
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CytoFLEX Platform: Gain Independent compensation

• Gain Independent Compensation 
(CytoFLEX ecosystem reinforcement 
webpage)

• CytoFLEX Platform Gain 
Independent Compensation Enables 
New Workflows (webpage)

• CytExpert Compensation Workflow 
Video

• Photodetectors in Flow Cytometry 

Video

Materials on the Beckman.com

https://www.beckman.com/flow-cytometry/instruments/cytoflex/gain-independent-compensation
https://www.beckman.com/resources/reading-material/whitepapers/cytoflex-platform-gain-independent-compensation-enables-new-workflows
https://www.beckman.com/resources/reading-material/whitepapers/cytoflex-platform-gain-independent-compensation-enables-new-workflows
https://www.beckman.com/resources/reading-material/whitepapers/cytoflex-platform-gain-independent-compensation-enables-new-workflows
https://www.beckman.com/resources/videos/products/cytexpert-compensation-workflow
https://www.beckman.com/resources/videos/products/cytexpert-compensation-workflow
https://www.beckman.com/resources/videos/products/photodetectors-in-flow-cytometry
https://www.beckman.com/resources/videos/products/photodetectors-in-flow-cytometry
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• Herve Luche LX Evaluation Webinar

• Kapinsky, Gentile: Panel Design 

Webinar

• Parks et all Cytometry Publication

• Immunophenotyping Web Section

• Tech Validate Testimonials (Chris 

Corkum)

• Applications Flipbook chapter 

Immunophentotyping

CytoFLEX Platform: Multicolor Flow

Materials on the Beckman.com

http://cnpg.comparenetworks.com/339054-Odyssea-of-a-Beotian-in-the-world-of-avalanche-photo-diodes-APDs/
https://www.labroots.com/webinar/typical-flow-cytometry-panel-design-webinar-tool-kit-selecting-antibodies-complete-panel-mind
https://onlinelibrary.wiley.com/doi/full/10.1002/cyto.a.23605
https://www.beckman.com/resources/techniques-and-methods/immunophenotyping?utm_source=beckman.com&utm_medium=banner&utm_campaign=immunophenotyping&utm_content=purple
https://www.techvalidate.com/product-research/beckman-coulter-cytoflex/facts
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Thank you for your attention 

Questions?
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