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Flow cytometry panel designation



know your instrument

• The first step in designing a flow cytometry panel is 
understanding the instrument in detail, because the 
panel must be built around the cytometer’s optical 
capabilities rather than around the markers alone. Even 
an excellent antibody combination can perform poorly if 
it is not matched to the instrument.



know your instrument

• This step usually includes several 
components:

1- Know the available lasers
Determine the excitation lasers on the cytometer 
(for example 405 nm violet, 488 nm blue, 561 
nm yellow-green, 638–640 nm red). Different 
fluorochromes are excited optimally by different 
lasers.
• For example on your 10-color Beckman 

Coulter Navios system, fluorochrome 
selection depends on what channels are 
present and which lasers are installed.



2- Know detector and filter configuration
Each detector collects light within a specific wavelength range 
determined by optical filters. You need to know:
– Number of fluorescence channels
– Band-pass filters used for each channel
– Which fluorochrome is assigned to each detector

know your instrument



know your instrument

3- Know instrument sensitivity and brightness performance
Not all channels perform equally. Some channels have:
– higher signal-to-noise ratio
– better sensitivity for dim markers
– more background noise

• ᢝᣍانل فقط روشناᗺ ᣐم دس فلوروکرومبنابراین در طراᘮدانᗷ دᘍاᗷ هᝃلᗷ ستᛴانال چه مهم نᜇ اه ما در هرᜡت
عملᝃردی دارد

Bright fluorochromes should generally be assigned to low-expression 
antigens, while highly expressed antigens can be paired with dimmer 
fluorochromes.
Example:
CD19 (bright antigen) → FITC may be acceptable
MRD marker with dim expression (CD81, CD58 abnormalities, CD200 weak 
expression) → PE or APC may be preferable



know your instrument

4- Understand spectral overlap and compensation requirements
Fluorochromes emit across broad wavelength ranges and may 
spill into adjacent detectors.
Examples:
•FITC → spills into PE
•PE → spills into ECD
•APC → spills into APC-A700 or APC-A750
Knowing expected spillover helps avoid problematic 
fluorochrome combination



know your instrument

5- Review validated laboratory templates
For clinical laboratories, especially in hematopathology and MRD 
work, review existing validated panels and instrument-specific 
templates before building a new panel.
For example, with B-ALL EuroFlow-style panels, marker selection 
is optimized specifically around instrument optical configurations.
COG(Children Oncology Group) panel
MD Anderson panel



know your instrument

6-Understand practical instrument limitations
Examples:
•Maximum number of colors measurable simultaneously
•Availability of compensation matrices
•Daily QC performance
•Stability of PMT settings
•Detector linearity
"Know your cytometer before choosing antibodies. The 
instrument determines which fluorochromes can be used, how 
well they are detected, and how much interference will occur 
between them.”

اشدبرای دستᜡاه دᘍگر قاᗷل اجرا نᘘ ممک ستبنابراین ᘍک ᗺانل خوب برای ᘍک دستᜡاه 



Sample preparation

• In flow cytometry panel design, the “sample preparation” step 
means planning how the specimen will be processed before staining 
and acquisition, because preparation directly affects antigen 
preservation, cell viability, background staining, and data quality.

• For a laboratory workflow, this step typically includes:



ᘍ ᡧا  آنᡨᣎ ژن ها حساسᛴت . 1 ᢕᣂه لᗷکساسیونᘮف 
 ᡧᣕعᗷ ژن ها ᡨᣎآن  ᡧ ᢕᣂدر اثر لRBC  اᘍکساسیونᘮاهش   فᜇابندᘍ ᣤ. 

:مثال
•CD16 
•CD11b 

 ᡧ ᢕᣌر چن᜵است روی  مارکریا ᡨᣂانل وجود دارد، بهᗺ دق روشن تر  فلوروکروم هایدر ᢕᣂرار گ 

Sample preparation



 ۲-Surface staining  اᘍIntracellular staining
 :ا᜵ر قرار است

•TdT
•MPO 
•Cytoplasmic CD3 
•Cytoplasmic CD79a 

 .شوند permeabilize سلول هابررᣒ شوند، ᗷاᘍد 
و  آنᗷ ᡨᣎادی ها د سطᣑ را تغیᢕᣂ دهد، بنابراین ᗷاᘍ مارکرهایشدت برᣤ  ᡧᣐ تواند این مرحله 

 .متناسب ᗷا پروت᜛ل انتخاب شوند فلوروکروم ها 

Sample preparation



Cell loss during preparation-3  
 ᡧᣐروش هایدر بر preparation، ژهᗬه وᗷ: 

•Bone marrow with low cellularity 
•CSF 
•MRD samples 

 .ᣤ رونداز دست  سلول ها مقداری از 
اᘍط  ᡫᣃ برای   مارکرهایدر این ᡨᣍاᘮینگحᙬد روی  گیᘍاᗷفلوروکروم های ᘮسᚽ ار روشن قرار

ند ᢕᣂگ 

Sample preparation



Viability-4
ᗷ ᡧاشد ᢕᣌایᗺ تᘮفᘮا کᗷ اᘍ ᣥᘍر نمونه قد᜵ا: 

•Autofluorescence  شᛓدافزاᗷاᘍ ᣤ  . 
•Non-specific binding  ᡨᣂشᛴشودب ᣤ  . 

 ᡧ ᢕᣌه مواردیدر چنᗷ ازᘮممکن است ن: 
•Viability dye 

 .در طراᗺ ᣐانل داشته ᗷاشᘮد

Sample preparation



 نᖔع نمونه. 5
ᣢانᗺ  که برای 

Peripheral bloodبرای 
᠍
 :طراᣐ شده لزوما

•Bone marrow 
•Lymph node 
•Body fluids 

 متفاوت است اتوفلورساᙏسترکᘮب سلوᣠ و  زᗬرا .نᛴستمناسب 

Sample preparation



6-Different anticoagulants can influence staining:
•EDTA: common for routine immunophenotyping 
•Heparin: sometimes better for functional assays 
•Some markers may be affected by certain anticoagulants  

•CD11b,CD16, CD14, CD64 ان اینᘮا  مارکرها بᗷضدانعقاد  EDTA   دᗷاᘍ ᣤ اهشᜇ 
بᛴشᡨᣂ از آن بᘮان. قاᗷل قبول است  EDTA ضدانعقادساعت  ۲۴تا  MRDبرای  •

CD10, CD19, CD34, CD45  دᗷاᘍ ᣤ اهشᜇ

Sample preparation



Sample preparation directly influences antigen preservation, cell 
viability, fluorescence intensity, and the number of analyzable 
cells. Therefore, the specimen type and processing protocol 
must be considered before selecting markers and fluorochromes 
during flow cytometry panel design.

Sample preparation



Marker expression and Ag density

• The third step, marker expression 
and antigen density , focuses on 
understanding how each antigen 
behaves biologically before 
assigning fluorochromes. This step 
is critical because panel 
performance depends not only on 
instrument configuration but also 
on the density and distribution of 
target markers.



Key aspects of marker expression include:

•Antigen density (bright vs dim expression):
Determine whether a marker is highly expressed or weakly expressed on the target 
cells. Dim markers should generally be paired with brighter fluorochromes (for 
example PE or APC), whereas strongly expressed markers can be assigned to 
dimmer fluorochromes. A weak antigen placed on a weak fluorochrome may 
become difficult to distinguish from background. 
Examples:
•CD45 on mature leukocytes → usually bright 
•CD19 on B cells → often moderate to bright 
•CD34 on blasts → often relatively dim 
•Aberrant markers in leukemias may be weak or partial



Key aspects of marker expression include:

•Expression pattern:
Assess whether expression is: 

• Positive versus negative 
• Dim or bright
• Heterogeneous versus homogeneous 
• Partial versus complete



•Co-expression characteristics:
Determine which markers are likely to be present on the same cell 
population. Co-expressed markers placed on fluorochromes with high 
spectral overlap can create spreading error and reduce resolution.

:مثال•
 همزمان بᘮان ᗷه طور معموᢻً روی ᘍک سلول CD10و  CD19 مارکرهای B-ALLدر ᘍک ᗺانل 

 PE-Texasو  PE مثᢿً (زᗬاد  طᗷ ᡧᣛᘮا همپوشاᡧᣍ  فلوروکروم هاᗷ ᢝᣍه  مارکر ا᜵ر این دو . ᣤ شوند
Red   ( از آنها ᣞᘍ گنال قویᘮتواند متصل شوند، س ᣤ  شᛓاعث افزاᗷ زᗬᖔن ᜇ گر درᘍانال د

 .را دشوار کند ᘍCD19ا  CD10شود و ᘻشخᘮص دقیق شدت بᘮان 

Key aspects of marker expression include:



This marker-expression assessment becomes the basis for the next 
step: matching markers with fluorochrome brightness and minimizing 
spectral interference.

Marker expression and Ag density



•Determine whether the target population is common or rare
Examples:
•Mature T cells in peripheral blood → very common 
•Plasma cells in bone marrow → relatively uncommon 
•Hematogones → low frequency 
•Minimal residual disease (MRD) cells → very rare 
•Paroxysmal Nocturnal Hemoglobinuria clone populations → may be extremely 
rare 
Rare populations require greater assay sensitivity than abundant populations

Cell frequency



•Adjust panel design according to rarity
For rare cells:
•Use brighter fluorochromes for essential markers 
•Minimize spreading error into critical channels 
•Optimize gating markers 
•Increase total events acquired 
For common populations, fluorochrome assignment may be more flexible.

ᗷا تداخل ᜇم انتخاب شوند هاᢝᣍ  فلوروکروممهم در جمعᘮت های نادر ᗷاᘍد  مارکرهایبرای 

Cell frequency



 مارکرهایرای نهایتا اینکه در طراᗺ ᣐانل هر چه فراواᡧᣍ جمعᘮت هدف ᜇمᗷ ᡨᣂاشد ᗷاᘍد ب
ᗷالاتر   ᜇresolutionمᡨᣂ و   spilloverروشن تر ᗷا فلوروکرومهایᘻشخᣕᘮ آن جمعᘮت از 

زمینه قاᗷل تفکᘮک ᗷاᗷ ᡨᣚمانند نᗬᖔز استفاده شود تا سلولهای نادر از 

Cell frequency



یدر (Antigen-Antibody Ratio) آنᗷ ᡨᣎادیᗷه  آنᡨᣎ ژنᙏسᛞت  ᡨᣂت  فلوسایتومᘮاهم
 ᚽسᘮار زᗬادی دارد

(Antibody Under-Titration) آنᗷ ᡨᣎادیᜇمبود . 1
 :ᜇاᡧᣚ اضافه ᙏشود  آنᗷ ᡨᣎادیزᗬاد ᗷاشد وᣠ  آنᡨᣎ ژن ها ا᜵ر تعداد 

 .  نᣥ شونداشغال  اᢠᣍ توپ ها همه •
 .  ᘍ ᣤاᗷدᜇاهش   فلورساᙏسشدت •
 .  ممکن است منᜇ ᡧᣛاذب شوند dim مارکرهای•
 .  ᣤ شودضعᘮف  جمعᘮت ها تفکᘮک •

 :مثال
سلول  610که برای   آنᗷ ᡨᣎادیشدᘍد، ا᜵ر همان حجم  لنفوسᚑتوز ᗷا  CLLدر ᘍک نمونه 

از  ضعᘮف تر ممکن است ᘍb 79CDا CD 20سلول استفاده شود،  710روی ᣤ شود استفاده 
 مقدار واقᣙ دᘍده شوند

Cell frequency



)(Antibody Over-Titrationبᛴش از حد  آنᗷ ᡨᣎادی. 2
ᡧ  آنᗷ ᡨᣎادیاضافه کردن  ᢕᣂش از مقدار بهینه نᛴل ساز ب᜛است مش: 

• ᣔاختصا ᢕᣂش اتصال غᛓافزا 
 Background fluorescenceافزاᛓش •
 ᜇSignal-to-Noiseاهش ᙏسᛞت •
 دᘍگر  ᜇانال هایᗷه   Spilloverافزاᛓش •

 .ضعᘮف ᗷه خوᢔᣍ تفکᘮک ᙏشوند جمعᘮت هایدر نᘮᙬجه ممکن است 

Cell frequency



• The final step in flow cytometry panel design, “choosing a 
fluorophore,” means matching each antibody marker with an 
appropriate fluorescent dye so that all markers can be detected 
clearly with minimal interference. This step strongly affects 
sensitivity, resolution of populations, and compensation 
requirements.

• Major considerations include:
• Match fluorophore brightness to antigen density
This is one of the most important rules:
•Dimly expressed antigens → assign bright fluorophores 
•Brightly expressed antigens → assign dim fluorophores

Choosing a Fluorophore



Examples:
•CD34, CD117, CD25, CD200, MRD markers → often placed on brighter 
fluorophores 
•CD45, CD3, CD19, CD20 → usually tolerate dimmer fluorophores 
because expression is strong 
For example:
•CD34 → PE or APC (bright) 
•CD45 → PerCP or FITC (less bright) 
Using a weak fluorophore for a dim antigen may make the population 
disappear

Choosing a Fluorophore



• Consider co-expression patterns
Markers expressed on the same cells should ideally not be assigned to 
highly overlapping fluorophores.
For example, if blast cells co-express:
•CD34 
•CD117 
•HLA-DR 
Avoid assigning these to fluorophores that heavily interfere with one 
another.
Instead, distribute them across different laser lines when possible

Choosing a Fluorophore



A common practical rule:
Low-density antigen → bright fluorophore
High-density antigen → dim fluorophore
Co-expressed markers → separate fluorophores with minimal overlap
This final fluorophore-selection step integrates all previous steps: 
knowledge of the instrument, sample preparation, marker expression, 
antigen density, and cell frequency. It converts the marker list into a 
functional multicolor panel.

Choosing a Fluorophore



Fluorophore Separation

• Ideally, when building multicolor panels, it is
best to separate fluorophore excitation
across lasers, and where possible, the
emission across the detectors.

• This will minimize the amount of
spillover and therefore 
compensation you will need to do.

• However as you increase the number of fluorophores
in your panel, this will not always be possible.

• Therefore other considerations need to be included in
your design





را بر اساس  فلوروکروم ها این است که spilloverرایج برای ᜇاهش اثر  روش هایᣞᘍ از 
 .ᗷا دقت انتخاب کنᘮم آنᡨᣎ ژن هاالᝉوی بᘮان 

 ᡧᣎعᘍ ل از اختصاصᘘه هر  فلوروکرومقᗷ م کدام مارکرᘮدانᗷ دᘍاᗷ ، ا رو  مارکرهاᗷ ک سلولᘍ ی
 .نᣥ شوندهرگز روی ᘍک سلول دᘍده  مارکرها کدام و  ᣤ شوند هم بᘮان 

Fluorophore Separation



قاᗷل توجᣧ دارند ᗷه  spilloverکه   فلوروکروم هاᗷ ᢝᣍا اختصاص  ᣤ تواناین ᜇار را •
و  CD3انجام داد؛ مانند (Mutually Exclusive)متقاᢿًᗷ انحصاری  مارکرهای

CD19.
•CD3  سلول هایروی T  انᘮشودب ᣤ . 
•CD19  سلول هایروی B  انᘮشودب ᣤ . 
 .  نᣥ کندرا بᘮان  CD19و  ᘍCD3ک سلول طبᣙᘮ همزمان •

ᙏشت کند، معموᢻً مشCD19  ᣢ᜛مقداری سᘮگنال ᗷه ᜇانال  CD3 فلوروکرومبنابراین ا᜵ر 
 .ندارد و برعکس CD19 اصوᢻً واقCD3+  ᣙ؛ زᗬرا سلول نᣥ شود اᘍجاد 

Fluorophore Separation



ᗷاᘍد  ᣤ (co-expression) شوندکه روی ᘍک سلول ᗷا هم بᘮان   مارکرهاᢝᣍ برعکس، برای 
 ᢝᣍانتخاب شوند که حداقل  فلوروکروم هاspillover اشندᗷ گر داشتهᘍکدᘍ هᗷ را. 

 :مثال ها
•CD19   وCD10   درB-ALL 
•CD34   وCD117  درAML

Fluorophore Separation



Fluorophore Separation

 
•Parent–Descendant Rule فرزند–قانون والد 

 ᣦاᜍتوان ᣥجاد مقداری  نᘍاز ا)spillover   گنالᘮشت سᙏانال  )فلورس تᜇ دو ᡧ ᢕᣌب
ی کرد ᢕᣂجلوگ . ᣗᘍا ᡫᣃ ᡧ ᢕᣌتواندر چن ᣤ  را طوری انتخاب کرد که این مارکرها spillover 

 .مشᣢ᜛ در تفسᢕᣂ نتایج اᘍجاد نکند
  ᗷه صورتروی ᘍک جمعᘮت سلوᣠ  مارکر دو  ،Parent–Descendantدر قانون 

 ᢔᣎان  سلسله مراتᘮشوندب ᣤ: 
•Parent marker   ت  :والد مارکرᘮوجود دارد بزرگ تر روی جمع . 
•Descendant marker   رمجموعه ایروی  :فرزند مارکرᗬان  زᘮت بᘮاز همان جمع

 . ᣤ شود
؛ زᗬرا نᣥ شود اد والد ᙏشت کند، معموᢻً مشᣢ᜛ اᘍج مارکر فرزند ᗷه ᜇانال  مارکر ا᜵ر سᘮگنال 

  سلول های
᠍
ᡧ بᘮان  مارکر فرزند ذاتا ᢕᣂکنندوالد را ن ᣤ. 



CD4و  CD3مثال 
•CD3  سلول هایروی تمام T ت استᘘمث  . 
•CD4  از ᡫᣓخᗷ سلول هایفقط روی T ت استᘘمث  . 

 .داشته ᗷاشد ᗷCD3ه ᜇانال  spilloverمقداری  CD4 فلوروکرومفرض کنᘮد 
 :در این حالت

 . هسᙬند  +CD3از قᘘل   +CD4 سلول های•
 . نᣥ دهدرا تغیCD3  ᢕᣂتفسspillover،  ᢕᣂناᡫᣒ از   CD3بنابراین افزاᛓش جز᡽ᣍ سᘮگنال •
 . شناساᢝᣍ کرد ᗷه درسᡨᣎ را  T سلول های ᣤ توانهنوز •

 ᣐب از نظر طراᘮل این ترکᘮدل ᡧ ᢕᣌه همᗷل قبول است پنلᗷقا. 
 ᣐدر طرا ᣢرد عمᗖارᜇپنل

رخ دهد که همان  مارکریᗷه ᜇانال  مارکریاز  spilloverا᜵ر  ᣤ گᗬᖔد   Parent–Descendantقانون 
 وانᣤ تمعموᢻً اهمᘮت ᗷالیᘍ ᡧᣎا تحلᣢᘮ ندارد و spillover، این ᣤ کنند طبᣙᘮ آن را بᘮان  ᗷه طور  سلول ها

 ᣐذیرفت پنلآن را در طراᗺ 

Fluorophore Separation





Medical indication of flowcytometry for 
hematolymphoid malignancy:

1. The diagnosis and classification of hematopoietic neoplasms. 

2. Assessment of biological parameters associated with prognosis.

3. Detection of antigens used as therapeutic targets. 

4. Detection of residual neoplastic cells following therapy. 







Lymphocytic gate



Monocytic gate



Monocytic gate



Hematogone gate



Hematogone gate



Blast gate



Blast gate



Plasmacytic gate



Plasmacytic gate



Metastatic gate



Metastatic gate



Granulocytic gate



Granulocytic gate



The End


