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VIB

VIB is a leading life sciences research institute in Belgium with an entrepreneurial spirit. We are a vibrant, 

multidisciplinary, and inclusive community of highly skilled scientists. 
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VIB Technologies

17 nationalities

110 FTEs

MISSION: 

To provide a competitive advantage to VIB researchers and the local life science 

landscape by enabling access to technology and expertise. 
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VIB Flow Core’s Mission
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4-8 May 2026, Ghent, Belgium
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1. The history and basics 
of Flow Cytometry



Coulter principle

Electronic counting and 

sizing of cells in 

suspension

History of Flow Cytometry

Birth of ‘real’ FC is debated, because it combines several technical concepts 

→ fluidics, optics, electronics, fluorescence chemistry and computation

1950s-1960s

1st cell sorter (1965)

Coulter-based detection 

coupled to electrostatic 

droplet sorting

1980s-1990s 2000s 2005-2010s 2020s-Today

Foundations Birth of FACS

Fundamental concepts 

emerge

1965–1970s

Pulse cytophotometry

First commercial FACS 

by BD (1974) 

Fluorescence-based FC

Fulwyler · Göhde · SweetCoulter

Commercialization & 

Immunology Revolution

Clinical adoption 

FACS popularized

Becomes widely available

Immunophenotyping

Monoclonal antibodies and 

multi-color fluorescence

Hematology and HIV

High-Parameter & 

Functional Cytometry

8+ colors becomes 

standard

Functional assays mature

Standardization and 

advanced software

Diversification

Imaging FC

ImageStream

Mass cytometry 

CyTOF

The “Diamond Age”

Integration with 

single-cell omics

Spectral FC

40–50+ colors possible

Machine learning–

assisted analysis

As a cornerstone technology, flow cytometry has driven major advances in biology, medicine and healthcare.



Basics of Flow Cytometry

▪
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Principle of FC did not fundamentally change over the past ~ 65 years 

https://microbenotes.com/flow-cytometry/
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Basics of Flow Cytometry
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3D-printed mechanical components

Principle of FC did not fundamentally change over the past ~ 65 years 

https://cytometryunderground.com/Telford_MYO_Cytometer_UNAM_111120.pdf

The Make Your Own Cytometer Lab

(Bill Telford)

▪

▪

▪



Basics of Flow Cytometry

▪

Conventional versus Spectral Flow Cytometry

https://www.beckman.com/resources/reading-material/application-notes/spectral-flow-cytometry-detailed-scientific-overviewhttps://fluorofinder.com/spectral-flow-cytometers/

Part of emitted 

spectrum detected

Full emitted 

spectrum detected



Basics of Flow Cytometry

▪

Conventional versus Spectral Flow Cytometry

Example of 13 color panel in one laser DIY FC: 

GFP, KIRAVIA Blue 520, Alexa Fluor 532, PE, StarBright Blue 615, Real Blue 

613, PE-Fire 640, PerCP, BB700, PerCP-eFluor710, PE-Fire 744, PE-Cy7, 

PerCP-Fire 806



2. High-Parameter Flow Cytometry



Conventional Mass Spectral 

• Part of emitted spectrum detected

• # colors = # detectors

• Max. 28 color panel

• Full emitted spectrum detected

• # colors < # detectors

• +50 color panel

• Heavy-metal labeled antibody

• Time-of-flight mass spectrometry

• 48 parameter panel

High-parameter Cytometry
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Conventional Mass Spectral 

• Part of emitted spectrum detected

• # colors = # detectors

• Max. 28 color panel

• Signal in other detectors 

= compensated

• Autofluorescence problem

• Full emitted spectrum detected

• # colors < # detectors

• +50 color panel

• Specific signature of each 

fluorochrome known 

= spectral unmixing 

• Autofluorescence subtraction

• Heavy-metal labeled antibody

• Time-of-flight mass spectrometry

• 48 parameter panel

High-parameter Cytometry

https://welcome.cytekbio.com/hubfs/WebsiteDownloadableContent/DataSheets/N9-20076PowerofAFExtraction.pdf



   

   

   

   

 

  
  

 
 
  
 

       

   

   

   

   

 

  
  

 
 
  
 

       

Spectral Flow Cytometry
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eFluor450

BV421

Spectral fingerprint or signature

Ultraviolet Violet Blue Yellow-Green Red

BV421

eFluor450

Ultraviolet Violet Blue Yellow-Green Red



Spectral Flow Cytometry
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Spectral Flow Cytometry

https://link.springer.com/article/10.1208/s12248-021-00633-6

The “dye revolution”

Spectral Cytometers

30+ parameters

Sony 

SP6800

2013

▪

▪

▪

▪

▪

▪

▪

▪

2017

Cytek 

Aurora

▪

▪



Spectral Flow Cytometry

The “dye revolution”
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RealYellow

586
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PE
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The “dye revolution”



Ultra-high dimensional Flow Cytometry



Cytek Aurora Sony ID7000
BD FACS 

Discover A8

Thermo

Xenith

Agilent 

Opteon

Beckman 

Coulter 

Mosaic

Laser Config. ≤5 ≤7 ≤5 ≤6 ≤5 ≤6

Fluorescent 

Channels
≤64 ≤186 ≤72 ≤51 ≤73 ≤88

Fluorescent

Detectors
APD PMT APD PMT APD APD

Unmixing 

Model

Ordinary Least 

Squares (OLS)

Weighted 

Least Squares-

based (WLSM)

SpectralFX
Ordinary Least 

Squares (OLS)

Least Squares 

Regression

LSM Unmixing 

or Poisson 

Unmixing

Differences in: 

Present at VIB Flow Core Ghent

Demo at VIB Flow Core Ghent

Need for standardization!

In 2026, most vendors have a spectral FC on the market

High-parameter Spectral Cytometry



Conventional Mass Spectral 

• Part of emitted spectrum detected

• # colors = # detectors

• Max. 28 color panel (per tube)

• Signal in other detectors 

= compensated

• Autofluorescence problem

• Full emitted spectrum detected

• # colors < # detectors

• +50 color panel

• Specific signature of each 

fluorochrome known 

= spectral unmixing 

• Autofluorescence subtraction

• Heavy-metal labeled antibody

• Time-of-flight mass spectrometry

• 48 parameter panel

High-parameter Cytometry



▪

▪

Two main players on the market

High-parameter Mass Cytometry

Borders between technologies are fading > Mass Spectrometry + Flow Cytometry = Mass Cytometry



3. Imaging Flow Cytometry



Flow Cytometry

Microscopy

Imaging Flow Cytometry

Imaging Flow Cytometry

Merges flow cytometry speed with microscopy-level single-cell imaging



Merges flow cytometry ‘speed’ with microscopy-level single-cell imaging

Imaging Flow Cytometry

Cytek® Amnis® ImageStream®X Mk II 

imaging flow cytometer

Run at ~1,000/s for routine experiments 

to balance throughput and image quality

First commercial instrument launched in 2005



Do myeloid cells actively transport liposomes to arthritic joints thereby fueling inflammation? 

Yes → Visual confirmation and quantification by imaging FC that these cells internalize liposomes in blood and 

inflamed synovium

Imaging Flow Cytometry

Deprez et al. Nat Nanotechnol, 2023

Julie Van Duyse



▪

▪

Amnis® AI Image Analysis Software

Imaging Flow Cytometry meets AI

▪

▪

▪



BD FACSDiscoverTM A8 (Analyzer) and S8 (FACS) use BD CellViewTM Image Technology

Imaging FC transitions to high-throughput 
analysis and cell sorting

Top-hat laser beam

Unique frequency 

Beamlets 

Image laser beam (blue)

Cell is scanned 
Generates a highly 

complex pulse 

Waveform

Mathematically 

derived image 

No cameras!



New biological insights using BD FACSDiscoverTM S8

inside outside

Unpublished data

Assess uptake of immunogenic protein crystals 

Only sort cells that phagocytosed crystals



Imaging Flow Cytometry: The Future Is Now

▪ Attune CytPix from Thermo Fisher 

▪ VisionSort from Thinkcyte– ‘Ghost Cytometry’

▪ REM-I from Deepcell



Imaging Flow Cytometry: The Future Is Now

▪ VERLO cell sorter from NanoCellect

▪ ZOMP imaging flow cytometer



4. Cell Sorting Innovations
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Conventional Cell Sorting 

https://www.bioradiations.com/expanding-flow-core-capabilities-by-shifting-routine-sorts-to-self-sort-on-the-s3e-cell-sorter/



Conventional Cell Sorting 
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Cell Sorting Innovations
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Spectral Cell Sorting 
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Image based spectral cell sorting 



▪

Fast image-based index sorting on BD FACSDiscover S8TM

▪

Image based spectral cell sorting 



Diverse species, diverse applications

Macrophages
(Phagocytosis bacteria)

Canola -leaf PSB-D cell line HACAT  (cell cycle)Arabidopsis - leaf

Image based spectral cell sorting 



DE-droplets

beads
Yeast Nuclei (tomato)ArchaeaDE-droplets

cells

Diverse species, diverse applications

Image based spectral cell sorting 



Liver neutrophils

Arabidopsis th.

root protoplasts

Brassica napus 

(rapeseed) microspores

Red blood cells

of Xenopus trop.

Cells

of honeybee

Autofluorescent gametes 

of Ulva (microalgae)

Diverse species, diverse applications

Image based cell sorting 
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Cartridge based cell sorting



MACSQuant Tyto LUX 
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B16-mCherry (mouse melanoma cell line)

Pre-sort Post-sort
(Ultra Yield mode) 

Pre-sort Post-sort
(high purity mode)

Arabidopsis th. (plant nuclei)



5. Automation



▪

Automation 

Online panel design tools

AI guided

Tissue Dissociation/ Homogenization

Staining

Washing

Advanced plate loaders

Startup / Shutdown

Advanced data analysis tools

Advanced algorithms

Panel Design Sample preparation Sample Acquisition Data Analysis



Panel Design
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Panel Design
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Panel Design Sample preparation
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Automated antibody dispensing
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▪

▪

▪



Panel Design Sample preparation Sample Acquisition

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

▪

Sony ID7000

Agilent NovoCyte



Panel Design Sample preparation Sample Acquisition Data AnalysisHigh-Throughput Data Analysis

Data 
generation

Preprocessing 

& 

Quality control

Population 
detection

Patient 
diagnosis / 
Biomarker 
detection

Data visualization

FlowAI

PeacoQC
CytoNorm

CyCombine

AutoSpill

ElastiGate

FlowSOM

PhenoGraph

diffcyt

T-REX

Random 

Forest

Neural Net

tSNE UMAPHeatmapScatter plot

flowDensity



Manual Computational

Gate on a specific population of interest Look at all cells/parameters simultaneously

Less practical for high-dimensional data
(e.g. Time vs all parameters)

Automated steps possible

Inconsistency between scientists
(e.g. small shifts in gates)

Reproducible 
(given same input and hyperparameters) 

Less straightforward interpretation of resultsIntuitive interpretation

More sensitive to batch effects/changesManual adjustment of gates

Data Analysis High-Throughput Data Analysis



6. Take-Home messages



Take-Home messages

▪

▪

▪

▪

Cytek Aurora 

Spectral Flow Cytometers

Sony ID7000

2x BD FACSDiscover A8

Imaging Flow Cytometer

Spectral + Imaging Sorter

Cytek ImageStream X
Cartridge based Sorter

BD FACSDiscover S8

Miltenyi Tyto Lux
Technical and data 

analysis expertise



VIB Flow Core: An Open and Future-Ready Facility

Connect website –

request training

Flow Cytometry 

Consultancy

FACS 

Consultancy



Gert.VanIsterdael@vib.be

Katrien.VanderBorght@vib.be
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