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Categories, methods

· Flowcytometry in a flow with optical detection

· Optical Forward Scatter or (FSC). Seems to be most efficient for optical power utilization. 

· Optical Side Scatter or (SSC)

· Optical Absorption

· Fluorescence

· Multispectral with single detector: color-space-time coding (UCSD)

· Imaging flow cytometry

· Configuration of the channel: round or flat
· Primary imaging system, vs. “image on trigger”. 

· Combination with adherent cytometry: Celico (Cyntelect, purchased by Brooks Automation)

· Bulk optical properties

· Size-dependent diffraction

· Holographic reconstruction 

· Mass-spectrometry cytometry

· Microfluidic cytometry

· Electric impedance detection. 

· Adherent cell cytometry. Proxy to membrane properties, mobility, cells size
· Resistance in a micro channel. Coulter counter, and proxy to cell volume
Options, features
· Flow path: 
· Open space 
· flow cell (quartz?)

· Micro fluidics, microchip. Fishman-R
· Physical volume vs. detectable volume (“virtual core”)

· Fluorescent and calibration bits. 

· Ability to re-process primary data. 

· Cell sorting, actively separate and isolate particles having specified properties. 2011, up to 6-way sorting. 
· Mechanical sorting into “catcher tube”. Enclosed path, one population.

· Electrostatic deflection 

· Sheath fluid, vs. undiluted sample

· Focusing: 

· Hydrodynamic focusing: coaxial laminar flow

· Acoustic focusing (Ward)

· Real time or post processing, or both 
· Fluorescent labeling
· Staining (Worden – bacterial communities)

· Isotope labeling 
· Imaging as add-on to flowcytometry. Triggering, on demand etc. 
Specifications and performance

· Cell size range, um

· Concentration range, cells/mL
· Detection volume, uL, mL
· Flow rate, mL/min, uL/min
· Throughput range, counts/sec. 2E5 (LLNL)
· Number of optical / fluorescence channels. 7 fluorescence channels (Partec), up to 32 (2011).
· Overall energy efficiency; J/count
· Statistics and acceptable errors

Processing and software

· Gating and analyzing software

· Population identification using computational methods (rare and hidden populations)

· Population identification (Worden): trigger on scattering signal is used, and then accumulate data with other parameters. This is “see everything” approach

Trends: 
· Continue to decrease in size and energy consumption. 
· Use of smaller laser diodes/ solid state lasers.

· Increase in detection and precision measurements

· Lower cost especially for medical and biosciences

Challenge

· Limited dynamic range vs. unpredictable wide range population composition 

· Trade-off between size range, concentration range, and throughput is really optimized for *narrow range* of those parameters
· If detection volume is set to be able to resolve pulses from small particles, then statistics on larger cells with low concentration is becoming unacceptably slow
Categories, methods

Flowcytometry in a flow with optical detection

Optical Forward Scatter or (FSC). Seems to be most efficient for optical power utilization. 

Optical Side Scatter or (SSC)

Optical Absorption

Fluorescence

Multispectral with single detector: color-space-time coding (UCSD)

Imaging flow cytometry

Configuration of the channel: round or flat

Primary imaging system, vs. “image on trigger”. 

Combination with adherent cytometry: Celico (Cyntelect, purchased by Brooks Automation)

Bulk optical properties

Size-dependent diffraction

Holographic reconstruction 

Mass-spectrometry cytometry

Microfluidic cytometry

Electric impedance detection. 

Adherent cell cytometry. Proxy to membrane properties, mobility, cells size

Resistance in a micro channel. Coulter counter, and proxy to cell volume

Options, features

Flow path: 

Open space 

flow cell (quartz?)

Micro fluidics, microchip. Fishman-R

Physical volume vs. detectable volume (“virtual core”)
Sheath fluid, vs. undiluted sample

Fluorescent and calibration bits. 

Ability to re-process primary data. 

Cell sorting, actively separate and isolate particles having specified properties. 2011, up to 6-way sorting. 

Mechanical sorting into “catcher tube”. Enclosed path, one population.

Electrostatic deflection 

Focusing: 

Hydrodynamic focusing: coaxial laminar flow

Acoustic focusing (Ward)

Real time or post processing, or both 

Fluorescent labeling

Staining (Worden – bacterial communities)

Isotope labeling 

Imaging as add-on to flowcytometry. Triggering, on demand etc. 

Specifications and performance

Cell size range, um

Concentration range, cells/mL

Detection volume, uL, mL

Flow rate, mL/min, uL/min

Throughput range, counts/sec. 2E5 (LLNL)

Number of optical / fluorescence channels. 7 fluorescence channels (Partec), up to 32 (2011).

Overall energy efficiency; J/count

Statistics and acceptable errors

Processing and software

Gating and analyzing software

Population identification using computational methods (rare and hidden populations)

Population identification (Worden): trigger on scattering signal is used, and then accumulate data with other parameters. This is “see everything” approach

Trends: 

Continue to decrease in size and energy consumption. 

Use of smaller laser diodes/ solid state lasers.

Increase in detection and precision measurements

Lower cost especially for medical and biosciences

Challenge

Limited dynamic range vs. unpredictable wide range population composition 

Trade-off between size range, concentration range, and throughput is really optimized for *narrow range* of those parameters

If detection volume is set to be able to resolve pulses from small particles, then statistics on larger cells with low concentration is becoming unacceptably slow
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