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1: Flow cytometry - Wikipedia
This thoroughly revised and updated edition of a widely used practical guide to flow cytometry describes in step-by-step
detail an array of time proven and cutting-edge techniques much needed in today's advanced laboratories.

Givan Summary A flow cytometer is an instrument that illuminates cells or other particles as they flow
individually in front of a light source and then detects and correlates the signals from those cells that result
from the illumination. In this chapter, each of the aspects of that definition will be described: The final section
of the chapter will discuss the use of a flow cytometer to sort cells. This chapter can be read as a brief,
self-contained survey. It can also be read as a gateway with signposts into the field. Other chapters in this book
will provide more details, more references, and even some controversy about specific topics. Key Words Flow
cytometry, fluidics, fluorescence, laser. Introduction An introductory chapter on flow cytometry must first
confront the difficulty of defining a flow cytometer. The instrument described by Andrew Moldavan in 1 is
generally acknowledged to be an early prototype. Although it may never have been built, in design it looked
like a microscope but provided a capillary tube on the stage so that cells could be individually illuminated as
they flowed in single file in front of the light emitted through the objective. The signals coming from the cells
could then be analyzed by a photodetector attached in the position of the microscope eyepiece. Following
work by CoulFrom: Methods in Molecular Biology: Flow Cytometry Protocols, 2nd ed. Even today, our
definition of a flow cytometer involves an instrument that illuminates cells as they flow individually in front
of a light source and then detects and correlates the signals from those cells that result from the illumination.
In this chapter, each of the aspects in that definition are described: As an introduction, this chapter can be read
as a brief survey; it can also be read as a gateway with signposts into the field. Other chapters in this book and
in other books [e. Cytometers today, however, often measure things other than cells. There are subtleties here;
for example, if the cytometer is not quick enough, two particles close together may actually be detected as one
event. Because most of the particles sent through cytometers and detected as events are, in fact, single cells,
those words are used here somewhat interchangeably. Because flow cytometry is a technique for the analysis
of individual particles, a flow cytometrist must begin by obtaining a suspension of particles. Historically, the
particles analyzed by flow cytometry were often cells from the Flow Cytometry: An Introduction 3 blood;
these are ideally suited for this technique because they exist as single cells and require no manipulation before
cytometric analysis. Cultured cells or cell lines have also been suitable, although adherent cells require some
treatment to remove them from the surface on which they are grown. More recently, bacteria 25,26 , sperm
27,28 , and plankton 29 have been analyzed. Flow techniques have also been used to analyze individual
particles that are not cells at all e. In addition, cells that do not occur as single particles can be made suitable
for flow cytometric analysis by the use of mechanical disruption or enzymatic digestion; tissues can be
disaggregated into individual cells and these can be run through a flow cytometer. The disadvantage of a
singlecell technique is that cells that do not occur as individual particles will need to be disaggregated; when
tissues are disaggregated for analysis, some of the characteristics of the individual cells can be altered and all
information about tissue architecture and cell distribution is lost. In flow cytometry, because particles flow in a
narrow stream in front of a narrow beam of light, there are size restrictions. Special cytometers may have the
increased sensitivity to handle smaller particles such as DNA fragments [33] or small bacteria [35] or may
have the generous fluidics to handle larger particles such as plant cells [36]. But ordinary cytometers will, on
the one hand, not be sensitive enough to detect signals from very small particles and will, on the other hand,
become obstructed with very large particles. In this suspension, they will flow through the cytometer mostly
one by one. The light emitted from each particle will be detected and stored in a data file for subsequent
analysis. In terms of the emitted light, particles will scatter light and this scattered light can be detected. Some
of the emitted light is not scattered light, but is fluorescence. Many particles notably phytoplankton have
natural background auto- fluorescence and this can be detected by the cytometer. A fluorescent dye is one that
absorbs light of certain specific colors and then emits light of a different color usually of a longer wavelength.
Alternatively, the dye itself may fluoresce when it is bound to a cellular component. Staining with
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DNA-sensitive fluorochromes can be used, for example, to look at multiploidy in mixtures of malignant and
normal cells 31 ; in conjunction with mathematical algorithms, to study the proportion of cells in different
stages of the cell cycle 38 ; and in restriction-enzyme-digested material, to type bacteria according to the size
of their fragmented DNA There are other fluorochromes that fluoresce differently in relation to the
concentration of calcium ions 40 or protons 41,42 in the cytoplasm or to the potential gradient across a cell or
organelle membrane In these cases, the fluorescence of the cell may indicate the response of that cell to
stimulation. Other dyes can be used to stain cells in such a way that the dye is partitioned between daughter
cells on cell division; the fluorescence intensity of the cells will reveal the number of divisions that have
occurred Chapters in this book provide detailed information about fluorochromes and their use. In addition,
the Molecular Probes Eugene, OR handbook by Richard Haugland is an excellent, if occasionally
overwhelming, source of information about fluorescent molecules. The important thing to know about the use
of fluorescent dyes for staining cells is that the dyes themselves need to be appropriate to the cytometer. The
fluorochromes used to stain cells must be able to absorb the particular wavelength of the illuminating light and
the detectors must have appropriate filters to detect the fluorescence emitted. Illumination In most flow
cytometers, fluorescent cells are illuminated with the light from a laser. Lasers are useful because they provide
intense light in a narrow beam. Particles in a stream of fluid can move through this light beam rapidly; under
ideal circumstances, only one particle will be illuminated at a time, and the illumination is bright enough to
produce scattered light or fluorescence of detectable intensity. In all cases, light of specific wavelengths Flow
Cytometry: The wavelengths of the light from a given laser are defined and inflexible, based on the
characteristics of the lasing medium. The most common laser found on the optical benches of flow cytometers
today is an argon ion laser; it was chosen for early flow cytometers because it provides turquoise light nm that
is absorbed efficiently by fluorescein, a fluorochrome that had long been used for fluorescence microscopy.
Argon ion lasers can also produce green light at nm , ultraviolet light at and nm , and a few other colors of
light at low intensity. Some cytometers will use only nm light from an argon ion laser; other cytometers may
permit selection of several of these argon ion wavelengths from the laser. Whereas the early flow cytometers
used a single argon ion laser at nm to excite the fluorescence from fluorescein and later to include, among
many possible dyes, phycoerythrin, propidium iodide, peridinin chlorophyll protein [PerCP], and various
tandem transfer dyesâ€”all of which absorb nm light , there was an increasing demand for fluorochromes with
different emission spectra so that cells could be stained for many characteristics at once and the fluorescence
from the different fluorochromes distinguished by color. This led to the requirement for illumination light of
different wavelengths and therefore for an increasing number of lasers on the optical bench. Current research
flow cytometers may include, for example, two or three lasers from those listed in Table 1. Flow cytometers
with more than one laser focus the beam from each laser at a different spot along the stream of flowing cells
Fig. Each cell passes through each laser beam in turn. In this way, the scatter and fluorescence signals elicited
from the cells by each of the different lasers will arrive at the photodetectors in a spatially or temporally
defined sequence. Thus, the signals from the cells can be associated with a particular excitation wavelength.
All the information that a flow cytometer reveals about a cell comes from the period of time that the cell is
within the laser beam. That period begins at the 6 Givan Fig. Cells flowing past laser beam analysis points in a
three-laser cytometer. Beams with elliptical cross-sectional profiles allow cells to pass into and out of the
beam quickly, mainly avoiding the coincidence of two cells in the laser beam at one time but see the
coincidence event in the first analysis point. In addition, an elliptical laser beam provides more uniform
illumination if cells stray from the bright center of the beam. They will, Flow Cytometry: An Introduction 7
Fig. Copyright from Givan, A. First Principles, 2nd edit. Because fluorochromes typically absorb light and
then emit that light in a time frame of several nanoseconds, a fluorochrome on a cell will absorb and then emit
light approximately a thousand times while the cell is within each analysis point. Cells Through the Laser
Beam s In flow cytometry, as opposed to traditional microscopy, particles flow. In other words, the particles
need to be suspended in fluid and each particle is then analyzed over the brief and defined period of time that
it is being illuminated as it passes through the analysis point. This means that many cells can be analyzed and
statistical information about large populations of cells can be obtained in a short period of time. The downside
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of this flow of single cells, as mentioned previously, is that the particles need to be separate and in suspension.
Even in suspensions of low cell concentration, there is always some probability that coincidence events will
occur Fig. The fluidics in a cytometer are designed to decrease the probability that multiple cells will coincide
in the analysis point; in addition, the fluidics must facilitate similar illumination of each cell, must be
constructed so as to avoid obstruction of the flow tubing, and must do all of this with cells flowing in and out
of the analysis point as rapidly as possible consistent with the production of sufficiently intense scattered and
fluorescent light for sensitive detection. The problem with pushing cells from a narrow orifice or through a
narrow chamber is that the cells, if large or aggregated, tend to clog the pathway. The hydrodynamics required
to bring about focussed flow without clogging is based on principles that date back to work by
Crosland-Taylor in With particles such as red blood cells the experimenter must choose between a wide tube
that allows particles to pass two or more abreast across a particular section, or a narrow tube that makes
microscopical observation of the contents of the tube difficult due to the different refractive indices of the tube
and the suspending fluid. In addition, narrow tubes tend to block easily. This so-called hydrodynamic
focussing results in coaxial flow a narrow stream of cells flowing in a core within a wider sheath stream ; it
was first applied to cytometry by Crosland-Taylor, who realized that this was a way to confine cells to a
precise position without requiring a narrow stream that was susceptible to obstruction. After joining the sheath
stream, the velocity of the cell suspension in meters per second either increases or decreases so that it becomes
equal to the velocity of the sheath stream. The result is that the cross-sectional diameter of the core stream
containing the cells will either increase or decrease to bring about this change in the velocity of flow while
maintaining the same sample volume flow rate in milliliters per second. The injection rate of the cell
suspension will therefore directly affect the width of the core stream and the stringency by which cells are
confined to the center of the illumination beam. After use of hydrodynamic focusing to align the flow of the
cells within a wide sheath stream so that blockage is infrequent, there is still a requirement for rapid analysis,
for better confining of the flow of cells to the very bright center of the laser beam, and for the avoidance of
coincidence of multiple cells in the analysis point. These characteristics are provided by the design of the flow
cell cf. Some cytometers illuminate the stream of cells within an optically clear region of the flow cell as in a
cuvet. Other systems use flow cells where the light beam intersects the fluid stream after it emerges from the
Flow Cytometry: An Introduction 9 Fig. The fluidics system of a flow cytometer, with air pressure pushing
both the sample with suspended cells and the sheath fluid into the flow cell. In all cases, the flow cell increases
the velocity of the stream by having an exit orifice diameter that is narrower than the diameter at the entrance.
The differences in diameter are usually between and fold, bringing about an increase in velocity equal to to
fold As the entire stream with the cell suspension in the core of the sheath stream progresses toward the exit
of the flow cell, it narrows in diameter and increases in velocity. With this narrowing of diameter and
increasing of velocity, the path of the cells becomes tightly confined to the center of the laser beam so that all
cells are illuminated similarly and the cells move through the laser beam rapidly. In addition, cells are spread
out at greater distances from each other in the now very narrow stream and are therefore less likely to coincide
in the analysis point. In summary, with regard to the fluidics of the flow cytometer, the hydrodynamic
focussing of a core stream of cells within a wider sheath stream facili- 10 Givan Fig. A flow cell, with the
sample suspension injected into the sheath fluid and forming a central core in the sheath stream.
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2: Flow Cytometry First Principles - PDF Free Download
Comprehensive and highly practical, Flow Cytometry Protocols, Second Edition offers both basic and clinical scientists
an up-to-date collection of cutting-edge protocols for solving the widest variety of novel flow cytometry problems.

The use of propidium iodide to monitor cell death. Dead lymphocytes have a less intense forward scatter
signal than do live lymphocytes. The intact plasma membrane forms a barrier, keeping propidium iodide and
nucleic acids apart. By this method, cell viability can be monitored in the presence of various cytotoxic
conditions Fig. In particular, because of their perforated outer membrane, they have a lower refractive index
than living cells and therefore have forward scatter signals of lower intensity. For this reason, it is important
not to use a gate or forward scatter threshold when analyzing a population for the proportion of dead and live
cells. Any forward versus side scatter gate drawn around normal lymphocytes, for example, will always show
most if not all of the cells Flow Cytometry within that gate to have excluded propidium iodide no matter how
many cells in the preparation are dead; this is simply because the dead cells drop out of the gate Fig. The use
of propidium iodide to exclude dead cells from analysis of a mouse spleen cell population for the expression
of the Thy-1 surface antigen. Stained cells courtesy of Maxwell Holscher. DNA in Life and Death The use of
propidium iodide or equivalent dyes to exclude dead cells from analysis is a procedure that is recommended as
routine for any system staining for surface markers. It is particularly important in analysis of mixed
populations where a high percentage of the cells may be dead. It is a dye that, like propidium iodide, only
enters dead cells. It has, however, the added advantage of forming permanent cross-links with DNA when
photoactivated. Darzynkiewicz both the and editions include many chapters with protocols and advice on both
the simpler and the more complex methods in nucleic acid, apoptosis, and cell cycle analysis. Good
discussions of the mathematical algorithms for cell cycle analysis can be found in Chapter 6 of Van Dilla et al.
A special issue Volume 11, Number 1, of the journal Cytometry, although somewhat aged, is devoted to the
subject of Flow Cytometry analytical cytogenetics; it contains articles about work at the interface between
theory and clinical practice as well as some beautiful pictures. A review article by Darzynkiewicz Z, et al.
Boehringer Mannheim produces a free, but substantial manual now in its second edition on methods related to
the study of cell death. First Principles, Second Edition. Alice Longobardi Givan Copyright by.
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3: Practical Flow Cytometry - Howard M. Shapiro - Google Books
Flow Cytometry Protocols attempts to cover many diverse topics; unfortunately, in its broad approach, some important
research areas are only briefly addressed. One such area is the analysis of prokaryotic systems.

Please see the product-specific Flow protocol on the product webpage for appropriate fixation and
permeabilization conditions, and recommended antibody dilution. Prepare solutions with reverse osmosis
deionized RODI or equivalent grade water. Anti-mouse , , , , Anti-rabbit , , , , Anti-rat , B. If live cell staining
is desired, proceed to Immunostaining Section D. Please refer to the product webpage and product-specific
protocol to determine whether it is compatible with live cell staining. Collect cells by centrifugation and
aspirate supernatant. Resuspend cells in 0. Fix for 15 min at room temperature. Wash by centrifugation with
excess 1X PBS. Discard supernatant in appropriate waste container. Please refer to the product-specific
protocol on the product webpage for correct permeabilization conditions. Not all products are compatible with
methanol permeabilization. Incubate 30 min on ice. Count cells using a hemocytometer or alternative method.
Aliquot desired number of cells into tubes or wells. Wash cells by centrifugation in excess 1X PBS to remove
methanol, if required. Incubate for 1 hr at room temperature fixed cells or minutes on ice live cells. Wash by
centrifugation in incubation buffer. If using a directly conjugated antibody, skip to step 9. Incubate for 30 min
at room temperature fixed cells or on ice live cells. Incubate for 5 min at room temperature fixed cells or on
ice live cells. If required, wash by centrifugation in PBS. Analyze cells on flow cytometer.
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4: Flow Cytometry - First Principles (Second Edition) - 18
In this thoroughly revised and updated second edition of Flow Cytometry Protocols, time-proven as well as cutting-edge
methods are clearly and comprehensively presented by leading experimentalists.

Compensation cytometry Each fluorochrome has a broad fluorescence spectrum. When more than one
fluorochrome is used, the overlap between fluorochromes can occur. This situation is called spectrum overlap.
This situation needs to be overcome. For example, the emission spectrum for FITC and PE is that the light
emitted by the fluorescein overlaps the same wave length as it passes through the filter used for PE. This
process is called color compensation, which calculates a fluorochrome as a percentage to measure itself. The
process of compensation is a simple application of linear algebra, with the goal to correct for spillovers of all
dyes into all detectors, such that on output, the data are effectively normalized so that each parameter contains
information from a single dye. Especially when using the parameters which are more than double, this
problem is more problematic. Up to now, no tools have been discovered to efficiently display
multidimensional parameters. Analysis of a marine sample of photosynthetic picoplankton by flow cytometry
showing three different populations Prochlorococcus , Synechococcus , and picoeukaryotes Gating[ edit ] The
data generated by flow-cytometers can be plotted in a single dimension , to produce a histogram , or in
two-dimensional dot plots or even in three dimensions. The regions on these plots can be sequentially
separated, based on fluorescence intensity , by creating a series of subset extractions, termed "gates. Individual
single cells are often distinguished from cell doublets or higher aggregates by their "time-of-flight" denoted
also as a "pulse-width" through the narrowly focused laser beam [18] The plots are often made on logarithmic
scales. Data accumulated using the flow cytometer can be analyzed using software. Once the data is collected,
there is no need to stay connected to the flow cytometer and analysis is most often performed on a separate
computer. Automated identification systems could potentially help findings of rare and hidden populations.
T-Distributed Stochastic Neighbor Embedding tSNE is an algorithm designed to perform dimensionality
reduction, to allow visualization of complex multi-dimensional data in a two-dimensional "map". Critical
Assessment of Population Identification Methods, [29] to provide an objective way to compare and evaluate
the flow cytometry data clustering methods, and also to establish guidance about appropriate use and
application of these methods. Cell sorting by flow cytometry[ edit ] Cell sorting is a method to purify cell
populations based on the presence or absence of specific physical characteristics. Fulwyler by joining a
Coulter volume sensor with the newly-invented ink jet printer. The collection process starts when a sample is
injected into a stream of sheath fluid that passes through the flow cell and laser intercepts. The disturbance in
the stream causes it to break into a droplet containing ideally one cell. An electrical charging ring is placed
just at the point where the stream breaks into droplets. A charge is placed on the ring based immediately prior
to fluorescence intensity being measured, and the opposite charge is trapped on the droplet as it breaks from
the stream. The charged droplets then fall through an electrostatic deflection system that diverts droplets into
containers based upon their charge. In some systems, the charge is applied directly to the stream, and the
droplet breaking off retains charge of the same sign as the stream. The stream is then returned to neutral after
the droplet breaks off. If collected under sterile conditions, these cells can be further cultured, manipulated,
and studied. Labels[ edit ] Use of flow cytometry to measure copy number variation of a specific DNA
sequence Flow-FISH Flow cytometry uses the light properties scattered from cells or particles for
identification or quantitative measurement of physical properties. Labels, dyes, and stains can be used for
multi-parametric analysis understand more properties about a cell. Immunophenotyping is the analysis of
heterogeneous populations of cells using labeled antibodies [35] and other fluorophore containing reagents
such as dyes and stains. Fluorophore A wide range of fluorophores can be used as labels in flow cytometry.
Each fluorophore has a characteristic peak excitation and emission wavelength, and the emission spectra often
overlap. Consequently, the combination of labels which can be used depends on the wavelength of the lamp s
or laser s used to excite the fluorochromes and on the detectors available. Absolute fluorescence sensitivity is
generally lower in confocal microscopy because out-of-focus signals are rejected by the confocal optical
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system and because the image is built up serially from individual measurements at every location across the
cell, reducing the amount of time available to collect signal.
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5: Flow Cytometry Protocol (Flow) | Cell Signaling Technology
Flow Cytometry This formaldehyde Â®xation does permeabilize the cytoplasmic membrane a bit (formaldehyde-Â®xed
cells are permeable to small molecules), but proteins are often cross-linked too tightly for staining of intracellular proteins
with antibodies.

PDF This is a well-updated second edition that has been designed and organized for both the novice and
experienced cytometrist. The majority of the chapters are aimed primarily for the experimentalist with
minimal experience with flow cytometric procedures, although a few discuss relatively advanced topics and
specific methodologies such as fluorescence resonance energy transfer FRET and fluorescence in situ
hybridization analysis by flow cytometry. The introductory chapter by Alice Givan provides a good general
description of theoretical and practical aspects, and this overview is well supplemented by a chapter by
Carleton and Sigrid Stewart on light and fluorescence scatter displays, gating analyses, and multicolor
acquisitions. Several chapters address the analysis of intracellular constituents. A chapter by Perez et al.
Presentation of the different protocols for fixation and permeabilization will be especially helpful to the
inexperienced reader. The figures display some of the differences that can be observed, but data in some
figures may not be adequately interpreted for some readers. The chapter on cytokines is very limited in its
discussion of alternative methods, and it does not discuss how protocols may need to be modified for
cytokines produced in low concentrations or alternative methods for cytokine assessment, e. There are two
chapters on the introduction and production of fluorescent proteins in cells and their analyses by flow
cytometric procedures. These will be very useful for individuals with molecular expertise wanting to evaluate
production of specific proteins under different regulatory conditions; there is a reasonable amount of
information for trouble-shooting potential difficulties. Two chapters also discuss analysis of intracellular
enzyme activity for assessment of apoptosis or cell-mediated immune killing via caspase-3 activity. As
opposed to actual changes in the production of caspase-3, analysis is made by assessing enzyme activity. A
relatively nonfluorescent substrate that readily permeates into cells when cleaved by caspase-3 forms a
intracellular trapped fluorescent molecule. Similar types of substrates could be useful probes for assessment of
other intracellular enzymes. In addition to the numerous basic flow cytometry protocols, there are chapters
describing methods for some critical clinical assays. Three chapters are devoted to different aspects of the
assessment of hematopoietic cells with emphasis on the hematopoietic precursor cells. The analyses include
cytometry with the ultraviolet-excited dye Hoechst by itself analysis at two emission wavelengths , Hoechst
with rhodamine , or analysis of CD34 expression. All methods and graphs are well described. As indicated
earlier, the text has a few very specialized chapters. The integration of flow cytometry with microarray
technology is not overly helpful with regard to flow cytometric procedures, in that the chapter deals mainly
with microarray methods; however, it does provide useful references for isolation of single-cell suspensions
from different types of tissues. FRET analysis is discussed with regard to interaction between intracellularly
produced fluorescent proteins as well as viral fusion. Both chapters describe technologies that could be applied
to many types of investigation. Likewise, there are two additional chapters on proteinâ€”protein interactions
that provide other approaches. Cell-cycle analysis with use of Hoechst and propidium iodide or with
incorporation of bromodeoxyuridine is briefly described. Isolation of cells from solid tumors is well described
and will be useful for basic and clinical research investigations. These methods may become the most useful
dealing with in situ hybridization analysis by flow cytometry. A chapter by Kapoor and Telford describes a
method for assessing telomere length. The final two chapters will not likely be overly useful to the average
reader unless one is interested in designing a new system with small lasers or performing BSL3 experiments.
Flow Cytometry Protocols attempts to cover many diverse topics; unfortunately, in its broad approach, some
important research areas are only briefly addressed. One such area is the analysis of prokaryotic systems.
There is a chapter dealing with multiparameter analysis of bacteria, but it is limited to mainly membrane
potential. The differential uptake and binding of various fluorescent probes to the DNA of different bacterial
strains is mentioned, but no data or protocols are provided. The surface characteristics of bacteria and binding
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to phagocyte receptors and phagocytosis of bacteria are important clinical concerns, but there is no discussion
on these topics. Overall, the text will be informative reading for most scientists interested in flow cytometric
procedures. A few chapters are relatively sketchy, and some may be too specialized, but on the whole, the
novice flow cytometrist will find the text useful and the experienced flow cytometrist will find a few chapters
of interest. There are many topics not covered, but the general principals of flow cytometry should be
obtained, and insight into how the systems can be manipulated to achieve new approaches should be garnered
from some chapters.
6: Flow Cytometry - First Principles (Second Edition) - 14
Flow Cytometry Protocols SECOND EDITION Edited by Teresa S. Hawley Robert G. Hawley 1 Flow Cytometry An
Introduction Alice L. Givan Summary A flow cytometer is an instrument that illuminates cells (or other particles) as they
flow individually in front of a light source and then detects and correlates the signals from those cells that result.

7: Reference Books in Flow Cytometry | Purdue University Cytometry Laboratories
A review article by Darzynkiewicz Z, et al. () on ``Cytometry in Cell Necrobiology: Analysis of Apoptosis and Accidental
Cell Death (Necrosis)'' appeared in Cytometry Â± Boehringer Mannheim produces a free, but substantial manual (now in
its second edition) on methods related to the study of cell death.

8: Cell Cycle Analysis by DNA Content - Protocols - Flow Cytometry - UC San Diego Moores Cancer Cente
Acquire data on flow cytometer within 48 hours (but might last up to 2 weeks). May require nylon mesh filtration (eg,
Filcons, BD Cat. No. ) to remove cell clumps or syringing (25 gauge, UCSD Storehouse # ) to break up cell clumps.

9: Flow Cytometry Protocols - PDF Free Download
P.H. Burkill, C.P. Gallienne, in Encyclopedia of Ocean Sciences (Second Edition), Technique. Analytical flow cytometry
(AFC) is a generic technique based on the multiparametric analysis of single particles at high speed.
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