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Introduction
Fluorescent activated cell sorting (FACS) is a specialized type of flow cytometry
used for sorting and analyzing a heterogeneous mixture of cells into different subpopulations based on the specific light scattering and fluorescent characteristics
(from the specific labels) of each cell. The number of measurable parameters that
can be used by this technology to separate cell populations is immense – starting
from simple surface immunophenotyping to metabolic functions, cell cycle status,
redox state, and DNA content analysis to name a few.
Since its inception, FACS has been used extensively in biomedical research and
clinical diagnostics and therapeutics. The most common usage of FACS is seen in:
-

Analysis of whole human blood for diagnosing diseases, immunophenotyping
Sorting different blood cell fractions for ex-vivo manipulations and/or
transplantations
Immuno-phenotypic analysis of murine blood to identify transgenic/knockout
animals
Sorting and analysis of a slew of cell lines for various biological assays
Characterization and isolation of rare cells types like adult stem cells and
cancer initiating cells

The following sections in this ebook will go through the basic principles and
methodologies of FACS, along with tips for optimizing protocols and avoiding
common pitfalls. We at Boster Biological Technology hope that this flow cytometry
ebook will be a useful reference to you at the lab bench. If you ever encounter
questions that this guide does not answer, please contact the Boster Support Team
by email at support@bosterbio.com. Get better results with Boster!
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Principles of Flow Cytometry
This section deals with the different aspects of FACS instrumentation and the basic
system of cell detection. The diagram below illustrates the experimental setup and
general procedure of a typical FACS experiment. A population of mixed cells is
sorted into a negative sample and a positive sample containing cells of interest by
the flow cytometer.
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A. The Flow Cytometer
The flow cytometer instrument consists of three core systems: fluidics, optics, and
electronics. The fluidics system includes a flow cell, where the sample fluid is
injected. The optics system consists of various filters, light detectors, and the light
source, which is usually a laser line producing a single wavelength of light at a
specific frequency. This is where the particles are passed through at least one laser
beam. Lasers are available at different wavelengths ranging from ultraviolet to far red
and have a variable range of power levels as well (photon output/time). A detector in
front of the light beam measures forward scatter light signals (FSC) and detectors to
the side measure side scatter light signals (SSC). Fluorescence detectors measure
the fluorescence signal intensity emitted from positively stained cells and particles.
Within the flow cytometer, all of these different light signals are split into defined
wavelengths and channeled by a set of filters and mirrors so that each sensor will
detect fluorescence only at a specified wavelength. These sensors are called
photomultiplying tubes (PMTs). Various filters are used in the flow cytometer to direct
photons of the correct wavelength to each PMT. Short pass (SP) filters allow
transmission of photons below a specific wavelength while long pass (LP) filters
allow transmission above a specific wavelength. Band pass (BP) filters allow
transmission of photons that have wavelengths within a narrow range. Each PMT will
also detect any other fluorophores emitting at a similar wavelength to the fluorophore
it is detecting. These light signals are converted by the electronics system to data
that can be visualized and interpreted by software. The diagram below illustrates the
parts and setup of a typical flow cytometer instrument.
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FACS Fluidics System
The objective of the fluidic system is to order the cell suspension into a uniform
stream of single cells so that they can be efficiently detected. The ﬂuidics system
consists of a central core through which the sheath fluid flows under high pressure
and encloses the sample fluid. Since the sheath fluid is under higher pressure, it
moves faster than the sample and thus creates a drag on the sample fluid. It is this
hydrodynamic force on the sample fluid that creates the single stream and allows the
cells to be analyzed individually as they pass through the illumination source.
FACS Optics I: Detection - Lasers and Types of Optical Filters
After a single stream is formed, each cell passes through the different laser beams
and is sorted according to its light scattering and, if labelled with a fluorophore
(fluorochrome), its fluorescence emission properties. Each laser produces a single
wavelength of light at a specific frequency and depending on the wavelength, they
are classified as ultraviolet, violet, blue, yellow/green, red and infra-red. Most of the
modern flow cytometers are equipped with 3-5 lasers and can therefore
simultaneously detect multiple signals.
Once a laser beam excites the fluorophores of the suitable excitation range, the
latter emit signals at different wavelengths which pass through specific optical filters each filter allowing only specific wavelengths to pass through. The wavelengths
passing through every filter are then captured by their corresponding detectors and
quantified. Every laser channel has multiple filters and their respective detectors are
each specific for a different fluorochrome. With an optimum combination of lasers
and filters, an instrument can detect as many as 20 different fluorochromes!
Apart from the fluorescent emission signal, the direction of light scatter also provides
information about a cell type. When light is scattered at an angle of 20° from the
excitation beam, it is called forward scatter (FSC) and roughly equates to a cell’s
size. When the scatter occurs at an angle of 90° relative to the excitation beam, it is
called side scatter (SSC) and is a measure of cellular granularity.
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FACS Optics II: Processing and Quantification of Signals
The photon signals generated by the fluorescent excitation/emission are captured by
the photo-multiplier tubes (PMTs) and converted into the proportional number of
electronic pulses which are recorded as ‘events’ by the machine. These pulses are
digitized by the electronic processing system and stored as FCS files. An entire
pulse is quantified by measuring its height and area which correspond to the signal
intensity, and its width which represents the duration of the cell in a laser beam.
PMTs are extremely sensitive and detect not only real cells as events but also
debris, dust particles, platelets etc. It is therefore important to set a ‘threshold’ level
for every parameter – any pulse that fails to reach this level is ignored by the
detector and only those pulses which exceed this level are detected and processed.
The intensity of every fluorochrome can be manipulated by adjusting the PMT
voltage.
Fluorescent intensities are usually measured in the log scale to increase the weak
signals and compress the strong signals in order to display large differences in
fluorescence signals. In case the differences are minute, like in DNA analysis, linear
scaling is preferred.
Electrostatic Sorting of Cells
Not only can FACS technology analyze different cell populations on the basis of
fluorescent probes, it can also separate these populations into separate tubes using
the same detection principles. Cell sorters are additionally equipped with a) the
machinery to generate cell droplets (usually by high frequency vibrations) and b)
charged plates to deflect these droplets into specific collection tubes. There are five
main steps of cell sorting:
-

The cells pass through the laser beams and the specific fluorescent signals
are detected as described in the previous section.
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-

The stream containing the cells is broken down into droplets and each cell is
captured in a droplet.
The droplets pass between the deflection plates.
The charged droplets (those enclosing cells) are deflected in the electrostatic
field and collected.
The uncharged droplets pass though and are collected in the waste chamber.

B. The Fluorophores
The Basis of Fluorescence

When a fluorophore absorbs light, its electrons move from a resting state to a
maximum energy state – this is termed excitation. It then undergoes a
conformational change wherein the electrons fall back to the resting state and the
excess energy is released as the fluorescence – emission. The difference between
the wavelengths of the excitation and emission maxima is called stokes shift. The
cycle of excitation and emission is repeated several times for each fluorochrome
moiety and is read out as the fluorescent signal.
Since the emitted light has less energy than the excitation, the emission wavelength
of any fluorochrome is longer than its excitation wavelength and therefore has a
different color. For example, FITC absorbs between 400-530 nm with peak
absorption or excitation maxima at 490 nm and emits from 475-650 nm, peaking at
525 nm. It is important to excite flurochromes at their excitation maxima to increase
the intensity of emission.
The emitted color (and intensity) of a fluorochrome which is finally detected by an
instrument depends largely on the laser and filter settings. To take the example of
FITC, its absorption spectrum lies in both the blue and green spectra, but the
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excitation maxima is close to the blue 488 nm laser. Therefore, when it is excited by
the blue laser, it absorbs maximum energy and is detected as a bright green color.
On the other hand, if FITC is detected through the green laser, it will absorb poorly
and fluoresce weakly in the red channel. For a flurochrome to be detected at the
strongest intensity, the right optical filters need to be used which only allow the
specific wavelength to pass through.

Each type of fluorescent dye or label has its own characteristic excitation and
emission spectrum which is important for designing flow cytometry experiments.
There is a wide selection of fluorophores available nowadays; for example, FITC,
PerCP, APC, PE, Cy5.5, Alexa Fluors, and more. Fluorescently conjugated
antibodies have commonly been used to label specific structures on the cell for flow
cytometric analysis. As the fluorescing cell (or particle) passes through the
interrogation point and interacts with the laser beam, it creates a pulse of photon
emission over time (a peak). These are detected by the PMTs and converted by the
electronics system to a voltage pulse, typically called an "event". The total pulse
height and area is measured by the flow cytometer instrument, and the voltage pulse
area will correlate directly to the fluorescence intensity for that individual event.
These events are assigned channel numbers based on its measured intensity (pulse
area). The higher the fluorescence intensity, the higher the channel number the
event is assigned. This signal can be amplified by increasing the voltage running
through the PMT.
One thing to note is that fluorescent signals may also occur from naturally
fluorescing substances in the cell such as reduced pyridine nucleotides (NAD(P)H)
and oxidized flavins (FAD), and this is termed “autofluorescence”. In general, larger
and more granular cells have higher levels of autofluorescence due to having an
increased amount of fluorescent compounds. The level of autofluorescence can be
determined using unstained controls. It is often useful to have an unstained control,
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or an FMO (Fluorescence Minus One) control. The FMO control will help you to
identify and gate cells during data analysis.
Common Fluorophores and Spectral Characteristics
To design a multicolor panel, it is imperative to know the excitation and emission
spectra of the fluorochromes in use. In addition, the laser and filter configuration of
the instrument is also vital for the optimal detection and minimal spillover of the
different fluorochromes. Here is a table of some commonly used fluorophores and
their spectral characteristics:
Fluorochrome

Excitation (nm)

Emission (nm)

7-AAD

546

647

APC

650

660

CFP

458

480

DAPI

358

461

FITC

494

520

GFP

395

508

Hoechst 33342 & 33258

352

461

Pacific Blue

410

455

PE

496, 565

578

PE-Cy7

480, 743

767

PerCP

482

678

PerCP-Cy5.5

482, 675

695

Rhodamine 123

507

529

Selecting the Right Fluorophore Conjugate
Knowing each conjugate label’s properties will be important in choosing the right
fluorophores for your experiment. Some key properties to know about fluorescent
conjugate tags are listed here:
-

Maximum Excitation Wavelength (λex) – The peak wavelength in the
excitation (absorption) spectra, measured in nanometers (nm)
Maximum Emission Wavelength (λem) – The peak wavelength in the
emission spectra, measured in nanometers (nm)
Extinction Coefficient (ε max ) – (also called molar absorptivity) The capacity
for the fluorochrome to absorb light at a given wavelength, usually measured
at the maximum excitation wavelength with the units M −1 cm −1
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-

-

-

-

Fluorescence Quantum Yield (Φf) – The number of photons emitted per
absorbed photon. A high quantum yield is important, and this number ranges
between 0 and 1
Fluorescence Decay Time (τfl) – The time interval after which the number of
excited fluorescent molecules is reduced to 1/e (approx. 37%) via the loss of
energy, usually measured in nanoseconds
Brightness – The fluorescence output per fluorophore measured.
Fluorophores with high brightness values can be used to detect lowerabundance targets. Calculated as the product of the extinction coefficient (at
the relevant excitation wavelength) and the fluorescence quantum yield
divided by 1000, with the units M −1 cm −1
Stokes Shift – The difference between the Maximum Emission Wavelength
and Maximum Excitation Wavelength, measured in nanometers
Laser line – Which laser line(s) to use for detection using flow cytometry
Common filter set – The standard microscope filter set that generates the best
imaging results
Photostability – How resistant a substance is to change resulting from
exposure to light

Single and tandem dyes
Single dyes such as FITC, PE, APC, and PerCP consist of a simple fluorophore
moiety; tandem dyes on the other hand consist of a small fluorophore covalently
bound to a bigger fluorophore. Examples include PE-Cy7, APC-Cy7, PerCP-Cy5.5
etc.
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The tandem dyes offer the advantage of brighter fluorescence as compared to single
fluorophores. After the smaller dye is activated and reaches its maximum intensity, it
transfers its energy to the second dye (in tandem) which in turn produces the
fluorescent emission. This process, known as ﬂuorescence resonance energy
transfer (FRET), achieves higher stokes shift and thus increases the number of
colors that can be analyzed from a single laser wavelength. For example, although
PE and PerCP-Cy5.5 absorb at 488 nm, they emit in the yellow and red channels
respectively.
The disadvantage of tandem dyes is that they are highly unstable during the fixation
process and are bleached out in the presence of methanol, a common fix-perm
agent in intracellular staining.
Spectral Overlap and Compensation
When working with multiple colors, there is always a high chance of the overlap of
the emission spectra of different fluorochromes – with the result that one
fluorochrome is detected in the channel for another, also known as spillover. To
subtract the signal of a fluorochrome from all the ‘incorrect’ channels, a mathematical
process called compensation is used.
The basis of compensation control is to use single stain samples and detect the
spillover of each fluorochrome into every channel but its own. By the compensation
calculation inbuilt in the detection and analysis software, any spillover can be
minimized. For every single color in the panel, the compensation control must
consist of a negative and a positive population. In order to compensate correctly,
there are two main points to consider. One, the PMTs should be adjusted so that
both the positive and negative populations have similar auto-fluorescence. Second,
the maximum fluorescent intensities (MFIs) of the positive and negative populations
of a control should be aligned in the other channels. Comparing MFIs is a much
more accurate way to compensate rather than just by ‘eyeballing’ it.

12

FACS Data Acquisition and Analysis
FACS Data Display – What does FACS data look like?
In a flow cytometry experiment, every cell that passes through the interrogation point
and is detected will be counted as a distinct event. Each type of light that is detected
(forward-scatter, side-scatter, and each different wavelength of fluorescence
emission) will also have its own unique channel. The data for each event is plotted
independently to represent the signal intensity of light detected in each channel for
every event. This data could be visually represented in multiple different ways, so
you may need to play around with different types of data plots and how to set your
gates. The most common types of data graphs used in flow cytometry include
histograms, dot plots, density plots, and contour diagrams. As multiparametric
analysis becomes more complicated, analysis techniques can even include higher
order plots such as 3 dimensional plots and SPADE trees.
Univariate histogram plots measure only one parameter. Typically, the Y-axis is the
number of events (the cell count) that show a given fluorescence, and the X-axis is
the relative fluorescence intensity detected in a single channel. A large number of
events detected at one particular intensity will be represented as a peak (or spike) on
the histogram. Ideally, only one distinct peak will be produced and can be interpreted
as the positive dataset (representing the cells with the desired characteristics of
interest).

13

Oftentimes however, flow analysis is performed on a mixed population of cells and
results in multiple peaks on the histogram. In these situations, the flow experiment
should be repeated with an appropriate negative isotype control which should help to
identify the positive dataset. For a positive result, look for the shift in intensity
between negative control and positive samples as shown in the diagram below.

For bivariate analysis, data is often represented as dot plots or density plots, and
contour diagrams. By analyzing multiple parameters, we can show the relationship
between two different markers, allowing for more complex phenotypes to be
identified and important populations of interest to be isolated via gating. Gating is an
important procedure in flow cytometric data analysis used to selectively visualize the
cells of interest and eliminate results from unwanted particles such as dead cells and
debris.
Dot plots and density plots compare 2 or 3 parameters simultaneously on a scatterplot where each event is represented as a single point (or dot). The dot plot is a
figure that shows the relationship between multiple variables at once, and the
parameters can be any combination of scatter and fluorescence signals. Three
common combinations used are: 1) forward scatter (FSC) vs. side scatter (SSC); 2)
single color vs. side scatter; and 3) two-color fluorescence plot.

The density plot was developed as a way to show not just expression levels, but the
relative number of events (density) in a given region. On the density plot, each dot or
point represents a single cell that has passed through the interrogation point of the
flow cytometer. Intensity measurements of different channels are represented along
the different axes so that events with similar intensities will cluster together in the
14

same region on the scatter-plot. Density plots are excellent for viewing the frequency
of subpopulations.
In this example of a dot-plot, cell populations in a peripheral blood sample can be
identified based on forward- and side-scatter light signals. Cell populations are
marked by their probable identities:

As you can see, some cell identities can be confirmed by forward and side-scatter
profiles, but fluorescent labeling with a cell-type specific marker will provide greater
resolution and certainty when profiling complex heterogeneous cell populations. In
the example plot above, one may be able to distinguish between lymphocytes and
granulocytes using forward and side-scattered light measurements. However, among
the granulocytes there are three different classes (eosinophils, basophils, and
neutrophils) which are difficult to distinguish using light-scattering properties alone
because of their similar cell size and structure. In order to identify the basophils, for
example, we could selectively label them with fluorescently conjugated antibodies
which target basophil specific markers.
The other way to show the density of your data is to use a contour plot. Contour plots
display the relative frequency of the populations, regardless of the number of events
collected. A contour diagram displays the probability contouring with joined lines
representing similar numbers of cells. Concentric rings form around populations so
that the higher the density, the closer the rings are on the contour diagram. Thus,
this graph takes on the appearance of a geographical altitude map with steeper
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islands where the density is high. In a 5% contour plot, five percent of cells fall within
each contour line (as defined by the plot). Thus, the outermost line contains 95% of
the cells; the second line contains 90% and so on. In the example contour plot
below, the cell populations which were represented in the density plot example
above is now visualized with a contour diagram instead.

Image Caption: Contour diagram of forward-scatter light vs. side-scatter light. Density is represented
by contour lines, and like the dot plot, the characteristic position of different cell populations is
determined by different physical properties such as cell size and granularity.

One disadvantage of contour plots is that information about rare populations is not
visible since these diagrams are not good at showing outliers. In a 5% contour plot,
5% of cells would fall outside of the last contour line. In these situations, some data
analysis programs will have the option to add outliers to most graph types. Another
strategy is to combine a contour plot with a dot plot, allowing both density estimation
and rare event information to be displayed. It is essential to choose the best way to
communicate your data to help you convince your peers of the results you are
proposing. Be sure to highlight your results by using the right flow figures to
accurately reflect your data without confusion.
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FACS Data Analysis – Gating Strategies
The entire interpretation of flow cytometry data analysis is built upon gating. Gates
are boundaries placed around cell populations that have common features like
scatter or marker expression to quantify and study these populations.

1. Forward and side scatter gating
Cells are first gated on the basis of their scatter properties. Forward (FSC) and side
scatter (SSC) give an idea of the size and granularity of the cells respectively. As an
example, in the analysis of blood cell populations, scatter based gating is highly
useful since blood is made of cells of distinct sizes and granularity (see dot plot
below). The granulocytes in the red square have a high SSC and can be easily
demarcated from the monocytes and lymphocytes. The monocytes in the yellow
square form a distinct population from the lymphocytes (pink square) which are
smaller and less granular. Lastly, the violet square contains the debris and RBCs
with the lowest FSC and SSC values. Scatter gating is a useful tool for the bulk
sorting of cells when the purity is not an issue. For more refined sorting and analysis,
marker expression is an obvious criterion.
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2. Labelled population gating
Once a certain population has been gated out on the basis of scatter properties, the
next step is to further divide it into sub-populations based on surface (or intracellular)
markers. In the representative dot plot shown, lymphocytes are first gated on the
basis of FSC and SSC and then divided into T cells and B cells on the basis of
surface expression of CD3 and CD19 respectively. The dot plot on the right shows a
clear demarcation of T and B cell populations.

3. Back gating
Back-gating is a method to confirm a gating pattern. The population that has been
identified by a particular gate is gated again on entirely different parameters. It is
usually done when one is trying out a new gating strategy or there is a concern of
non-specific staining and false positives.
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In the dot plots shown above, blood cells are first gated on the basis of CD3 and
CD14 expression to separate T cells and non-lymphocytes. The populations in the
green, red and blue ovals represent the T cells, granulocytes and monocytes
respectively –. To confirm the identity of these populations vis-à-vis this gating
strategy, they can be back-gated along FSC and SSC parameters. The dot plot on
the right confirms these populations on the basis of their scatter properties.
*Note: Different graph types and statistics differ between different analysis software
programs and are best studied using specific manuals for your flow cytometry
instrument.

Sample Preparation and Protocols

A. Preparation of Cells for FACS Staining
Cells for flow cytometry analysis are usually derived from four main sources:
-

Adherent or suspension cultures
Cryopreserved samples
Whole blood or buffy coats
Solid tissues e.g. bone marrow, spleen, intestine etc.

Regardless of the source, the final cell preparation should be:
-

a homogenous single-cell suspension free of clumps and dead cell debris
at a density of 106-107 cell per ml
suspended in a suitable staining buffer

Please see the following recommended protocols for sample preparation depending
on your initial sample source. PBMCs isolated from whole blood through Ficoll
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gradient centrifugation or RBC lysed whole blood or non-adherent cultured cells are
readily available for flow cytometric analysis. Adherent cultured cells or cells present
in the solid organs should be first made into a single cell suspension before flow
analysis by using enzymatic digestion or mechanical dissociation of the tissue,
respectively. Mechanical filtration should be followed to avoid unwanted instrument
clogs or lower quality flow data.
1. Preparation of suspension culture cells
Key Reagents – PBS, staining buffer
1)
2)
3)
4)

Decant cells from tissue culture vessel into centrifuge tube(s).
Centrifuge at 300-400 x g for 5-10 min at room temperature.
Discard supernatant and re-suspend pellet in PBS and repeat previous step.
Discard supernatant and re-suspend in suitable volume of cold staining buffer.

2. Preparation of adherent culture cells
Key Reagents – PBS, staining buffer, 0.25% trypsin
1) Discard culture medium and rinse the cell monolayer with sterile PBS
2) Add warmed trypsin to just cover the monolayer and incubate at 37°C for 5-10
min (depending on the cell type).
3) Neutralize the reaction with culture medium (serum added) and detach the
cells by gently shaking the vessel.
4) Continue as with suspension culture cells preparation protocol.
3. Preparation of cryopreserved cells
Key reagents – PBS, staining buffer, culture medium with 10% FBS
1) Thaw the cryo-tubes rapidly in a water bath set at 37°C.
2) Transfer to a chilled centrifuge tube and add ice cold culture medium drop by
drop until the cells are diluted 10X. Perform on ice!
3) Centrifuge at 300-400 x g for 5 min at 4°C.
4) Discard supernatant and wash once with cold staining buffer.
5) Re-suspend cells in a suitable volume of cold staining buffer.
4. Preparation of Blood Mononuclear Cells (from blood or buffy coat)
Key reagents – PBS, staining buffer, suitable gradient medium like Ficoll or
Histopaque
1) Dilute whole blood or buffy coat with equal volume of room temperature PBS.
2) Carefully layer the diluted blood over an equal volume of the gradient
medium.
3) Centrifuge at 400-500 x g for 30-40 min at room temperature. The centrifuge
brakes should be turned off!
4) Aspirate the PBMCs from the thin interface between the upper plasma layer
and lower medium layer.
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5) To remove granulocytes, aspirate the whitish colored layer just above the
RBC sediment [Note: specialized gradient media have been formulated to
enrich different granulocyte populations].
6) Re-suspend the cells in PBS and centrifuge at 300-400 x g for 10 min. at
room temperature.
7) Wash with PBS once or twice more.
8) Re-suspend the cells in a suitable volume of staining buffer.
5. Preparation of cells from tissues - murine bone marrow
Key reagents – PBS, staining buffer, RBC lysis buffer [use common recipe or use a
commercially available buffer]
1) Dissect out the tibia and femurs and remove all extraneous fat, muscle and
connective tissue. Put the bone in cold PBS and store on ice – perform all
following steps on ice.
2) Fill up a syringe with cold culture medium and fit an 18 gauge needle to it. Drill
the ends of the bones with the needle and flush out the contents onto a nontissue culture treated plate.
3) Break up the cell masses into a single cell suspension with the help of a 22gauge needle.
4) Pellet down the cells at 300-400 x g and wash once more with cold PBS.
5) Re-suspend the cells in a suitable volume of staining buffer and perform a cell
count before pelleting the cells again.
6) Re-suspend the cells in RBC lysis buffer at 106 cells/ml and incubate at room
temperature for 5 minutes.
7) Pellet down the cells, discard the lysis buffer and wash once with PBS.
8) Re-suspend the cells in a suitable volume of staining buffer.
B. Common FACS staining protocols
Each human cell expresses hundreds of thousands of cell surface antigens that
specify their cell type, biological function, development stage, and much more. Cells
residing in different organs have characteristic cell surface antigens, and
determination of these cells using the specific fluorophore-conjugated antibodies can
be analysed by flow cytometry. The following general protocols are recommended
for various common FACS staining procedures. Staining with unconjugated purified
antibody needs an additional step of staining with a fluorescent conjugated
secondary antibody (indirect immunostaining).
Note: If the cells are stained in a 96 well U- or V-bottom plate, washing procedure
should be set up first for maximum removal of unbound primary antibodies.
1. Direct immunostaining of surface antigens
Key Reagents – PBS, staining buffer, FACS buffer, PFA fixing buffer
1) Prepare a single cell suspension using the appropriate protocol and adjust the
cell concentration to 107 cells/ml in staining buffer
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2) Dispense 100µl of cell suspension into as many staining tubes as needed
[unstained control, compensation controls, optional isotype and FMO controls,
and test sample].
3) Add the optimized dilution of antibodies to the respective tubes and incubate
at 4°C (on ice) for 30 minutes in the dark.
4) Wash the cells once with ice cold PBS at 300-400 x g and re-suspend in 100200µl FACS buffer/PFA fixing buffer.
5) Store at 4°C in darkness and acquire preferably within 24 hours.
2. Indirect immunostaining of surface antigens
Key Reagents – PBS, staining buffer, FACS buffer, PFA fixing buffer
1) Prepare a single cell suspension using the appropriate protocol and adjust the
cell concentration to 107 cells/ml in staining buffer.
2) Dispense 100µl of cell suspension into as many staining tubes as needed
[unstained control, compensation controls, optional isotype and FMO controls,
and test sample].
3) Add the optimized dilution of primary antibodies to the respective tubes and
incubate at 4°C (on ice) for 30 minutes.
4) Wash the cells once with ice cold PBS at 300-400 x g and re-suspend in
100µl staining buffer.
5) Add the specific secondary antibodies at the proper dilution and incubate the
cells at 4°C (on ice) for 30 minutes in the dark.
6) Wash the cells once with cold PBS at 300-400 x g and re-suspend in 100200µl FACS buffer/PFA fixing buffer.
7) Store at 4°C in darkness and acquire preferably within 24 hours.
3. General immuno-staining procedure for intracellular antigens
3a. Permeabilization with methanol
Key Reagents – PBS, staining buffer, FACS buffer, 0.5-4% PFA in PBS [exact
concentration of PFA has to be standardized for every antibody panel], 100%
methanol
1) Perform surface staining as per protocols 1 or 2 along with the suitable
controls.
2) Aliquot the stained cells in 0.5-4% PFA at 107 cells/ml. Prepare unstained
aliquots for the intracellular staining controls.
3) Fix the cells on ice for 10-30 minutes away from light.
4) Wash out the fixative at 300-400 x g and slowly add ice cold 100% methanol
with gentle vortexing.
5) Incubate the cells on ice for 30 minutes away from light.
6) Wash out the methanol at 400-500 x g and re-suspend the cells in 100µl
staining buffer.
7) Dispense 100µl of cell suspension into as many staining tubes as needed
[unstained control, compensation controls, optional isotype and FMO controls,
and test sample].
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8) Add the optimized dilution of primary antibodies to the respective tubes and
incubate at 4°C (on ice) for 30 minutes.
9) Wash the cells once with ice cold PBS at 400-500 x g and re-suspend in
100µl staining buffer.
10) Add the specific secondary antibodies at the proper dilution and incubate the
cells at 4°C (on ice) for 30 minutes in the dark.
11) Wash the cells once with cold PBS at 400-500 x g and re-suspend in 100200µl FACS buffer/PFA fixing buffer.
12) Store at 4°C in darkness and acquire preferably within 24 hours.
3b. Permeabilization with saponin
Key Reagents – PBS, staining buffer, FACS buffer, 0.5-4% PFA in PBS [exact
concentration of PFA has to be standardized for every antibody panel], 0.1% saponin
1) Perform surface staining as per protocols 1 or 2 along with the suitable
controls.
2) Aliquot the stained cells in 0.5-4% PFA at 107 cells/ml. Prepare unstained
aliquots for the intracellular staining controls.
3) Fix the cells on ice for 10-30 minutes away from light.
4) Wash out the fixative at 300-400 x g and add 0.1% saponin.
5) Incubate the cells at room temperature for 15 minutes.
6) Wash out saponin at 300-400 x g and re-suspend the cells in 100µl staining
buffer.
7) Dispense 100µl of cell suspension into as many staining tubes as needed
[unstained control, compensation controls, optional isotype and FMO controls,
and test sample].
8) Add the optimized dilution of primary antibodies to the respective tubes and
incubate at 4°C (on ice) for 30 minutes.
9) Wash the cells once with ice cold PBS at 400-500 x g and re-suspend in
100µl staining buffer.
10) Add the specific secondary antibodies at the proper dilution and incubate the
cells at 4°C (on ice) for 30 minutes in the dark.
11) Wash the cells once with cold PBS at 400-500 x g and re-suspend in 100200µl FACS buffer/PFA fixing buffer.
12) Store at 4°C in darkness and acquire preferably within 24 hours.
4. Intracellular cytokineStimulation and Phospho-immunostaining
The intracellular staining procedure allows direct measurement of antigens
(cytokines or transcription factors) present inside the cytoplasm or in the nucleus of a
cell in addition to the surface antigen determination simultaneously. In this
procedure, the fixation and permeabilization of cells are required after staining with
fluorescent conjugated surface antigens. This modified staining procedure allows
direct measurement of functional activity of any cell of interest present in blood or
other tissues without further separation. To achieve better results, additional in vitro
cell stimulation with some common mitogen (e.g., PMA, Ca++ or peptide epitopes
and protein transport inhibitor, Brefeldin A, etc.) may be required, which allows
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increased production of cytokines inside cells. Refer to the table below as a guideline
for common cell stimulation procedures.
Key Reagents – PBS, staining buffer, FACS buffer, 0.5% PFA in PBS, 0.1% saponin
or 100% methanol, suitable cell stimulant, brefeldin A or monensin
1) Harvest cells using the suitable protocol and aliquot them in tubes at the predetermined concentration (depending on cell type and stimulant).
2) Add the specific stimulant and incubate the cells at 37°C for the requisite time.
The table below is a handy reference of different stimulants and incubation
time vis-à-vis the target proteins.
- In the case of staining for secreted cytokines, add brefeldin A or monensin
during the incubation period at the concentration recommended by the
manufacturer.
- Set aside some unstimulated aliquots for the unstained control and stained
baseline controls.
In Vitro Cell Stimulation Reference Table
Target
cytokine/phospho
protein

Target cells

Stimulant

Duration

Surface
marker

IL-2

PBMCs

PMA (50ng/ml)

4-6 hours

CD3

IL-3

T-cells

PMA(50ng/ml) +
ionomycin (1µg(ml)

4-6 hours

CD4

IL-4

PBMCs

PMA(50ng/ml) +
ionomycin (1µg(ml)

4-6 hours

CD4

IL-6

PBMCs

LPS (100ng/ml)

4-6 hours

CD14

IL-10

PBMCs

LPS (100ng/ml)

18-24
hours

CD14

GM-CSF
/IFNγ/TNFα/TNFβ

PBMCs

PMA(50ng/ml) +
ionomycin (1µg(ml)

4-6 hours

CD3

pStat5

PBMCs

GM-CSF (20ng/ml) +
IL3 (20ng/ml)

15 min.

CD123,
CD116

pStat3

PBMCs

G-CSF (20ng/ml) +
IL6 (20ng/ml)

15 min.

CD126,
CD114

pERK

PBMCs

IL3 (20ng/ml) + IL6
(20ng/ml) + FLT3L
(20ng/ml)

15 min.

CD123,
CD126,
CD135
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3) Stop the stimulation by fixing the cells with the final concentration of 0.5%
PFA.
4) Vortex gently and keep cells on ice for 15 minutes.
5) Wash off the fixative and proceed with surface staining as per protocol1 or 2.
6) Re-suspend cells in the preferred permeabilizing reagent and proceed with
the permeabilization and intracellular staining accordingly as per protocol 3a
or 3b (100% methanol or 0.1% saponin).

5. Dye efflux staining
Dye exclusion staining is performed to separate live and dead cells, as well as to
isolate the rare stem cell ‘side populations’. If viability staining is included in your
regular immunostaining, it should be performed before any other staining.
5a. Propidium iodide (PI) staining (viability)
Key reagents – PBS, staining buffer, PI solution (10µg/ml in PBS)
1) Harvest the cells and wash once with PBS.
2) Re-suspend cells in staining buffer at 107 cells/ml.
3) Add 5µl of PI stain per 100µl of cell suspension, mix gently and let it stay in
the dark for 1 minute.
4) Wash out the dye and re-suspend cells in a suitable volume of staining buffer.
5b. 7-Amino actinomycin D (7-AAD) staining (viability)
Key reagents – PBS, staining buffer, 7-AAD solution (100µg/ml in PBS)
1) Harvest the cells and wash once with PBS.
2) Re-suspend cells in staining buffer at 107 cells/ml.
3) Add 2µl of 7-AAD stain per 100µl cell suspension, mix gently and incubate the
cells on ice for 30 minutes.
4) Wash out the dye and re-suspend cells in a suitable volume of staining buffer.
5c. Rhodamine 123 or Hoechst 33342 staining (side population)
Key reagents – PBS, 5% FBS in PBS, staining buffer, Hoechst 33342 solution (1mM
in PBS) or Rho123 solution (10µg/ml in PBS)
1) Harvest the cells and wash once in PBS.
2) Re-suspend cells in 5% FBS at 107 cells/ml.
3) Add 1µl of the dye per 100µl of cell suspension and incubate in a water bath
at 37°C for 30 minutes.
4) Wash out the dye, re-suspend the cells in pre-warmed, dye-free 5% FBS, and
repeat above the incubation step.
5) Wash the cells again and re-suspend in a suitable volume of staining buffer.
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6. DNA content and Cell cycle analysis
Key reagents – PBS, staining buffer, PI solution (50µg/ml in PBS), RNAse A
(10µg/ml), 70% ethanol
1) Harvest cells and wash once in PBS.
2) Re-suspend cells in staining buffer at 107 cells/ml.
3) Aliquot 500µl of cells into separate tubes (pre-chilled) and add ice cold 70%
ethanol dropwise with gentle vortexing.
4) Keep cells on ice for 1 hour.
5) Wash the cells twice in PBS at 400-500 x g for 10 minutes.
6) Add 1ml of PI solution to the cell pellet and mix well. Add 50µl of RNase to a
final concentration of 0.5µg/ml.
7) Incubate the cells at 4°C overnight.
8) Wash once in PBS and re-suspend in a suitable volume of staining buffer.

Optimization Tips
Sample preparation and cell quality
1) Whenever possible, use freshly isolated cells rather than frozen and thawed
cells.
2) To increase viability of thawed cells, perform the initial dilution of the thawed
cells at a high serum concentration (90% FBS in culture medium).
3) When isolating populations rich in adherent cells, use non-tissue culture
treated plastic dishes and tubes.
4) When isolating cells from complex tissues, it is better to perform the steps on
ice (except for the steps involving digestion enzymes) to prevent phagocytosis
and cell lysis.
5) To prepare homogenous single-cell suspensions, gently pipette the cells
gently as opposed to vortexing in order to avoid cell disruption.
6) If the downstream procedure is live cell sorting, it is recommended that cells
are counted after each step to ascertain viability.
7) Minimize dead cells in the final suspension by removing clumps and other
debris by sieving through nylon mesh.
General immuno-staining (fluorescence staining)
1) Follow the manufacturers’ instructions as to the storage and handling of the
antibodies to avoid degradation and Fc receptor mediated aggregation.
2) Remove antibody aggregates by centrifuging at a high speed at 4°C 5 min.
This step is not recommended for IgM antibodies and PE conjugates due to
larger sizes.
3) Perform antibody binding reactions on ice and away from direct light.
4) If using adherent cell, do not digest with trypsin as the latter can cleave some
surface antigens.
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5) In case an antibody has to be diluted and then stored as aliquots, use the
staining buffer for dilution. Add 0.09% sodium azide to prevent bacterial
contamination.
6) Wash the cells once or twice in staining buffer after each incubation step to
remove any unbound antibodies.
7) To amplify the signal for weak antigens, consider using a three step staining
process – antigen binding with biotinylated primary antibody → binding with
streptavidin conjugated secondary antibody → final binding with antistreptavidin antibody conjugated to a fluorochrome.
8) Include a viability dye in the antibody cocktail to gate out any dead cells or cell
debris.
9) To prevent non-specific Fc receptor staining, add an Fc blocking step or
include FBS in the staining buffer. Alternatively, include an isotype control to
subtract any signal contributed by the Fc receptor staining.
10) It is always better to acquire the cells soon after staining to minimize any
fluorochrome bleaching. In case the cells need to be stored, fix the cells in a
suitable fixative and store at 4°C: for overnight storage 0.5% PFA I a good
choice but for longer durations like several days or even weeks, the
recommended fixative is ethanol.
11) Long term storage in fixative is not recommended as it can significantly
increase auto-fluorescence.
12) Antibody titration is recommended to determine the correct concentration of
an antibody for the optimum signal. Test different dilutions of the antibody to
zero in on the lowest concentration that gives the strongest signal in positive
control and the weakest signal in a negative control.
If the specific antibody concentration of a given unpurified antibody
preparation is unknown, here are our suggested dilutions for various different
sources of antibody:
Tissue culture
supernatant

Ascites

Whole antiserum

Purified antibody

1/100

1/1000

1/500

1 µg/mL

Intracellular staining: Fixation and Permeabilization
1) For the staining of secreted proteins like cytokines, a protein transport
inhibitor such as Monensin or Brefeldin A should be added prior to
fixation/permeabilization in order to trap the cytokines inside.
2) For combined surface and intracellular staining, it is advisable to first stain for
the surface markers and then fix/permeabilize as the latter can alter some
antigen epitopes and affect antibody binding.
3) Fixation/permeabilization reagents alter the scatter properties as well as the
auto-fluorescence of cells. Therefore it is recommended to include an
unstained control that has been treated with the same reagents.
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4) Binding of antibody to surface antigen can stimulate the cells and alter the
expression of intracellular signaling proteins. Therefore, surface staining
should always be performed after the stimulation.
5) For phosflow staining, the cells should be fixed and permeabilized
immediately after the stimulation as phosphorylation is a transitory phase and
quickly pass.
6) Choosing the right permeabilizing agent is extremely important – one can
choose between detergents like saponin or TritonX and methanol.
a. Saponin does not alter the surface antigen epitopes so surface staining
can be done afterwards.
b. TritonX and Tween should be avoided as they can lyse cells if
incubated for long.
c. Methanol is compatible with most intracellular antigens and cells
treated with methanol can be stored at -20 to -80°C for an extended
duration without loss of signal.
d. Not all fluorochromes however can withstand methanol treatment. The
table below shows which commonly used dyes are methanol resistant
and methanol sensitive.
Methanol Sensitive

Methanol Resistant

FITC

PE

eFlour 450

PerCP

eFluor 660

APC

Alexa Fluor 647

All tandem dyes

Alexa Fluor 488
Multicolor panel design
1) Always try to pair the brightest fluorochromes with the weakest expressing
antigen. In case the expression level of an antigen is unknown, it is advisable
to use brighter fluorochromes.
2) Avoid spillover or spectral overlap between fluorochromes by spreading them
as much as possible across the spectrum.
3) Avoid fluorochromes that can be excited by more than one laser e.g. APCCy7.
4) Always include suitable compensation controls (explained in section 4)
especially if points 3 and 4 above cannot be achieved.
5) It is also advisable to use FMO controls (see section 4) to gate differently
stained sub-populations more accurately.
6) Consider using online multicolor panel designers provided by FACS
technology companies.
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Example: A suitable 4-color panel to illustrate points 1-3. The color of the boxes
correspond to the lasers that excite the respective fluorochromes.

Experimental (Staining) controls
Control

What to include

Unstained
control

Unstained cells (incubated
in parallel with your
stained samples) that are
fully processed without
addition of any antibodies.

Isotype
control

Cells incubated with
isotype control antibodies
(antibodies usually raised
against an antigen that
should not be present in
your cells).

Purpose
To control for
background
derived from autofluorescence, and
to set the voltages
and negative gates
appropriately.
Used as an
additional negative
control.

To determine
nonspecific binding
of the primary
antibody.
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Notes

Comparison to beads can help to
determine the relative amount
of autofluorescence. Try using a
different excitation source if
autofluorescence levels are high.

The isotype control should
match:
-The host species
-Ig subclass (IgA, IgG, IgD, IgE, or
IgM) of the primary or secondary
antibody
-Conjugated to same
fluorophore as the primary
antibody

Control

What to include

Purpose

Internal negative
control

Population of cells
that do not express
the antigen of
interest and are fully
processed.

To avoid false
positives resulting
from nonspecific
antibody binding.

Positive control

Compensation
controls

Viability control

Fc blocking control

Cells known to
express your target
of interest.
Compensation
controls must match
the exact
experimental
fluorochrome (with a
similar brightness).
The controls need to
be at least as bright
or brighter than any
sample the
compensation will be
applied to, and
background
fluorescence should
be the same for the
positive and negative
controls.

Common viability
dyes to identify dead
cells include DNA
dyes or protein
binding dyes.

Fc blocking reagents
added to staining
procedure; a
commercial Fc block
can be used.

Notes
Negative control cells are
not always available. Ideally,
the fluorescence intensity of
the internal control should
be the same as the
unstained control.

To avoid false
negatives resulting
from a bad antibody.

Positive control cells are not
always available.

Allows you to
remove (compensate
for) spectral overlap.
Spectral overlap
should be
compensated for
every fluorophore
used.

Single staining in multicolor
ﬂow cytometry is important
due to spectral overlap
between different
ﬂuorophores. Be sure to
collect enough events to be
statistically significant.

Exclusion of dead
cells using viability
staining means less
non-specific binding
and easier
identification of
positively stained
populations.

Using a live/dead stain to
remove dead cells can
improve your staining. Dead
cells have greater
autofluorescence and
increased non-specific
antibody binding, leading to
false positives and reducing
the dynamic range.

To ensure that only
antigen specific
binding is observed
(Antibody binding via
Fc receptors can lead
to false positives and
data that cannot be
interpreted).

Alternatively, the serum of
the host primary antibody
can also be used. For
example, if your antibody is
of a mouse isotype, you
could use mouse serum to
block non-specific binding of
immunoglobulins/antibodies
to the Fc receptors. For
purified PBMCs, 10% human
serum can be used.
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Control

What to include

Fluorescence
minus one
(FMO)
controls

The experimental cells
stained with all the
fluorophores minus one
for each fluorophore in
your multicolor panel.

Secondary
antibody
control

Cells incubated only
with the secondary
antibody.

Purpose
To detect influence of
fluorescence spread
within detection
channels (especially
with brighter
fluorophores).
To determine
nonspecific binding of
the secondary antibody.

Notes
Important for building
multicolor flow cytometry
panels and helps determine
where gates should be set.
Only necessary if using a
secondary antibody.

Troubleshooting Guide
The following guide serves as a checklist for the possible causes and solutions with respect to some
of the most commonly encountered problems from flow cytometry (FACS) experiments. We at Boster
Bio are committed to helping our customers get better results. While the troubleshooting guide below
covers a multitude of problems encountered while performing FACS experiments, we do not expect it
to be the exclusive solution to any problems during your specific experiment. We hope that you will
find the information beneficial to you and useful as a reference guide in troubleshooting any FACS
problems you may encounter. If you ever need more assistance with your flow cytometry
experiments, please contact the Boster Support Team by email at support@bosterbio.com

Problem: Weak Fluorescence Intensity or No Fluorescent Signal
Possible Cause

Solution
- Ensure that antibodies are stored as per the instructions
of manufacturer.

1. The antibodies are degraded or expired

- Keep track of antibody stocks; make sure products are
not expired.
- If titrating antibodies and storing aliquots of the same,
add sodium azide in the storage buffer at 0.09%.

2. The fluorescence of the fluorochrome has
faded
3. The antibody concentration is too low for
detection

- Be sure to store the conjugated antibodies away from
light exposure. Fresh antibodies will be needed.
- Titrate the antibodies before use to find the optimal
amount to use for your specific experiment.
- Use negative (unstained) and positive controls.
- Check literature for antigen expression in different cell
types and use a suitable positive control.

4. Expression of target antigen is too low

- Whenever possible, use freshly isolated cells as opposed
to frozen samples.
- Optimize cell culture/stimulation protocols in case the
antigen (e.g. cytokines) expression depends on prior in
vitro treatment.
- Check the species specificity of the antibody.

5. Antigen-antibody binding is sub-optimal

- Optimize the antibody incubation time and temperature.
- Consider using biotinylated primary antibodies and an
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additional biotin-steptavidin step to amplify the signal.
5. The intracellular antigen is not accessible

- Optimize cell permeabilization protocols.

6. The intracellular antigen is getting secreted

- Target must be membrane bound or cytoplasmic to be
detected. Try using a Golgi blocker such as Brefeldin A.

7. The surface antigen is getting internalized

- Perform all protocol steps at 4°C and use ice cold
reagents. We recommend you permeablize on ice.

8. The fluorescence on stained cells has
bleached

- Acquire the cells immediately after staining.
- Add a fixative (like PFA) to the samples if storing for an
extended duration; alcohol fixatives are best avoided.

9. A low expressing antigen has been paired
with a dim fluorochrome

- Always pair the weak antigens with bright fluorochromes
such as PE or APC.

10. The primary and secondary antibodies are
not compatible

- Use a secondary antibody that was raised against the
species in which the primary antibody was raised.

11. The laser and PMT settings are not
compatible with fluorochrome or PMT voltage is
too low for the fluorescent specific channel

12. The fluorescent signal is over compensated

- Ensure that proper instrument settings are loaded prior to
acquisition.
- Use suitable positive and negative controls to optimize
settings for every fluorochrome.
- Use MFI alignment instead of visual comparison to
compensate.

Problem: Excess Fluorescent Signal
Possible Cause

Solution

1. The antibody concentration is too high

- Titrate the antibodies before use to find the optimal
amount to use for your specific experiment.
- Use appropriate positive and negative controls.

2. Unbound antibodies are trapped in the cells in
the case of intracellular staining

- Wash the cells adequately after each antibody incubation
step and include Tween or Triton X in wash buffers.

3. A high expressing antigen is paired with
bright fluorochrome

- Always pair strong antigens with dimmer fluorochromes
such as FITC or Pacific Blue.

4. The PMT voltage is too high for the
fluorescent specific channel

5. The fluorescent signal is under-compensated
6. Inadequate blocking

- Ensure proper instrument settings are loaded prior to
acquisition.
- Use suitable positive and negative controls to optimize
settings for every fluorochrome.
- Use MFI alignment instead of visual comparison to
compensate.
- Add 1% to 3% blocking agent with antibody as well as a
blocking step (dilute antibodies in blocking solution), and
increase the blocking time.
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Problem: High Background or Non-specific Staining
Possible Cause

Solution

1. Excess, unbound antibodies are present in
the sample

- Wash cells adequately after every antibody incubation
step.
- Include an isotype control to subtract any Fc binding
signal.
- Block the Fc receptors on cells with Fc blockers, BSA or
FBS prior to antibody incubation.

2. Non-specific cells are targeted

- Include additional washing steps.
- Include a secondary antibody-conjugate control to
subtract any non-specific signal from the conjugate.
- Select a secondary antibody that does not cross react.
- Always include an unstained control to subtract the autofluorescence signal.

3. High auto-fluorescence

- For cells with naturally high auto-fluorescence (e.g.
neutrophils), use fluorochromes that emit in the red
channel where auto-fluorescence is minimal (e.g. APC).
- If the above solution is not possible, use very bright
fluorochromes for these cell types to amplify the signal
above the auto-fluorescence level.
- Avoid storing the cells in a fixative solution for long
durations; analyse cells soon after staining if possible.
- Always sieve the cells once before acquiring and sorting
to remove any dead cell debris.

4. Presence of dead cells

- Include viability dyes like PI or 7-AAD to gate out any
dead cells.
- Use freshly isolated cells as opposed to frozen cells
whenever possible.

Problem: High Background Scatter or Abnormal Scatter Profile of Cells
Possible Cause

Solution
- Optimize sample preparation to avoid cell lysis.

1. The cells are lysed or damaged

- If possible, do not vortex or centrifuge cells at high
speeds.
- Use fresh buffers.
- Avoid storing the stained cells for long durations.

2. Bacterial contamination

- Store stained cells and antibodies properly to avoid
bacterial growth. Bacteria will exhibit low levels of auto
fluorescence. Practice proper sterile cell culture
techniques to prevent bacterial contamination.
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3. Incorrect instrument settings for scatter

4. Presence of dead cells

- Ensure proper instrument settings are loaded prior to
acquisition.
- Use fresh, healthy cells to correctly set the FSC and SSC
settings for that cell type.
- Always sieve the cells once before acquiring and sorting
to remove any dead cell debris.
- Use freshly isolated cells as opposed to frozen cells
whenever possible.
- Ensure RBC cells lysis is complete – check using a
microscope.
- Use fresh RBC lysis buffer.

5. Presence of un-lysed RBCs (red blood cells)

- Wash as many times as needed to remove RBC debris.
- If using PBMCs after a Ficoll gradient, optimize the
procedure to minimize RBC contamination in the
lymphocyte interphase.

Problem: Abnormal Event Rate
Possible Cause

Solution
6

1. Event rate is low due to low cell number

2. Event rate is low due to sample clumping

- Keep the minimum cell count at 1X10 /ml.
- Ensure the cells are mixed well with gentle pipetting.
- Always sieve the cells once prior to acquiring and sorting
to remove debris.
- Ensure the cells are mixed well with gentle pipetting
before staining, and again before running your samples.

3. Incorrect instrument settings

- Adjust the threshold parameter as needed.

4. No events due to a clogged sample injection
tube

- Unclog flow cytometer injection tube as per instrument
manufacturer's instructions (typically run 10% bleach for 510 min, followed by dH2O for 5-10 min).

5. Event rate is too high due to concentrated
sample

- Dilute the cell count to 1X10 /ml.

6. Event rate is too high due to air in flow cells
and/or sheath filter

- Refer to the instrument manual for the appropriate steps.

6

Problem: Loss of Epitope
Possible Cause

Solution

1. Excessive paraformaldehyde

- Paraformaldehye can release methanol in its breakdown,
which may affect the staining. Make sure to use only 1%
paraformaldehyde.

2. Sample was not kept on ice

- Keep antibodies at 4°C to prevent loss of activity. This
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also prevents active phosphatases and proteases from
altering the epitope of interest.
3. Sample fixed too long

- Optimize fixation protocol. Fixing the samples for too
long may cause damage to cells. Most cells only need to
be fixed for less than 15 minutes.

FAQs
1. What are some recommended recipes for common buffers used in FACS protocols?
1. Staining Buffer
In Phosphate buffer saline:
+
FBS: 5-10% or BSA: 0.5-1%
+
Sodium azide: 0.1%
2. FACS analysis buffer
In Phosphate buffer saline:
+
FBS: 1-10%
+
Sodium azide: 0.1%
+
EDTA: 1mM
3. Fixation buffer
In Phosphate buffer saline:
+
FBS: 1-10%
+
Paraformaldehyde: 1-4%
4. RBC lysis buffer
For 100 mL 10X stock solution:
+
8.26 g of NH4Cl
+
1.19 g of NaHCO3
+
200 μL of EDTA [0.5 M, pH8]
+
Distilled water till 100 ml
2. Do you have any tips for multicolor panel design?
The following online tools assist you in designing multi-color antibody panels for flow cytometry
experiments based on available instrumentation in your facility. Just select your equipment, choose
your panel markers, and match to available colors!
Online resources for multicolor panel design:
1. Fluoro Finder
https://fluorofinder.com/
2. Flow Panel Design – Flow Cytometry Network
http://www.thefcn.org/flow-panel-design
Here are some tips to keep in mind while designing your panel:
 Always try to pair the brightest fluorochromes with the weakest expressing antigen. In case
the expression level of an antigen is unknown, it is advisable to use brighter fluorochromes.
 Avoid spillover or spectral overlap between fluorochromes by spreading them as much as
possible across the spectrum.
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Avoid fluorochromes that can be excited by more than one laser e.g. APC-Cy7.
Always include suitable compensation controls especially if the points above cannot be
achieved.
It is also advisable to use FMO controls to gate differently stained sub-populations more
accurately.

3. Which fluorochromes should I use?
Please refer to the following chart for fluorochrome properties:
Spectral characteristics of fluorophores available from Boster

Spectral characteristics of Other Common Fluorophores

Fluorophore

Excitation (nm)

Emission (nm)

7-AAD

546

647

CFP

458

480

DAPI

358

461

GFP

395

508

Hoechst 33342 & 33258

352

461

Pacific Blue

410

455

PE-Cy7

480, 743

767

Rhodamine 123

507

529

For detailed fluorophore properties, please visit our website at www.bosterbio.com
4. When should I use an FMO control?
The Fluorescence Minus One or FMO controls are staining controls that contain all the antibodies of
a panel minus one of them. It measures the spillover of all those other fluorophores in the channel
of the missing antibody, and is used to identify and gate cells in the context of data spread due to
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the multiple fluorophores. In the following situations, we would highly recommend using FMO
control:
1. When using a multicolour panel with 6-10 colours of relatively high overlapping spectra
2. When the antigen expression levels are low or unknown
3. When detecting rare cells or cells which require complex gating
5. What is auto-fluorescence and how can I minimize it?
The common problem that binds all fluorescence based cell detection methods is the cells’ natural
fluorescence due to presence of various auto-fluorescent molecules which usually absorb in UV to
blue range (355-488 nm), and emit in the blue to green range (350-550 nm). Therefore, autofluorescence interferes with analysis by reducing signal sensitivity and resolution of flurochromes
that operate in that range – FITC, GFP, and Pacific Blue to name a few. To subtract this background
and prevent false positives, it is important to include unstained controls and set proper PMTs and
gating. But it is far more important to minimize it as much as possible. Here are some handy tips to
follow:






Use a lower concentration of FCS in the staining buffer
Remove dead cells and other debris
Lyse the RBCs properly and remove the lysed contents
Lower the concentration of PFA for fixation and do not store cells in PFA for long durations
Remember to make the right flurochrome choices! Try using the brightest fluorochromes
possible – e.g. PE, APC and their tandem versions – so that the auto-fluorescence becomes
irrelevant. Secondly, auto-fluorescence mainly occurs in the low wavelength channels. Thus,
you can consider shifting your panel to the ‘redder’ side of the spectrum. For example,
replace FITC with Alexa488 and PerCP with PerCP-Cy5.5 if possible.

6. How can I prevent artefacts and non-specific staining in my FACS experiment?
To get the maximum out of the specific antibody-antigen interactions, it is imperative to minimize
the non-specific interactions of the antibodies. Here are some solutions you could try:






Remove dead cells and debris
Titrate the right amount of antibody
Wash cells thoroughly after every staining step
Include FCS in the staining buffer and/or Fc blocking
Use pre-adsorbed secondary antibodies

7. What are some tips to ensure cell viability during sorting?
Given that fluorescent based cell sorting is a laborious and expensive procedure, it is essential to
have a high (viable) cell recovery rate. Here are some suggestions:



Check viability at regular intervals: Perform cell counts using trypan blue exclusion before,
during and after the sort. In case viability starts to drop during the sort, stall the process,
troubleshoot for possible reasons and proceed only when the problem is identified.
Keep all cells and reagents on ice, unless otherwise recommended! Low temperatures inhibit
phagocytosis, lytic enzymes and nucleases, all agents of cell destruction.
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Include serum (fetal calf) in the FACS buffer and collection medium at 1-10% to increase cell
survival. Furthermore, coating the collection tubes with 1% BSA neutralizes the charge on
the plastic and maintains cells viability during the sort and collection.
Handle cells with care: Break cell clumps and prepare single cell suspension by slowly
passaging them through micropipette or 18 gauge needle, instead of high speed vortexing.
Use a nozzle whose diameter is at least 5 times the cell diameter. Most modern instruments
are equipped with an array of nozzles – 70µm, 85µm, 100µm, 120µm and 130µm. If the
nozzle size is too narrow for the cell type, it can disrupt delicate cells by mechanical shear.
Use a lower flow rate and sheath pressure: A low flow rate and pressure minimizes the
impact of shear forces and also keeps the stream steady. The latter is critical to prevent
‘fanning’ (creation of unstable side streams) and loss of cell recovery.

8. What are some tips for compensating correctly?
Every fluorophore of a panel should have single stained compensation controls – one for the positive
and another for the negative population. The compensation control should be as bright as or even
brighter than the sample, so that its signal is bright enough to cross the auto-fluorescence level and
thus be detected. The auto-fluorescence level should be the same for the positive and negative
controls, ensure this by adjusting the PMTs accordingly. The compensation control fluorochromes
should be exactly the same as the sample fluorochromes. In fact, it is better to use the same lot dyes
for the sample and control. Treat the compensation control the same ways as the experimental
samples. This is because certain treatments like fixation and permeabilization alter the fluorochrome
properties. The tandem dyes for instance are especially susceptible to such treatments.
9. Should I fix my cells?
The process of fixation preserves cellular structure and suspends the cells in a ‘life like state’. And
yet, most people hesitate to fix cells; the main reason being that all fixatives alter antigen
conformation by some mechanism or other and thus lower antibody specificity. In addition, the
scatter properties and auto-fluorescence of the cells are also affected. Fixation is therefore only
considered when:




The cells need to be permeabilized for intracellular staining  fixation prevents the reversal
of permeabilization
The target cells need to analyzed post stimulation  fixation locks the cells in that
physiological state
The cells have to be stored for a substantial duration before analysis  fixation prevents
degradation
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Ordering Information
High-affinity Boster antibodies validated for flow cytometry are now available
conjugated to a variety of popular fluorophores as well as biotin! Choose from over
30 targets, including a range of CD markers available in well-published clones, and
perform your next FACS experiment backed by Boster’s quality guarantee and world
class customer service. The flow-validated antibody portfolio listed on the following
pages describes some of the finest FACS antibodies in our broad primary antibody
portfolio.
To order Boster products within the USA, easily place online orders at
www.bosterbio.com. To place your order by phone, call toll free (888) 466-3604. For
international orders, please check our distributors in your region first at
https://www.bosterbio.com/distributors
For current promotions, check https://www.bosterbio.com/promotions
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Antibody Name

Gene Name

SKU (Cat. No.)

Anti-human CD14 Unconjugated, Flow Validated

CD14

FC00137

Anti-human CD14 APC Conjugated, Flow Validated

CD14

FC00137-APC

Anti-human CD14 Biotin Conjugated, Flow Validated CD14

FC00137-Biotin

Anti-human CD14 FITC Conjugated, Flow Validated

CD14

FC00137-FITC

Anti-human CD14 PE Conjugated, Flow Validated

CD14

FC00137-PE

Anti-human CD14 PerCP Conjugated, Flow Validated CD14

FC00137-PerCP

Anti-human CD14 PerCP-Cy5.5 Conjugated, Flow
Validated

CD14

FC00137-PerCPCy5.5

Anti-human CD11b Unconjugated, Flow Validated

Itgam

FC00144

Anti-human CD11b APC Conjugated, Flow Validated

Itgam

FC00144-APC

Anti-human CD11b Biotin Conjugated, Flow
Validated

Itgam

FC00144-Biotin

Anti-human CD11b FITC Conjugated, Flow Validated

Itgam

FC00144-FITC

Anti-human CD11b PE Conjugated, Flow Validated

Itgam

FC00144-PE

Itgam

FC00144-PerCP

Itgam

FC00144-PerCPCy5.5

Anti-human CD19 Unconjugated, Flow Validated

CD19

FC00154

Anti-human CD19 APC Conjugated, Flow Validated

CD19

FC00154-APC

Anti-human CD11b PerCP Conjugated, Flow
Validated
Anti-human CD11b PerCP-Cy5.5 Conjugated, Flow
Validated

Anti-human CD19 Biotin Conjugated, Flow Validated CD19

FC00154-Biotin

Anti-human CD19 FITC Conjugated, Flow Validated

CD19

FC00154-FITC

Anti-human CD19 PE Conjugated, Flow Validated

CD19

FC00154-PE

Anti-human CD19 PerCP Conjugated, Flow Validated CD19

FC00154-PerCP

Anti-human CD19 PerCP-Cy5.5 Conjugated, Flow
Validated

CD19

FC00154-PerCPCy5.5

Anti-human CD38 Unconjugated, Flow Validated

CD38

FC00193

Anti-human CD38 APC Conjugated, Flow Validated

CD38

FC00193-APC

Anti-human CD38 Biotin Conjugated, Flow Validated CD38

FC00193-Biotin

Anti-human CD38 FITC Conjugated, Flow Validated

CD38

FC00193-FITC

Anti-human CD38 PE Conjugated, Flow Validated

CD38

FC00193-PE

Anti-human CD25 Unconjugated, Flow Validated

IL2RA

FC00214
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Anti-human CD25 APC Conjugated, Flow Validated

IL2RA

FC00214-APC

Anti-human CD25 Biotin Conjugated, Flow Validated IL2RA

FC00214-Biotin

Anti-human CD25 FITC Conjugated, Flow Validated

IL2RA

FC00214-FITC

Anti-human CD25 PE Conjugated, Flow Validated

IL2RA

FC00214-PE

Anti-human CD4 Unconjugated, Flow Validated

CD4

FC00344

Anti-human CD4 APC Conjugated, Flow Validated

CD4

FC00344-APC

Anti-human CD4 Biotin Conjugated, Flow Validated

CD4

FC00344-Biotin

Anti-human CD4 FITC Conjugated, Flow Validated

CD4

FC00344-FITC

Anti-human CD4 PE Conjugated, Flow Validated

CD4

FC00344-PE

Anti-human CD4 PerCP-Cy5.5 Conjugated, Flow
Validated

CD4

FC00344-PerCPCy5.5

Anti-human CD5 Unconjugated, Flow Validated

CD5

FC00480

Anti-human CD5 APC Conjugated, Flow Validated

CD5

FC00480-APC

Anti-human CD5 Biotin Conjugated, Flow Validated

CD5

FC00480-Biotin

Anti-human CD5 FITC Conjugated, Flow Validated

CD5

FC00480-FITC

Anti-human CD5 PE Conjugated, Flow Validated

CD5

FC00480-PE

Anti-human CD5 PerCP-Cy5.5 Conjugated, Flow
Validated

CD5

FC00480-PerCPCy5.5

Anti-human CD45 Unconjugated, Flow Validated

PTPRC

FC00555

Anti-human CD45 APC Conjugated, Flow Validated

PTPRC

FC00555-APC

Anti-human CD45 Biotin Conjugated, Flow Validated PTPRC

FC00555-Biotin

Anti-human CD45 FITC Conjugated, Flow Validated

PTPRC

FC00555-FITC

Anti-human CD45 PE Conjugated, Flow Validated

PTPRC

FC00555-PE

Anti-human CD45 PerCP Conjugated, Flow Validated PTPRC

FC00555-PerCP

Anti-human CD45 PerCP-Cy5.5 Conjugated, Flow
Validated

FC00555-PerCPCy5.5

PTPRC

Anti-human HLA-DR APC Conjugated, Flow
Validated
Anti-human HLA-DR Biotin Conjugated, Flow
Validated
Anti-human HLA-DR FITC Conjugated, Flow
Validated

HLA-DRA|HLADRB1
HLA-DRA|HLADRB1
HLA-DRA|HLADRB1
HLA-DRA|HLADRB1

Anti-human HLA-DR PE Conjugated, Flow Validated

HLA-DRA|HLA-

Anti-human HLA-DR Unconjugated, Flow Validated
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FC00568
FC00568-APC
FC00568-Biotin
FC00568-FITC
FC00568-PE

DRB1
Anti-human HLA-DR PerCP Conjugated, Flow
Validated
Anti-human HLA-DR PerCP-Cy5.5 Conjugated, Flow
Validated

HLA-DRA|HLADRB1
HLA-DRA|HLADRB1

Anti-human CD2 Unconjugated, Flow Validated

CD2

FC00570

Anti-human CD2 APC Conjugated, Flow Validated

CD2

FC00570-APC

Anti-human CD2 Biotin Conjugated, Flow Validated

CD2

FC00570-Biotin

Anti-human CD2 FITC Conjugated, Flow Validated

CD2

FC00570-FITC

Anti-human CD2 PE Conjugated, Flow Validated

CD2

FC00570-PE

Anti-human CD2 PerCP-Cy5.5 Conjugated, Flow
Validated

CD2

FC00570-PerCPCy5.5

Anti-human CD71 Unconjugated, Flow Validated

TFRC

FC00591

Anti-human CD71 APC Conjugated, Flow Validated

TFRC

FC00591-APC

FC00568-PerCP
FC00568-PerCPCy5.5

Anti-human CD71 Biotin Conjugated, Flow Validated TFRC

FC00591-Biotin

Anti-human CD71 FITC Conjugated, Flow Validated

TFRC

FC00591-FITC

Anti-human CD71 PE Conjugated, Flow Validated

TFRC

FC00591-PE

Anti-human CD62L Unconjugated, Flow Validated

SELL

FC00652

Anti-human CD62L APC Conjugated, Flow Validated

SELL

FC00652-APC

Anti-human CD62L Biotin Conjugated, Flow
Validated

SELL

FC00652-Biotin

Anti-human CD62L FITC Conjugated, Flow Validated

SELL

FC00652-FITC

Anti-human CD62L PE Conjugated, Flow Validated

SELL

FC00652-PE

Anti-human CD55 Unconjugated, Flow Validated

CD55

FC00910

Anti-human CD55 APC Conjugated, Flow Validated

CD55

FC00910-APC

Anti-human CD55 Biotin Conjugated, Flow Validated CD55

FC00910-Biotin

Anti-human CD55 FITC Conjugated, Flow Validated

CD55

FC00910-FITC

Anti-human CD55 PE Conjugated, Flow Validated

CD55

FC00910-PE

Anti-human CD59 Unconjugated, Flow Validated

CD59

FC00914

Anti-human CD59 APC Conjugated, Flow Validated

CD59

FC00914-APC

Anti-human CD59 Biotin Conjugated, Flow Validated CD59

FC00914-Biotin

Anti-human CD59 FITC Conjugated, Flow Validated

FC00914-FITC
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CD59

Anti-human CD59 PE Conjugated, Flow Validated

CD59

FC00914-PE

Anti-human CD117 Unconjugated, Flow Validated

KIT

FC01335

Anti-human CD117 APC Conjugated, Flow Validated

KIT

FC01335-APC

Anti-human CD117 Biotin Conjugated, Flow
Validated

KIT

FC01335-Biotin

Anti-human CD117 FITC Conjugated, Flow Validated

KIT

FC01335-FITC

Anti-human CD117 PE Conjugated, Flow Validated

KIT

FC01335-PE

Anti-human CD16 Unconjugated, Flow Validated

FCGR3A

FC01408

Anti-human CD16 FITC Conjugated, Flow Validated

FCGR3A

FC01408-FITC

Anti-human CD16 PE Conjugated, Flow Validated

FCGR3A

FC01408-PE

Anti-human CD16 PerCP-Cy5.5 Conjugated, Flow
Validated

FCGR3A

FC01408-PerCPCy5.5

Anti-human CD32 Unconjugated, Flow Validated

FCGR2A

FC01450

Anti-human CD32 APC Conjugated, Flow Validated

FCGR2A

FC01450-APC

Anti-human CD32 Biotin Conjugated, Flow Validated FCGR2A

FC01450-Biotin

Anti-human CD32 FITC Conjugated, Flow Validated

FCGR2A

FC01450-FITC

Anti-human CD32 PE Conjugated, Flow Validated

FCGR2A

FC01450-PE

Anti-human CD33 Unconjugated, Flow Validated

CD33

FC01508

Anti-human CD33 APC Conjugated, Flow Validated

CD33

FC01508-APC

Anti-human CD33 Biotin Conjugated, Flow Validated CD33

FC01508-Biotin

Anti-human CD33 FITC Conjugated, Flow Validated

CD33

FC01508-FITC

Anti-human CD33 PE Conjugated, Flow Validated

CD33

FC01508-PE

Anti-human CD22 Unconjugated, Flow Validated

CD22

FC01572

Anti-human CD90 Unconjugated, Flow Validated

THY1

FC01818

Anti-human CD90 APC Conjugated, Flow Validated

THY1

FC01818-APC

Anti-human CD90 Biotin Conjugated, Flow Validated THY1

FC01818-Biotin

Anti-human CD90 FITC Conjugated, Flow Validated

0

FC01818-FITC

Anti-human CD90 PE Conjugated, Flow Validated

THY1

FC01818-PE

Anti-human CD7 Unconjugated, Flow Validated

CD7

FC01974

Mouse anti-human CD7 Unconjugated, Flow
Validated

CD7

FC01974-1

Mouse Anti-human CD7 FITC Conjugated, Flow

CD7

FC01974-1-FITC
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Validated
Mouse Anti-human CD7 PE Conjugated, Flow
Validated
Mouse anti-human CD7 PerCP-Cy5.5 Conjugated,
Flow Validated

CD7

FC01974-1-PE

CD7

FC01974-1-PerCPCy5.5

Anti-human CD7 APC Conjugated, Flow Validated

CD7

FC01974-APC

Anti-human CD7 Biotin Conjugated, Flow Validated

CD7

FC01974-Biotin

Anti-human CD7 FITC Conjugated, Flow Validated

CD7

FC01974-FITC

Anti-human CD7 PE Conjugated, Flow Validated

CD7

FC01974-PE

GYPA

FC02184

GYPA

FC02184-APC

GYPA

FC02184-Biotin

GYPA

FC02184-FITC

Anti-human CD235a PE Conjugated, Flow Validated

GYPA

FC02184-PE

Anti-human CD8 Unconjugated, Flow Validated

Cd8a

FC02236

Anti-human CD8 APC Conjugated, Flow Validated

Cd8a

FC02236-APC

Anti-human CD8 Biotin Conjugated, Flow Validated

Cd8a

FC02236-Biotin

Anti-human CD8 FITC Conjugated, Flow Validated

Cd8a

FC02236-FITC

Anti-human CD8 PE Conjugated, Flow Validated

Cd8a

FC02236-PE

Anti-human CD8 PerCP Conjugated, Flow Validated

Cd8a

FC02236-PerCP

Anti-human CD8 PerCP-Cy5.5 Conjugated, Flow
Validated

Cd8a

FC02236-PerCPCy5.5

Anti-human CD13 Unconjugated, Flow Validated

ANPEP

FC02591

Anti-human CD3 Unconjugated, Flow Validated

Cd3e

FC02675

Anti-human CD3 APC Conjugated, Flow Validated

Cd3e

FC02675-APC

Anti-human CD3 Biotin Conjugated, Flow Validated

Cd3e

FC02675-Biotin

Anti-human CD3 FITC Conjugated, Flow Validated

Cd3e

FC02675-FITC

Anti-human CD3 PE Conjugated, Flow Validated

Cd3e

FC02675-PE

Anti-human CD3 PerCP Conjugated, Flow Validated

Cd3e

FC02675-PerCP

Anti-human CD3 PerCP-Cy5.5 Conjugated, Flow
Validated

Cd3e

FC02675-PerCPCy5.5

Anti-CD235a Antibody, Unconjugated, Flow
Validated
Anti-human CD235a APC Conjugated, Flow
Validated
Anti-human CD235a Biotin Conjugated, Flow
Validated
Anti-human CD235a FITC Conjugated, Flow
Validated
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Anti-human CD20 Unconjugated, Flow Validated

MS4A1

FC03780

Anti-human CD20 APC Conjugated, Flow Validated

MS4A1

FC03780-APC

Anti-human CD20 Biotin Conjugated, Flow Validated MS4A1

FC03780-Biotin

Anti-human CD20 PerCP Cy5.5 Conjugated, Flow
Validated

MS4A1

FC03780-Cy5.5

Anti-human CD20 FITC Conjugated, Flow Validated

MS4A1

FC03780-FITC

Anti-human CD20 PE Conjugated, Flow Validated

MS4A1

FC03780-PE

Anti-human CD20 PerCP Conjugated, Flow Validated MS4A1

FC03780-PerCP

Anti-human CD10 Unconjugated, Flow Validated

MME

FC04065

Anti-human CD10 APC Conjugated, Flow Validated

MME

FC04065-APC

Anti-human CD10 Biotin Conjugated, Flow Validated MME

FC04065-Biotin

Anti-human CD10 FITC Conjugated, Flow Validated

MME

FC04065-FITC

Anti-human CD10 PE Conjugated, Flow Validated

MME

FC04065-PE

Anti-human CD15 Unconjugated, Flow Validated

FUT4

FC04535

Anti-human CD57 Unconjugated, Flow Validated

B3GAT1

FC09548

Anti-human CD57 APC Conjugated, Flow Validated

B3GAT1

FC09548-APC

Anti-human CD57 Biotin Conjugated, Flow Validated B3GAT1

FC09548-Biotin

Anti-human CD57 FITC Conjugated, Flow Validated

B3GAT1

FC09548-FITC

Anti-human CD57 PE Conjugated, Flow Validated

B3GAT1

FC09548-PE
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