Interpreting flow cytometry data: a guide for
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Recent advances in flow cytometry technologies are changing how researchers collect, look at and present their data.

Recent advances in fluorescence-activated



subset that is visible in the ‘logicle’ displays
(centered near zero on both axes) seems to be
missing from the logarithmic displays. However,
as indicated above, this subset is present but is
represented mainly by data points and contours
that are ‘piled up’ on the plot axes.

The location of the median fluorescence
value in each dimension (Fig. 1, dark red
crosses) further demonstrates the problem
with logarithmic data visualization. By defi-
nition, half of the data values in each rectan-
gular region are greater than the median and
half are less than that value. However, whereas
the locations of the median values in the ‘log-
icle’ displays (Fig. 1, right) correspond to the
visual centers of the subsets, the locations of
the median values in the logarithmic displays
(Fig. 1, left) are substantially offset from the
apparent peak of the subset. In fact, each of
the subsets in the logarithmic display is broken
up into a ‘false peak’ above the median value,
a sparsely populated region between this peak
and the baseline, and a ‘pileup’ of a large frac-
tion of the cells on the baseline.

This artificial subdivision is also visible
when data are plotted as a one-dimensional
histogram on a logarithmic scale (Fig. 1, bot-
tom left). The sharp rise at the lowest value on
the scale reflects the ‘pileup’ of the minimally
fluorescent cells at the lowest value on the scale.
This ‘peak’ tends to be overlooked because it
is nearly coincident with the axis. However,
it represents roughly 40% of the minimally
fluorescent population and 20% of the cells
in the overall population. The ‘valley’ and the
‘false peak’ are also in the histogram, creating
a total of three peaks rather than the two that
actually exist. This problem does not occur
in histograms plotted on ‘logicle’ axes (Fig. 1,
bottom right), in which the minimally fluo-
rescent cells form a peak centered at or near
zero and extending symmetrically above and
below the peak center, thereby representing the
cells whose measured fluorescence values are
below zero.

In two-dimensional logarithmic displays,
cells whose fluorescence measurements are at
or below zero in one or both dimensions are
‘piled up’ on the axes and are represented by
contours along both axes in contour displays
(Fig. 1, middle left) and by colored dots, vis-



stantially by the effects of spectral overlap
between dyes when two or more dyes are used
to stain a cell suspension. During FACS data
collection, separate detectors are dedicated to
each fluorochrome and measure most light
from the target fluorochrome. Some of the
light from this fluorochrome, however, may be
emitted and detected in the wavelength range
assigned to a different fluorochrome.

Fluorescence compensation is the process by
which the amounts of spectral overlap are esti-
mated and subtracted from the total detected
signals to yield an estimate of the actual
amount of each dye. Single-laser, two-color
FACS experiments in the mid-1970s showed
that fluorescence compensation is important®.
It is now recognized as an obligate step in most
FACS analyses.

For measurement of the spectral overlaps,
the fluorescence detected on all measurement
channels is evaluated for ‘compensation control’
samples, which have each been labeled with only
one of the fluorochromes used in the composite
stain set. These measurements are used to make
the fluorescence compensation corrections.
That is, they are used to estimate and subtract
the contribution of the spectral overlap to the
overall signal that each detector measures for
cells stained with the composite stain set.

When a population has little or no detectable
cell-associated fluorescence for a particular dye,
the subtraction of overlapping fluorescence by
the fluorescence compensation process results
in a population distributed symmetrically
around zero (or cell autofluorescence) in the
corresponding data channel. Statistical uncer-
tainties inherent in primary and overlapping
fluorescence measurements will determine the
width of this distribution. As these uncertain-

ties become more pronounced as the size of
the correction increases, larger corrections will
resultin broader distributions that nonetheless
will still be centered on the average autofluores-
cence of the cells (Fig. 2, bottom right, vertical
dimension).



instruments (http://www.BD.com) provides
utilities for viewing data on ‘logicle’ scales dur-
ing data collection while collecting and storing
uncompensated data.

For viewing data during cell sorting, it is
of course necessary to use the compensation
tools provided by the instrument (as the data
must be compensated before its visualization).
In addition, it is often desirable to monitor
data during data collection, which again must
be compensated with ‘on board’ compensa-
tion utilities. As indicated above, some of the
newer analyzers and cell sorters offer the ability
to view data and sort cells with compensation
in place while still allowing the collection and
storage of uncompensated data (along with the
compensation specification used on the instru-
ment). However, with the older instruments,
there is no choice but to use the instrument-
based compensation utility to approximate the
compensation.

Do not overstep the boundaries

Although unstained cell populations are cen-
tered close to zero when displayed on the ‘log-
icle’ scale, the width of these populations can
vary considerably, depending on the size of the
fluorescence correction. Therefore, determin-
ing whether cells are dully stained or belong to
a broad unstained population is not as simple
as drawing a threshold based on unstained
cells as is done, for example, with the com-
monly used ‘quadrant’ method for specifying
gates. Similarly, basing a threshold on amounts
obtained for cells stained with an isotype con-
trol can give an erroneous impression of the
location of the true threshold with which to
separate unstained and dully fluorescent cells.

The best way to determine this threshold is
to run ‘fluorescence minus one’ (FMO) con-
trols?7 for all dyes for which the threshold is in
question; that is, where spectral overlap correc-
tion may lead to greater uncertainty as to what
constitutes background staining. In an FMO
control stain set, all reagents used in a given
multicolor stain are included except the reagent
for which the threshold is to be determined.
Alternatively, an isotype control reagent is used
to replace the antibody for which the thresh-
old is sought (if the isotype control is assumed
to have the same nonspecific ‘stickiness’ as the
staining antibody).

To show the threshold that distinguishes dully
fluorescent cells from cells that do not express
the determinant detected by the reagent omit-
ted from the FMO control, data are collected for
cells stained with FMO control stain setsand are
compensated, displayed and gated in the same
way as cells stained with the full stain set. The



Once a cell triggers the placement of a dot
on the screen, hundreds or thousands of
cells measured at the same fluorescence will
effectively be invisible because they will all
be represented on the screen by the initial
dot. In addition, if enough cells are analyzed,
sparse regions will become populated with
enough dots at a density of one cell per dot
to form a contiguous (black) region indis-
tinguishable from and often merged with
highly populated black regions saturated
with thousands of dots and potentially
thousands of signals per dot (Fig. 3).
Curiously, although this problem with
‘live’ dots plots is fairly well recognized, many
investigators have adopted computer-gener-
ated dot plots as their preferred method for
viewing and publishing data. Some of these
investigators believe (erroneously) that dot
plots provide the most accurate representa-
tion of the subsets that are present. However,
quantile contour plots (sometimes called
probability plots) and color density plots
actually provide a much more accurate rep-

resentation of the data. By representing the
frequencies of cells present at each point in
the plot, these plots avoid the dynamic range
problems encountered with monochrome dot
plots. Thus, they become more rather than less
accurate as the number of cells for which data
are collected increases (Fig. 3). Furthermore,
because they facilitate the discrimination of
densely and sparsely populated regions, these
contour and color density plots enable precise
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