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Abstract

Fluorescent dyes, such as Propidium lodide and the Hoechst dyes, bind to DNA,
giving cytometers the ability to quantify the DNA in individual cells. It is possible to
classify cells into phases of cell cycle based on the amount of DNA they contain.
Using curve-fitting algorithms, Flow]o fits the DN A histogram into three mathematical
distributions, representing the populations of cells in each of the phases. Because of
the variability inherent in biological data and staining techniques, the DN A histogram
can elude the fitting algorithms, and user intervention is required to constrain aspects
of the fit. FlowJo allows you to view three different models, constrain different fitting
parameters, and automatically calculate the percentage of cells in G1/GO0, S, and
G2/M.

As with its other analysis platforms, Flow]Jo supports copying cell cycle analyses to
other samples or experiments. Before generating the combined output, you can easily
navigate between successive graphs to check for sample-specific adjustments.

General Information

Flow]Jo fits cell cycle data using one of two mathematical models: the Watson Pragmatic model [1]
or the Dean-Jett-Fox (DJF) model. These models are used to define the G1, S, and G2 phases of the
cell cycle. Both the DJF and the Watson model fit G1 and G2 with Gaussian curves. The Watson
model makes no assumptions about the shape of the S-Phase distribution; it fits the region between
the identified GO/G1 populations exactly by first subtracting the G0/G1 and G2/M portions of
the data and then building a function that fits what remains. The DJF model fits the S-phase with a
second-degree polynomial. A synchronized peak within the S-phase can also be chosen when using
this model.

If the distribution is not fit adequately by the unconstrained model, characteristics of the peaks can
be constrained. The models are initialized based on the most common DNA distribution, specifically
an identifiable GO/ G1 and G2/M peak, with the G2/M peak located at roughly twice the intensity of
the GO/ G1 peak. Specific knowledge of the system biology involved in a particular experiment and
the specific experimental conditions may suggest constraints to use. Each Gaussian peak (G1, G2, or
the synchronous population) can be constrained by relative position to another peak or by manually
dragging the location of the mean by clicking on a distribution and dragging the cursor horizontally.
In addition, the peak widths of each Gaussian can be constrained to an absolute value, in relation to
each other, or manually by clicking on a distribution or dragging the cursor vertically. The model
is immediately recalculated and displayed making the constraining process fully interactive. By
judicious use of ranges to constrain peak positions, and relative values for the peak widths, you
should be able to fit most distributions.

This Tech Note focuses on the mechanics of analyzing cell cycle data using FlowJo. Other sources are
referenced to provide an overview of the entire process [3], choosing the appropriate DNA staining
dyes for your experiment [4], and factors that affect the quality of DNA histograms [5].

Demo cell cycle data and workspace can be found at: www. flowjo.com/home/demo_data.html



Procedure

Launch the Cell Cycle platform. Click once to select the sample or subpopulation in the workspace you
would like to analyze. Under the Tools menu, select Cell Cycle.
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Choose a model to fit your data. Each model attempts to fit curves to the stages of the cell cycle. The
Watson-Pragmatic and the Dean-Jett-Fox models both fit Gaussian curves to the G1 and G2 phases. However,
the Dean-Jett-Fox model fits the S phase with a mathematical function, but the Watson model does not.
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Adjust the model. The fit of the model can be assessed by comparing the model to the DNA histogram and
by a low Root Mean Squared (RMS) score. If the model does not fit, you can either change models or constrain

one of the model parameters to assist fitting.
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Generate a graphical report in the Layout Editor.

Open Layout Editor.
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Filz= Edit Workspace Groups‘:--:-la Windows Help

oY) o) (=) (22) (=)

!

a Generate a table of statistics in the Table Editor.

Drag the Cell Cycle nod
Open Table Editor. VI R L

Generate a table of

into the table editor. statistics.
File Edit Flowlo Help

I 1 [ 3 4 Co s T el ] [

SamplesModel RMS %G1 %S G2 G1p(FL2-[c2 u(FL2-G1ev G2 ev
MCF10A CELLS 0 HRS.fes Dean-Jett-Fo. 11.03 69.2(] 16.80 13.78 12058 22254 7.79 8.53
MCF10A CELLS 2 HRS.fcs Dean-Jett-Fo: 255.21 10.00| 126.18| 18.87| 111.01 2117.77| 9.30 9.28
MCF10A CELLS 4 HRS.fcs Dean-Jett-Fo 28.39 7753 10140 17300 EEE 13.59
MCF10A CELLS 9 HRS.fcs Dean-Jett-Fo 2111 10981 21235 531 780
MCF10A CELLS 6 HRS.fes Dean-Jett-Fo. 74.14 98,60 190.00| 5.82) 6.64)
- 4117 10828  203.13 7.81 9.17
31.97 u.@’ 20.95 1.28| 2.66

| Statistic | scels |
14884

14622

Name &
~ [ MCF10A GELLS 0 HRS fcs

B StageG
&)

£
L5 Cell Cycle

w 1] MCF10A CELLS 2 HRS fes
£5 Cell Cycle

w [ MCF10ACELLS 4 HRS fes
14 Cell Cycle

14444

w [] MCF10A CELLS 6 HRS fcs
£5 Cell Cycle

w [] MCF10A CELLS 8 HRS fes
4 cell cycle

14619

14799

Generate a batch layout to display
graphs of all Cell Cycle analyses.

B [?-_

File Edit Layout O0j- View Align Help Debug
DENOEEEY -6y EEE)E)
EEE i o

Cell Cell

g




Using Models

®  Cell doublets will report twice the amount of DNA
signal as individual cells, and this doubling can confuse
cell classification. To remove doublets prior to analysis
of a cell cycle distribution, graph the Area vs. Height
(or Width) of the dye that measures DNA. Doublets will
have a higher ratio of area to height.

®  Apply the models of choice to the data without any
constraints. For most distributions, FlowJo will be able
to locate the G1 and G2 peaks and thereby accurately fit
the distribution with the model.

®  The fit of a model can be assessed by eye or by
the Root Mean Squared (RMS) value. Lower RMS values
indicate a better model fit. Because the RMS calculation
depends on the model and constraints, a range of RMS
values that indicate a good fit cannot be predefined.

° If Flow]Jo fails to fit the model(s) to the data, then it
will display “Invalid” in the RMS error field. In this case,
you will want to help Flow]Jo fit the data by constraining
different parameters or use an alternative model.

®  Start with the more distinguishable peak position
and constrain the complement to be centered relative to
the known peak.

®  The Dean-Jett-Fox model has an option to fit a
synchronous peak. A synchronous peak usually results
after a population is released from a cell cycle arrest,
which causes a large fraction of cells to travel through
the phases of the cell cycle in a synchronized manner.

Links and References
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Constraining the Fit

® It may be useful to analyze a control sample that
has a good distribution and to set constraining ranges
for the peak(s) based on that sample. For the difficult
sample acquired in the same experiment, constrain
values such as the G1 and G2 coefficient of variance
(CV). Or constrain the position of the G1 peak in the
well-fit population. This range will automatically be
applied when the Cell Cycle node is copied to the
difficult sample in the Workspace list by drag-and-drop.
i Also consider constraining the peak positions
relative to each other. For example, the G2 peak position
can be defined to be 2x the G1 peak, or the G1 peak to be
0.5x the G2 peak. However, caution must be used in this
case. Some dyes, such as PI, do not always identically
stain cells at each stage of the cell cycle.

® In general, the CV for the G2 peak should be the
same as the CV for the G1 peak. This is because cells
within a single phase should theoretically all have the
same amount of DNA and should produce the same
signal intensity. The width of either G0/G1 or G2/M is
predominately a product of the cytometer’s measurement
error. This means that setting the G2 CV equal to the G1
CV is generally a useful constraint. Alternatively, force
both CVs to be equal to the calculated value for a well-
defined distribution collected in the same experiment.
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