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1.0 INTRODUCTION
Recent advances in flow cytometry (FCM) instrumentation combined with the availability of new staining
reagents have resulted in the ability to assess cell samples based on the quantification of many individual
molecular characteristics simultaneously. These advances in experiment methodologies have led to a
challenge in the interpretation of the resulting data. Historically, investigators have analyzed FCM data
manually by utilizing gating strategies and visualization of two-dimensional dot plots to identify specific
cell populations within samples. However, this approach is somewhat subjective and laborious, and does
not scale well as the number of parameters increases. These observations have led to the realization
that computational approaches to assist in the interpretation of high-dimensional FCM data are sorely
needed. To address this need, UTSW has developed a system for automated population discovery in
multidimensional FCM data – FLOCK (FLOw Clustering without K), which is designed to specifically take
into account the unique feature of FCM data and produce an objective segregation of cell populations.

Flow Cytometry data analysis within ImmPort employs the FLOCK algorithm and supports management
of data files, creation of data sets, population centroid adjustment for results refinement and cross sample
comparison.

2.0 FCSTRANS: IMMPORT .FCS FILE CONVERSION
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The input to this stage is an .fcs file. The output of this module is a tab delimited .txt file. Each .txt file
corresponds to one .fcs file. The text file will contain columns for the fluorescence values for each
parameter in the flow cytometry assay, (e.g. FSC, SSC, fluorochrome 1, etc). The following screenshots
demonstrate the conversion of the .fcs files using two versions of FlowJo™.

Figure 1: Upload a .fcs format flow cytometry file into FlowJo™using standard procedures

Figure 2: Select the ‘Export’ option from the ‘Workspace’ menu option

Figure 3: The ‘Export’ dialog box displays the default settings
All parameters are selected by default for export.

Convert .fcs files to
tab-delimited txt files
and make an .info file

Upload the .txt
and .info file into
ImmPort

Select
parameters to run
the analysis

View the
results
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Figure 4: De-select any parameters that are not to be included in the text file
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Figure 5: Change the ‘Data Type’ parameter to ‘Channel numbers’ from ‘FCS file’

Figure 6: Select ‘CRLF’ option for Text file delimiter

Clicking “Export” will allow you to save the .txt file to the folder you specify.

FlowJo™ v8.6.6 for Macintosh:
Figure 7: Select samples to be converted, select CSV as output format
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Figure 8: Save CSV file as a .txt file

Locate CSV file based upon the location you chose for storing.
Select to ‘Save As’ a Text (Tab delimited) (*.txt) file, click Save
You will upload the new .txt converted file into ImmPort through the Data Management upload process

Save As Text (Tab delimited)
(*.txt)
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FCSExtract FCS file conversion to .txt format
Figure 9: Download FCSExtract, Run software

Figure 10: Select FCS file to be converted

Figure 11: Convert FCS to CSV

FCSExtract applies to FCS v2.0 format
Download FCS Extract (a)
Open the .zip file (b)
Double click the FCS Extract icon, and click ‘Run’ (c) (a)

(c)

(b)

Go to: http://research.stowers-institute.org/efg/ScientificSoftware/Utility/FCSExtract/index.htm

Click Read and browse for the .fcs file.
Clicking ‘Open’ will upload the data

Select file to be
converted
Click open
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Figure 12: Convert CSV file to .txt file

If there are questions or comments, please contact the helpdesk at helpdesk@immport.org

Click “Write”
Select where the .csv file should be
stored (Desktop, C: drive…)
Un-check the AutoSave to .TXT
box. If left checked, FCS Extract
provides .txt output of the .fcs file
header information only, and does
not include the necessary
fluorescence values (.csv format)

From pop-up, select where
the .csv file should be stored.
Click ‘Save’
.csv file is now stored at the

mailto:helpdesk@immport.org
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3.1 GENERATING A MARKER INFORMATION FILE (.INFO)
The Data Management module provides the user with two methods for annotating the uploaded
.fcs or .txt files: uploading an .info file or editing the uploaded FCS file to provide more informative
names for the markers and fluorochromes used in the flow cytometry assay.
The .info file is a two (2) column tab delimited text file. The first column contains the names of the
parameters (markers) from the .fcs file and can be found in the header of the .fcs or .txt file. The
second column contains names the user chooses to provide for the parameters (markers). In
some cases, the parameter names are fluorochrome channel identifiers (e.g. FL1) and these may
be renamed to indicate the fluorochrome and marker used to stain the cells (e.g. APC-anti-CD3).

Example .info file
Note that the columns are tab delimited.

FSC Forward Scatter
SSC Side Scatter
FL1 APC-anti-CD3
FL2 Cy7-anti-CD4
FL3 Alex 350-CD8
FL4 PE-CD25

3.2 EDITING MARKER INFORMATION OF UPLOADED DATA

Uploaded data, not associated with a marker .info file at upload, will use marker
information from the header of the FCS file as a default. Editing is possible through the
file detail screen.

Figure 13: Editing uploaded .txt file
 From ‘Data Management’ in tool bar
 Click ‘View/Edit Uploaded Data’
 Select file to be edited, click ‘View Details’
 Edit from Detail screen, click ‘Save’
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4.0 UPLOADING FLOW CYTOMETRY FILES INTO IMMPORT

4.1 ACCESSING DATA MANAGEMENT MODULE

The Data Management module is accessed after login (http://www.immport.org) from the Tools section
of the menu bar. Figure 14 captures the Tools dropdown menu with the Data Management “Upload
Data’ highlighted. Uploaded files are stored and may be reused.

Figure 14: Accessing Data Management module

4.2 UPLOADING FLOW CYTOMETRY FILES TO THE DATA MANAGEMENT MODULE

Flow cytometry data files can be uploaded individually, or as multiple files in a .zip package, into ImmPort.

4.2.1 Single File Upload

Single file upload employs a standard ‘Browse’ option to select the flow cytometry (.fcs and/or .txt) and
.info file from your computer. You will be prompted to choose a private workspace, from a dropdown
menu, in which to store your files. Examples of .fcs, .txt and .info files can be found on the upload screen
and utilized to test the upload process.

Select parameters to run
the analysis

Upload the ,fcs (and/or
.txt) and .info files

View / Edit
the results

http://www.immport.org/
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Figure 15: Flow Cytometry single file data upload in ImmPort

As Figure 15 shows, the addition of file information such as name and description is enabled; descriptive
file-specific information will be helpful in discriminating files in the future, particularly in Cross Sample
comparisons.

4.2.2 Multiple File Upload
To upload multiple files in a single upload process the creation of a .zip data package is required. The
.zip data package consists of:

1. .fcs and/or .txt flow cytometry files
2. .info file if parameter (marker) names are to be changed (for more information see section 3.1)
3. flowTextFiles template. The flowTextFiles template can be found as a link on the Multiple File

Upload screen (see Figure 16). Download and complete the template as an .xls spreadsheet
(see Figure 17), convert to a .txt file prior to including in the .zip data package. Conversion of the
flowTextFiles.xls to flowTextFiles.txt is necessary for the system to accurately parse the flow
cytometry files and for those files to appear in the selected project. Note: do not change the
name of the flowTextFiles.txt.

To access Multiple File Upload go to the Data Management drop down menu and select Upload Multiple
Files. Figure 16 highlights the location of the flowTextFiles.xls download and the Browse function for .zip
package selection and annotation.
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Figure 16: Flow Cytometry multiple file data upload in ImmPort

Figure 17: flowTextFiles.xls template

1 2 3 4 5 6
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Complete the flowTextFiles.xls template as follows:
1. Fill in FCS Files Names for each .fcs file being uploaded—one file per row. The files names

entered into the spreadsheet must match exactly those of the .fcs files. Uploaded FCS files will
be automatically converted using the ImmPort conversion process. Please see the ImmPort
Conversion tutorial found under ‘Help’ in the Flow Cytometry Analysis menu.

2. Fill in FCS Text File Name if uploading .txt converted FCS files instead of, or in addition to, the
.fcs files. Note: If both FCS and .txt converted FCS files are uploaded ImmPort will not convert
the .fcs file.

3. Preferred Display Name enables editing of FCS text file names to user-preferred names
(optional)

4. Description of the file being uploaded (optional)
5. Marker file is used to edit the marker names within the flow cytometry file—see section 3.1 of the

user guide for more details. (optional)
6. Experiment Sample User-defined ID and Experiment Sample ImmPort Accession. (optional)

The ImmPort accession is assigned by ImmPort when an experiment sample is submitted. The
User-defined ID is provided by the user during data upload via the Experiment Sample
submission template. Adding Experiment Sample information allows ImmPort to link uploaded
flow cytometry data to Experiment Samples within a Project.

7. Convert the flowTextFiles .xls spreadsheet to a Tab-delimited format and save.

To create the .zip data package:
1. Convert the completed flowTextFiles.xls spreadsheet to text format (.txt).
2. Select individual flow cytometry files (.fcs and/or .txt), .info files if warranted and the

flowTextFiles.txt template
3. Zip all as individual files—no folders are permitted in the zip archive. If folders are included in the

.zip archive the system will return an error and no files will be uploaded.

Once the .zip archive is complete, click Browse from the Multiple File Upload screen and select the .zip
archive to be uploaded. Click Submit on the Multiple File Upload screen. For additional assistance
contact the helpdesk at helpdesk@immport.org or review the Upload Multiple File tutorial found under
Help in the ImmPort flow cytometry menu.

Making a list of many files from a desktop:
Listing FCS files in the flowTextFiles.xls spreadsheet can be time consuming if many files are involved.
Please see the Making a List tutorial found under Help in the Flow Cytometry Tool menu.

4.3 SELECTING, EDITING AND ANALYZING UPLOADED FILES

Previously uploaded flow cytometry files may be selected for viewing, editing, creating data sets and
FLOCK analysis through the Data Management module. Accessing the Data Management module,
either from the Tools menu or from ‘Data Management’ dropdown within Flow Cytometry Analysis menu
bar, will provide a link to ‘View /Edit Uploaded Data’. The system will display the Uploaded Files Search
screen which includes the Uploaded Flow Files Search section and a table displaying all uploaded data
based on the project selected. The project selection drop down menu supports viewing of files based on
project access.

mailto:helpdesk@immport.org
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Figure 18: Uploaded Files Search screen

The Uploaded Files Search screen supports detailed viewing of individual or multiple files (tabbed
display) from which it is possible to edit file information including file name, description and marker
information. The Uploaded Files Search screen facilitates the creation of data sets for batch FLOCK
analysis or Cross Sample analysis, running FLOCK for selected files (single or multi-select), downloading
the converted .txt output for uploaded .fcs files or deleting files.

4.4 CREATE DATA SETS IN THE DATA MANAGEMENT MODULE

Grouping data into sets facilitates multiple-file FLOCK analysis and Cross Sample comparison. Figure
19 illustrates data set creation where the user selects files from the uploaded data table on the left and
moves those files to the data set table on the right. Uploaded files displayed in the table (below, left) are
based on the project chosen and the search criteria used in the Uploaded Files Search section. If no
search is used all uploaded files for a chosen project will be displayed. Providing a name and project
designation is required to save the data set. Providing a succinct description will aid in retrieval of the
data set for future analyses. Once files have been selected, click Save. To view data sets select
View/Edit Data Sets from the Data Management module drop down menu.

Uploaded files based on project access. Select files to View Details, Save
to a data set or download

Search based on file attributes
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Figure 19: Data Set creation

5.0 DATA ANALYSIS WITH FLOCK

5.1 FLOCK V1 AND V2
ImmPort has two versions of the FLOCK algorithm; FLOCK v1 and FLOCK v2. The initial version of
FLOCK, v1, supports the automatic identification of cell populations but requires defining appropriated bin
and density threshold values for optimal results. Defining threshold values may be challenging—FLOCK
v2 was developed to simplify the analysis process, reduce the need for defining thresholds and generates
results similar to those achieved by manual gating without the time-consuming effort. Independent
assessment of FLOCK v2 with other relevant methods will be released at FlowCAP:
http://flowcap.flowsite.org. FLOCK v1 remains available to support existing analyses.

5.2 ACCESSING DATA FILES FOR FLOCK ANALYSIS

To access uploaded files for FLOCK analysis, click “FLOCK” from the Flow Cytometry menu, Data
Management from the menu bar and select to analyze individual files or previously created data sets.
Selection of more than one individual uploaded file for FLOCK analysis (batching) is enabled; however
multi-selection is not supported for the analysis of data sets. Figure 20 shows accessing individual flow
cytometry files for FLOCK analysis. The files displayed in the table below the search section are based
on the project selected and search criteria. If no search is defined the system will display all files
accessible within the selected project.

Select files from left and click
Arrow to move right

http://flowcap.flowsite.org/
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Figure 20: File selection

5.3 PROVIDING DESCRIPTIVE ANALYSIS INFORMATION

FLOCK analysis requires providing a name for the analysis task, choosing the private workspace where
to save the FLOCK analysis results, selection of markers to be included in the analysis and defining
FLOCK analysis parameters (auto or manual). Task descriptions are optional but can provide valuable
information about the analysis for future reference. Figure 21 shows the FLOCK Analysis Setting screen.
For details about Marker Selection see section 5.3

Figure 21: Define analysis task

Marker selection: for each file selected
for FLOCK analysis the system will
display a single marker per column.
Check boxes allow for selection.



ImmPort Flow Cytometry Using FLOCK User Guide

April, 2009

5.4 MARKER SELECTION

Marker selection is a pre-processing step in the ImmPort flow cytometry analysis pipeline which supports
the selection of pertinent markers/fluorescence channels by data analysts prior to FLOCK analysis.
Inclusion of non-pertinent channels distorts the real data distribution resulting in suboptimal analysis
results. Scenarios where analyses would benefit from marker selection include:

 FCS files containing unused channels—this situation arises when an FCS file records signal from
channels not stained in an experiment. One example of such a situation would be an experiment
where stains were used for FL1, FL2 and FL4 but the FCS file contains signal from FL3. Another
situation would be the inclusion of FSC-A, FSC-H and FSC-W while only FSC-A was intended for
measurement.

 FCS files containing pre-gated markers—if a manually gated FCS file is uploaded to ImmPort
there may be no reason to further partition the events based on the gated markers.

Selection of markers prior to FLOCK analysis is performed on uploaded files by the data analyzer—in the
case of uploaded .fcs files, ImmPort automatically converts these to files to .txt prior to display for marker
selection. Marker selection does not affect the original uploaded files as the ImmPort system extracts the
user-specified data subset for analysis and visualization. In Cross Sample comparisons, data columns
are automatically selected to be consistent with those of the centroid file being applied (see Figure 32 for
more details).

5.5 FLOCK PARAMETER SELECTION

5.5.1 Using Auto-detect param
The default parameter setting for FLOC
parameters for the analysis.

5.5.2 Using the Customize Par
Customizing the FLOCK parameter se
FLOCK will analyze the data. Figure 22

Upload the .txt
and .info file into
ImmPort

View the
Results
Select
parameters to run
16 Version 2.5

eter setting
K is auto-detect. Auto-detect allows FLOCK to determine the best

ameter setting
ttings includes defining the number of bins and density with which

is a screenshot of FLOCK parameter selection.

the analysis
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Figure 22: Parameter selection

5.5.2.1 Number of bins is an integer specifying how many equal-sized regions the data will be
partitioned into on each axis. Increasing the number of bins increases the sensitivity to detect rare
populations but may also result in single populations being divided.

5.5.2.2 Density Threshold is the cut-off value to separate the dense regions from background. It is a
floating number that helps define population centers; increasing the threshold may help separate
major populations but could cause the algorithm to overlook rare populations.

5.5.3 Viewing FLOCK analysis results

After parameter selection is completed and “Run FLOCK” is clicked, you will be notified of the Task ID. To
access the FLOCK results, click “View/Edit Results” from the menu bar and then click “FLOCK”. A table
of all the submitted FLOCK analyses will display from which details of the analyses may be viewed by
clicking “Detail”. (Figure 23)

Upload the .txt
and .info file into
ImmPort

View the
results

Select
parameters to run
the analysis
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Figure 23: Show the analysis results from the FLOCK results table

5.6 FLOCK ANALYSIS DETAIL

Clicking “Detail” (Figure 23) will display the analysis task detail and provide a “Results” link to visualize
FLOCK output.

Figure 24: FLOCK analysis task detail

5.7 FLOCK RESULTS VISUALIZATION

The “Results” link from the Analysis Task Detail screen (Figure 24) will display, in a separate screen, the
thumbnail overview where each population is assigned a color (Figure 25)—clicking any thumbnail will
link to the FLOCK/RAS Result Overview (Figure 26). The screen also displays the Population Selection
table (discussed in a later section) which allows the user to select populations to view in the overview
matrix.
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Figure 25: FLOCK analysis results detail—thumbnail matrix with Population Selection table

Figure 26: Small Image Matrix of FLOCK Results
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Click on a thumb nail image in Figure 26 to view a larger image and adjust populations generated by
FLOCK. Please see Section 6 for result adjustment details.

5.7.1 FLOCK Population ID
FLOCK assigns a population ID to each event in the flow cytometry result file. The FLOCK results display
enables you to view different representations of the FLOCK results. Each Population ID is assigned a
color for display in two dimensional matrices. For example, population ID = 1 corresponds to color RED
and population ID=2 corresponds to color yellow.

Available population information can be obtained from the Population Selection Table where the
dropdown Data Display menu provides the option to view Centroid, Score or Mean Fluorescent Intensity
values.

5.7.2 Population Selection Table: Summary Table of all Analysis Populations
Each population group is likely to represent distinct proportions of the total cell population and these
proportions can be very useful in immunology research and disease diagnosis. Proportion of population
can also be used to generate standard deviation (or variation) of population proportions across different
samples. (Figure 27) Use the Data Display dropdown menu to view Centroid, Score or Mean Fluorescent
Intensity values. To view a subset of populations in the matrix overview use the selection boxes and click
‘Update’—the 2-D display matrix will display only the selected populations across all marker pairs.

Figure 27: Population Selection Table

The Score value is a number indicating the degree this population expresses a marker. The index code
is:

 1 implies negative expression
 2 implies low expression
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 3 implies positive expression
 4 implies highly positive.

The user may fill the column “Name” with whatever he/she wants to name the population, e.g., CD4+T
Helper cells.

5.7.3 Centroid Table
The values in this table (Figure 28) are the coordinates of the displayed centroids that can be adjusted by
the user through the graphical interface to modify the populations generated by FLOCK

Figure 28: Centroid Table

5.7.4 Mean Fluorescence Intensity Table (MFI)

The value at row X column Y is the mean of the fluorescence intensity on parameter/marker Y of
all events of the population X. (Figure 29)

Figure 29: Mean Fluorescence Intensity Table (MFI)
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6.0 RESULT ADJUSTMENT SYSTEM (RAS)
The Result Adjustment System (RAS) exists outside of FLOCK and is intended for use after FLOCK
analysis has been completed. The user selects the analysis results from the FLOCK Analysis History;
clicking on any thumbnail of the result overview will provide the user with the opportunity to adjust the
populations (one population at a time). .

Figure 30: Result Adjustment System (RAS)

As Figure 30 shows, the user can select, from the right side of the display, the population he/she wants to
modify and move or split the population centroid or delete the population (i.e. reassign its events to other
populations) through the left panel. The 2-D displays and summary tables will automatically refresh to
reflect the changes made by the user. The user is also allowed to return to the original FLOCK result by
discarding all manual changes (click Undo Centroid Adjustment in the navigation bar above the 2-D
displays)

Saving centroids, by selecting Save Centroid from the menu bar (see figure 28) allows the user to retain
centroid adjustments. Saved centroid files can be used within the Cross Sample comparison module to
map populations across multiple flow samples. The current ImmPort release supports the use of RAS
and saving centroid with FLOCK 1 output—FLOCK 2 output will be supported in a future release.

7.0 CROSS SAMPLE COMPARISON
Cross Sample Comparison automatically maps populations of cells across multiple flow samples and
computes the summary statistics for downstream analysis. Currently Cross Sample Comparison is
available for FLOCK v1 output only—FLOCKv2 output Cross Sample Comparison will be available in a
subsequent release. To perform cross sample analysis the user is required to define a data set which



ImmPort Flow Cytometry Using FLOCK User Guide

April, 2009 23 Version 2.5

contains the samples to be compared using the Data Management module. See section 4.4 Create
Data Sets in the Data Management Module for details.

A centroid file is required for comparison and is generated by running FLOCK on one or more files of the
data set or on a file external to the data set to which the data set is being compared. See section 6.0
Result Adjustment System (RAS) for details on adjusting and saving population centroids. Note: the
number of markers (columns in each file) must be consistent within the data set and the saved centroid
file in order to use Cross Sample comparison.

Access Cross Sample comparison from the Flow Cytometry menu bar (Figure 31)

Figure 31: Cross Sample comparison

Figure 32: Cross Sample comparison

Marker display of all files in dataset compared to centroid selected for Cross Sample
comparison. Green color indicates marker name identical, red indicates marker name is not
identical.
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Figure 33: Cross Sample comparison-viewing results

7.1.1 Population Percentage table
The Population Percentage table displays the proportion of each population within a sample based on the
centroid applied in the cross sample comparison. (Figure 34) Individual samples appear in rows and
sample name links will take the user to a 2-D thumbnail display where the user can continue with centroid
refining.

To view, click Analysis Results

Individual file results
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Figure 34: Cross Sample Population Percentage table

7.1.2 Marker by Population visualization

The Marker by Population visualization is accessed through the Analysis Result menu bar (see
Figure 35). Populations of interest are selected from a drop down menu as are the markers of
interest. Visualization includes 2-D images for each marker pair and population selected for all
samples in the comparison.

Figure 35: Cross Sample Marker by Population
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7.1.3 Downloading Cross Sample results

Within the menu bar for Cross Sample comparison the user will find Download options (Figure
36). Downloads include analysis statistics which can be opened via Excel (Figure 37) and
includes the sample name, number of events for each population, population proportion, mean,
standard deviation and coefficient of variance for each marker. Additionally, all analysis results
may be downloaded via the All Results option.

Figure 36: Download options

Figure 37: Statistics download

8.0 FLOCK AT SOURCEFORGE

FLOCK source code is available at http://immportflock.sourceforge.net/

9.0 FUTURE WORK

Implementing FLOCK in ImmPort aims to allow ImmPort users to study and compare cell phenotypes
including expression levels of cell-surface markers, the proportion values of cell populations, and their
changes across different samples and different disease developmental stages. Future implementation of
FLOCK in ImmPort will include better support for high-dimensional flow cytometry data. Results of
FLOCK analysis will be parsed and archived into ImmPort FCM result database to allow query and
management. Also results of FLOCK could be easily encoded in cell ontology terms since different cell
types are defined based on their marker expressions which can be output by FLOCK in a standardized
way. Therefore cell phenotype information can be easily reused in other integrated analysis ImmPort has

http://immportflock.sourceforge.net/
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and will provide. Also the analysis is done in an automated way to free ImmPort users from laborious and
subjective gating and comparison efforts.

Future development cycles will extend the UI of FLOCK to facilitate a more easy-to-use environment.
Other useful visualizations such as heat maps can be provided to allow an intuitive comparison between
subject groups. The FLOCK algorithm will be improved and re-designed based on feedback from
ImmPort users. As FLOCK becomes more widely adopted by biomedical researchers it will continue to
offer significant advantages to the ImmPort research community.

If you have any questions or comments on how to use FLOCK for Flow Cytometry analysis, please
contact ImmPort help desk at helpdesk@immport.org.

mailto:helpdesk@immport.org
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APPENDIX A GLOSSARY

Glossary
Term Acronym
Biological Sample BS
Data Management DM
Experiment Sample ES
Identifier ID
Query Interface QI
Research Projects RPs
Search Research Data SRD
University of Texas Southwestern Medical Center UTSW


