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https://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970

flowcytometry.wisc.edu

Rigor and Reproducibility in Flow Cytometry

https://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970
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https://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970

What’s Wrong?
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https://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970

How can we fix it?

https://cancer.wisc.edu/research/resources/flow/
https://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970
https://cancer.wisc.edu/research/resources/flow/
https://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970
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Where do we start?

http://www.jir.com
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The NIH

https://grants.nih.gov/policy
/reproducibility/index.htm

https://cancer.wisc.edu/research/resources/flow/
http://www.jir.com/
https://cancer.wisc.edu/research/resources/flow/
https://grants.nih.gov/policy/reproducibility/index.htm
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The NIH

https://grants.nih.gov/grants/peer/guidelines_general/Reviewer_Guidance_on_Rigor_and_Transparency.pdf
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The NIH

https://grants.nih.gov/grants/peer/guidelines_general/Reviewer_Guidance_on_Rigor_and_Transparency.pdf

The Four Areas of Rigor and Reproducibility

1. Scientific Premise – Distinct from hypothesis or justification, refers to the quality and strength 
of prior research

2. Scientific Rigor – Strict application of the scientific method to ensure robust and unbiased 
experimental design, methodology, analysis interpretation and reporting of results

3. Consideration of Sex and Other Biological Variables – includes the critical factors affecting 
health or diseas in vertebrate animals or human subjects

4. Authentication of Key Biological and/or Chemical Resources – Key resources that may 
vary over time, lab to lab; integral to research; include, but not limited to, cell lines, specialty 
chemicals, antibodies, & other biologicals 

https://cancer.wisc.edu/research/resources/flow/
https://grants.nih.gov/grants/peer/guidelines_general/Reviewer_Guidance_on_Rigor_and_Transparency.pdf
https://cancer.wisc.edu/research/resources/flow/
https://grants.nih.gov/grants/peer/guidelines_general/Reviewer_Guidance_on_Rigor_and_Transparency.pdf
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University of Michigan 
Office of Research 

Rigor and Reproducibility

Association of Biomolecular 
Resource Facilities

University of Virginia
Flow Cytometry Facility

Other Resources
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University of North Caroline School of Medicine
Flow Cytometry Core Facility

https://cancer.wisc.edu/research/resources/flow/
https://research.medicine.umich.edu/our-units/grant-services-analysis/research-development/proposal-development/rigor-reproducibility
https://research.medicine.umich.edu/our-units/grant-services-analysis/research-development/proposal-development/rigor-reproducibility
https://abrf.org/committee/committee-core-rigor-and-reproducibility-ccorre
https://abrf.org/committee/committee-core-rigor-and-reproducibility-ccorre
https://med.virginia.edu/flow-cytometry-facility/research-rigor-and-reproducibility/
https://med.virginia.edu/flow-cytometry-facility/research-rigor-and-reproducibility/
https://cancer.wisc.edu/research/resources/flow/
https://www.med.unc.edu/flowcytometry/resources-2/guide-to-rigor-and-reproducibility-for-flow-cytometry-experiments/
https://www.med.unc.edu/flowcytometry/resources-2/guide-to-rigor-and-reproducibility-for-flow-cytometry-experiments/
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FASEB report on enhancing research reproducibility 
identifies three main gaps to research reproducibility:

1.Lack of uniform definitions to describe the problem

2. Insufficient reporting of key experimental details

3.Gaps in scientific training

flowcytometry.wisc.edu
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Eight steps to Rigorous and Reproducible Experiments in Biomolecular Research

1. If using a core facility, consult with the core staff in the planning stage. Consult with a statistician if 
you need help developing a Power Analysis to assure that your results will be adequately powered.

2. Design your experiment with sufficient controls (rigor) and replicates(reproducibility).

3. Assure that ALL of your reagents (antibodies, cell lines, mice) are fully validated.

4. Have a clear and detailed protocol (SOP) and data analysis plan that can be easily followed. 
Assure that the protocol is strictly followed or that any deviation is well documented.

5. Assure that the staff or students performing the experiment are well trained and understand each 
step and the importance of performing them precisely (rigor again).

6. Use only well-maintained instrumentation, preferably maintained and operated in a core facility 
with expert staff (see #1 above).

7. Document all steps, reagents, equipment and data analysis methods used in the experiment. 
Assure that the both the documentation and the data itself are properly stored in a safe data 
management repository.

Acknowledge the Cancer Center Support Grant (P30 CA014520), Grant-supported instrumentation and 
core staff in publications.

https://www.med.unc.edu/flowcytometry/resources-2/guide-to-rigor-and-reproducibility-for-flow-cytometry-experiments/

https://cancer.wisc.edu/research/resources/flow/
https://www.faseb.org/Portals/2/PDFs/opa/2016/FASEB_Enhancing%20Research%20Reproducibility.pdf
https://cancer.wisc.edu/research/resources/flow/
https://cancer.wisc.edu/research/acknowledging-uwccc/
https://cancer.wisc.edu/research/resources/flow/
https://www.med.unc.edu/flowcytometry/resources-2/guide-to-rigor-and-reproducibility-for-flow-cytometry-experiments/
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“Lack of 
Statistical 

Power, Poor 
Understanding 
of Statistics”

https://cancer.wisc.edu/research/resources/bsr/
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Guide to Rigor and Reproducibility for Flow Cytometry Experiments in the Flow Lab

I. Multicolor Flow Cytometry: all flow cytometry experiments will be run using replicate [animals/cell lines, 
etc.] according to recommendations based on power calculations.

1. Include single color controls with each experiment for compensation calculations.
2. Include a viability dye to exclude dead cells from the analysis
3. Incorporate Fluorescence Minus One (FMO) as gating controls for data analysis and as controls to 

validate the expression of rare or low-expressing markers.
4. Run doublet discrimination in your analysis to exclude aggregates
5. Run time as a parameter to assure that the fluidics were running smoothly during acquisition
6. Daily quality control of all instrumentation is performed based on manufacturers’ recommendations to 

ascertain that all of the Flow Lab flow cytometers maintain peak performance. Flow cytometric 
fluorophore compensation and analysis is completed using FlowJo, or FCS Express.

II. Cell sorting: quality control/laser alignment and drop delay calculation is carried out according to 
manufacturers’ recommendations on all cell sorters prior to sorting. Single color controls are included with 
each experiment for compensation calculations. Proper controls for gating cells of interest are included. Post-
sort analysis are run on each population to verify purity when possible.

https://www.med.unc.edu/flowcytometry/resources-2/guide-to-rigor-and-reproducibility-for-flow-cytometry-experiments/

https://cancer.wisc.edu/research/resources/flow/
https://cancer.wisc.edu/research/resources/bsr/
https://cancer.wisc.edu/research/resources/flow/
http://www.powerandsamplesize.com/
https://www.linkedin.com/pulse/3-dead-cell-reagents-improve-your-data-analysis-tim-bushnell/
https://www.med.unc.edu/flowcytometry/resources-2/guide-to-rigor-and-reproducibility-for-flow-cytometry-experiments/
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III. All antibodies will be validated prior to reporting of results. Recommendations for research using 
antibodies (page 7-8) ‘Although vendor-supplied technical information may help investigators select 
reagents such as antibodies, this information is insufficient for validation’.
Antibody Validation: Standards, Policies and Practices Workshop Report 2016

Resources for antibody validation:
1. Always Titrate
2. Validate Specificity
3. Integrate critical controls like Fluorescence Minus One controls (FMO)
4. See: Uhlen et al., A Proposal for Validation of Antibodies, Nature Methods (2016)
5. More at: https://expertcytometry.com/4-steps-to-validate-flow-cytometry-antibodies-and-improve-

reproducibility/
6. Also on the EuroMab network:
7. Guidelines Website: https://www.euromabnet.com/guidelines/index.php Guidelines 

Manuscript: https://www.ncbi.nlm.nih.gov/pubmed/26418356 Pos/Neg Controls 
Website: https://www.euromabnet.com/guidelines/positive-negative-controls.php Additional Articles 
about Ab Validation: https://www.euromabnet.com/guidelines/articles-about-antibody-validation.php

https://www.med.unc.edu/flowcytometry/resources-2/guide-to-rigor-and-reproducibility-for-flow-cytometry-experiments/

Have your antibodies been validated?
Check the Antibody registry.

FluoroFinder has partnered with CiteAb to provide validation data for >200,000 reagents.
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Titration 
& 

Separation
Index

CD14 BV786 Titration

Antibody 
Amount (µL)

84th 
Percentile of 

Negative

Median of 
Negative

Median of 
Positive

Separation 
Index

0.625 713 126 12287 20.6
1.25 752 126 18594 29.4
2.5 904 166 35374 47.5
5 1119 182 53070 56.2

7.5 1285 230 59808 56.2

!" = $%&'() − $%&+%,
[84%12%+%, −$%&+%,

0.995 ]

Technotes for 
Performing Titrations & 
Data Analysis on 
flowcytometry.wisc.edu

https://cancer.wisc.edu/research/resources/flow/
https://www.faseb.org/Portals/2/PDFs/opa/2016/FASEB_Enhancing%20Research%20Reproducibility.pdf
https://www.med.unc.edu/flowcytometry/files/2018/06/antibody-validation-standards-policies-and-practices.pdf
https://www.nature.com/articles/nmeth.3995
https://expertcytometry.com/4-steps-to-validate-flow-cytometry-antibodies-and-improve-reproducibility/
https://www.euromabnet.com/guidelines/index.php
https://www.ncbi.nlm.nih.gov/pubmed/26418356
https://www.euromabnet.com/guidelines/positive-negative-controls.php
https://www.euromabnet.com/guidelines/articles-about-antibody-validation.php
https://www.med.unc.edu/flowcytometry/resources-2/guide-to-rigor-and-reproducibility-for-flow-cytometry-experiments/
http://antibodyregistry.org/
http://uwflow.fluorofinder.com/
https://cancer.wisc.edu/research/resources/flow/
https://cancer.wisc.edu/research/resources/flow/tech-notes-resources/
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Annotate, Annotate, Annotate

“Your closest collaborator is 

you 6 months from now and 

you don’t answer emails.”
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The value of data is only as good as its 
annotation and accessibility.

https://cancer.wisc.edu/research/resources/flow/
https://cancer.wisc.edu/research/resources/flow/
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MIFlowCyt

flowcytometry.wisc.edu
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UWCCC Flow Lab for Kirby Johnson, PhD, Bresnick Lab

https://cancer.wisc.edu/research/resources/flow/
https://cancer.wisc.edu/research/resources/flow/
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UWCCC Flow Lab for Kirby Johnson, PhD, Bresnick Lab
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• Time zero
• Untreated
• Positive control
• Mock transfected
• Wild Type
• Known Standard
• Anything else that 

will help you 
prove your 
hypothesis

Flow Cytometry Controls
Experimental Controls Cytometer Controls Data Analysis Controls

• Single Color Controls
• Bead Standard

• Fluorescence Minus 
One (FMO)

• Reference Standard

https://cancer.wisc.edu/research/resources/flow/
https://cancer.wisc.edu/research/resources/flow/
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FMO: Fluorescence Minus One

Nature Reviews Immunology 4, 648-655 (August 2004)

Gating control that takes into account all spread in the data

flowcytometry.wisc.edu
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Another FMO Example

Tim Bushnell, Excyte Cytometry

https://cancer.wisc.edu/research/resources/flow/
https://cancer.wisc.edu/research/resources/flow/


12/14/18

14

flowcytometry.wisc.edu

Rigor and Reproducibility in Flow Cytometry

Assay 
Standardization

Spherotech Midrange Rainbow Beads

• Run after optimizing voltages
• Median Fluorescence Intensity 

Values = Target Values for 
Successive Runs
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flowcytometry.wisc.edu

https://cancer.wisc.edu/research/resources/flow/
https://cancer.wisc.edu/research/resources/flow/
https://cancer.wisc.edu/research/resources/flow/
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• Experimental Design
• Antibody Validation
• Antibody Titration
• Proper Controls
• Instrument Optimization
• Annotation

• Standardized Naming Conventions
• Data Collection
• Reagent Lot #’s & Exp. Dates
• Deviations
• Instrument QC

• Rainbow Standard
• Data Acquisition Template
• Data Analysis Template
• Data Reporting Template
• Peer Review
• Cross-Training
• Detailed SOP & SOP Template to record 

annotations above per run

flowcytometry.wisc.edu
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Instrument Characterization

Jones, DD, et. al., U Penn Flow Cytometry & Cell Sorting Resource Laboratory

https://cancer.wisc.edu/research/resources/flow/
https://cancer.wisc.edu/research/resources/flow/
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Instrument Characterization

Jones, DD, et. al., U Penn Flow Cytometry & Cell Sorting Resource Laboratory
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Instrument Characterization

Jones, DD, et. al., U Penn Flow Cytometry & Cell Sorting Resource Laboratory

https://cancer.wisc.edu/research/resources/flow/
https://cancer.wisc.edu/research/resources/flow/
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Titration 
& 

Separation
Index CD14 BV786 Titration

Antibody 
Amount (µL)

84th 
Percentile of 

Negative

Median of 
Negative

Median of 
Positive

Separation 
Index

0.625 713 126 12287 20.6
1.25 752 126 18594 29.4
2.5 904 166 35374 47.5
5 1119 182 53070 56.2

7.5 1285 230 59808 56.2

!" = $%&'() − $%&+%,
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Instrument Characterization

CD4 Staining Index

Comparison of LSR to 
Fortessa

https://cancer.wisc.edu/research/resources/flow/
https://cancer.wisc.edu/research/resources/flow/
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Instrument Characterization – LSR

flowcytometry.wisc.edu

Rigor and Reproducibility in Flow Cytometry

Instrument Characterization - Fortessa

https://cancer.wisc.edu/research/resources/flow/
https://cancer.wisc.edu/research/resources/flow/
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Instrument Characterization

flowcytometry.wisc.edu
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Instrument Characterization

Figure 5. Loss of resolution due to Spectral Spreading.  Single stained compensation beads are used to 
illustrate loss of resolution and sensitivity due to spectral spillover.  Grey boxes represent area of double 
positivity over background due to spectral spillover. A. Spectral spillover of PE-CF594 fluorescence (orange) 
into APC detector (red) is 0.27%. B. Spectral spillover of PE-Cy5 (blue) fluorescence into the APC (red) 
detector is 51.53%.  Note smaller area of grey box in B. compared to A.  Black line represents background for 
PE-CF954 spectral spillover into APC channel for comparison.

https://cancer.wisc.edu/research/resources/flow/
https://cancer.wisc.edu/research/resources/flow/
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Mark your calendars for upcoming UWCCC Flow Lab Seminars!

Overview of Computational Data Analysis 
Platforms for Flow Cytometry

Friday, January 11, 2019
10am, WIMR 7001A

Flow Cytometry –
Compensation with Confidence

Friday February 1, 2019
10am, WIMR 7001A

Flow Cytometry Current Best Practices for PIs
Thursday, February 14, 2019

7:30am, WIMR 7170

Multicolor Panel Design for Flow Cytometry
Tuesday, March 5, 2019

2pm, WIMR 7001A

Data Analysis with Alex II
Tuesday, March 7, 2019

10am, WIMR 7170

Data Analysis with Alex III
Wednesday, May 16, 2019

10am, WIMR 7170

https://cancer.wisc.edu/research/resources/flow/

