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Reproducibility crisis: Blame it on the antibodies

but they are littering the field with

-it-on-the-antibodies-1.17586
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The most common problems with
antibodies and how to avoid them.

CROSS-REACTIVITY

Problem: An antibody is supposed
to recognize only its target protein,
but sometimes binds to others,
depending on the proteins present
in asample.

Solution: An antibody should be
tested for off-target binding using
positive and negative controls.

VARIABILITY

Problem: Separate batches of
antibody can perform differently.
This happens most often when the
antibody is produced from a new
set of animals.

Solution: Researchers should
confirm lot numbers and
characterization data with
vendors.

WRONG APPLICATION

Problem: Different experiments
and experimental conditions
can change a protein’s folding
and therefore its binding ability.

Solution: Scientists should
check supplier’s recommended
applications.

© Nature.
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1,500 scientists lift the lid on reproducibility b

Survey sheds light on the ‘crisis’ rocking research.

Monya Baker

25 May 2016 | Corrected: 28 July 2016

1,576

researchers
surveyed

38%
Yes, a slight
crisis

IS THERE A REPRODUCIBILITY CRISIS?

Rigor and Reproducibility in Flow Cytometry

HAVE YOU ESTABLISHED PROCEDURES
FOR REPRODUCIBILITY?

Among the most popular strategies was having different lab
members redo experiments.

339% 349%
Within the — No
past 5 years ——
1,576
researchers
26%

surveyed

Procedures have

7% been in place
More than since | started
5 years ago working in my lab

FLOW
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WHAT FACTORS CONTRIBUTE TO
IRREPRODUCIBLE RESEARCH?

Many top-rated factors relate to intense competition
and time pressure.

® Always/often contribute Sometimes contribute

Selective reporting

W h at ,S Wro n g ? Pressure to publish

Low statistical power
or poor analysis

Not replicated enough
in original lab

Insufficient
oversight/mentoring

Methods, code unavailable

Poor experimental design

Raw data not available
from original lab

Fraud

Insufficient peer review
Problems with
reproduction efforts

Technical expertise required
for reproduction

Variability of
standard reagents

Bad luck
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WHAT FACTORS COULD BOOST
REPRODUCIBILITY?

Respondents were positive about most proposed improvements
but emphasized training in particular.

® Very likely Likely

How can we fix it?

of statistics

Better mentoring/supervision
More robust design

Better teaching

More within-lab validation

Incentives for better practice

Incentives for formal
reproduction

More external-lab validation
More time for mentoring

Journals enforcing standards

More time checking
notebooks

enature 0 20 40 60 80 100%
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Where do we start?

Yhe Jdourndl of

Irrepreodecible Resvolts’

The Science Humor Magazine

http://www.jir.com
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National Institutes of Health
Office of Extramural Research

OME ABO

Grants & Funding Entire Site
NiH's Central Resource for Grants and Funding Information PERpR——

GRAN

T h e N I H Home » Policy & Compliance » Rigor and Reproducibility » Enhancing Reproducibility through Rigor and Transparency
Enhancing Reproducibility through Rigor and

NIH Grants Policy Statement

FUNDING POLICY & COMPLIANCE NEWS & EVEN

Notices of Policy Changes Transparency
Compliance & Oversight The information provided on this website is designed to assist the extramural community in addressing rigor and

o transparency in NIH grant applications and progress reports. Scientific rigor and transparency in conducting biomedical
Select Policy Topics research is key to the successful application of knowledge toward improving health outcomes.
Anti-Sexual Harassment

Animal Welfare Definition

httgs //gra nts n | h govlgol IC: : Application Submission Scientific rigor is the strict application of the scientific method to ensure unbiased and well-controlled experimental design,

Policies methodology, analysis, interpretation and reporting of results

[reproducibility/index.htm Cinical Tl Reauirements + Goals

E:;‘avbﬁ;f‘gz f:f;:":wr The NIH strives to exemplify and promote the highest level of scientific integrity, public accountability, and social

S, o responsibility in the conduct of science. Grant applications instructions and the criteria by which reviewers are asked to
evaluate the scientific merit of the application are intended to:

Financial Conflict of Interest

Human Subjects Research « ensure that NIH is funding the best and most rigorous science,

« highlight the need for applicants to describe details that may have been previously overlooked,

« highlight the need for reviewers to consider such details in their reviews through updated review language, and

Lobbying Guidance for * minimize additional burden,
Grantee Activities

Intellectual Property Policy

NIH Funding Strategies

ity in Grant
Peer Review Policies and
Practices

Learn how to address rigor and reproducibility in your grant
application and discover what reviewers are looking for as they
evaluate the application for scientific merit

Public Access

Research Integrity
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m) National Institutes of Health
NIH Peer Review

Reviewer Guidance on Rigor and Transparency:
Research Project Grant and Mentored Career
Development Applications

The NIH

The goal of this initiative is to enhance reproducibility of research through rigor and
transparency. NIH recently updated application instructions and review language for research
grant (NOT-OD-16-011) and mentored career development award (NOT-OD-16-012)
applications submitted for due dates of January 25, 2016 and beyond. Implementation of rigor
and transparency for individual fellowship, institutional career development, and institutional
training grant applications will be announced in advance, on a different timeline that allows for
training in rigor and transparency to be developed (NOT-OD-16-034).

The four areas of the current rigor and transparency initiative are explained below.

https://grants.nih.gov/grants/peer/quidelines general/Reviewer Guidance on Rigor and Transparency.pdf

flowcytometry wisc.ad
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The NIH The Four Areas of Rigor and Reproducibility

FLOW
o

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, , & other biologicals

https://grants.nih.gov/grants/peer/quidelines general/Reviewer Guidance on Rigor and Transparency.pdf

flow +
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Other Resources

University of Michigan

University of Virqinjg Association of Blom.o.lecular Office of Research
Flow Cytometry Facility Resource Facilities Rigor and Reproducibility

[ATB] The Association
®) of Biomolecular
I esource Facities

RESEAROH CORES AT UNIVERSITY OF VRGHIA SCHOOLOF MEDIE

. 'OFFICE OF RESEARCH
Flow Cytometry Facility

About ABRF Membership Rescarch Groups  ABRF Resources

3 . Rigor & Reproducibility
Committee for Core Rigor and e —
NIH Recommendaions or Rigorous Resources for Reproducibility (CCoRRe) it st b o S

Rigorous Research

and sy forthe

Scientific Premisa in NIH Grant Applications

Assstant Dnecto o Rseorch Devecpment
Joumls e for reprodueibiy”n Natre - snd n Scence
Implemanting Rigr and Transparency:
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University of North Caroline School of Medicine
Flow Cytometry Core Facility

'UNC SCHOOL of MEDICINE Accessibllity  UNC Chapel Hill  UNC Health Care  Login

Department of Microbiology and Immunology
Search. Q

Flow Cytometry Core Facility

© Search this site () Search UNC School of Medicine

# Instrumentation - Core Access & Scheduling - Services, Policies & Rates - Resources - Contact Us ~

Home / Resources / Guide to Rigor and Reproducibility for Flow Cytometry Experiments

Resources Guide to Rigor and Reproducibility for Flow
orotocols Cytometry Experiments
Useful Links You may use this as a template for wording in your grants and publications to address
Rigor and Reproducibility for your Flow Cytometry Experiments run in the UNC Flow
Acquisition Information Cytometry Core Facility.
Sorting Information
Publication Acknowledgements Eight steps to Rigorous and Reproducibl peri s in Bi lecul

Research at UNC:
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FASEB report on enhancing research reproducibility
identifies to research reproducibility:

1.Lack of uniform definitions to describe the problem
2. Insufficient reporting of key experimental details

3. Gaps in scientific training

FLOW
K
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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.

| -
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'WCCC RESEARCH Q Search

Resource for Researchers

“I aCk f INNOVATION ~ RESOURCESv  CLINICALTRIALS ~ FUNDING OPPORTUNITIES ~ EDUCATION  RESEARCHERS ~ CONTACTUS

StatIStlcaI EOSTATISTICS SHARED RESOURCE (BSR)
P Owe r, P O O r The mission of the Biostatistics Shared Resource (BSR) is to promote excellence in cancer

research at UW Carbone Cancer Center (UWCCC) by providing outstanding biostatistical MORE ABOUT BSR

l ' n d e rst a n d i n g support and collaboration to UWCCC members BSRHOME »

https://cancer.wisc.edu/research/resources/bsr/ USINGTHE FACILITY >

of Statistics”

BIOSTATISTICS CONSULTING DROP-IN CLINIC ACCOMPLISHMENTS >

Biostatistics offers a drop-in clinic for UWCCC members Monday and

Tuesday afternoons from 2-5pm.

Location: 6153 WIMR CONTACT US
Phone: (608) 265-8477
Mondays: Yanyao Yi

Tuesdays: Colin Longhurst Associate Leader: Roxana Alexandridis, PhD

Faculty Leader: Menggang Yu, PhD

uw, @
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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
Run time as a parameter to assure that the fluidics were running smoothly during acquisition
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.

oo

Il. 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.

uw.®
FLOW
5 .
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lll. 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: Have your antibodies been validated?
Always Titrate Check the Antibody registry.
Validate Specificity

Integrate critical controls like Fluorescence Minus One controls (FMO)

See: Uhlen et al., A Proposal for Validation of Antibodies, Nature Methods (2016)

More at: https://expertcytometry.com/4-steps-to-validate-flow-cytometry-antibodies-and-improve-

reproducibility/
Also on the EuroMab network:

Guidelines Website: https://www.euromabnet.com/quidelines/index.php Guidelines

Manuscript: https://www.ncbi.nIm.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/quidelines/articles-about-antibody-validation.php

aOrON=

No

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

“Your closest collaborator is

you 6 months from now and

you don’t answer emails.”

Rigor and Reproducibility in Flow Cytometry

The value of data is only as good as its

annotation and accessibility.

ety for Advancement of Cytometry

International Societ

Minimum Information About a Flow Cytometry
Experiment (MIFlowCyt) Checklist (Numbered in
accordance with MIFlowCyt 1.0 document)

Cytometry Part A o 77A: 813, 2010

10
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1. Experiment Overview
1.1. Purpose
1.2. Keywords
1.3. Experiment Variables
1.4. Organization (name and address)
1.5. Primary Contact (name and email address)

1.6. Date (or time period)
OW y 1.7. Conclusions (if applicable)

1.8. Quality Control Measures

~

Flow Sample and Specimen Details

2.1. Sample/Specimen Material Description (include description, type, source, source treatment, taxonomy, age,
gender, phenotype, genotype

2.3. Sample Treatment(s) Description

s applicable for biological samples; description and location for environmental samples)

IS A( : 2.4. Fluorescence Reagent(s) Description (include characteristic(s) being measured, analytes, analyte detectors,
< — analyte reporters, clone names/numbers, manufacturer, catalogue numbers as applicable)

International Society for Advancement of Cytometry

Instrument Details

3.1. Instrument Manufacturer

3.2. Instrument Model

3.3. Instrument Configuration and Settings (provide acqui
custom alterations of the instrument if applicable; include installation dates of optical filters)

ition settings including detector voltages and describe all

IS

. Data Analysis Details (if data analysis has been performed)
4.1 List-mode Data File (specify location of original list-mode file, for example supplementary material, URL, website)
4.2. Compensation Details (describe how multicolor compensation was performed by including antibodies, cells, or beads used)
4.3. Data Transformation Details (purpose and description if any transformation of the raw measurement has been
performed, including various scales for visua
. Gating (Data Filtering) Deta
mathematical descriptions of each gate boundary or appropriate gate images; mathematical description of gate
boundaries can be provided in using Gating-ML or an appropriate project or workspace file); description of the
algorithm by which gates were created (for example, subjective, based on EMO (how?), same gate for all analyses, etc.)

tion and gating purposes)

=
IS

s (include description of all gates, percentage of events inside, and either

o

Data Presentation Requirements

5.1 Axes legends (antibody and dye; linear- or logarithmic-scaled axes)
5.2. Graphical example for full gating strategy

5.3. Positive/negative control or FMO

SSC-A
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Flow Cytometry Controls
Experimental Controls Cytometer Controls Data Analysis Controls
» Time zero
» Untreated
«+ Positive control » Single Color Controls » Fluorescence Minus
+ Mock transfected + Bead Standard gn;a (FMO)S dard
« Wild Type eference Standar
» Known Standard
* Anything else that
will help you
prove your
hypothesis
FLOW
o~ loweytometoywisc.ed!
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FMO: Fluorescence Minus One

a '@ n Ty
control
FITC -
PE =
CySPE =
Cy7PE =
b
FMO gate
Unstained
gate

FITC
Nature Reviews | Immunology

Gating control that takes into account all spread in the data

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

floweviomatrywiscedy
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Another FMO Example

Unstained Control FMO Control Fully Stained
CD45RO CD45RO
- CD45RA
CD4

Tim Bushnell, Excyte Cytometry

13
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Rainbow Bead Standardization

UWCCC Flow Cytometry Laboratory

FLOW
o

1111 Highland Ave
7016 WIMR
Madison, WI 53705
608.263.0313

Why Standardize My Flow Assay?

Assay standardization in flow cytometry improves reproducibility and reduces
cytometer set-up time. For assays evaluating protein expression levels using MFI
(median fluorescence intensity), this standardization is critical for reducing user
set-up variation among replicates. For all flow assays, standardization expedites
cytometer set-up and data analysis.

How Does Rainbow Bead Standardization Work?

Do I Still Have to
Compensate?

Yes! Standardization tells you where to set
voltages (instrument sensitivity) using
multicolor beads, but compensation uses
single stained controls to account for
fluorescence spillover. Compensation is
still critical for obtaining good multicolor
flow cytometry data. For the most

flowcytometry.wisc.edu
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» Experimental Design

* Antibody Validation

 Antibody Titration The Results
* Proper Controls -
* Instrument Optimization

* Annotation

« Standardized Naming Conventions 7 Time Points
« Data Collection
* Reagent Lot #s & Exp. Dates 1 Comp Matrix
* Deviations
¢ Instrument QC 1 Template

* Rainbow Standard

» Data Acquisition Template Same Gates

» Data Analysis Template

» Data Reporting Template

* Peer Review

* Cross-Training

* Detailed SOP & SOP Template to record
annotations above per run
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Rigor and Reproducibility in Flow Cytometry
Instrument Characterization
erdman Determination of operational voltages

on an instrument-by-instrument basis as a means to facilitate
high-dimensional panel design in a shared resource setting

Derek D. Jones*, Richard D. Schretzenmair*, and Jonni S. Moore
University of Pennsylvania Abramson Cancer Center, Flow Cytometry and Cell Sorting Resource Laboratory, Philadelphia, PA
*Equal contribution

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

Voltage

Figure 2. Sample type does not
affect the SI-PMTV curve.

Human PBMC or lyophilized PBMC
were stained with anti-CD4 BV605, and
acquired over a range of voltages.
Depicted are stain indices as a function
of PMT voltage; ECy, are indicated.
The operational voltage was nearly
identical for each sample type, and is
indicated by a dashed line.
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Figure 3. The SI-PMTV curve is independent of
fluorochrome brightness.

Human PBMC were stained with anti-CD4 BB700 and
PerCP-Cy5.5 (both in the 695/40 Blue detector), and
acquired over a range of voltages. Depicted are stain
indices as a function of PMT voltage (left). Stain indices
reported as a % of maximum (right) allow for a meaningful
comparison of different fluorochromes. EC,, were identical
for each fluorochrome.
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Figure 5. Operational voltages reduce spillover spread and facilitate panel design.

Human PBMC were stained with anti-CD4 antibodies conjugated to the indicated fluorochromes.
Samples were acquired on a BD LSR Il at CST voltages (left) and Operational voltages (right), as
determined by CD4 voltage titration. Spillover spread matrices were computed using FlowJo, and
pseudocolored according to intensity of spillover spread.

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

» Providing SlIs and SSMs to users will support panel design and enhance users’ understanding of cytometry
« Comparison of stain indices between instruments can help in the identification of poorly

performing cytometers or individual PMTs
» Facilitate the construction of higher-dimensional panels (20+ colors)
FUTURE DIRECTIONS:
» CD4 voltage titration and SSM calculation for every cytometer (>20) in the UPenn SRL
» Designate a target MFI for each detector, and use application settings to update cytometer changes daily
» Provide a means for eventual cross-instrument standardization
» This approach will ultimately be used to guide panel design for a 30+-parameter Symphony A5.
* Wil facilitate several pre-clinical studies focusing on T cells, NK cells, and myeloid subsets

UW, @
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Jones, DD, et. al., U Penn Flow Cytometry & Cell Sorting Resource Laboratory
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Comparison of Max Stain Indices of Multiple Fluorophores on Separate
Instruments

Instrument Characterization
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Instrument Characterization - Fortessa
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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.
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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 Current Best Practices for Pls

C FIow_Cyto[netéy _f' Thursday, February 14, 2019
ompensation with Confidence 7:30am, WIMR 7170

Friday February 1, 2019
10am, WIMR 7001A

Data Analysis with Alex I
Tuesday, March 7, 2019
Multicolor Panel Design for Flow Cytometry 10am, WIMR 7170
Tuesday, March 5, 2019
2pm, WIMR 7001A

Data Analysis with Alex Il
Wednesday, May 16, 2019
10am, WIMR 7170

uw, @
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