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INTRODUCTION

The Bioconductor GladiaTOX R package is an open-source, flexible solution to
high-content screening (HCS) data processing and reporting in biomedical research1.

GladiaTOX takes advantage of the core functionalities of the tcpl R package from
the ToxCast™ pipeline2,3 and provides a number of extensions4.
BioDIVE:GladiaTOX proposes a web interface to GladiaTOX, which allows to:
• upload and organize input HCS data;
• perform their quality control (QC) to filter out inappropriate values;
• generate PDF reports based on the computed concentration-response fits
(CRF)5.
The data processing performed by BioDIVE:GladiaTOX enables a reliable evaluation
of minimal effective concentrations (MEC), which belong to the key results of an HCSbased toxicity assessment study6.
To make its use easier, the BioDIVE:GladiaTOX web service also provides a template
input file for the user to prepare his own data for the upload to the application.

1. Belcastro V. et al., 2020. GladiaTOX: R Package for Processing High Content Screening data. R package version
1.4.0 (https://bioconductor.org/packages/release/bioc/html/GladiaTOX.html).
2. The ToxCast™ Analysis Pipeline (tcpl), an R Package for Processing and Modeling Chemical Screening Data (Version 2.0), National Center for Computational Toxicology, US EPA (https://cran.r-project.org/web/packages/tcpl/
index.html)
3. Filer D. L. et al., 2017. tcpl: the ToxCast pipeline for high-throughput screening data. Bioinformatics, 33, 618-620
(https://academic.oup.com/bioinformatics/article/33/4/618/2617576)
4. Belcastro V. et al., 2019. GladiaTOX: GLobal Assessment of Dose-IndicAtor in TOXicology. Bioinformatics 35,
4190–4192 (https://academic.oup.com/bioinformatics/article/35/20/4190/5380766)
5. https://en.wikipedia.org/wiki/Dose-response_relationship
6. Marescotti, D. et al., 2020. Systems toxicology assessment of a representative e-liquid formulation using human
primary bronchial epithelial cells. Toxicology Reports 7, 67–80 (https://www.sciencedirect.com/science/article/pii/
S2214750019304548)

ACCESSING THE BIODIVE:GLADIATOX SITE

BioDIVE:GladiaTOX is available as one of the applications hosted in the BioDIVE
Portal, where the BioDIVE Terms of Use and Privacy Notice apply.
The BioDIVE portal can be accessed as a Visitor or a logged-in User.
Visitors are provided with a random user ID, which is held in their browser cookies.
Consequently, Visitors will only be able to retrieve their private datasets from the
same computer and browser in which the analysis was launched, and only until they
clean their cookies.
Users, on the other hand, can access their sessions from anywhere by logging in
to BioDIVE with a Google account.

HOW TO GET TO THE BIODIVE:GLADIATOX
APP
1 - OPEN BIODIVE IN YOUR BROWSER
We recommend that you use either Microsoft Edge
or Google Chrome.
https://biodive.science

2 – ACCESS BIODIVE PORTAL
On the main page, you can access BioDIVE:GladiaTOX
by clicking on “LOGIN” or “DIVE FOR FREE NOW”.

You might have to delete your cookies and clear
your cache the first time.

3 – CHOOSE YOUR FAVORITE COLOR
SCHEME (OPTIONAL)
To choose your preferred theme, click on the “Paint
Bucket Icon”.

You can switch between the themes at any time.

4 – ACCESS BIODIVE:GLADIATOX APP
Click the “GladiaTOX” icon.
If this is the first time you access the site, you will be
prompted to accept the Terms of Use and Privacy
Notice.
BioDIVE respects your privacy and abides by the
General Data Protection Regulation (GDPR). Visitors
who do not access the site for a month are deleted
from the system (together with their simulations).
Users can click the “CONTACT” button to request the
deletion or extraction of their personal data. This
sends an email to the contact address, helpdesk.
biodive@pmi.com.
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5 – DIRECT ACCESS
Once you are familiar with the concepts and want to
return directly to BioDIVE:GladiaTOX App, please go
to https://biodive.science/biodive/gladiatox.
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BIODIVE:GLADIATOX OVERVIEW

The BioDIVE:GladiaTOX interface enables the execution of the following tasks:
• Upload and storage of the user’s input HCS data;
• Generation of a PDF QC report to discard inappropriate input values;
• Generation of a PDF CRF report to evaluate the response contained in the input
HCS data in terms of toxicity-relevant quantities such as the MEC.
To perform its tasks, the BioDIVE:GladiaTOX interface is organized in a four-level
browsable hierarchy displayed at the top of its pages.
Studies are the highest-level units. They may contain multiple phases
corresponding to the multiple uploads of the user’s HCS data files.
Each study phase produces one PDF QC report and every QC-based plate filtering
choice enables the generation of one PDF CRF report.
The detailed path to complete each task is described hereafter.
“APPENDIX A: KEY CONCEPTS” provides brief definitions for the key concepts used
in this user guide.

UPLOADING AND CHECKING THE QUALITY
OF THE DATA
1 – MAIN MENU
The red square shows the main menu containing
the list of available studies.
In the BioDIVE:GladiaTOX interface, data and results
are organized into studies, each study possibly
comprising distinct phases, allowing separate data
input and processing per phase.

2 - ADD A STUDY
To start a study, click on the “+” button.

3 – INSERT THE STUDY INFORMATION
Provide a study name and description and click on
“Create”.

4 – OPEN THE STUDY MENU
The new study will be listed in the main menu. Then
click on “Open” to enter the menu of the newly
created study.

5 – ADD A STUDY PHASE
The available study phases are listed in the study
menu.
Click the “+” button to add a study phase.

6 – SELECT AND UPLOAD THE INPUT
DATA
Drag and drop your input file (See “APPENDIX B:
INPUT FILE FORMAT”) to learn more about the input
format).
Alternatively, click on the text in the middle of the
screen to open a file selection window.
Click the “cloud” icon a first time to start the upload
of your file.
Click the “cloud” icon a second time to check the
input data.

7 – CHECK THE INPUT DATA
If the file format and content is correct, the system
will show a summary table. Numbers indicate
occurrences.
Click “Validate” to close the summary window.

1
2

8 – INSERT THE PHASE INFORMATION
Provide a name and description for the phase, then
click on create.

9 – OPEN THE PHASE MENU
The newly created phase will be shown in the study
menu.
Click on “Open” to enter the menu of the selected
phase and launch a quality control (QC) run.

10 – ADD A QC RUN
The available QC runs are listed under “Quality
Control Reports” in the phase menu.
Click the “+” button to generate a new QC report.

11 – INSERT THE QC INFORMATION
Provide all required information then click on
“Create QC”.
This will generate a pdf report. Do not put
punctuation in the name of the report.

13 – OPEN THE QC MENU
Click on “Open” to enter the QC menu and wait
until the “report” icon appears under “Files”.

14 – DOWNLOAD THE QC PDF REPORT
Click on the “report” icon to download the QC PDF
report.
See “APPENDIX C: HOW TO INTERPRET HCS QC
reports” on how to interpret its content and
extract the list of plates to be discarded for the
concentration-response fits (CRF).

GENERATING A CONCENTRATIONRESPONSE FIT (CRF) REPORT TO
EVALUATE THE INPUT HCS DATA

1 – ADD A CRF RUN
The available CRF runs are listed under “Procs” or
“Concentration-response fit reports” in the lower
part of the QC menu.
Click the “+” button to start a new CRF computation
and generate the corresponding CRF report.

2 – INSERT THE CRF INFO
Provide name and description.
If necessary, click on the plate names to be discarded
according to the QC.
Then click on “Create Proc”.

3 – OPEN THE CRF MENU
Click on “Open” to access the CRF menu (provisionally
labelled “Procs” in the BioDIVE:GladiaTOX interface)
containing the results of the computation.

4 – DOWNLOAD THE CRF PDF REPORT
Wait some time (up to a few minutes) until the
“report” icon appears under “Files”.
The CRF PDF report can be downloaded by clicking
on the icon.
See “APPENDIX D: HOW TO INTERPRET CRF reports”
on how to interpret its content and extract the
relevant information such as MEC.

APPENDIX A: KEY CONCEPTS
High-content screening (HCS)

Bioconductor

High-content screening is a modern, highly
automated, drug efficacy and/or toxicity testing
technique that consists in performing a large
number (typically hundreds) of in vitro exposure
experiments in parallel. These experiments are
essentially characterized by the exposed biological
system, usually a two-dimensional cell culture, and
by the tested substances and their concentrations.
The responses of the exposed system are recorded
in terms of a panel of endpoints (typically tens)
measured by specific biological assays. The tested
concentrations (typically 5 to 10) are selected to best
cover the concentration-response relationships
of the tested substance, which ranges from
undetectable perturbations to the saturation regime
via the interval of effective concentrations [https://
en.wikipedia.org/wiki/Dose%E2%80%93response_
relationship].

The Bioconductor repository contains R packages
dedicated to the analysis of high-throughput
biological data.

The Toxicity Forecaster of the U.S.
Environmental Protection Agency (ToxCast™)
Part of the training data for ToxCast™ were obtained
by the HCS technique. Their considerable size (1,800
tested compounds) necessitated the development
of an ad hoc data processing pipeline.

R statistical computing environment

Quality controls (QC)
HCS data quality controls are based on exposure
experiments involving a priori known negative
and positive control substances, as well as other
criteria. Plates or assays/endpoints that do not
display the expected behavior are discarded in
order to guarantee reliable input data for the CRF
computations.

Concentration-response fit (CRF)
A concentration-response fit is a computational
procedure that finds the best match between a
parameter-dependent
concentration-response
functional model and the input experimental values
contained in the HCS data. For a measured endpoint,
the obtained parameter values enable to quantify
various effective concentration-based metrics such
as the MEC, which provide valuable information
about the toxicity of the tested substance.

Minimal effective concentration (MEC)

The minimal effective concentration is the lowest
R is a free software environment for statistical concentration value for which the tested substance
computing and graphics that is mainly run on a low- produces a detectable (i.e., above the background
level command line interface.
noise) biological response of the exposed biological
system for the considered endpoint.

R package
Packages enable to extend R by adding novel
capabilities.

APPENDIX B: INPUT FILE FORMAT
The names and content of the 13 columns of the input HCS data files for BioDIVE:GladiaTOX are given
below.
1. stimulus: the label of the substance the test system is exposed to
2. concentration: the concentration of the substance the test system is exposed to (0 values receive a
dedicated stimulus name such as “vehicle”, see also column vehicle)
3. duration: the duration of the exposure to the stimulus
4. vehicle: the label of the control (from the stimulus column) to be used to perform the corresponding
treatment vs. control comparisons (positive and negative control exposure treatments can have their
own controls)
5. assay: the label of the assay (experimental plate-based, normally singleplexed)
6. endpoint: the label of the endpoint (experimental plate-based, multiplexed, and always attached to
the same assay)
7. channel: the HCS device-specific label of the endpoint
8. plate: the number of the plate
9. tube: the coordinate of the well on the plate (format: rows=letters, columns=digits)
10. tubetype: the type of well: “c”=positive and negative control exposure treatment, “n”=controls (see
column vehicle), “t”=treatments)
11. plateformat: the format of the experimental plate (e.g., “96-well”)
12. exposuredate: the date of the experiment
13. val: the recorded endpoint channel numerical value

There is a sample file attached to this pdf.
You can access it by clicking on the paperclip icon on the left hand side when opening the file with Adobe
Acrobat Reader.

APPENDIX C: HOW TO INTERPRET HCS QC
REPORTS
1–OPEN THE PDF FILE
The report will open as a PDF file.

2–TABLE OF CONTENT
On page 1, you will find the table of content.
The QC report is organized into two main parts:
•

Section 1 contains a descriptive overview;

•

Section 2 contains the QC results for each assay
and exposure duration.

3– OVERVIEW
Section 1 starts with an overview of the experiment
underlying in the input HCS data.

4– LIST OF ENDPOINTS
Section 1.1 displays a list of the assays and the
related endpoints.

5– LIST OF STIMULI
Section 1.2 displays a list of the tested stimuli.

6– ASSAY-BASED QC REPORT
Section 2 contains one subsection for each
combination of assay and exposure duration.
Each subsection contains:
1. An overview of the measured endpoints;
2. A table explaining the data transformation
methods;
[to be continued]

7– ASSAY-BASED QC REPORT (CONT.)
3. A heatmap for each plate corresponding to the
measured endpoints (in the QC context, only the
wells containing control treatments are shown:
the positive and negative controls, as well as the
zero-dose treatments);
[to be continued]

8– ASSAY-BASED QC REPORT (CONT.)
4. A CRF plot attached to each heatmap, which
reports on the CRF computation performed
for the multiple concentrations of the positive
control treatments available on each plate.

APPENDIX D: HOW TO INTERPRET CRF
REPORTS
1–OPEN PDF FILE
The report will open as a PDF file.

2–TABLE OF CONTENT
On page 1, you will find the table of content. The
CRF report is organized into three main parts:
•

Section 1 contains a descriptive overview;

•

Section 2 contains stimulus-based CRF results
summaries for each endpoint and exposure
duration (effective concentration-based metrics
such as MEC, as well as CRF plots);

•

Section 3 contains assay- and exposure
duration-based methodological reports of the
CRF computations.

3– OVERVIEW
Section 1 starts with an overview of the experiment
underlying in the input HCS data.

4– LIST OF ENDPOINTS
Section 1.1 displays a list of the assays and the
related endpoints.

5– LIST OF STIMULI
Section 1.2 displays a list of the tested stimuli.

6– LIST OF ACTIVITIES
Section 1.3 displays the list of endpoint vs. stimuli
combinations for which the DRF results showed that
the effective concentrations were smaller or equal
to the concentrations tested in the experiment (the
MEC is indicated by its synonym “ACB”).

7– STIMULI-BASED CRF REPORT
Section 2 contains one subsection for each stimulus.
Each subsection contains:
1. A summary table of the CRF results for all the
measured endpoints (including the effective
concentration values, the MEC is indicated by its
synonym “ACC”);
[to be continued]

8– STIMULI-BASED CRF REPORT
(CONT.)
2. A panel of CRF plots for all the measured
endpoints (as GladiaTOX performs the CRF plots
on a plate basis, multiple curves can appear on
the plots, depending on the number of replicates
contained in the data).

9– ASSAY-BASED CRF REPORT
Section 3 contains one subsection for each
combination of assays and exposure durations.
Each subsection contains:
1. An overview of the measured endpoints;
2. A table explaining the data transformation
methods;
[to be continued]

10– ASSAY-BASED
(CONT.)

CRF

REPORT

3. A graphical report of the algorithmic decision
tree followed by GladiaTOX when performing the
CRF computation for each endpoint related to
the considered assay.

