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Abstract

Omics methodologies are widely used in toxicological research to understand modes and 

mechanisms of toxicity. Increasingly, these methodologies are being applied to questions of 

regulatory interest such as molecular point-of-departure derivation and chemical grouping/read-

across. Despite its value, widespread regulatory acceptance of omics data has not yet occurred. 

Barriers to the routine application of omics data in regulatory decision making have been: 1) 

lack of transparency for data processing methods used to convert raw data into an interpretable 

list of observations; and 2) lack of standardization in reporting to ensure that omics data, 

associated metadata and the methodologies used to generate results are available for review by 

stakeholders, including regulators. Thus, in 2017, the Organisation for Economic Co-operation and 

Development (OECD) Extended Advisory Group on Molecular Screening and Toxicogenomics 

(EAGMST) launched a project to develop guidance for the reporting of omics data aimed 

at fostering further regulatory use. Here, we report on the ongoing development of the first 

formal reporting framework describing the processing and analysis of both transcriptomic 

and metabolomic data for regulatory toxicology. We introduce the modular structure, content, 

harmonization and strategy for trialling this reporting framework prior to its publication by the 

OECD.

Keywords

transcriptomics; metabolomics; toxicology; OECD; transcriptomics reporting framework; TRF; 
metabolomics reporting framework; MRF; regulatory; QA/QC

1. Introduction

Omics methodologies are widely used in toxicological research to understand mechanisms 

of toxicity. Strategies for regulatory applications of omics data have continued to evolve 

in parallel, particularly with regard to informing read-across and identifying potential 

point(s)-of-departure for use in chemical risk assessment (Krewski et al. 2020), for example 

as submitted to the European Chemicals Agency under the Registration, Evaluation, 

Authorisation and Restriction of Chemicals (REACH) legislation (Sperber et al. 2019). 

Although a suite of omics technologies has been developed over the last two decades, each 

to measure a specific class of biological molecules, transcriptomics and metabolomics have 

emerged as the principal approaches in toxicology. Today, for example, high-throughput 

transcriptomic platforms are available to rapidly and cost-effectively produce toxicogenomic 

data (Alpern et al. 2019; Mav et al. 2018; Verbist et al. 2019; Yeakley et al. 2017) on an 

unprecedented scale (Harrill et al. 2019; Igarashi et al. 2015; Subramanian et al. 2017). 

These data can be analysed to identify molecular initiating events and key events in adverse 

outcome pathways (AOPs) (Brockmeier et al. 2017; Corton et al. 2020; Heusinkveld et 

al. 2018; Ramaiahgari et al. 2019). In addition, diverse studies have consistently shown 

that points-of-departure derived from changes in gene expression are predictive of points-

of-departure from conventional ‘endpoint’ studies, supporting their use in risk assessment 
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(Gwinn et al. 2020; Johnson et al. 2020; Thomas et al. 2013). Similarly, high-throughput 

metabolomic platforms can generate data at scale (Dunn et al. 2011; Southam et al. 2016), 

enabling the discovery of metabolic biomarkers that are predictive of adverse outcomes 

in human and environmental toxicology (Hines et al. 2010; Palmer et al. 2020; Taylor 

et al. 2018; Zurlinden et al. 2020). In read-across, chemical grouping is based on an a 
priori hypothesis that substances in the group cause toxicity via a common mechanism. 

Transcriptomic and metabolomic measurements can be used to provide a biologically-

based rationale for forming a chemical group, thereby facilitating robust read-across (De 

Abrew et al. 2019; Low et al. 2013; Sperber et al. 2019; van Ravenzwaay et al. 2016). 

For transcriptomics and metabolomics, case studies developed among the research and 

regulatory communities are beginning to build consensus on their use in different decision-

making contexts (Cote et al. 2016; Kavlock et al. 2018; Krewski et al. 2020).

Despite this progress, regulatory acceptance of omics data is not widespread. The European 

Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC) held a workshop in 

October 2016 to identify barriers to regulatory acceptance and directly discuss how to 

overcome these obstacles to facilitate regulatory acceptance and usage of omics data. 

The workshop discussions confirmed that following best practices when performing omics 

studies for regulatory purposes will be important for increasing regulatory acceptance and 

use. However, participants felt that overly prescriptive guidance/protocols for collection 

and analysis of omics data might not be helpful, as omics technologies and analysis 

workflows are constantly evolving, and fit-for-purpose approaches are often required. 

Instead, a reporting framework was suggested as a way forward, to describe how omics 

data are generated, processed, analysed and stored. Meeting participants believed that such 

a reporting framework would contribute to establishing a baseline for best practice, thereby 

facilitating the regulatory applicability of omics data (Buesen et al. 2017; Gant et al. 2017; 

Sauer et al. 2017). Aside from this benefit, there is also an immediate need for a reporting 

framework to facilitate the ongoing submission of omics data to regulatory agencies. Such a 

framework would ensure consistent, transparent and complete reporting of omics data, as is 

routinely applied to more traditional toxicity assays.

To address these needs, in 2017, the Organisation for Economic Co-operation 

and Development (OECD) Extended Advisory Group on Molecular Screening and 

Toxicogenomics (EAGMST) launched a project to develop guidance for reporting omics 

data types. It started with the development of a Transcriptomics Reporting Framework 

(TRF) and was followed in 2018 by the Metabolomics Reporting Framework (MRF). The 

project focuses specifically on reporting omics studies in toxicology and is not intended to 

recommend best practices. Its primary purpose is to address the aforementioned barriers to 

the adoption of omics data in regulatory toxicology and to foster and encourage international 

acceptance and use of omics data, for example in the context of the OECD’s programme 

on chemical safety (https://www.oecd.org/chemicalsafety/). Both the TRF and MRF were 

undertaken by international teams of experts from government agencies, regulatory bodies, 

industry and academia, who were tasked with developing reporting templates and supporting 

guidance for completing those templates, and then to trial them extensively. Since the 

inception of the project, the content of the TRF and MRF has been harmonized where 

possible, and they now exist as a single, integrated, modular framework. In the sections 
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below we introduce the scope (section 2.1), modular structure of the integrated TRF/MRF 

framework (section 2.2), technology-specific details of the TRF (section 2.3) and MRF 

(section 2.4), and finally the approach used to trial this framework (section 2.5).

2. OECD omics reporting framework

There are a variety of previously established frameworks for reporting of data from 

transcriptomic and metabolomic studies (Brazma et al. 2001; Conesa et al. 2016; Haug 

et al. 2020; Parkinson et al. 2005). These frameworks focus primarily upon annotation of 

data (raw and normalized), samples, meta-data, sample-to-data relationships and technology-

specific feature annotation, not the specific analysis steps required to obtain an interpretable 

result. The steps recommended to produce an interpretable result are the focus of initiatives 

such as the Omics Data Analysis Framework for Regulatory Application (R-ODAF) 

(Verheijen et al. 2020) and the National Toxicology Program’s (NTP) Approach to Genomic 

Dose-Response Modeling (NTP 2018). These initiatives prescribe steps for the analysis of 

omics data toward results of potential regulatory interest. However, the focus of R-ODAF 

and the NTP’s activities was not on reporting.

For metabolomics, the ECETOC MEtabolomics standaRds Initiative in Toxicology 

(MERIT) project brought together a team of international experts from industry, government 

agencies, regulators and academia in 2017 to begin to address this reporting need. Best 

practice guidelines and minimal reporting standards for the acquisition, processing and 

statistical analysis of untargeted metabolomics and targeted metabolite data in the context 

of regulatory toxicology were developed (Viant et al. 2019). While the MERIT project 

successfully drew attention to the metabolomics platform, it did not attempt to develop a 

reporting framework under the auspices of an international organisation.

Currently, no formal reporting structure exists that captures all of the steps and resources 

needed to perform analyses and foster reproducibility, transparency and eventual uptake of 

single or multi-omics data in the regulatory toxicology arena.

2.1. Scope

The scope of the OECD omics reporting framework was defined by its intended 

application in regulatory toxicology, specifically to report laboratory-based toxicological 

experiments. Furthermore, the omics reporting framework must integrate alongside the 

existing reporting of non-omics toxicity data, hence relevant databases and reporting 

templates (e.g., OECD harmonised reporting templates, OHTs) were carefully considered. 

Specifically, reporting fields relevant to the toxicology experiment were developed with 

the aim of aligning with existing OHTs such as OHT 201 (intermediate effects) (https://

www.oecd.org/ehs/templates/harmonised-templates-intermediate-effects.htm) and OHT 211 

(non-guideline in vitro studies) (https://ntp.niehs.nih.gov/iccvam/suppdocs/feddocs/oecd/

oecd-gd211-2014-508.pdf). To the greatest extent possible, the reporting elements relative 

to both transcriptomics and metabolomics have been harmonized (e.g., for in vivo and in 
vitro experimental design and common data analysis applications) to increase familiarity 

and reduce the complexity of the framework for the data submitters and end users. 

Technology-specific reporting modules have been developed for mature, stable and proven 
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omics technologies, but can be updated with newer omics technologies as they become 

available. The scope includes both untargeted omics (i.e., broad profiling of gene expression 

or the metabolic responses of a given sample) and targeted analysis (i.e., measurement of 

a small number of pre-defined genes or metabolic biomarkers). Ultimately, the framework 

is intended to describe the essential information that should be reported when an omics 

technology is applied in the context of regulatory decision-making. This information 

comprises the omics data and metadata, methodologies used for producing, processing and 

analysing the data, and the results of these analyses being used in the regulatory assessment. 

The reporting should allow a regulator to check compliance standards and omics study 

quality, from its design through to the collection, processing and statistical analysis of the 

data. There are also benefits to the submitter, including a clear expectation of what reporting 

is expected by the regulators as well as clarity on how the omics data will be assessed. One 

goal of the framework is to maximise the likelihood that the findings of regulatory relevance 

can be reproduced. Adherence to such a reporting framework is also intended to promote 

transparency, data sharing and the meta-analysis of omics datasets for all stakeholders.

2.2. Modular structure of reporting framework

The framework is based on a modular structure that facilitates the updating of existing 

technologies and data analysis strategies, and that allows the development of additional 

modules for new technologies, data analysis approaches or omics disciplines such as 

proteomics or epigenomics. The modular structure is presented in Figure 1. Where possible, 

reporting elements that are relevant to both transcriptomics and metabolomics studies were 

harmonized and employ the same reporting modules.

Four types of modules are included:

• Study Summary Reporting Module (SSRM) - describes a subset of reporting 

elements in order to provide a high-level overview of a regulatory toxicology and 

omics experiment; used for transcriptomics and metabolomics.

• Toxicology Experiment Reporting Module (TERM) - captures and reports the 

key descriptors of an in vivo or in vitro toxicology study from which samples are 

derived for omics analysis; used for transcriptomics and metabolomics.

• Data Acquisition and Processing Reporting Modules (DAPRMs) - capture and 

report descriptions of the omics assays, data acquisition and associated data 

processing prior to statistical analysis; these modules are unique to each omics 

data type.

• Data Analysis Reporting Modules (DARMs) - capture and report descriptions of 

the statistical analysis that is often undertaken in an omics study, e.g., for the 

purposes of discovering differentially abundant transcripts or metabolites; these 

are used for transcriptomics and/or metabolomics.

The framework consists of a narrative guidance document that describes the modules in 

detail, with a complementary reporting template for each module (currently in the form 

of a multi-workbook Microsoft Excel file) (https://www.oecd.org/chemicalsafety/testing/

omics.htm). Furthermore, each reporting element within the modules is listed as either 
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‘required’ or ‘optional’, the former defining the essential elements for the minimum 

reporting standards of an omics study. Practically, to report an omics study, scientists should 

select the relevant reporting modules, minimally comprising one each of the SSRM, TERM, 

DAPRM and DARM. The narrative guidance should be used in parallel with the reporting 

templates to guide their completion.

2.3 Transcriptomics Reporting Framework (TRF)

Transcriptomics technologies included in this work to date are those generally considered 

to be most broadly used in toxicogenomic studies. At present, DAPRM modules have 

been developed for DNA microarrays, RNA-sequencing (RNA-Seq; including both global 

and targeted RNA-Seq technologies), and quantitative real-time PCR arrays. These 

modules typically begin with a brief description of the technology used, followed by 

RNA extraction and quality control evaluation of sample integrity (if applicable). The 

experimental design including sample pooling and batch processing is reported as well 

as the specific types of controls, how they are used and descriptions of their limits of 

acceptability. Sample preparation (e.g., complementary RNA labeling or RNA-Seq library 

preparation) is described along with links to or submission of standard operating procedures 

where available. Following this, data acquisition, processing (e.g., normalization), quality 

evaluation, and gene quantification protocols are reported, followed by post-normalization 

filtering (e.g., identification and removal of outliers). Finally, reporting fields for linking 

to publicly available code and accession numbers to public omics data repositories are 

included.

The processed gene expression data are intended to be paired with a DARM to produce data 

sets for use in regulatory evaluation. This could include a variety of analyses: derivation 

of differentially expressed genes, pathway or gene set enrichment analysis, clustering 

approaches for exploring correlation in transcriptomic profiles (e.g., hierarchical clustering 

or principal component analysis), transcriptomic biomarker analyses, or benchmark dose 

(BMD) analysis. In recognition of the fact that many of these analyses are applicable 

to both transcriptomics and metabolomics workflows, the DARMs were designed to 

accommodate both. For example, because the identification of differentially expressed genes 

(i.e., expression changes relative to matched controls) is analogous to the identification of 

differentially abundant metabolites, a single DARM was developed termed the Differentially 

Abundant Molecules (DAM) module.

2.4 Metabolomics Reporting Framework (MRF)

The MRF has been designed to enable the reporting of untargeted metabolomics and 

targeted metabolite analysis, both of which are important in regulatory toxicology. In 

addition, the framework includes the ability to report hybrid approaches that include both 

targeted and untargeted analyses of biological samples. Based on international surveys 

(Weber et al. 2015; Weber et al. 2017), the four most widely applied analytical methods 

in metabolomics have been described: liquid chromatography-mass spectrometry (LC-MS), 

gas chromatography-mass spectrometry (GC-MS), direct infusion mass spectrometry (DI-

MS) and nuclear magnetic resonance (NMR) spectroscopy. The essential information to be 

reported includes the experimental design, quality assurance and quality control, sampling 
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of biological specimens, extraction of metabolites, data acquisition and processing of 

untargeted, targeted or hybrid assays, metabolite annotation and/or identification of the 

metabolites, and a range of statistical analyses. To date, the following modules have been 

developed for metabolomics studies: SSRM, TERM, MS and NMR Spectroscopy DAPRMs, 

and DAM, BMD and Multivariate Analysis (MVA) DARMs.

2.5. Approach to trialling the reporting framework

To ensure that the reporting framework is fit-for-purpose, each completed reporting module 

is being reviewed for clarity, completeness, utility and ease of use, prior to publication by 

the OECD. To do this, the framework is being evaluated via multiple trials, each run in five 

phases (Figure 2). Phase 1 is designed to be an initial evaluation of the reporting framework 

by a ‘data provider’, in which the relevant reporting fields in one or more modules are 

populated with methods, data, metadata and results from an omics study, and an ease-of-use 

commentary is written. In Phase 2, the ‘trial coordinators’ check the reporting framework 

for completeness, and then truncate and blind the results. The completed documentation 

and truncated, blinded results are then sent to an ‘end user’, and in Phase 3 they attempt 

to reproduce the data processing and/or statistical analyses (dependent on the module(s) 

being trialled) according to the information and data originally populated by the ‘data 

provider’. The ‘end user’ also writes an ease-of-use commentary. Next, in Phase 4, the ‘trial 

coordinators’ check this second reporting framework for completeness, and then consolidate 

all of the reports to enable a concordance analysis of the two sets of results. Finally, the 

TRF/MRF expert groups review the concordance analysis and ease-of-use commentaries and 

amend the reporting templates and guidance as needed to ensure their clarity and utility. 

Each concordance analysis (from each trial) will be used to determine whether a further trial 

is required, based on the similarity of the two sets of results. We regard the demonstration of 

reproducibility of the data processing and analysis (e.g. achieving the same result when data 

is processed by two (or more) independent entities), based only on the information provided 

within the reporting template, as an important step toward confirming the completeness of 

the framework and hence the acceptance by the OECD. Six trials are currently underway, 

four focused on transcriptomics and two focused on metabolomics, with publications to 

follow.

3. Conclusions

We report the ongoing development of the first formal reporting framework to describe 

the processing and analysis of both transcriptomics and metabolomics data in regulatory 

toxicology. The completed framework is now undergoing trials to evaluate utility and 

performance. The findings from these trials will be used to refine the reporting modules to 

ensure that they achieve the goals of clarity and utility, demonstrated by the reproducibility 

of results from omics studies. These reporting modules will then be reviewed by the OECD 

before publication as formal OECD Guidance Documents. Future activities include the 

development of reporting modules that describe how results from omics studies should be 

summarized and reported in the context of specific regulatory applications such as chemical 

grouping / read-across and point-of-departure derivation.
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Abbreviations

AOP Adverse Outcome Pathway

BMD Benchmark Dose

DAM Differentially Abundant Molecules

DAPRMs Data Acquisition and Processing Reporting Modules

DARMs Data Analysis Reporting Modules

DI-MS Direct Infusion Mass Spectrometry

EAGMST Extended Advisory Group on Molecular Screening and 

Toxicogenomics

ECETOC European Centre for Ecotoxicology and Toxicology of Chemicals

GC-MS Gas Chromatography-Mass Spectrometry

LC-MS Liquid Chromatography-Mass Spectrometry

MERIT MEtabolomics standaRds Initiative in Toxicology

MRF Metabolomics Reporting Framework

MS Mass Spectrometry

MVA Multivariate Analysis

NMR Nuclear Magnetic Resonance spectroscopy

NTP National Toxicology Program

OECD Organisation for Economic Co-operation and Development

OHT OECD Harmonised Template

QA/QC Quality Assurance / Quality Control

qPCR Quantitative Polymerase Chain Reaction

RNA-Seq RNA sequencing

R-ODAF Omics Data Analysis Framework for Regulatory Application

SSRM Study Summary Reporting Module
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TERM Toxicology Experiment Reporting Module

TRF Transcriptomics Reporting Framework
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Highlights

• Omics reporting framework established for regulatory toxicology

• Modular structure accommodates various technologies and analyses

• Harmonization of reporting fields for transcriptomics and metabolomics

• Tool for documenting analysis steps used to generate interpretable results 

from omics data
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Figure 1. Modular structure of the omics reporting framework for transcriptomics and 
metabolomics.
Four principal types of modules are included: Study Summary Reporting Module (SSRM) 

describing a subset of reporting elements to provide a high level overview of the whole 

study; Toxicology Experiment Reporting Module (TERM) describing the in vivo or in 
vitro toxicology study; Data Acquisition and Processing Reporting Modules (DAPRM) 

describing the omics assays, data acquisition and processing; and Data Analysis Reporting 

Modules (DARM) describing the statistical analysis of the omics data. Orange modules 

are harmonized across transcriptomics and metabolomics, blue modules are specific to 

transcriptomics, and green modules are specific to metabolomics.
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Figure 2. Approach to trialling the reporting framework.
The modules within the framework are currently being reviewed for clarity, completeness, 

utility and ease of use through six trials. Each trial comprises five phases, involving a 

data provider (initial analysis –red box), end user (re-analysis – blue box), a trialling 

coordinator (green boxes) and the TRF or MRF expert groups (purple box). For a module 

to be approved, it must enable an end user to reproduce the analysis of an omics dataset, 

relative to the initial analysis by the data provider.
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