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20 plus years of ‘omics

• Omics has been with us for 20 years plus starting with early metabolomics 
by NMR and leading into transcriptomics in the late 20th century building 
on the back of the development of the 96 well capillary sequencer giving 
rise to clone availability and later the genome sequence (draft 2001; 
complete 2003).
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The Chipping Forecast I
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The Chipping Forecast II (2002)
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Genomics in regulatory use
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How is omics applied in regulation?

There has never been inclusion of ‘omics data in a REACH submission



IGHRC OCTOBER 2017

EHCA report of 2016 on New 

Approach Methodologies 

ECHA stated in its progress report 2015 (published in 2016), that experience 
has shown that different advanced techniques such as new approach 
methodologies [that include 'omics methodologies] are not used in many 
registration dossiers…This lack of use may be an indication that industry 
does not consider these NAMs to be sufficiently developed (ECHA, 2016).
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Applications and issues?

• Omics data is sometimes generated with chemical actives; eg: 
Pesticides and biocides. Data analysis typically follows ‘that 
recommended by the manufacturer’. 

• Omics data has never been used to support a submission under REACH
• Some use in establishing MoA particularly for pesticides and for product 

stewardship
• There are no consistent methods applied to the analysis of omics data
• Used internally for decision making
• If omics output could be standardised then there are opportunities for 

greater use in chemical grouping and read across as well as the 
assessment of modes of action.
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Research verses regulation?

Research allows for:

• Individuality in approach
• Peer review of methods
• Justification of choices made
• Repetition and verification

Regulatory use requires:

• Common methods and acceptance thereof
• Consistency and reproducibility between laboratories
• Proprietary independence
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Exemplar: The Data Issue: EMSG56

The year is late 2014 - EUROTOX
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Data mass

Doses
Flutamide – 0.0025, 0.25 and 2.5 mg/kg/day
Prochloraz – 0.01, 5 and 30 mg/kg/day
Vinclozolin – 0.005, 4 and 20 mg/kg/day
Controls – no compound

Time points
PND0
PND30-40
PND83

Replicates
4

X

X

120 data sets of 62976 
data points per data 
set giving 7.56 million 
data points total
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EMSG 56

• Searched for a standard, regulatory accepted method for undertaking 
the bioinformatic analysis of large data sets

• There were no such methods published – OECD does not have a test 
guideline or a guidance document; MAQC had dealt with data 
generation but not data processing

• So the data was sent to four houses with specific instructions on how to 
process the data

• And what did they do…………?
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Analysis by three groups – January 

2016
PND30-40 PND83

ADI

LOAEL
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Issue 1 – raw data type

gMedianDatagProcessedData
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Issue 2 – Logs and normality
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Normality: for pairwise comparisons



IGHRC OCTOBER 2017

Issue 3 – Background subtraction –

yes or no?
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Issue 3 – background subtraction

Some signals go below zero because the background is not being measured within the 

hybridisation area but in the area surrounding and these can be different.  
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Issue 4 - Normalization

• Median centering

• LOWESS

• RMA (commonly used in Affymetrix)

• Within sample and across samples
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Issue 5 – Low signal strength
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Values are the mean 
of the four biological 
replicates for each 
time and dose. 

Greater variation in 
measurement is 
associated with a 
lower signal 
strength
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Combinations in data analysis

• Image processing
• Background handling
• Transformation
• Normalization
• Gene selection
• Classification
• Biological interpretation
• ……

>10 million combinations

Based on estimation by Dr. Russ Wolfinger (SAS Institute Inc.)
The 4th MAQC Project Meeting, Feb. 3-4, 2006, Boston, MA
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ECETOC

• 6th March 2015 a group convened to look at the data issues from 
EMSG56 and consider the development of protocols. 

• From this a larger group convened July 7-8, 2015 under the auspices of 
ECETOC to look at the processes of getting from raw data to processed 
list of differential gene expressions (DEGs). 
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Process control in ‘omic assessments

Data Generation (MAQC 

consortium) 

Meta Data and Data Storage 

(MIAME)

Data processing (this work)

Experiment

Data

Gene List

Understanding

Interpretation

Data collection and 

pre-normalization 

analysis

Normalization

Statistical selection of 

differential gene 

expressions (DEGs)

July 2015 in Brussels
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Outcomes of the July 2015 meeting

Data (type)

Log

Normalisation within 

dataset only

Mean of technical 

replicates

Welch t-test between 

pairs for significance

How to recognise outlier data sets?

Type of normalisation and why not 

between data sets?

Welch (deals with unequal variance better 

than Students t-test)

How to deal with low signal strength?

A fold change of 1.5 and p value of p<0.05

should be used as a cut-off

Background subtraction?

A reference baseline analysis to act as a denominator for comparison of all 
other analysis methods
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OECD EAGMST 
(Extended Advisory Group on Molecular Screening and Toxicogenomics)

• Work from the 2015 workshops presented to the OECD EAGMST meeting in June 
2016 (Gant) and agreed for a draft standard project submission form (SPSF) for 
submission at the December 2016 EAGMST meeting

• Further ECETOC workshop held in Madrid in October 10-12, 2016 led to the 
development of the concept of  ‘omics reporting frameworks of which one is the 
transcriptomics reporting framework. The work to this point is being published in 
5 papers currently in press or published with Regulatory Toxicology and 

Pharmacology

• December 2016 – EAGMST acceptance of the SPSF informal agreement to include 
a project within the EAGMST workplan pending acceptance at the June 2017 
meeting

• June 2017 – Acceptance of the project by EAGMST for a series of guidance 
documents on the three main ‘omics to be presented to the OECD Working 
Group of the National Coordinators for the Test Guidelines Programme (WNT)

• October 2017 – Progress occurring with Transcriptomics and Metabolomics 
project submission form for the OECD WNT – proteomics is not being pursued at 
the current time
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OECD/ECETOC workstreams
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The frameworks – work in progress
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Conference presentations

• 2015 - workshop outcomes presented at the EUROTOX meeting - Porto

• 2016 – ECHA meeting on NAMS - Helsinki

• 2016 – SETAC meeting - Brussels

(Following this meeting Metabolomics came on board leading to the 
MERIT project)

• 2017 – SOT - Baltimore
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Where could omics potentially be 

used in regulation (not exhaustive)

• Classification and labelling (C&L) of substances, for example as part of a 
tiered testing strategy.

• Weight-of-evidence (WoE) approaches to elucidate the MoA of the 
substance under investigation.

• Substantiation of chemical similarity for read-across Determination of 
points-of-departure (PoDs) for hazard assessment.

• Demonstration of species-specific effects and human health relevance 
(or absence thereof).

• Read across for grouping and hazard identification

• Reduction, Refinement and Replacement.

• Epigenetic assessment for historical exposure
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