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EFSA scientific colloquium “Omics in risk assessment: state-of-the-art 
and next steps”

Berlin: 24 April 2018 to 25 April 2018

Four discussion groups (DGs) focussing on the following themes:

DG 1 – Genomics for the identification and characterisation of microbial 

strains used in food and feed products

DG 2 – The use of Metabolomics in the comparative risk assessment of 

GM plants

DG 3 – The use of OMICS in human risk assessment of chemicals

DG 4 – The use of OMICS in environmental risk assessment



A number of in silico, in vitro and in vivo approaches have been developed to 

investigate toxicokinetic and toxicodynamic processes of chemicals.

As an academic researcher, I regularly use these approaches on a variety of 

projects.
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A number of in silico, in vitro and in vivo approaches have been developed to 

investigate toxicokinetic and toxicodynamic processes of chemicals.

The Chinese Hamster Ovary (CHO) cell 

line (AR-EcoScreen)



However, a pivotal toxicological study in the appropriate test species, using 

endpoints from pathological or biochemical investigations, is most often used to 

identify a reference point which is then used to derive either a health-based 

guidance value (e.g. ADI), a margin of safety (MOS) or a margin of exposure (MOE).

UFs

ADI



In this respect, the EFSA ANS Panel - between 2011 and 2018 - re-evaluated 57
food additives (covering 96 separate chemicals, some were evaluated in groups to 

generate a group ADI). 

18 - insufficient data to determine an ADI

1 - confirmed a derivation of SCF

38 - concluded on endpoints in animal studies to derive an ADI.

No re-evaluations used OMICs data to derive an ADI.

In the 2017/18 EFSA ANS Panel

re-evaluated 12 food additives (covering 27 separate chemicals, some were evaluated in groups to generate a group ADI). 

3 - insufficient data to determine an ADI

5 - confirmed a derivation of SCF

4 - concluded on endpoints in animal studies to derive an ADI (1 temp).

No re-evaluations used OMICs data to derive an ADI.



OMICS technologies encompass:

Genomics (structure and function of the genome).

Transcriptomics (changes in RNA expression).

Proteomics (protein expression and post-translational modifications).

Metabolomics (metabolite profiling) in tissues and cells.
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OMICS technologies encompass:

Transcriptomics (changes in RNA expression) – DNA microarray

need to know what you are looking for (so that you have a probe on the chip)



Wallace et al., 2009



OMICS technologies encompass:

Transcriptomics (changes in RNA expression) – RNA seq

Accurately measure transcript abundance

Identify novel sequences

Other more niche approaches targeted RNA Sequencing (e.g. targeted 

amplicon to examine allele-specific expression; Small RNA Sequencing; 

Ultra-Low-Input and Single-Cell RNA-Seq)



OMICS technologies encompass:

Proteomics (protein expression and post-translational modifications).

CF proteomics

Do not know what you are looking for….



Haughton et al, 

Gastroenterology (2006)

Multiplex

Do know what you are looking for….



Blood & Transplant Research Unit: Organ 

Donation and Transplantation
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OMICS technologies encompass:

Metabolomics (metabolite profiling) in tissues and cells.

LC MS/MS

NMR



• Compared “sensitive” to normal individuals

• “sensitive”   ↓HDL  ↑TG, no other metabolite differences detected

After oral aspartame containing bar:

• Serum Phenylalanine ↓ in both groups equally.

• MeOH n/d (first pass metab), no change in serum formate.

• Aspartame affected GLP-1, GIP, tyrosine and phenylalanine equally 

in both “sensitive” and normal subject.



1. Do OMICS data provide molecular readouts that are suitable and 
sufficiently robust to derive Reference Points (RP) (or Points of 
Departure) for the derivation of health-based guidance values?

Appropriate analysis techniques was widely considered to be lagging.

OMICs used more successfully for discovery and hypothesis generation.

OMICS has 

• generated a large amount of data on the biological impacts of 

chemical exposures.

• supported the development of adverse outcome pathways (AOPs) 

and facilitated the grouping of chemicals (e.g. genotoxic vs non-

genotoxic carcinogens). 

• lead to the identification of novel biomarkers.



• OMICS findings used to support discovery/development questions or 

regulatory submissions. 

• OMICs datasets may also identify associated changes that are not 

relevant to those causing toxicity and/or reflect adaptive changes.  

• Including at least one dose/time that elicits a classical toxicological 

response was considered imperative at this stage.

Health Canada - assessing health-based guidance values (HBGV) generated 

through OMICS data (Farmahin et al, 2017).



Used published microarray data from six animal studies (dose-response + 

timecourse (5, 14, 28 and 90 days)

Used 11 different approaches to interrogate gene expression data – all used 

Ingenuity Pathway Analysis (IPA) 



BMD(L)a determined using “traditional” endpoints



Gene expression as determined from microarrays

Gene list are given as supp data S1-S24



BMD(T)a determined using the 11different approaches

annotate



The majority of BMDt fall within 3-fold of the NOAEL, LOAEL and BMDa



Relevance of gene expression changes to adverse event(s) is unclear.

Approaches assume perturbations in gene expression in general lead to an 

adverse outcome(s).

Expected that perturbations in gene expression  would occur at lower doses than 

apical events – did not seem to be the case (transcriptional profiling may not be 

too sensitive/lead to underestimations of POD.

Conclusion: Transcriptional profiling could hold promise.

Effects dampened at 90 days – support use of earlier timepoints!



Additional considerations

• Guidelines are likely needed to support and standardise OMICS 

technology implementation,

• Legacy datasets incorporating dose- and time-effects are not 

available due to cost/technical issues. 

• The ‘normal’ biological OMICS profiles, encompassing inter-

individual variability, is required to maximise the utility OMICS data. 

• Ensuring these data are made publicly available will promote the use 

of OMICs data in risk assessment.

• OMICS technologies - complementary technique, similar to in vitro or 

QSAR. 

- setting of HBGVs? OMICS data was seen as moving from promise to (near) 

reality. 



2. Which types of OMICS data are most suitable for use in risk 
assessment? 

• Genomics and transcriptomics data easiest to assess, 

- functional impact is furthest from the biological phenotype!  

• Proteomics and metabolomics are near to the biological phenotype, 

- analytical approaches limited.

• Solution could be a move toward multi-OMICs approaches!!!

Coverage

Biological 
relevance

Genomics
Transcriptomics Proteomics

Metabolomics



• 2 areas of research are receiving significant attention, allowing for 

their potential use in the regulatory arena: 

Whole-genome sequencing 

epigenomic signatures. 

• OMICs data have contributed to the identification of novel prognostic, 

effect and exposure biomarkers (e.g. miR122 or Kim1). 

• Few biomarkers have been validated.

inform our understanding of susceptibility 

factors, and potentially signatures of prior 

chemical exposures



3. Are OMICS data helpful to identify the human relevance of an adverse 
effect observed in animal bioassays?   

• There are limitations around the role genetic susceptibilities have in 

influencing adverse events. 

• Under normal circumstances, a single animal strain is used.  

• Even if strain is outbred, the genetic variability remains limited. 

• Jackson labs have recently introduced a diversity outbred (DO) 

mouse colony (https://www.jax.org/strain/009376).

Crossed genetically diverse inbred mouse strains:

A/J, C57BL/6J, 129S1/SvImJ, NOD/ShiLtJ, NZO/HlLtJ, CAST/EiJ, PWK/PhJ, and WSB/EiJ

160 new and unique recombinant incipient inbred lines. 

Random outcross mating from these lines provides the DO colony



Overall - OMICS approaches added value for current challenges in toxicology 

and risk assessment at this point in time.

Consensus view of the group

TOXICITY RISK

ASSESSMENT

Species-specific

toxicity

YES YES

Mixture toxicity YES NO

Low-dose effects YES1 NO

Endocrine effects YES NO

Nanotoxicology YES NO

Epidemiology YES YES

Grouping of

Chemicals

YES YES

1OMICs approaches were felt to be of use when there was an 
absence of overt phenotypic changes at low-dose.



4. What are the challenges for collecting, processing, interpretation, 
storing and curating large-scale OMICs data? 

data collection

processing and interpretation

long-term storage and curation. 

• Data processing and interpretation - lack of standardisation in 

protocols, 

• Also, lag in biological information for contextualisation

One approach considered 

• Routinely operate a dual track system: 

- all OMICs data would be processed (and interpreted?) using a reference 

protocol so that the generated data will be readily comparable with other 

datasets.  

- Perform bespoke processing and interpretation of the data to fit the specific 

requirements of the experiment (if required). 



• There are a number of activities being undertaken by OECD and 

ECETOC to support standardised curation and reporting processes 

(Buesen et al., 2017).

• Genomics and transcriptomics being further developed than 

proteomics and metabolomics. 

• Overall, while several aspects concerning OMICs experiments have 

agreed/developing standards, data processing and interpretation 

remain areas where considerable inter-lab variability exists. 

• This has the potential to slow translation of OMICs approaches into 

risk assessment.



Personal viewpoint

The DG likely attracted contributors with an interest in OMICs which could bias 

overall conclusions:



Remains expensive

+



Its complicated to interpret

versus



and a niche approach



Thank you


