
The value of Omics to chemical 
risk assessment 

Timothy W Gant 

There is a focus on transcriptomics in this talk but for example only. 
All omics are useful in risk assessment 
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Outline 

v The challenge of bioinformatics 

What are we aiming to achieve? 

What is omics and systems toxicology? 

v Hazard and read across 

v Biomarkers 

Exposure 

Modes of Action – and critical points 

v Outcomes 

A Personal risk assessment 
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What do we want to achieve? 
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What is omics? 

A collection of tools characterised by their ability to measure many 
constituents of a biological family in concurrently 

• Genomics: large scale study of the genome including transcription, 
translation and DNA changes such as mutations, amplifications, deletions,  
and epigenetic changes. 

• Proteomics: large scale analysis of protein expression, in particular 
differential protein expression resulting from biochemical, physiological or 
pathological change. 

•Metabolomics: The discernment of chemical footprints in tissues or body 
fluids resulting from biochemical, physiological or pathological change.  
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Omics application in the cell 
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Financial Times; January 12, 2012 
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Systems toxicology 

Systems biology is the integration of genomics, 
transcriptomics, proteomics, and metabolomics 
together with computer technology.  

Systems toxicology is all of this applied to 
understanding toxicity particularly pathways 
from exposure to outcome.  
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Application to Toxicology 

dC 
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Bioinformatics 
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Hazards and Read Across - Using pathways for 
Grouping and Hazard identification 

Zhang and Gant BMC Bioinformatics (2008) 

Agonists 

Antagonists 
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UVCBs 

Oil products are identified 
by their CAS number 
manufacturing stream, 
and physico-chemical 
parameters such as 
energy density, boiling 
and freezing points.  
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Read Across 
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Mefloquine and Thapsigargin are used in 
malaria treatment 

C
o

n
n

ec
ti

o
n

 s
tr

en
gt

h
 (

%
) 



  12 EFSA April 24th 2018 

Hazard – new end points 

New high throughput technologies give the opportunity to measure more 
end points; the challenge is that it is not always clear what constitutes 
adversity and what is homeostasic response  

Chemical 
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Understanding pathways to discern risk 

Toxicology 

Pathway 

Exposure Outcome 

Model toxicology 
Toxicodynamics 

Adverse outcome 
toxicology 

Exposure Toxicology 

Epidemiology/Toxicity Testing 

Adapted from thoughts of Dan Costa US EPA/ORD 
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Hazard – Critical points? 
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MOAs and AOPs 

• MOAs and AOPs are conceptually similar 
• AOP and MOAs are very similar but have one 

molecular initiating event (MIE) in the pathway 
linked to one exposure type and outcome – the 
same MIE can be reused for other outcomes.  

• Both are a linear sequence of key events 
connecting one exposure to one outcome 

• MOAs can take into account modifying factors; 
AOP don’t 

• AOPs are generic; MOAs are for one chemical. 
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Biomarkers 

T Gant. E Marczylo, M Leonard : Discovery and Application of Novel Biomarkers,  in 
Predictive Toxicology Vision to reality Eds. Pfannkuch F and Suter-Dick L. Wiley (2014)  
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Release of miRNAs from tissues 

Illustration credit: Cosmocyte/Ben Smith 
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miRNAs in plasma and smoking status 
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Small RNA species in sperm 



  20 EFSA April 24th 2018 

miRNA biomarkers in sperm 

• Smoking induced changes in the miRNA content of human sperm (28, top 5 
): 

 miRNA Fold Change p value 

miR-365 1.6 0.001 

miR-944 1.6 0.027 

miR-1267 1.5 0.016 

miR-340 1.5 0.006 

miR-4513 1.5 0.021 

miRNA Fold Change p value 

miR-146b-5p 0.7 0.023 

miR-634 0.7 0.011 

miR-129-3p 0.7 0.010 

miR-652 0.7 0.002 

miR-4723-5p 0.5 0.015 
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miR-365 ** miR-634 

*** 

Spermatozoal RNA (Non-smoker) Spermatozoal RNA (Smoker) 
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Exposure – environmental microbiome 
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Microbiome 

Purify DNA from bacterial sample 

PCR amplify across the 16S region using a 
conserved primer set and tags  

Sequence PCR products 

Compare to database 

Identify bacterial species 

16 S region is the ribosomal subunit region of 
bacteria 
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Exposure - Fingerprints in DNA 

I was here 
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Methylation 

Repressive Non - Repressive 
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Arsenic metabolism 

The metabolism of As can deplete the cells of S-adenosyl-Methioinine 
leading to methylation changes 

MMA DMA 
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Arsenic effects on cell methylation 
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Outcomes - Fertilisation, methylation and 
early life 
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Gamete formation 
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Outcomes - Phenotypic anchoring 
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Phenotypic anchoring – increase expression of collagen genes can be associated with 
fibrosis in the liver.  
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Outcomes - Phenotype changes in diesel 
particulate exposure 

Ministry of Public Health; Thailand 
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Personal risk - ArrayCGH 

Genomic 
DNA 

Labelled 
DNA 

Labelled 
DNA 

Control 

Sample 

Cy-3 
dCTP 

DPN II 

Genomic 
DNA 

Digested 
DNA 

Digested 
DNA Cy-5 

dCTP 

Hybridise 

DPN II 
cDNA 

Microarray 
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Can also show where the mutation arose 

No indication of the same 
deletion in parents of affected 
individual 103 – suggests the 
deletion is a de novo.  

Sharp AJ et al  
Nature Genetics 38(9), 1038 
(2006) 
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Factors affecting personal risk 

All addressable with Omics 
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Omics is useful at all cellular response 
levels 

Biological 
inputs 

Normal 
Physiology 

Chemical or radiation source  

Fate/Transport 

Exposure 

Tissue dose 

Biological Interaction 

Perturbation 

Cell Injury 

Morbidity 
pathways 

A new state 
of normal 

Adaptive 
responses 

Early Cell 
Changes 

Homeostatic 
capacity 
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The challenge of bioinformatics 

PND30-40 PND83 

ADI 

LOAEL 



  37 EFSA April 24th 2018 

The data issue 

Plot first used in –  
Lu et al; Nature (2005); 435, 834 
(supplementary). 
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The reference method 

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? 
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21 Century Toxicology 
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Does omics have value to chemical risk 
assessment? 

Yes; with care 


