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Technology Solutions and Challenges
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Genome resources are increasing very rapidly beyond
classic model organisms to “non-model” species



Areas of ‘Omics Delivery

Sub-lethal ‘effect pathways’ informing
MoA and AOP

Chemical classification and grouping

Read-across to estimate different species
sensitivities

Community and ecosystem impact

(Retrospective monitoring)



Sub-lethal ‘effect pathways’:
MoA and AOP

Toxic responses are not static
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Transcriptome responses are very dynamic

Zheng et al. (2010) BMC Genomics 11:553

mRNA expression
responses ripple
through the
genome over time



0.3 1 4 7 14

Development

BP developmental process 96 0.7 0 0 0 0.1 7.4E-06

BP anatomical structure development 68 0.4 0 0.1 0 1 3.6E-05

BP system development 54 0.2 0.2 0.2 0 1 6.2E-04

BP multicellular organismal process 97 0.5 0.4 0 0 0.6 1.1E-03

BP nervous system development 29 0.3 0.5 0 0 1 1.2E-03

BP cellular developmental process 53 0.8 1 1 0 0.5 2.7E-03

BP cell differentiation 53 0.8 1 1 0 0.5 2.7E-03

BP cell development 39 0.5 1 1 1 0.2 3.1E-03

BP multicellular organismal development 64 0.4 0.4 0.2 0 1 3.4E-03

BP brain development 10 1 0.1 1 1 1 3.9E-03

BP central nervous system development 13 1 0.2 0.1 1 1 4.7E-03

BP organ development 39 0.3 0.1 0.4 0.1 1 5.0E-03

BP cell fate commitment 7 1 1 1 1 1 7.4E-03

Metabolism

BP primary metabolic process 197 0.1 0 1 0 0.3 1.1E-05

BP metabolic process 213 0.1 0 1 0 0.1 1.2E-05

BP cellular metabolic process 196 0 0 1 0 0.1 1.5E-05

BP lipid biosynthetic process 14 1 0.2 1 1 1 3.0E-03

BP biopolymer metabolic process 126 0.1 0 1 0.2 0.6 4.9E-03

BP macromolecule metabolic process 161 0.5 0 1 0.1 0.6 8.2E-03

BP multicellular organismal catabolic process 4 1 1 1 1 1 8.3E-03

Gene expression

MF sequence-specific DNA binding 28 1 0 1 0 1 7.6E-06

BP transcription from RNA polymerase II promoter 28 0.3 0 1 0.1 1 2.4E-04

BP positive regulation of nucleobase, nucleoside, nucleotide and nucleic acid metabolic process 16 1 0 1 1 1 2.3E-03

MF transcription factor activity 33 1 0 1 0 1 3.0E-03

BP positive regulation of transcription 15 1 0 1 1 1 4.4E-03

BP positive regulation of transcription, DNA-dependent 13 1 0 1 1 1 5.1E-03

MF transcription factor binding 17 1 0 1 1 1 5.3E-03

Nuclear receptors

BP response to steroid hormone stimulus 6 1 1 1 0 1 6.8E-04

MF steroid hormone receptor activity 6 1 1 1 1 1 5.0E-03

MF retinol binding 3 1 1 1 1 1 8.9E-03

MF ligand-dependent nuclear receptor activity 6 1 1 1 1 1 9.0E-03

Regulation

BP positive regulation of biological process 38 0.2 0 1 0 1 7.2E-04

BP positive regulation of cellular process 33 1 0 1 1 1 3.2E-03

BP regulation of multicellular organismal process 14 1 1 0.2 0 1 4.5E-03

BP regulation of biological process 114 0.6 0.2 1 0 0.8 4.7E-03

BP biological regulation 122 0.5 0.1 1 0 0.9 8.3E-03

Others

MF oxidoreductase activity, acting on paired donors, with incorporation or reduction of molecular oxygen 9 1 1 0 0.2 1 3.0E-03

BP microtubule cytoskeleton organization and biogenesis 7 1 1 1 0.1 1 5.3E-03

BP cell cycle process 26 1 1 0.1 0 1 5.5E-03

MF 5'-nucleotidase activity 3 1 1 0 1 1 6.7E-03

MF oxygen binding 5 1 1 1 1 1 6.8E-03

MF iron ion binding 14 1 1 0.1 0.1 1 7.3E-03

MF nucleotidase activity 3 1 1 0 1 1 8.9E-03

BP detection of abiotic stimulus 5 1 1 1 1 1 9.2E-03

P-value

Annotation

Clusters Category Name Genes

Enrichment on day

>0.1 <0.1 <0.05 <0.01 <0.005 <0.001

Development

Metabolism

Gene expression

Nuclear receptors

Regulation

Others
(e.g. Cell cycle process,
iron binding, microtuble
cytoskeleton organisation)

Zheng et al. (2010) BMC Genomics 11:553



Time-dependent expression of genes in main enriched
categories

Sequence-specific
DNA binding

Cell-fate
commitment

Nervous system
development

Lipid biosynthetic
process

Zheng et al. (2010) BMC Genomics 11:553



Transcription factor binding site bias analysis

List regulated genes with GO:0003700
‘transcription factor activity’

For all regulated genes at
each time-point, download
DNA sequence 500bp and
2000bp upstream of ATG

Analyse sequences for presence of
all Transcription Factor Binding
Sites (TFBS) in the Transfac (2005)
database using the ‘findpattern’
routine of the GCG Wisconsin
Package.

Count number of
genes with TFBS
to each regulated
TF and calculate
the percentage of
regulated genes
with TFBS to
regulated TF.

Filter list for
regulated TF

Zheng et al. (2010) BMC Genomics 11:553



Frequency of transcription factor binding sites (TFBS) in
regulated genes to regulated transcription factors (TFs)

Time (Days)
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Hypothesis: If expression of TF influences expression of genes, then, the proportion of
regulated genes with TFBS to a regulated TF should change over time and with Zn status.

Zheng et al. (2010) BMC Genomics 11:553



Zinc regulatory pathways during zinc exposure

Zn2+

Ppara Rxrba

Jun

Mtf1

Znt1

Zip10

Mt

Dusp

Mapk

22 lipid
metabolism
genes

71 interactions
Hogstrand 2011 in: Fish Physiology, Vol. 31, Part A, pp 135-200



Zinc induces ER stress and UPR up-regulated lipolysis via
the activation of cAMP/PKA signalling pathway

Song et al. 2017 Environ Pollut 228:256-264



Zinc exposure stimulates IP3 and RyR dependent Ca2+

release from the ER

Song et al. 2017 Environ Pollut 228:256-264



Pathway resulting in lipolysis during zinc exposure

Song et al. 2017 Environ Pollut 228:256-264



Dietary zinc reduces triacyl glycerol content in the yellow
catfish intestine

Deficient

Sufficient

Excess

Chen et al. 2017 Br J Nutr. 2017 118(8):570-579



Serum lipids in the 6-week-old control and Atp7b-/- mice
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SCAP/SREBP Transcriptional
Control of Cholesterol and FA
Biosynthesis

Yadetie et al. 2014 BMC
Genomics201415:481
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Model predictions for unmeasured reproductive endpoints in
female FHMs. The predictions are for female FHMs exposed to 15
ng/L TB, 10 ng/L EE2, or a mixture of 15 ng/L TB and 10 ng/L EE2 for
48 hours, respectively: (A) plasma E2concentration, (B) plasma T
concentration, (C) plasma VTG concentration, (D) liver ER
concentration, (E) brain AR concentration, and (F) plasma LH conce



Comparison of model predictions with measured data in
female FHMs exposed to TB for 48 hours. n = 32. White circles
represent model predictions, and grey circles represent measured
data





Chemical classification and grouping
Classification through fingerprinting responses



Network-based pipeline for differential connectivity
analysis

Mulas 2017 BMC Bioinformatics 2017, 18(Suppl 5):130



Similarity-based partial ordering and grouping of
chemicals by hierarchical clustering

Mulas 2017 BMC Bioinformatics 2017, 18(Suppl 5):130



Wang et al. BMC Genomics (2016) 17:84

Chemical connectivity maps: mRNA ‘fingerprints’ of
biological responses to toxicants



Read-across to estimate different
species sensitivities

Creating a predictive framework for DSS



CAS

number Chemical name

Aedes

aegypti

Asellus

aquaticus

Chironom

us thummi

Cloeon

dipterum

Corixa

punctata

Culex

pipiens

Daphnia

cucullata

Daphnia

magna

Daphnia

pulex

Gammaru

s pulex

Ischnura

elegans

Nemoura

cinerea

111706 1-Heptanol 295 70 80 134 160 123 84 73 49 60 109 36

71238 1-Propanol 5252 2500 2350 3110 2000 4800 5820 5658 3024 1000 4200 1520

95487 2-Methylphenol 80 23 34 50 80 46 16 14 10 21 46 10

67641 2-Propanone 15940 7550 13000 7600 5000 17000 7633 778 8800 6000 6400 10300

107119 2-Propen-1-amine 137 100 14 30 120 171 28 46 34 130 180 100

141786 Acetic acid ethyl ester 497 1600 750 480 600 3950 164 964 260 750 600 130

62533 Benzenamine 148 68 175 220 150 94 0.68 0.48 0.1 112 235 64

71432 Benzene 154 120 100 34 48 71 373 85 111 42 10 130

1E+07 Cadmium nitrate 17 0.24 27 27 27 4 0.1 0.043 0.069 0.038 27 23

7487947 Mercuric chloride 6.2 0.27 0.48 0.037 0.16 1.4 0.0023 0.0074 0.005 0.0074 7.6 0.13

87865 Pentachlorophenol 7.2 0.76 2.8 5.9 11 34 1.5 1 1.9 0.7 42 0.38

105373 Propanoic acid etyhl ester 409 120 65 194 600 1000 45 217 69 167 243 20

110861 Pyridine 159 220 229 165 30 66 2469 1012 572 182 410 254

90028 Salicylaldehyde 17 4 9.3 13 13 54 5.5 4.4 5.3 1.9 12 1.3

79016 Trichloroethene 56 30 64 42 110 55 57 66 45 24 49 70
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Challenge for predictive approaches

1. Using toxicity data for phylogenetics
2. The distribution in sensitivity is not random
3. Related species cluster by sensitivity



2a. Toxicodynamics

Cause of toxicity

1. Toxicokinetics

External → Internal conc.

2b. Adverse outcome
pathway

Translation to effects

4. Ecological or
health effects



Differential toxicant uptake influences internal dose and
toxicity

Birge et al. 2000 Environ Toxicol Chem. 19(4):1199-1212

Stenonema sp. (Mayfly)

Campostoma anomalum (Central stoneroller)

Cheumatopsyche sp. (Caddisfly)



Carnivora phylogeny, UGT1A6 mutations, and diet

Shrestha et al. 2011 PLoS ONE 6(3): e18046



Species receptor
compliment

m

Chemical - ligand
interactions

m

In silico receptor
binding studies
Pharmacology and drug discovery

Genome wide ortholog
analysis
Bioinformatics
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Earthworm 3 2 16

Mollusc 2 3 14

Arthropod 1 1 12

Nematode 2 0 12



Protein sequence similarity across species
compared with the bovine androgen receptor
(AR)

Lalone et al. 2014 Phil. Trans. R. Soc. B
369: 20140022

Median similarity and the number of
predicted orthologs in all investigated
species compared to the human drug
targets

Gunnarsson et al. 2008 ES&T 42:15



Community and ecosystem impact
(Retrospective monitoring)

Metagenomic profiling, eDNA and aDNA



eDNA – What life discards: A powerful new tool for
biological conservation

Thomsen, P.F. and Willerslev, E. (2015) Biological
Conservation 183, 1-102

Biological Conservation

Special Issue: eDNA: A powerful new tool for biological conservation

Using eDNA to develop a national citizen
science-based monitoring programme for
the great crested newt (Triturus
cristatus)

Characterizing the distribution of an
endangered salmonid using
environmental DNA analysis

Using environmental DNA methods to
improve detectability in a hellbender
(Cryptobranchus alleganiensis) monitoring
program



Harnessing Diatom Community Biodiversity
for Water Quality Assessment

Sampling

DNA
extraction

Barcode
Amplification

NGS
Analysis

Data Interpretation

Species assignment

Water Quality

Classification



Metabarcoding of freshwater invertebrates to detect the effects of
a pesticide spill

Nonparametric multidimensional scaling analyses (NMDS) based on
presence/absence community matrices

Andujar et al. 2018 Molecular Ecology. 27:146– 166



A World of possibilities

Ship-seq: Nanopore sequencing of
polar microbes on board icebreakers

NERC NexUSS CDT

Single molecule sequencing

Single cell sequencing

How are candidate phylum JS1 bacteria
adapted for life in the deep sub-seafloor
biosphere?

Weightman and Kille (2012-
2015) NERC NE/J011177/1

10-100

Nanowires

Solid State Pores

>>>>>>>>>>>1000-10,000



Summary

• Species-conservation of targets and evaluation of possible
comparative toxicodynamic responses

• Species conservation of biotransformation enzymes and
transporters for prediction of comparative toxicokinetic
processes

• Identification key sub-lethal ‘effect pathways’ with clear
mechanistic links to adverse outcomes

– Issue with mapping invertebrate genes onto
mammalian pathways

• Unsupervised clustering of ‘omics data in a core suite of
surrogate species to support chemical classification and
grouping

• Retrospective monitoring of holistic ecological community
impact using metagenomic profiling (eDNA)
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