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OMICs in Ecotoxicology – a potential game changer

2
Background

When is it toxic? Why is it toxic?
Transition to

OMICs enable scientists to assess the 
responses of tens of thousands of genes and 
their products from a single sample

Requires qualitative 
toxicological data

Predictive Toxicology

(Brockmeier et al 2017, Bencic 2015)
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Screening for ecotoxicogenomic fin(ger)-prints
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Experimental Setup

• Incubation in glass petri dishes 
(preincubated 24 h pre exposure)

• 15 embryos (2 hpf) per well

• 3 biological replicates from 
different spawning groups

• semi-static incubation for 96 h
(Medium exchange 48 hpf)

Negative Control

Low Exposure (LE)
~ NOEC

High Exposure (HE)
~ EC10

Replicate:
#1             #2             #3

10 embryos (96 hpf)
RNA & Protein Extraction

LC-MS/MS
Analysis

(ESI)

Proteomic
Workflow

Transcriptomic
Workflow

Illumina Hi-Seq
Mapping (STAR)

DE – Analysis (DESeq2)

Todays focus
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Neuronal targeting insecticides with classified Mode of Action (MoA) 
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Objective

(Sparks & Nauen, 2015)
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Test concentrations and experimental scope
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Objective

Low exposure Mid exposure High exposure
µg/L

Abamectin* 110 220 440

Carbaryl 275 / 1100

Chlorpyrifos* 750 / 3000

Fipronil* 75 / 300

Imidacloprid 15000 30000 60000

Methoxychlor* 20 60 180

• Can we identify potential early response biomarkers as indicator for 
neuronal toxicity in the zebrafish embryo model?

• Can we use the overall signatures to differentiate between the 
IRAC classified MoAs?

*: Stocks prepared in acetone



© Fraunhofer  IME

CURRENT  RESULTS

6
Results
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Observed physiological effects post exposure - 96 hpf
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Results
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Definition of Differentially Expressed Genes (DEGs)
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Effect size cut off

apeglm : Approximate 
Posterior Estimation for 
generalized linear model
(Zhu et al 2019)

apeglm shrinking

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞(𝑎𝑎𝑎𝑎𝑎𝑎(𝑥𝑥), 0.9)
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padj < 0.05

Wald‘s t-test using IHW (Independent 
Hypothesis Weighting) (Ignatiadis et al 2016)

for a weighted Benjamini-Hochberg
correction.

LFcut = +/- 0.98 LFcut = +/- 0.98

Experimental Setup

Comparing a treatment against control:
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Identified DEGs and global sample distance
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Results

How well do the core 
DEGs correlate?

Manhattan distance of normalized variance stabilized transformed 
gene counts (ward.D2 clustered)
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Correlation of core DEGs for each tested insecticide
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Results

Pretty well!
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Gene clustered heat map of all overlapping DEGs with baseMean > 500 (top 67% Quantile)
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alas2: Aminolevulinate, delta-, synthase 2
Involved in heme / hemoglobin biosynthetic process
hbbe: hemoglobin beta embryonic
-> ortholog(s) in human implicated in sickle cell anemia

npas4a: neuronal PAS domain protein 4a
Involved in T-tubule organization and heart contraction. 
Human ortholog(s) of this gene implicated in autosomal 
recessive limb-girdle muscular dystrophy type 2G and 
hypertrophic cardiomyopathy

tcap: Titin-cap ; Involved in T-tubule organization and heart 
contraction. Human ortholog(s) of this gene implicated in 
autosomal recessive limb-girdle muscular dystrophy type 2G 
and hypertrophic cardiomyopathy

egr1: Involved in embryonic retina morphogenesis in camera-
type eye; expressed in head; heart; hindbrain neural keel; 
mesoderm; and nervous system.

prkg1b: Protein kinase cGMP-dependent 1b
Expressed in heart; integument; nervous system. Human 
ortholog(s) of this gene implicated in thoracic aortic aneurysm.

Results
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Gene clustered heat map of all overlapping DEGs with baseMean > 500 (67% Quantile)

12

alas2: Aminolevulinate, delta-, synthase 2
Involved in heme / hemoglobin biosynthetic process
hbbe: hemoglobin beta embryonic
-> ortholog(s) in human implicated in sickle cell anemia

npas4a: neuronal PAS domain protein 4a
Involved in T-tubule organization and heart contraction. 
Human ortholog(s) of this gene implicated in autosomal 
recessive limb-girdle muscular dystrophy type 2G and 
hypertrophic cardiomyopathy

tcap: Titin-cap ; Involved in T-tubule organization and heart 
contraction. Human ortholog(s) of this gene implicated in 
autosomal recessive limb-girdle muscular dystrophy type 2G 
and hypertrophic cardiomyopathy

egr1: Involved in embryonic retina morphogenesis in camera-
type eye; expressed in head; heart; hindbrain neural keel; 
mesoderm; and nervous system.

prkg1b: Protein kinase cGMP-dependent 1b
Expressed in heart; integument; nervous system. Human 
ortholog(s) of this gene implicated in thoracic aortic aneurysm.

Results

(2014)
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TAKE HOME MESSAGE
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Results
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Take home message
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Summary

• We observed consistent transcriptomic changes in zebrafish embryos (96hpf) exposed to 
neuronal targeting insecticides well below acute toxicity levels.

Sensitive and informative approach

• Can we identify potential early response biomarkers as indicator for 
neuronal toxicity in the zebrafish embryo model?

Neuronal associated genes such as npas4a, tcap, egr1 & prkg1b responded to very low levels of 
exposure for multiple neuronal targeting insecticides and tested concentrations.

• Can we use the overall signatures to differentiate between the IRAC classified MoAs?

We observed gene clusters demonstrating opposing regulation for different substances.
(i.e. “hbbe”cluster of Carbaryl against Methoxychlor & Imidacloprid)

However, substances from the same MoA (Chlorpyrifos & Carbaryl) do not necessarily show 
more similar expression profiles compared to other neuronal targeting insecticides. 
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Thank you SETAC Europe for having us online today! 
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The ATTRACT Eco’n’OMICs Group 

Find out more
about us
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