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> Species are not equally sensitive/susceptible to toxicants: making risk assessment difficult
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> Revealing the knowledge required to make informed predictions

Toxicodynamic Genome Toxicokinetic
traits resources traits
.
narcosis )
CYPs
//
Lll'l GSTs
reactivity
Bin dih s Trénsporters
”’ sites ”’
Target Off-target
;';_-ceptors receptor binding
Sensitivity V@ |

12 Iw 8RS €

Spurgeon D, Lahive E, Robinson A, Short S and Kille P (2020)
Species Sensitivity to Toxic Substances: Evolution, Ecology and
Applications. Front. Environ. Sci. 8:588380. doi:
10.3389/fenvs.2020.588380



Omic approaches to modelling toxicodynamic traits: i.e. receptors and known gene pathways.

Level 1 tools that already exist and are being continually improved.
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Tools that cross level 1
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So, mammals and birds are at
risk in the case of AChE.

‘susceptibility cut-off’
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and level 2

Cross-species comparison of molecular components of
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Omics based predictions — The scalable holy grail!

Orthology mapping

(OrthoFinder)

Leverage publicly available genomic and toxicological data from tested and/or untested species
and compare the pertinent molecular differences.

Score the differences and predict sensitivity and mixture responses.

3D Structure

Prediction
(AlphaFold3)

Domain

Identification
(HMMER3)

Docking/ MD
Screening Simulations
(GNINA) (GROMACS)

In vitro data
US EPA Tox21 (ToxCast)

ForeTox
Knowledgebase

Genomic resources
Darwin Tree of Life project (DTolL), EBP,
EMBL, RNAseq, NCBI(Geo) and SRA

(Eco)toxicity data
US EPA ECOTOX, eChemPortal, ECHA,
REACH, ETOX

Pathway data
AOP-wiki, Reactome, CTD
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ForeTox Case Study: Ecdysone receptor (ECR) Agonism

Species Sensitivity and Vulnerability Predictions

The binding of natural ligands (ecdysteroids) to EcR is critical
for regulating moulting and metamorphosisin insects and

crustaceans.
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Molecular Initiating Event (MIE)
Binding of exogenous ligands to the ECR/USP Heterodimer,
initiating a premature transcriptional cascade.
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Apical Adverse Outcome

Population Decline resulting from
widespread developmental arrest and
mortality during ecdysis.

Level of
Organization

AOP Diagram
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(https://aopwiki.org) AOP: 04: Ecdysone receptor agonism leading to mortality via suppression of Ftz-f1



» EcR\USP heterodimer ortholog retrieval

OrithoDB

Group 165998at6656 at Arthropoda level
ecdysone receptor

Group hierarchy

Group 1854991at6656 at Arthropoda level

retinoic acid receptor RXR

Group hierarchy

Eukaryota Wetazoa
nuclear receptor nuclear receptor

v Eukaryota Metazoa

nuclear receptor subfamily 2, group F, member 2 nuclear receptor subfamily 2, group f, member 2

View protein fasta | View CDS fasta | View Tab Delimited

EcR -1264 genes in 1067 Sp.
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Crustacea
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Arachnida
ecdysone receptor-like
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USP/RXR - 1226 genes in 1057 Sp.

=+ Arthropoda Hexapoda
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» Candidate pair selection
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HMMER - Domain/Sequence Completeness
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Order (Inner ring)

. Amphipoda

. Araneae

. Blattodea

. Calanoida

. Coleoptera

. Decapoda

. Diplostraca

. Diptera

. Entomobryomorpha
. Harpacticoida

. Hemiptera

. Hymenoptera

B ixodida

. Lepidoptera

. Mesostigmata
. Neuroptera

. Odonata

. Orthoptera

. Pantopoda

. Pedunculata

. Pseudoscorpiones
. Psocodea

. Sarcoptiformes
. Scorpiones

. Sessilia

. Siphonostomatoida
. Thysanoptera

. Trichoptera

[ Trombidiformes
. Xiphosurida

ECR-USP paired cladogram
Species: 858 | Total ortholog isoforms: 1203

EcR 20E-LBD conservation (middle ring)
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Protein Ortholog Extraction +

Species Sensitivity Distributions

Molecular Docking (SSDs) Modelling

Protein Folding

Halofenozide Tebufenozide

Methoxyfenozide
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* PLIF similarity

* Docking score
* Pocket
conservation

* Pose similarity
* RMSD

RH5849 20-hydroxyecdysone

Ponasterone A

|:| Natural ecdysteroids
|:| Synthetic diacylhydrazines (DAHs)

Order

EcR_pocket: Mean BLOSUM62 to consensus by order
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Ligand binding domain (LBD) residue conservation across

arthropod families — sequence level susceptibilities Highly

conserved

Order

Chain A=EcR LBD

Order

Chain B = Global USP
structure

Less
conserved
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Chemical

ForeTox Binding Affinities: Comparing to experimentally (C) Binding affi'ai(tief/ by tlf;xonomic order
cav/mo
measured data

Mesostigmata s P — o,
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(A) Binding Affinity by Chemical (kcal/mol) (B) Acute toxicity (LC50) distributions of ecdysone
agonists from ECOTOX-derived exposure route. Lepidoptera I
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Interactive Dashboard
Integration

Environmental Risk
Assessment: Assess
susceptibilities across 800+
species to identify species
requiring attention.

Evaluate Docking: Analyse
docking pose scores and binding
affinities across 6 chemical
libraries.

Investigate Orthologous
Divergence: Query species-
specific structural variability and
binding pocket orthology.

Rank Species Susceptibility:
Compare predicted chemical
potency through integrated
sequence conservation and
docking scoring metrics.
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Cross-Species Susceptibility to Steroidal and Synthetic Insecticides - v4

Integrated sequence conservation and molecular docking analysis across 6 chemicals and 886 species

Generated: 20-01-2026 (v4) by - Rama Krishnan (krishnanR1@cardiff.ac.uk)

Overview Metric Comparison Chemical Comparison Taxonomic Analysis Sequence Analysis Heatmaps Species Rankings Statistical Tests Data Tables
Methods
Overview
6 886 1136 144,240 10
Chemicals Unique Species Total Isoforms Docking Results Taxonomic Classes
Orders Families

Note on Data Quality: 49 docking results (0.9%) had positive binding affinity values, indicating failed dockings where the ligand is repelled rather than bound. These have
been excluded from affinity-based visualizations but are retained in the data tables for transparency.

Chemicals Analyzed

20E, PonA, RH5849, halofenozide, methoxyfenozide, tebufenozide

Taxonomic Coverage

Arachnida, Branchiopoda, Collembola, Hexanauplia, Insecta, Malacostraca, Merostomata, Ostracoda, Pycnogonida, Thecostraca



Family-level binding affinities Order-level binding affinities
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Binding Heatmaps

Median Affinity by Family and Chemical
(Top 40 families by species count)
Aphididae -
Gelechiidae - | -
Lycaenidae -NNEE N ? 5 ;i Median Affinity by Order and Chemical
Tortricidae - 647
Erebidac - [ 6.00 4.9 - i F Amphipoda
Sphingidae *“ i Mesostigmata
Noctuidae “ 5.97 5.00 ' ! X [P Pantopoda

Notodontidae - 567 |
Pyralidae - 613 6.1 3
Hesperiidae -[NNEE AN 472 Decapoda
sesiidae - 2 5.02 Lepidoptera
Crambidae - EE I Hemiptera
Geometridae - 5.04 5 Trombidiformes - 5.18
Nymphalidae - 597
Drepanidae -
Vespidae -
Tephritidae
Halictidae -
Diprionidae -
Braconidae -
Pieridae -

Harpacticoida

Odonata -6.31
Pollicipedomorpha 8 -3.67
Thysanopter. -6.82
Entomobryomorpha -6.09
Psocodea -6.31
Trichoptera 5.46
Blattodea - 4 5.68
Siphonaptera - f -6.67
Hymenopter. -5.9 -5.94

Tachinidae -
Crabronidae
lchneumonidae - E
Apidae - < 4.42 g Diplostras -4.54 -5.46
Culicidae - 467 | 5 | Orthoptera -6.11
Andrenidae - X Diptera 30 5.38
Daphniidae - 5.4 4 Coleoptera -4.74 -5.54
Acrididae - Calanoida -5.20
Fentatomicass: Pseudoscarpiones .4 4,67
Formicidae - 4.25 5.77
Syrphidae - 4.8 3 5.03 X
Drosophilidae - 2 43 5 4.62 534 Ixodida 4.59 6.02
Carabidae - ~ 5.64 Araneae
Curculionidae - 5.20 Podocopida
Megachilidae - 3 2 4.04 6 5.56 Sarcoptiformes
Tenthredinidae - L 3.83 4.63 5.04
Chrysomelidae - 4.03 82 -5.53
Ixodidae - : 388 357 . e
calliphoridae - NEC N 407 442 392 RH5849 halofenozide
RHS'849 halofenozide methoxylfenozxde tebufe'nozide ke
Chemical
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1
@

Neuroptera e -5.91

Xiphosura .94 5.16
Scorpiones - -4.48

CNN Pose Score Binding Affinity



Strongest 20 Species for halofenozide hydrogen_bond

Example chemical:
11

H a ‘l O‘fe n 0 Z \I ‘d e eige hydrophobic ._ | halogen_bond

Potency Gradient: Affinities range from -8.0
kcal/mol (H. halys), defining a clear susceptibility
spectrum.

pi_cation salt_bridge

Hydrophobic Dominance: Radar plots confirm
binding is primarily driven by hydrophobic forces,
with unique halogen bonding, yet minimal polar or
ionic bonds. N E— pi_stacking
Key Residue Hotspots: MET57, MET56, and eskest 70 necies fo napfenoTe

VAL24 are identified as the most frequent and
critical interaction sites.

Methionine Dependency: High contact frequency
across the MET52-57 cluster as primary residues
for ligand stabilisation.

100 200
Absolute Frequency

-1.75 -150 -125 -1.00 -0.75 -0.50 —0.25 0.0
Affinity (kcal/mol)




Modelling Toxicokinetic (TK) traits
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TAXONOMIC FAMILIES DEFENSOME CATEGORIES COPY NUMBER SCALE

B Apidae @ Drosophilidae W Erebidae M Geometridae [ Hesperiidae W Lycaenidae [ Noctuidae W@ Nymphalidae @ Pieridae @ Plutellidae @ Sphingidae [ Phase0_Regulation [ Phasel [ Phasell W Phaselll [ OxStress W RedoxSupport 0 (S 158

Taxonomy-Specific Conservation Patterns

. Bombus terrestris

B Drosophila melanogaster
B Euclidia mi

B Spilosoma lubricipeda
. Agriopis aurantiaria
Agriopis marginaria
Erannis defoliaria
Operaphtera brumata
Ochlodes sylvanus
Thymeficus sylvestris
Aricia agestis
Celastrina argiolus
Lycaena phiaeas
Polyommatus icarus
Amphipyra tragopoginis
Apamea monoglypha
Autographa gamma
Cosmia trapezina
Luperina testacea
Mamestra brassicae

Apidae
Drosophilidae
Erebidae

Geometridae

Mythimna albipuncta .
Mythimna ferrago Hesperiidae
Mythimna impura

Noctua pronuba .
Ochropieura plecta Lycae nidae

Phiogophora meticulosa
B xestia xanthographa

B Erebia sethiops

B izsiommata megera

. Maniola jurtina

B Meianargia galathea

' Nymphalis urticae
Pararge aegeria

Vanessa atalanta
Vanessa cardui
Anthocharis cardamines
Colias croceus

Pieris brassicae

Pieris napi

Pieris rapae

Piutelia xylostella
Manduca sexta

Noctuidae

Nymphalidae

Pieridae
Plutellidae

Sphingidae
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