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Current Status for Defining the Taxonomic Domain of Applicability
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Any specification of tDOA
KEs: 26%

KERs: 22%
AOPs: 25%



LaLone et al., 2017. STOTEN 584-585, 751-775

Define Knowledge Gaps
Understand nodes that may be impacted by multiple stressors
Assists in development of mitigation strategies

How to define the taxonomic relevance of an AOP? 3



How to define the taxonomic relevance of an AOP? 4



Biological 
Plausible 
tDOA:

Decision Tree

Empirical Evidence
tDOA
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Sensitivity to Chemical Perturbation
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Simplify Complexity



Bioinformatics

• Combines mathematics, information science, and biology to 
answer biological questions

• Developing methodology and analysis tools to explore large 
volumes of biological data

• Query, extract, store, organize, systematize, annotate, 
visualize, mine, and interpret complex data

• Usually pertains to DNA and amino acid sequences
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Let the computers do the work



Sequence Alignment to 
Predict Across Species 
Susceptibility
(SeqAPASS)

https://seqapass.epa.gov/seqapass/
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https://seqapass.epa.gov/seqapass/


Considering chemical sensitivity?
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Factors that make a species sensitive
• Exposure
• Dose 
• ADME
• Target receptor availability
• Life stage
• Life history
• etc.
• etc.

Simple question to address:
Is the known chemical target available in a species for a chemical to act upon?
Yes or No
Likely susceptible or Not likely susceptible (at least through the known mechanism)

Yes

No

Susceptible

Not
Susceptible



seqapass.epa.gov/seqapass/

Gather Lines of Evidence Toward Protein Conservation

≈Apis Non-Apis
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Taken from: Jones and Sattelle, 2010

Molecular
Initiating

Event

Adverse
Outcome

Nicotinic acetylcholine receptor (nAChR)

As an example: nAChR protein involved in MIE and KE1
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Level 1 SeqAPASS Results: MIE and KEI Protein Conserved

Nicotinic Acetylcholine Receptor α1 Subunit

Primary Amino Acid Sequence Alignment
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Level 2 SeqAPASS Results: MIE and KEI Protein Conserved

Nicotinic Acetylcholine Receptor α1 Subunit

Conserved Functional Domain Alignment

Neurotransmitter-gated ion-channel ligand binding domain
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Level 3 SeqAPASS Results: MIE and KEI Protein Conserved

Matsuda, Kazuhiko, et al. “Neonicotinoid Insecticides: Molecular Targets, 
Resistance, and Toxicity.” Annual Review of Pharmacology and Toxicology, 
vol. 60, no. 1, 2020, pp. 241–255., doi:10.1146/annurev-pharmtox-010818-
021747. 

Matsuda, Kazuhiko. “Robust Functional Expression of Insect Nicotinic 
Acetylcholine Receptors Provides New Insights into Neonicotinoid 
Actions and New Opportunities for Pest and Vector Control.” Pest 
Management Science, 2020, doi:10.1002/ps.6182. 

Nicotinic Acetylcholine Receptor α1 Subunit
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Level 3 SeqAPASS Results: MIE and KEI Protein Conserved

Nicotinic Acetylcholine Receptor α1 Subunit

MIE and KE1 Conserved Among:
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Apis cerana
Apis dorsata
Apis florea

Apis mellifera
Bombus biffarius
Bombus impatiens

Bombus terrestris
Bombus vancouverensis nearcticus

Bombus vosnesenskii
Ceratina calcarata

Dufourea novaeangliae
Eurfriesea mexicana

Habropoda laboriosa
Megachile rotundata

Nomia melanderi
Osmia bicornis bicornis

Osmia lignaria
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Empirical Evidence
tDOA
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Apis cerana
Apis dorsata
Apis florea

Apis mellifera
Bombus biffarius

Bombus impatiens

Bombus terrestris
Bombus vancouverensis nearcticus

Bombus vosnesenskii
Ceratina calcarata

Dufourea novaeangliae
Eurfriesea mexicana

Habropoda laboriosa
Megachile rotundata

Nomia melanderi
Osmia bicornis bicornis

Osmia lignaria

SeqAPASS Expands tDOA

Note: This is a rather focused example – for 



1. Define the taxonomic domain of applicability
2. Define the global regulatory landscape/need
3. Develop a bioinformatics toolbox
4. Communicate a shared scientific vision

Government Industry

Academia NGO

Interested in Learning more or Joining: Contact LaLone.Carlie@epa.gov or Geoff.Hodges@unilever.com
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MIE

Taxonomic DOA:
Apis mellifera

17 bee species

nAChR
α1 

subunit

nAChR
α2 

subunit

nAChR
β1

subunit

19 bee species 19 bee species

17 common bee species between all protein 
subunits and from empirical studies

Apis cerana
Apis dorsata
Apis florea

Apis mellifera
Bombus biffarius
Bombus impatiens

Bombus terrestris
Bombus vancouverensis nearcticus

Bombus vosnesenskii
Ceratina calcarata

Dufourea novaeangliae
Eurfriesea mexicana

Habropoda laboriosa
Megachile rotundata

Nomia melanderi
Osmia bicornis bicornis

Osmia lignaria

Find narrowest point of overlapping 
species conservation



KE

Taxonomic DOA:
Apis mellifera

19 bee species 20 bee species 17 bee species

Calmodulin

21 bee species 19 bee species

17 common bee species between all protein subunits and from empirical studies

Apis dorsata
Apis florea

Apis mellifera
Bombus biffarius
Bombus impatiens
Bombus terrestris

Bombus vancouverensis nearcticus
Bombus vosnesenskii
Ceratina calcarata

Dufourea novaeangliae
Eurfriesea mexicana
Habropoda laboriosa

Megachile rotundata
Megalopta genalis
Nomia melanderi

Osmia bicornis bicornis
Osmia lignaria

Adenylyl 
cyclase CaMKII PKA CREB

Find narrowest point of overlapping 
species conservation
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