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EPA NAMs Pilot Training Program
• New Approach Methodologies (NAMs) Training Program is a 

deliverable in the Agency’s Work Plan, first released in 2019 

and updated in 2021.

• Previous trainings include ECOTOX, CompTox Chemicals 

Dashboard, GenRA, httk R Package, and the AOP Wiki.

• Goal: Develop, implement and maintain an engaging training 

program.

• Interactive case studies to encourage active learning

• Train the trainer

• Obtain feedback

• The EPA NAMs training website includes existing training 

resources, including recordings and guidance documents.

EPA NAMs Training: www.epa.gov/chemical-research/new-approach-methods-nams-training 2

https://www.epa.gov/chemical-research/new-approach-methods-nams-training
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Introduction – Sequence Alignment to Predict 
Across Species Susceptibility (SeqAPASS): 
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Primary Amino Acid Sequence

Beta Sheet Alpha Helix

Tertiary Structure

Protein 101



Structural support

Biochemical catalysts

Regulate gene expression

Transporting molecules

Repair and maintain muscle mass

Hormones

Enzymes

Regulate immune response

Protein Structure = Function

Image from RCSB PDB



What’s all the fuss about 
proteins??

Our interest is in protecting human health and the environment





Chemical Beneficial effect

e.g., Pharmaceutical

Chemical-Protein Interaction



Chemical(s) Adverse outcome

Chemical-Protein Interaction

Disease

Reproduction

Growth 

Mortality

Unintended Chemical Exposure



Unintended Chemical Exposure

Chemical-Protein Interactions are Important

Molecular

Cellular
Tissue Organ and Organ Systems

Individual



Unintended Chemical Exposure

Chemical Protein Interactions are Important

Molecular

Cellular
Tissue Organ and Organ Systems

Individual



Unintended Chemical Exposure

Chemical Protein Interactions are Important

Molecular

Cellular
Tissue Organ and Organ Systems

Individual



Chemical-Protein Interactions 
are Molecular Events that 
Initiate the Downstream 

Biological Events in Pathways

Why do we care about this knowledge 
across species?

Needed for Regulatory Decision-making



Primarily Data from Mammlian Species Inform Human Health



Cross Species Extrapolation: Decisions based on available data

Available Toxicity Data

Protection Goal:

Human

?



Ecotoxicology – Model Species



Cross Species Extrapolation: Decisions based on available data

Available Toxicity Data

Protection Goal:

Salmonids

?
Protection Goal:

Amphibia



Species extrapolation is 
NOT a new challenge

Safety factors

Species Sensitivity Distributions

Based on our knowledge of chemical-protein interactions, can we add 

evidence for extrapolating knowledge across species? 



Chemical(s) Adverse outcome

Chemical-Protein Interaction

Unintended Chemical Exposure

Impacts on reproduction



Protein Sequence Conservation

Protein Structure Conservation

Evaluating Protein Conservation Across Species

Chemical-Protein Interaction Conservation



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

Let the computers do the work



Protein Sequence Conservation

Evaluating Protein Conservation Across Species

Sequence Alignment to 
Predict Across Species 

Susceptibility

(SeqAPASS)



SeqAPASS 
Evaluate 
protein 
conservation 
for predicting 
chemical 
susceptibility 
across species



Sequence Alignment to Predict Across Species Susceptibility 

(SeqAPASS)

seqapass.epa.gov/seqapass/

The concept of SeqAPASS was formalized in a 2013 publication that was later followed by a web-based tool release in 2016. It 

has continued to evolve to this day! (Last week we released v8.1)



What is SeqAPASS?

Protein sequence similarity (conservation) = shared 

likelihood of susceptibility to chemical!

Ala Phe Lys AsnMet

Ala Phe Lys ValGlu

Ala Phe Lys ValMet

Human

Fish

Bird

100%

80%

85%

Cross-species Sequence Alignment

Known Protein Target + 

Known Sensitive Species

Chemical of Interest



Why is SeqAPASS useful?

Cross-species Sequence Alignment Analysis

We can rapidly compare protein sequences across 100s to 

1000s of species to generate predictions of chemical 

susceptibility, including in threatened or endangered 

species.

• Sequence data sourced from public databases

• SeqAPASS is publicly available

• Designed for a diversity of end users: researchers, regulators, decision makers

• Supports existing predictions and hypothesis generation for guiding future research



Gather Lines of Evidence Toward Protein Conservation

28≈

seqapass.epa.gov/seqapass/

Structural ConservationLevel 4

Primary Amino Acid Sequence AlignmentsLevel 1

Conserved Functional Domain AlignmentsLevel 2

Critical Amino Acid ConservationLevel 3

For this training



• Experimental evidence

• Model organism from in vitro assay

Knowledge of chemical-protein interaction

Ideally, with connections to an established AOP
29

What information is required for a SeqAPASS query?

1) Protein Target 2) Sensitive Species



SeqAPASS uses publicly available data and tools:

• Basic Local Alignment Search Tool (BLAST)

• Protein and Taxonomy Database

• Conserved Domains Database (CDD)

• Cobalt alignment tool



SeqAPASS does not predict the degree of 
sensitivity/susceptibility

Factors that make a species sensitive:

• Exposure

• Dose

• Toxicokinetics

• Target receptor availability

• Life stage

• Life history

• etc.

• etc.

Dose

R
e
sp

o
n
se



Application of SeqAPASSApplications of SeqAPASS



• Extrapolate adverse outcome pathway knowledge across species 
• Define the taxonomic domain of applicability

•  Apis vs Non-Apis bees

• Extrapolate high throughput screening data 
• Chemicals that target human estrogen receptor alpha, androgen receptor, steroidogenic enzymes, 

thyroid axis proteins
• All ToxCast Assay targets

• Predict relative intrinsic susceptibility
• Pesticides
• Endangered Species Act
• Derivation of Aquatic Life Criteria

• Predict chemical bioaccumulation across species 
• Chemicals of concern: PFAS

• Generate research hypotheses Strobilurin fungicides

• Prioritization strategies Pharmaceuticals

Case Studies



Training Course – SeqAPASS Level 1: Primary 
sequence similarity and

ortholog candidate identification
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Ethinyl estradiol
Estrogen Receptor Alpha (ESR1; 

NCBI Accession: NP_000116.2)

Binds
Humans are sensitive

1) Protein Target 2) Sensitive species

Question: What other species might be susceptible to ethinyl estradiol?

Query Formulation
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Target Protein Identification
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Target Identification cont.
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Human estrogen 

receptor alpha bound 

to butylparaben

PDB ID: 4MG9

Target Identification cont.



Align Full Primary Amino Acid Sequence

Query Sequence

Hit

Hit

Hit

Hit

Bit Score

1241.9

1229.5

1223.0

1111.3

862.4

Percent Similarity

Percent Similarity = 
Hit Bit Score

Query Bit Score
X 100

100

99.0

98.5

89.5

69.4

Level 1: Primary Amino Acid Sequence Comparisons

39



What is a protein “ortholog”?

40

Speciation event

Yes

Yes

No

E v o l u t i o n a r y   T i m e 

Proteins with same function

Proteins with different function

Ortholog Candidate?

Common ancestor
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Susceptibility Prediction = Yes

Susceptibility Prediction = No

Ortholog Candidates Set the Similarity Cutoff

Even if the % sequence similarity is low, the protein function can still be conserved!

→ Chemicals can disrupt or alter protein function
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Percent Similarity

43

1st local min
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Level 1 SeqAPASS Data



More likely

to be 

Susceptible

(Conserved)

Less likely to be Susceptible

(not likely conserved)

45

Visualization of Level 1 Results



Training Course – SeqAPASS Level 2: 
Conservation of Functional Domains
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Protein function is structurally localized

Chemicals often bind to a 

functional domain (e.g., 

“ligand binding domain”)

Regions of a protein that 

perform specific biochemical 

functions are called 

“functional domains”



Level 2: Functional domain comparisons











Training Course – SeqAPASS Level 3: 
Key amino acid comparison
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Evaluating the Conservation of Key Protein Residues

(PDB ID:4ZN7)

Chemical-protein interactions are 

mediated by a few, key amino acid 

residues!



Level 3: Individual Amino Acid Residue Comparison

Information needed for Level 3 query

1. Template Species/Sequence

2. Identified Critical Amino Acids and positions of amino acids in template

P134 A393 G403 S434 P522



Level 3: Individual Amino Acid Residue Comparison

Crystal structure of protein – Ligand bound Amino acid residues that interact with the chemical

Where can I find this information?

• Literature Review

• Types of studies:
• Site-directed mutagenesis

• Field resistance (pesticides)

• Studies of x-ray crystallography

• Homology modeling 
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Level 3: Continued
SeqAPASS can AUTOMATICALLY predict 

whether an amino acid difference is likely to change 

protein-chemical interaction.

Alanine (A)

MW: 89.094

Glycine (G) 

MW: 75.067

Isoleucine (I) 

MW: 131.175
Leucine (L) 

MW: 131.175

Proline (P) 

MW: 115.132

Valine (V)

MW: 117.148

Acidic

Aspartic Acid (D)

MW: 133.104

Glutamic Acid (E)

MW: 147.131

Asparagine (N)

MW: 132.119

Glutamine (Q)

MW: 146.146

Phenylalanine (F)

MW: 165.192
Tryptophan (W)

MW: 204.228

Tyrosine (Y)

MW: 181.191

Histidine (H)

MW: 155.156

Lysine (K)

MW: 146.189

Arginine (R)

MW: 174.203

Serine (S)

MW: 105.093

Threonine (T)

MW: 119.119 Methionine (M)

MW: 149.208

Cysteine (C) 

MW: 121.154

Aliphatic Aromatic

Basic

Hydroxylic

Amidic

Sulfur-Containing

• Automated Prediction

• Evaluated based on Rules:
• Same side chain class as query (Y/N)?

• Size 30g/mol or less from query (Y/N)?

• If 2 “N” responses for ≥1 key amino 

acids then SeqAPASS predicts 

susceptibility of that species will differ 

from the query species.



Level 3: Continued

59

To provide conservative predictions, two “No” matches for one or more amino acids 

are required for SeqAPASS to predict that the species differ in susceptibility.

Mouse protein

Human protein

Bird protein
Turtle protein

Frog protein

Fish protein

Insect protein

Tyr - Y Yes/No Yes/No Yes/No Yes/No



Level 3: Visualization

60

Heat Map Visualization!

Simple report:

Mouse protein

Human protein

Bird protein

Turtle protein

Frog protein

Fish protein

Insect protein

Customizable:

• Common/scientific name

• Ortholog candidates

• Endangered species

• Threatened species

• Common model organisms

• Amino acid information displayed
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Mouse protein

Human protein

Bird protein

Turtle protein

Frog protein

Fish protein

Insect protein

Full report:

Level 3: Visualization

Heat Map Visualization!



Training Course - SeqAPASS: 
Decision Summary Report
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Decision Summary (DS) Report

►Organize data 

►Can contain one Level 1, multiple Level 2, 
and one Level 3 run(s)

►Customized display for PDF

►Provides manuscript ready visualizations
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SeqAPASS Concept Review: Levels 1 - 3



SeqAPASS Level 1 Evaluation: Primary Amino Acid Sequence 

Alignments

66

Proteins are chains of amino acids. The 

sequence of these amino acids can differ 

between species for each protein.

Using the entire 

protein sequence

(LEVEL 1)

More likely

to be Susceptible 

(Conserved)

Less likely to be Susceptible (not likely conserved)

• Based on sequence alignments to a known sensitive species

• Susceptibility predictions can be made 

by assessing conservation of the protein 

target across species



SeqAPASS Level 2 Evaluation: Conserved Functional Domain 

Sequence Alignments

67

By focusing sequence comparisons to the 

conserved domains, estimates of functional 

conservation can be made.

(PDB ID:4DKL)

Using the functional 

domain sequence

(LEVEL 2)

Less likely to be Susceptible (not likely conserved)

More likely

to be Susceptible 

(Conserved)

• Additional line of evidence 

for species susceptibility 

based on conservation of 

functional domains



SeqAPASS Level 3 Evaluation: Critical Amino Acid Residue 

Conservation

68

Protein-chemical interactions are often 

mediated by a few, critical amino acid 

residues.

(PDB ID:4ZN7)

• Additional line of evidence for species 

susceptibility based on conservation of 

critical amino acids

Determine critical amino acid residues from:

• Structural data

• Mutagenesis studies

• Field resistance studies

• Molecular dynamics

• Etc.
Using critical residues

(LEVEL 3)



Q&A

69



We’ll see you in the next session!

Begins at 11:45 a.m. CT / 12:45 p.m. ET

70

You may stay on the call until Session 2 begins if you wish! 



SeqAPASS Demo
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