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Training Course Overview

• Introduction to challenges in species extrapolation and how 
bioinformatics can aid in addressing these challenges (LaLone)

• Training with SeqAPASS
• Level 1 and Level 1 Data visualization (LaLone)
• Level 2 and Level 2 Data visualization (Jensen)

• Instructor Demos – Level 1 and 2
• Level 3 and Level 3 Data visualization (Jensen)

• Instructor Demos – Level 3
• Decision summary report (Jensen)
• Level 4 (LaLone)



Sequence Alignment to 
Predict Across Species 
Susceptibility
(SeqAPASS)

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

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


What information is required for a SeqAPASS query?

Knowledge of a sensitive or targeted species

Knowledge of the model organism used in an in vitro assay

Chemical-Protein Interaction

Knowledge of the species for which the Key Event was developed

~=Chemical Molecular Target
 in Target Species

Compare to Millions of Proteins 

From Thousands of Species

Greater similarity = Greater likelihood that chemical can act on the protein
Line of Evidence: Predict Potential Chemical Susceptibility Across Species

1. Protein
2. Species
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seqapass.epa.gov/seqapass/

Gather Lines of Evidence Toward Protein Conservation

≈ 6



SeqAPASS uses publicly available data and tools:

• Basic Local Alignment Search Tool (BLAST)
• Protein and Taxonomy Database
• Conserved Domains Database (CDD)
• Cobalt alignment tool









Human Protein Target



Line of Evidence:
Primary amino acid sequence 

Conserved

Human Protein Target

Yes

Percent similarity



Human Protein Target

Line of Evidence:
Primary amino acid sequence 

Conserved

Yes



Human Protein Target

Line of Evidence:
Primary amino acid sequence 

Conserved

No



Common Ancestor

Proteins in different species that evolved from a common ancestor

Yes

Yes

Yes

Yes

Typically maintain similar function



Common Ancestor

No

No





Human Protein Target

Line of Evidence:
Primary amino acid sequence 

Conserved

Hundreds to Thousands of Species



Human Functional Domain(s)

Line of Evidence:
Domain

Conserved

YesYes



Human Functional Domain(s)

Line of Evidence:
Domain

Conserved

YesYes



Human Functional Domain(s)

Line of Evidence:
Domain

Conserved

NoNo



Human Functional Domain(s)

Line of Evidence:
Domain

Not Conserved

NoNo



Human Critical Amino Acids

Line of Evidence: Conserved



YesYesYes

Gather Lines of Evidence for Conservation of Protein Target: 
Susceptibility Prediction: Yes or No



SeqAPASS DOES NOT predict the degree of 
sensitivity/susceptibility:

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



Strengths of SeqAPASS

• Publicly available to all
• Lines of evidence for conservation for 100s-1000s of 

species rapidly
• Takes advantage of well-established tools and databases 
• Streamlined, consistent, transparent, and published methods

• Case examples to demonstrate applications
• Guides users to appropriate input
• Evolves as bioinformatics approaches become more user 

friendly
• Smart automation or semi-automation



Application of SeqAPASSApplication of SeqAPASS



Applications of Bioinformatics: Case Studies
• 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 Study – Ethinyl Estradiol
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Ethinyl estradiol Estrogen Receptor Alpha 
(ESR1; NCBI Accession: NP_000116.2)

Binds
Humans are sensitive

1) Protein 2) Sensitive species

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



Training Course – SeqAPASS v7.1 Level 1: 
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Training Course Overview

• Introduction to challenges in species extrapolation and how 
bioinformatics can aid in addressing these challenges (LaLone)

• Training with SeqAPASS
• Level 1 and Level 1 Data visualization (LaLone)
• Level 2 and Level 2 Data visualization (Jensen)

• Instructor Demos – Level 1 and 2
• Level 3 and Level 3 Data visualization (Jensen)

• Instructor Demos – Level 3
• Decision summary report (Jensen)
• Level 4 (LaLone)



Query Formulation Stage
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Chemical-Protein Interaction



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
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Common Ancestor

Species 1 Species 2

Speciation
The origin of a new species

Protein A

Protein A’ Protein A”

Orthologs
Proteins in different species that evolved from a common ancestor

Normally, orthologs retain the same FUNCTION in the course of evolution

YesNo

Evolutionary Biology: Ortholog Candidate
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Percent Similarity
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1st local min
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Level 1 SeqAPASS Data



Box-Plot of SeqAPASS Data
More likely
to be 
Susceptible
(Conserved)

Less likely to be Susceptible
(not likely conserved)
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Training Course Overview
• Introduction to challenges in species extrapolation and how 

bioinformatics can aid in addressing these challenges (LaLone)
• Training with SeqAPASS

• Level 1 and Level 1 Data visualization (LaLone)
• Level 2 and Level 2 Data visualization (Jensen)

• Instructor Demos – Level 1 and 2
• Level 3 and Level 3 Data visualization (Jensen)

• Instructor Demos – Level 3
• Decision summary report (Jensen)
• Level 4 (LaLone)



Similarity across species at the molecular level



Level 2: Functional domain comparisons











SeqAPASS Live Demo
Level 1 & 2 setup, output, and visualization 



Training Course – SeqAPASS v7.1 Level 3: 
Critical individual amino acid comparison
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Training Course Overview

• Introduction to challenges in species extrapolation and how 
bioinformatics can aid in addressing these challenges (LaLone)

• Training with SeqAPASS
• Level 1 and Level 1 Data visualization (LaLone)
• Level 2 and Level 2 Data visualization (Jensen)

• Instructor Demos – Level 1 and 2
• Level 3 and Level 3 Data visualization (Jensen)

• Instructor Demos – Level 3
• Decision summary report (Jensen)
• Level 4 (LaLone)



Level 3: Individual Amino Acid Residue Comparison

Necessary information to begin 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

A
1

A
2

A
3

A
4

A
5

A
6

Where can I find this information?
• Literature Review

• Types of studies:
• Site-directed mutagenesis
• Field resistance (pesticides)
• Studies of x-ray crystallography
• Homology modeling 



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
• Each key amino acid is grouped into a 

“side chain class” and given a “size”

• 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
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Example of how Level 3 Susceptibility Predictions work (hypothetical case study):

Mouse protein
Human protein

Bird protein

Turtle protein

Frog protein
Fish protein

Insect protein

Primary report:



Level 3: Continued
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Example of how Level 3 Susceptibility Predictions work (hypothetical case study):

Full report:

Mouse protein
Human protein
Bird protein
Turtle protein
Frog protein
Fish protein
Insect protein



Level 3: Continued
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This example compares protein targets from 6 different species to Mouse as the query 
species.

Mouse protein
Human protein
Bird protein
Turtle protein
Frog protein
Fish protein
Insect protein



Level 3: Continued
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This example has 1 key amino acid position, but most proteins have multiple 
positions that are directly involved in protein-chemical or protein-protein interactions.

Mouse protein
Human protein
Bird protein
Turtle protein
Frog protein
Fish protein
Insect protein



Level 3: Continued
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SeqAPASS compares the side-chain class of each amino acid from each species and 
whether it is a match to the query (mouse).

Mouse protein
Human protein
Bird protein
Turtle protein
Frog protein
Fish protein
Insect protein



Level 3: Continued
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SeqAPASS compares the molecular weight of each amino acid from each species and 
whether the difference is less than 30 g/mol from query (mouse).

Mouse protein
Human protein
Bird protein
Turtle protein
Frog protein
Fish protein
Insect protein



Level 3: Continued
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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



Level 3: Visualization
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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!



SeqAPASS Live Demo
Level 3 setup, output, and visualization
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Decision Summary Report

Office of Research and Development
Center for Computational Toxicology and Exposure, Great Lakes Toxicology and Ecology Division

The views expressed in this presentation are those of the authors 
and do not necessarily reflect the views or policies of the US EPA

Instructors:
Carlie A. LaLone, Ph.D. (US EPA)
Marissa Brickley, PhD student (UMN-Duluth/
US EPA)



Training Course Overview
• Introduction to challenges in species extrapolation and how 

bioinformatics can aid in addressing these challenges (LaLone)
• Training with SeqAPASS

• Level 1 and Level 1 Data visualization (LaLone)
• Level 2 and Level 2 Data visualization (Jensen)

• Instructor Demos – Level 1 and 2
• Level 3 and Level 3 Data visualization (Jensen)

• Instructor Demos – Level 3
• Decision summary report (Jensen)
• Level 4 (LaLone)



Uses for the Decision Summary (DS) Report
►A great way to organize data from level 

runs
Can contain one Level 1, multiple Level 2, 

and one Level 3 run(s)

►Can be customized to display the desired 
data into a downloadable PDF

►Provides manuscript ready visualizations

















Time for hands-on training with the DS report



Training Course – SeqAPASS v7.1 Level 4: 
Protein Structural Comparisons Across Species
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Training Course Overview

• Introduction to challenges in species extrapolation and how 
bioinformatics can aid in addressing these challenges (LaLone)

• Training with SeqAPASS
• Level 1 and Level 1 Data visualization (LaLone)
• Level 2 and Level 2 Data visualization (Jensen)

• Instructor Demos – Level 1 and 2
• Level 3 and Level 3 Data visualization (Jensen)

• Instructor Demos – Level 3
• Decision summary report (Jensen)
• Level 4 (LaLone)
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Begin Simple and Advance as the Science Advances

Consider sequence and structural attributes to understand protein conservation across species



Gather Lines of Evidence Toward Protein Conservation

≈ 78

Structure AlignmentsLevel 4 (expert users only)SeqAPASS v7.0  



SeqAPASS Predicts Likelihood of Similar 
Susceptibility based on Sequence 
Conservation:

yes
yes
yes
yes
yes
yes
yes
no
yes
no

yes

Line(s) of evidence indicate
• The protein is conserved
• The protein is NOT conserved 

https://usepa-my.sharepoint.com/personal/lalone_carlie_epa_gov/Documents/clalone/Presentations/Unilever/ER_DSReport.pdf
https://usepa-my.sharepoint.com/personal/lalone_carlie_epa_gov/Documents/clalone/Presentations/Unilever/ER_DSReport.pdf


SeqAPASS DOES NOT predict the degree of 
sensitivity/susceptibility:

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



Human 
Protein Structure

Ligand Y
Ligand Y

Ligand X

Ligand Z

1st

2nd

Advances in Drug Discovery/Development
(COVID-19 has led to advances)

Structure derived 
from X-ray 

crystallography Bioinformatics Toolbox:
Molecular modeling
Molecular docking
Virtual screening

Molecular dynamic simulations



Application to Species Extrapolation

Bioinformatics Toolbox:
Molecular modeling
Molecular docking
Virtual screening

Molecular dynamic simulations

Thousands/Millions/Billions 
of 

Chemicals



Expanding the SeqAPASS Pipeline: I-TASSER and TM-Align



Dog (Canis lupus familiaris) Chicken (Gallus gallus) African clawed frog (Xenopus laevis) 

Query Species:
Human 
Androgen receptor 
Ligand Binding Domain
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