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SeqAPASS Training

Goals for training:

• Introductory training for new/beginner SeqAPASS user

• Understand why SeqAPASS was developed

• Gain a basic understanding of how SeqAPASS evaluations work

• Understand the general workflow of SeqAPASS

• Independently submit a SeqAPASS query

• Independently collect output from SeqAPASS

• Develop box-plot visualizations

Training format:

• Overview presentation (LaLone) Video 1

• How to request a user account to SeqAPASS (Blatz) Video 2

• Demonstration of SeqAPASS functionality (LaLone & Blatz) Video 3

• Case Examples (Vliet) Video 4
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Available Knowledge

Predict Susceptibility

Science-based, Streamlined, Transparent, 
Publicly Accessible PIPELINE



Chemical Safety Evaluation

• Protect human health and the environment
– Ensure that chemicals in the marketplace are reviewed for 

safety

• Challenging mission:
– Tens of thousand of chemicals are currently in use and 

hundreds are introduced annually
– Many have not been thoroughly evaluated for potential risk to 

human health and the environment
• Chemicals tested across species: Even more sparse



Reduce Animal Testing at the US EPA
• EPA Administrator Andrew Wheeler signed 

directive (Sept. 10th 2019) to reduce animal 
testing
– Calls for the Agency to:

• Reduce its request for, and funding of, mammal studies by 
30% by 2025

– That is ~5 years from today!
• Eliminate all mammal study requests and funding by 2035 

– That is ~15 years from today

How do we get there?
NAMs



Transformation of Toxicity Testing

Historically:
Whole animal test
• Observe Toxic Outcome

- Examples
• tumor development
• mortality

Resource intensive

Toxicity Testing in the 21st Century:

• In vitro and in silico methods

– Pathway-based approaches
– Focus on disturbance of the 

biological pathway
– Predictive of the observable 

toxic effects

New Approach Methods
(NAMs)

• Informatics
• High throughput
• Systems biology
• OMICs



Model Organisms for Toxicity Testing
– Assumed that sensitivity of species to a chemical is a function of their relatedness

• Human Health Risk Assessment

• Ecological Risk Assessment

Cannot Test

~=
Use of Surrogates

~=

Cannot Test
Representative species across a diversity of organism classes



Surrogates in 21st Century Chemical Safety

AOPs and pathway-based
approaches

HTSAI and Text Mining of Available Toxicity Literature
Is the model organism 

A good surrogate for the 
Species we are trying to protect?

Maybe

Could we gather evidence rapidly
to help us understand this question?

Absolutely!!!



Considering chemical sensitivity?
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



New Approach Methods: Species 
Extrapolation

• Focus on the molecular machine:  The Protein

– Large biomolecule assembled from amino acids encoded in genes

– Many functions (e.g., catalyze reactions, structural/mechanical functions, cell signaling, immune 
response, etc.)

New tools and technologies have emerged
• Improved sequencing technologies
• Large databases of sequence data

As of this week
~161 million Proteins
~98 thousand Species

A
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Primary Structure: Chain of amino acid residuesAmino acid

Tertiary Structure

• Evaluate protein similarity between species

– Moving away from empirical testing and qualitative understanding of molecular target 
(protein) conservation to quantitative measures



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









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 evaluation

30



Query Formulation Stage

• Needed information: Query Sequence

1. The chemical’s molecular (protein) target:
– Pharmaceuticals 

» https://www.drugbank.ca/
» http://sitem.herts.ac.uk/aeru/vsdb/index.htm
» http://bidd.nus.edu.sg/group/cjttd/TTD_HOME.asp

– Pesticides and other chemicals
» http://lilab.ecust.edu.cn/ptid/index.html
» http://www.t3db.ca/

– AOP initiators
» https://aopwiki.org/

– EPA tested chemicals
» https://comptox.epa.gov/dashboard

– Literature review
2. The target species or sensitive species 

• Case Study: 
– https://cfpub.epa.gov/ecotox/
– Literature review
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Level1: Primary Amino Acid Sequence 
Comparisons

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
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Evolutionary Biology: Ortholog Candidate

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

33



Ortholog Candidates and Predicting 
Susceptibility with SeqAPASS

• Ortholog = likely to maintain similar FUNCTION

Lowest % Similarity that is still an ortholog

Example:
Susceptibility Cut-off: Set at 33.15
Above cut-off: More likely to be susceptible base on similar FUNCTION

34

Common Name Ortholog Candidate Cut-off Percent Similarity

Human Y 33.15 100

Florida manatee Y 33.15 98.8

Mallard Y 33.15 82.29

Rock pigeon Y 33.15 80.93

Green anole Y 33.15 80.65

Pacific transparent sea squirt Y 33.15 33.15

Yesso scallop N 33.15 32.87

Purple sea urchin N 33.15 26.05

Human whipworm N 33.15 23.53

Bed bug N 33.15 21.62



Level 2: Functional domain comparisons

Primary Amino Acid Sequence
Query Sequence

Query Sequence domain
Hit domain
Hit domain
Hit domain

Bit Score
482.6
471.9
303.5
100.1

Percent Similarity
100
97.8
62.9
20.7

Percent Similarity = Hit Bit Score
Query Bit Score X 100 35



SeqAPASS output

• Tables of data (csv file format)

36

Data VersiNCBI  AcceProtein CoSpecies Ta  Taxonomic Filtered Ta  Scientific NCommon NProtein NaBLASTp BitOrtholog COrtholog CCut-off Percent Si Susceptibi  Analysis C Eukaryote
3 P10827.1 1151619 9606 MammaliaMammaliaHomo sapiHuman RecName:                      1014.99 Y 26 59.28 100 Y 2018 03 19 Y
3 XP_001088 87173 9544 MammaliaMammaliaMacaca muRhesus moPREDICTED        1013.06 Y 26 59.28 99.81 Y 2018 03 19 Y
3 XP_003414 32342 9785 MammaliaMammaliaLoxodonta African sav  PREDICTED         1000.35 Y 26 59.28 98.56 Y 2018 03 19 Y
3 XP_003510 121846 10029 MammaliaMammaliaCricetulus Chinese h PREDICTED        996.5 Y 26 59.28 98.18 Y 2018 03 19 Y
3 XP_016057 29924 291302 MammaliaMammaliaMiniopter  Common bPREDICTED        989.56 Y 26 59.28 97.49 Y 2018 03 19 Y
3 NP_112396 150717 10116 MammaliaMammaliaRattus norNorway rac-erbAalph    989.56 Y 26 59.28 97.49 Y 2018 03 19 Y
3 O97716.1 84581 9823 MammaliaMammaliaSus scrofa Pig RecName:                 987.64 Y 26 59.28 97.31 Y 2018 03 19 Y
3 NP_001300 306159 10090 MammaliaMammaliaMus musc House mo thyroid ho      986.87 Y 26 59.28 97.23 Y 2018 03 19 Y
3 XP_006971 45629 230844 MammaliaMammaliaPeromyscu   Prairie dee  PREDICTED        985.33 Y 26 59.28 97.08 Y 2018 03 19 Y
3 XP_004684 29273 143302 MammaliaMammaliaCondylura Star-nosed PREDICTED        984.17 Y 26 59.28 96.96 Y 2018 03 19 Y
3 XP_004591 26203 9978 MammaliaMammaliaOchotona American PREDICTED        982.25 Y 26 59.28 96.77 Y 2018 03 19 Y

SeqAPASS data (csv format) for all ToxCast Assays available through
The CompTox Chemistry Dashboard
https://comptox.epa.gov/dashboard

https://comptox.epa.gov/dashboard


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

Less likely to be Susceptible
(not likely conserved)



Level 3: Individual Amino Acid Residue 
Comparison

A1 A1 A1 A1 A1 A1

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 I’d be looking for:

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

This is not trivial….it can take some time to identify literature and formulate the Level 3 query 38



Level 3: Individual Amino Acid Residue 
Comparison

• 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.
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SeqAPASS can AUTOMATICALLY predict whether an amino acid difference is 
likely to change protein-chemical interaction.

Amino Acid 1-Letter Side Chain Class Molecular Weight 
(g/mol)

Aspartic Acid D Acidic 133.104
Glutamic Acid E Acidic 147.131
Alanine A Aliphatic 89.094
Glycine G Aliphatic 75.067
Isoleucine I Aliphatic 131.175
Leucine L Aliphatic 131.175
Proline P Aliphatic 115.132
Valine V Aliphatic 117.148
Asparagine N Amidic 132.119
Glutamine Q Amidic 146.146
Phenylalanine F Aromatic 165.192
Tryptophan W Aromatic 204.228
Tyrosine Y Aromatic 181.191
Histidine H Basic 155.156
Lysine K Basic 146.189
Arginine R Basic 174.203
Serine S Hydroxylic 105.093
Threonine T Hydroxylic 119.119
Methionine M Sulfur-Containing 149.208
Cysteine C Sulfur-Containing 121.154



Level 3: Individual Amino Acid Residue 
Comparison

40

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

Protein Shared 
Susceptibility

Position 
1

Residue Side Chain
Class

Match Size
(MW)

Match

Mouse protein Yes 101 F Aromatic Yes 165.192 Yes

Human protein Yes 101 F Aromatic Yes 165.192 Yes

Bird protein Yes 101 Y Aromatic Yes 181.191 Yes

Turtle protein Yes 101 R Basic No 174.203 Yes

Frog protein No 101 D Acidic No 133.104 No

Fish protein No 101 N Amidic No 132.119 No

Insect protein No 101 A Aliphatic No 89.094 No



Level 3: Individual Amino Acid Residue 
Comparison

41

This example compares protein targets from 6 different species to Mouse as the 
query species.

Protein Shared 
Susceptibility

Position 
1

Residue Side Chain
Class

Match Size
(MW)

Match

Mouse protein Yes 101 F Aromatic Yes 165.192 Yes

Human protein Yes 101 F Aromatic Yes 165.192 Yes

Bird protein Yes 101 Y Aromatic Yes 181.191 Yes

Turtle protein Yes 101 R Basic No 174.203 Yes

Frog protein No 101 D Acidic No 133.104 No

Fish protein No 101 N Amidic No 132.119 No

Insect protein No 101 A Aliphatic No 89.094 No



Level 3: Individual Amino Acid Residue 
Comparison

42

This example has 1 key amino acid position, but most proteins have 10 to 20 key 
positions that are directly involved in protein-chemical interactions.

Protein Shared 
Susceptibility

Position 
1

Residue Side Chain
Class

Match Size
(MW)

Match

Mouse protein Yes 101 F Aromatic Yes 165.192 Yes

Human protein Yes 101 F Aromatic Yes 165.192 Yes

Bird protein Yes 101 Y Aromatic Yes 181.191 Yes

Turtle protein Yes 101 R Basic No 174.203 Yes

Frog protein No 101 D Acidic No 133.104 No

Fish protein No 101 N Amidic No 132.119 No

Insect protein No 101 A Aliphatic No 89.094 No



Level 3: Individual Amino Acid Residue 
Comparison

43

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

Protein Shared 
Susceptibility

Position 
1

Residue Side Chain
Class

Match Size
(MW)

Match

Mouse protein Yes 101 F Aromatic Yes 165.192 Yes

Human protein Yes 101 F Aromatic Yes 165.192 Yes

Bird protein Yes 101 Y Aromatic Yes 181.191 Yes

Turtle protein Yes 101 R Basic No 174.203 Yes

Frog protein No 101 D Acidic No 133.104 No

Fish protein No 101 N Amidic No 132.119 No

Insect protein No 101 A Aliphatic No 89.094 No



Level 3: Individual Amino Acid Residue 
Comparison

44

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).

Protein Shared 
Susceptibility

Position 
1

Residue Side Chain
Class

Match Size
(MW)

Match

Mouse protein Yes 101 F Aromatic Yes 165.192 Yes

Human protein Yes 101 F Aromatic Yes 165.192 Yes

Bird protein Yes 101 Y Aromatic Yes 181.191 Yes

Turtle protein Yes 101 R Basic No 174.203 Yes

Frog protein No 101 D Acidic No 133.104 No

Fish protein No 101 N Amidic No 132.119 No

Insect protein No 101 A Aliphatic No 89.094 No



Level 3: Individual Amino Acid Residue 
Comparison

45

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.

Protein Shared 
Susceptibility

Position 
1

Residue Side Chain
Class

Match Size
(MW)

Match

Mouse protein Yes 101 F Aromatic Yes 165.192 Yes

Human protein Yes 101 F Aromatic Yes 165.192 Yes

Bird protein Yes 101 Y Aromatic Yes 181.191 Yes

Turtle protein Yes 101 R Basic No 174.203 Yes

Frog protein No 101 D Acidic No 133.104 No

Fish protein No 101 N Amidic No 132.119 No

Insect protein No 101 A Aliphatic No 89.094 No



APPLICATION OF SeqAPASS

46



Case studies: 17alpha-ethinyl estradiol  human estrogen receptor
Permethrin mosquito   voltage-gated sodium channel
17β-trenbolone bovine androgen receptor

Case studies: Diacylhydrazines and bisacylhydrazine tobacco budworm      ecdysone receptor
Neonicotinoids honey bee              nicotinic acetylcholine receptor
Strobilurin fungicides corn rust                     cytochrome b

Case study: Human estrogen receptor alpha

Case studies: Mouse acetylcholinesterase
Tobacco budworm ecdysone receptor

Case studies: All mammalian-based ToxCast Targets (484)
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SETAC EU Posters: Applications and future directions for the SeqAPASS tool



Demo SeqAPASS

• https://seqapass.epa.gov/seqapass/

• Getting started

– Download user guide

Terms
• Query protein sequence/species – the initial sequence/species submitted to SeqAPASS

• Hit protein sequence/species – all sequences/species that align with the query sequence/species

• Protein Accession – A unique identification tag given to every protein in the NCBI databases (e.g., 
ACD123211.2; NP_0000116.2)

• Domain Accession – A unique identification tag given to every protein domain in the NCBI 
Conserved Domain Databases (e.g., cd00891; pfam00067) 49

https://seqapass.epa.gov/seqapass/
https://scixchange.missouri.edu/blog-post/student%E2%80%99s-research-is-surprisingly-artsy-practical/
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&docid=-ct_HZq2B9YatM&tbnid=s79OFtnYLzYKRM:&ved=0CAUQjRw&url=http://thenextfamily.com/tag/featured/page/3/&ei=EvX0Ur2kB_a-sQSWw4GQCQ&bvm=bv.60799247,d.aWc&psig=AFQjCNEsAaom_toOzQ5xf35A3q1ECCrpzQ&ust=1391871606519634
http://recedingrules.blogspot.com/2011/07/silhouettes-xxi.html


Thank you for attending
Introduction to SeqAPASS

Contact with any questions:
LaLone.Carlie@epa.gov; Blatz.Donovan@epa.gov; or 

Vliet.Sara@epa.gov

50
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