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Background 

The SeqAPASS tool has been developed to predict across species relative intrinsic susceptibility 

to chemicals with known molecular targets (e.g., pharmaceuticals, pesticides) as well as evaluate 

conservation of molecular targets from high-throughput screening assays (i.e., U.S. Environmental 

Protection Agency ToxCast Program) and molecular initiating events (MIEs) and early key events in the 

adverse outcome pathway (AOP) framework, as a means to extrapolate such knowledge across species. 

The term ñrelativeò is used because it is recognized that molecular target similarity is one consideration, 

though an important one, for making predictions of susceptibility to a chemical. Other important 

considerations for susceptibility that are not evaluated using the SeqAPASS methodology include how 

well a chemical is absorbed, distributed, metabolized, and eliminated, life stage, and other life history 

traits. Also, ñrelativeò indicates that the determination of sequence similarity between proteins is based on 

comparison to a single protein sequence for a specific species. Additionally, we describe ñintrinsic 

susceptibilityò as the vulnerability (or lack thereof) of an organism to chemical perturbation due to its 

inherent biological composition.  

Cross-species comparisons of proteins can be conducted through examination of sequence and 

structural information, depending on how well the protein has been characterized and what is known 

about a chemical-protein interaction. SeqAPASS allows the user to assess various levels of protein 

sequence detail across species including comparisons of primary amino acid sequence (including ortholog 

detection), functional domain(s), individual amino acid residue positions, and structural similarity. Each 

level requires a greater understanding of the protein and its interaction with a chemical of interest (or 

similar ligand). 

Because human and veterinary drugs, as well as pesticides, are designed to act specifically on well 

characterized molecular targets, these chemical classes have proven useful for demonstrating the utility of 

the SeqAPASS tool and its application to various hazard assessment/research scenarios.  

The pertinent information necessary to begin a SeqAPASS query includes: the identification of a single 

(or multiple) query species and a query protein, which would be the molecular target(s) of interest (e.g., 

receptor or enzyme).  

 

The SeqAPASS algorithms mine, collect, and collate information from the National Center for 

Biotechnology Information (NCBI) protein database (http://www.ncbi.nlm.nih.gov/protein/), conserved 

domains database (http://www.ncbi.nlm.nih.gov/cdd/), taxonomy database 

(http://www.ncbi.nlm.nih.gov/taxonomy/), strategically utilizes the Stand-Alone Basic Local Alignment 

Search Tool for proteins (BLASTp) 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastDocs&DOC_TYPE=Download 

and the Constraint-based Multiple Alignment Tool (COBALT)  

(http://www.st-va.ncbi.nlm.nih.gov/tools/cobalt/re_cobalt.cgi). 

Advanced users can request Level 4 access for protein structure generation and alignment to gather 

additional lines of evidence toward conservation. Tools used for structural evaluation include: 

Iterative Threading ASSEmbly Refinement (I-TASSER, https://zhanggroup.org/I-TASSER/) for creation 

of protein structural models, AlphaFold (https://AlphaFold.ebi.ac.uk/), iCn3D for viewing and 

manipulating protein models, and other sources using PDB formated protein structures for structural 

alignment using TM-align (https://zhanggroup.org/TM-align/). 

 

 

http://www.ncbi.nlm.nih.gov/protein/
http://www.ncbi.nlm.nih.gov/cdd/
http://www.ncbi.nlm.nih.gov/taxonomy/
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastDocs&DOC_TYPE=Download
http://www.st-va.ncbi.nlm.nih.gov/tools/cobalt/re_cobalt.cgi
https://zhanggroup.org/I-TASSER/
https://alphafold.ebi.ac.uk/
https://zhanggroup.org/TM-align/
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Accessing SeqAPASS 

For optimal SeqAPASS performance use Chrome  

Access SeqAPASS using the following URL: https://www.seqapass.epa.gov/seqapass/ 

Returning Users 

Click ñLoginò 

 

Select either ñLogin with EPA LAN User ID & Passwordò or ñLogin with Single Sign-Onò. 

 

https://www.epa.gov/seqapass/
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First time users 

To request a username and password to access the SeqAPASS tool, select ñhereò below the login and 

follow the directions on the next page. The directions are different for the internal EPA user versus the 

external non-EPA user; however, the user type does not limit access to the tool. Everyone that requests an 

account will be given one in a timely manner. Individual accounts allow users to store all previous 

SeqAPASS runs. Once the user has obtained their username, external users will  select ñLogin with EPA 

LAN User ID and Password.ò 

 

On the Log in screen the user will provide the necessary Login information:  

 EPA User: EPA LAN User ID & Password or Login with Windows Single Sign-On   

 External User: Username and Password 

 

Upon creating your password, login to SeqAPASS as described above for Returning Users. To change a 

password at any time, go to waa.epa.gov and select ñUser Profileò to reset. The user will then use the new 

password to login. 

 

Messages from the SeqAPASS development team 

Look for messages about planned version releases, data updates, and/or fixes to the SeqAPASS tool. 

These will occasionally be displayed below the SeqAPASS banner when the development team has 

information to share with SeqAPASS users. 
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SeqAPASS Home Tab  

The ñHomeò tab indicates who is logged in to the tool (right-hand of the screen) and contains links to 

obtain information about the SeqAPASS tool (About SeqAPASS), including contact information for 

support and references to published articles describing the SeqAPASS tool and its applications. Other 

relevant references to databases and tools are also referenced. A link to the SeqAPASS User Guide can 

also be found on this page. To Submit a Comment/Question click on the ñSubmit Comment/Questionò 

link to email the developer. The ñLog outò icon in upper right-hand corner of screen can be clicked at any 

time to log out. ñInformationò buttons are present throughout SeqAPASS to give the user additional 

information or instruction regarding features and functionality of the tool. ñExitò buttons are also present 

by each external (non-EPA) link that takes the user to a page NOT maintained by the EPA. 

 

Request SeqAPASS Run Tab 

Clicking the ñRequest SeqAPASS Runò tab opens a page to enter the query information necessary for a 

SeqAPASS run. Each section of the ñRequest SeqAPASS Runò will be described below: 
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Identify a Protein Target 

SeqAPASS is designed to predict cross species chemical susceptibility. Protein targets are often decided 

based on chemical, adverse outcome pathway (AOP), or high-throughput screening (HTS) assay target. 

Resources have been provided, as links, to aid the user in searching for appropriate protein targets and can 

be accessed by selecting the drop-downs found in the ñIdentify a Protein Targetò box. 

 

Select Search  

There are two options for entering query information: ñBy Speciesò or ñBy Accessionò (See radio buttons 

to the right of ñSelect Searchò). Selecting ñBy Speciesò will allow the user to enter text and select from a 

dropdown list of species and then select a protein from any sequence available for that species in the 

NCBI protein database. Selecting ñBy Accessionò allows the user to enter a NCBI protein accession. 
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Query ñBy Speciesò  

Type the name of the query species of interest in the ñQuery Species Searchò text box. The species 

common name, scientific name, or Taxid (ID number derived from the NCBI taxonomy database) may be 

typed into the search bar. This is the species you would like to compare all other species to. The search 

bar has an auto-complete function and will generate a list of species with corresponding Taxid. When text 

is typed into the search bar, the auto-complete function queries the database in the order of ñstarts withò 

then ñcontains.ò If an integer is typed in the search bar the auto-complete function queries the database in 

the order of ñTaxidò, ñstarts withò, then ñcontains.ò  

 

Note: The user can also use the NCBI taxonomy database to identify query species using the NCBI link 

on the right-hand side of the ñAdd Query Speciesò button. 

Select species of interest by clicking on the name in the drop-down box. Once species is selected, click 

ñAdd Query Speciesò button. This advances the species of interest to the ñQuery Speciesò box and fills 

the ñQuery Proteinsò box with all available protein sequences for that species from the NCBI protein 

database (although the box only displays the initial 200 proteins/species based on lowest numerical 

accession number). The protein list includes the protein NCBI accession, protein name, and species 

scientific name. 
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To filter the query protein list, type the query protein name or partial name in the ñQuery Protein Searchò 

box and click the ñFilter Proteinò button. This action will filter the protein list in the ñQuery Proteinsò box 

to only display proteins that contain the user defined text (this search query does not contain an autofill 

feature due to the filter feature). Proteins will be listed in alphabetical order based on NCBI accession 

Example: typing ñestrogenò retrieves all proteins that contain the word ñestrogenò in the protein name 

(the user can scroll to identify proteins of interest).  

 

Note: To explore details associated with a protein of interest, click the ñNCBI Protein Databaseò link to 

the right of the ñFilter Proteinò button to open NCBI proteins database (See SeqAPASS Documentation 

section of user guide for details about searching for query proteins using NCBI database). 

Highlight the protein or proteins of interest in the ñQuery Proteinsò box and click ñAdd Selected 

Protein(s)ò button. This moves the protein(s) of interest to the ñFinal Query Protein(s)ò box. To remove 

proteins from the ñFinal Query Protein(s)ò box highlight those to be removed and click the ñRemove 

Selected Protein(s)ò button. Select ñRemove All Proteinsò to discard all proteins from ñFinal Query 

Protein(s)ò box. The clear button removes all information previously entered on the ñRequest SeqAPASS 

Runò page.  
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Once the user identifies the protein(s) to be queried, select ñRequest Run.ò A message will briefly appear 

in upper right-hand corner of the screen for 10 seconds to alert the user of the request status.  

 

Multiple proteins can be added to the final list for multiple SeqAPASS runs. If another query species is 

desired, return to ñQuery Species Searchò to select the next species. Follow the process described above 

for selecting the proteins associated with this species. The proteins populated in the ñQuery Proteinsò box 

will always be associated with the species highlighted in the ñQuery Speciesò box. 

Note: In the current version of SeqAPASS, PLEASE do not request more than 10 query proteins at a 

time to avoid longer wait times for the completion of a run.  

 

Note: A user may check the progress of the run by clicking on the ñSeqAPASS Run Statusò tab. (See 

SeqAPASS Run Status section of the user guide for more information)  
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Query ñBy Accessionò  

Users familiar with the NCBI database can utilize NCBI protein accessions (e.g., NP_000116.2) to query 

the SeqAPASS tool. This is done by selecting the ñBy Accessionò radio button to the right of the ñSelect 

Searchò text on the ñRequest SeqAPASS Runò page.  

 

Upon selecting the ñBy Accessionò radio button, a new query page will be displayed. Type the NCBI 

protein accession (e.g., NP_000116.2) for the protein of interest (this Accession comes from the NCBI 

protein database; See ñSeqAPASS Documentationò for details) in the ñNCBI Protein Accessionò box. If 

desired, more than one NCBI Accession may be entered into the ñNCBI Protein Accessionò box by 

clicking the enter key after each additional NCBI Accession entry. 

Upon clicking the ñNCBI Protein Accessionò text box, a pop-up message will appear in the middle of the 

text box, to provide an example for the proper format of Accessions to be entered.  

 

 
Note: To avoid longer wait times for the completion of a run, in the current version of SeqAPASS, please 

do not request more than 10 NCBI Accessions at a time.  
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After the NCBI accession(s) of interest have been typed in the ñNCBI Protein Accessionò box, click the 

ñRequest Runò button. To remove proteins from the ñNCBI Protein Accessionò box click the ñClearò 

button. A message will briefly appear in the upper right-hand corner of the screen to alert the user of their 

run request status. 

 

Note: All NCBI Accessions can include the version number (one digit after the decimal place, e.g., 

NP_000116.2). Otherwise, if the version is not included, the most recent version of the accession will be 

queried automatically. 

SeqAPASS Run Status 

Level 1 SeqAPASS (primary amino acid sequence comparisons) status is displayed as the default. The 

Accession in the column ñLevel 1 Query Accessionò is that selected and queried by the user. For a query 

to finish it must display ñcompleteò in the BLASTp column, 100% in the ñCommon Domainsò column, 

and 100% in the ñOrtholog Candidateò column. The ñCommon Domainsò column displays the % 

completion for running Reverse Position Specific (RPS)-BLAST (Default E-value of Ò0.01) on the 

Accessions from the Level 1 Full Report. RPS-BLAST, and therefore ñCommon Domainsò status, will 

take the longest to complete. The ñOrtholog Candidateò column displays the % completion for running a 

reciprocal best hit BLAST evaluation for each hit sequence. The status for the ñBLASTpò column is 

described as ñstarted,ò ñanalyzing,ò or ñcomplete.ò If the userôs successfully submitted query has entered 

the run queue, the position of the submitted query in the queue will be indicated in the column (e.g., 2nd in 

queue). The ñCommon Domainsò and ñOrtholog Candidateò columns will also describe the position of 

the userôs submitted query in the run queue. Once the run has begun processing, the % completed for 

RPS-BLAST or reciprocal best hit BLAST, respectively, will be displayed. Please see example below: 
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The user can view the status of requested SeqAPASS runs. Each Run is assigned a unique ñSeqAPASS 

Run Id.ò A Run is considered a query that was requested either individually or as a batch in the ñRequest 

SeqAPASS Runò tab. The user can view run start and end dates/times, and the duration of the run. (See 

Search, View, and Download Data Tables section of user guide for more information). The ñData 

Versionò column indicates which version of NCBI data is being used (See ñAboutò page for details on 

Data Versions) 

The user is also able to view the status of Level 2 (Functional domain(s)), Level 3 (individual amino acid 

residue alignments), and Level 4 (FASTA, I-TASSER, and TM-align results).  

View Level 2 Status by selecting the radio button. Also, while viewing the page, the user can click the 

ñRefresh Dataò button to refresh the data. ñLevel 1 Query Accessionò column displays the NCBI 

accession selected and queried by the user. Please see below: 
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View Level 3 Status by selecting the radio button. ñLevel 1 Query Accessionò column displays the NCBI 

accession selected and queried by the user. The ñJob Nameò is the user defined name chosen to describe 

the Level 3 alignment. Also, while viewing the page, the user can click the ñRefresh Dataò button to 

refresh the data. Please see below: 

 

 

View Level 4 Status by selecting the radio button. ñLevel 1 Query Accessionò column displays the NCBI 

accession selected and queried by the user. The ñJob Nameò is the user defined name chosen to describe 

the Level 4 FASTA Prioritization. While viewing this page the user may click the ñRefresh Dataò button 

to refresh the data. This page will display the status of each component of the Level 4 jobs from FASTA, 

I-TASSER, and TM-align. 
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To return to previous tabs click on ñHome,ò ñRequest SeqAPASS Run,ò or ñSeqAPASS Run Statusò 

tabs. 

 

 

 

View SeqAPASS Reports Tab 

The ñView SeqAPASS Reportsò tab provides a table of completed SeqAPASS runs. From this page the 

user can choose to either ñView Reportò or ñSave Report(s).ò  

 

The completed runs, by default, are listed in the order in which they were completed, with the most recent 

runs at the top. The table includes information for each run, such as SeqAPASS Run ID (unique for every 

run regardless of if it is the same protein/species combination ran twice), Data Version, Ortholog Count 

(number of orthologs detected from the aligned hit sequences in Level 1; see Detailed Documentation 

page 79), NCBI Accession, Query Protein Name, taxonomy information for the query species, and the 

date/time of run completion.  

While viewing the page, the user can click the ñRefresh Available Reportsò button to refresh the table 

with additional completed runs. Partial protein sequences are highlighted in yellow as illustrated in the 
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example below. (See Search, View, and Download Data Tables section of user guide for more 

information). 

 

View Report 

To select a completed run and view Level 1 data, select the corresponding radio button in the first column 

of the table and click ñRequest Selected Report.ò This will open the Level 1 page to view the Level 1 data 

and to set up queries for Level 2, Level 3, and Level 4. 

Note: The user MUST select a radio button PRIOR to clicking ñRequest Selected Report.ò If the user 

fails to select a radio button and clicks ñRequest Selected Reportò a Spinning Wheel will appear and 

disappear, and no completed run will be opened. Further, there is no pop-up message indicating that the 

user did not select a radio button.  
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Save Report(s) 

To download completed Level 1, 2, and3 data, select the ñSave Report(s)ò radio button. Upon doing so 

the user can select which accession(s) to download by clicking the checkbox in the first column of the 

table associated with desired accession and click ñSave Selected Report(s).ò  

 

 

 

A WinZip file will be created for all the selected Reports.  
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A pop-up seqapass.zip file should appear with data files for each selected report. The naming convention 

is the NCBI Protein Accession and the Data Version (e.g., AAG31441.2_v6). 

 

By clicking on one of the Reports for a Protein Accession_version, all available files for each Level of the 

SeqAPASS evaluation are available. 

Note: This download includes default settings only. If susceptiblity cut-off or any defaults were 

manipulated on Level 1 or 2 pages they will NOT be downloaded here and can ONLY be downloaded 

directly from the Level 1 or Level 2 page where the setting was manipulated by the user. Also, data 

visualizations can ONLY be downloaded from the Level 1 and 2 pages. They DO NOT populate in the zip 

file folders. 

 

By selecting ñLevel1Reportsò, both full and primary reports are available as csv files as well as a graphic 

of the density plot for determining the susceptibility cut-off. 
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By selecting ñLevel2Reportsò, all completed domain comparisons will be available and named by NCBI 

domain accession with the starting amino acid residue position for the domain (e.g., pfam00001(54)). 
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Upon selecting a domain file to view, both full and primary reports are available as csv files as well as a 

graphic of the density plot for determining the susceptibility cut-off. 

 

By selecting ñLevel3Reportsò, all user defined Level 3 alignments are available as csv. 

Note: These csv files show the alignments across the entire sequence, not just those amino acid residues 

selected by the user.  
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Level 1: Primary Amino Acid Sequence Alignment  

From the ñView SeqAPASS Reportsò tab, upon selecting a radio button and clicking ñRequest Selected 

Reportò the Level 1 data will be displayed.  

The ñLevel 1 Query Protein Informationò box contains the SeqAPASS Run ID, Query Accession, 

Ortholog Count (# of hits identified as ortholog candidates to the query species protein sequence), NCBI 

Data updates (ñProtein and Taxonomy Data:ò displays the date that NCBI databases were downloaded 

and incorporated into the SeqAPASS database; ñBLAST Version:ò and ñSoftware Version:ò display the 

versions being used by the SeqAPASS tool for the selected data), Query Species, and Query Protein. 

Other information in this box will be described below. 

 

The default table displayed at the bottom of the page is the ñPrimary Reportò, which includes query 

protein information in the first row below the column titles, followed by hit proteins whose sequences 

aligned with the query protein. The hit proteins are ordered from the highest to lowest percent similarity 

(Maximum percent similarity =100%). For each hit protein, Data version, NCBI Accession and species 

information is provided including the ñProtein Countò which indicates the number of protein records per 

species in the NCBI protein database, taxonomic information (See Primary Report Settings section 

below in user guide for more detail on ñTaxonomic Groupò versus ñFiltered Taxonomic Groupò 

columns), and species names. Also included are the NCBI protein accession, protein name, BLASTp 

bitscore (describes overall quality of the alignment, See NCBI BLASTp tutorials), and percent similarity 

([hit bitscore/query bitscore]*100). If the hit protein has been identified as an ortholog candidate (using 

reciprocal best hit blast method), it will be noted with a ñYò for yes or if not an ortholog candidate, a ñNò, 

for no. If the hit protein is predicted to be susceptible according to the susceptibility cut-off criteria, that 

will also be noted with a ñYò for yes or alternatively an ñNò for no. The date the analysis was completed 

is also identified. The data also includes a column describing the number of ortholog candidates identified 

using the reciprocal best hit BLAST method. The susceptibility cut-off is also listed in a column. The cut-

off is determined through identifying local minimums in the density plot of the percent similarity values 

for the primary report data set and evaluation of ortholog candidates. Additionally, there is a column that 

identifies if the species is a Eukaryote noted with a ñYò for yes or alternatively an ñNò for no. Links out 

to the NCBI Protein Database, NCBI Taxonomy Database, and ECOTOX Knowledgebase (specific to the 

data row) are embedded in the Level 1 data table for ñNCBI Accession,ò ñSpecies Tax ID,ò ñScientific 

Name,ò ñProtein Nameò, and ñECOTOXò columns. (See Search, View, and Download Data Tables 

section of user guide for more information). 
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Default highlights identify partial protein sequences, sequences with a bitscore higher than the query 

sequence and therefore percent similarity greater than 100% (commonly synthetic constructs), and when 

zero ortholog candidates are identified (in this case a user should consider a different query sequence or 

check the full report). Please see Susceptibility Cutoff Box for Level 1 section of user guide for details 

when no orthologs are detected. Additionally, the default setting for the report shows only eukaryote data 

if a eukaryote is selected as the query protein, excluding prokaryote data from the table with the ñShow 

Only Eukaryotesò checkbox checked. To view prokaryote data, deselect this checkbox. If a prokaryote is 

selected as the query protein, the default setting will include both eukaryote and prokaryote data and the 

ñShow Only Eukaryotesò checkbox will not be selected. To limit the data to eukaryotes only, the user 

would check the ñShow Only Eukaryotesò checkbox. 

Columns in left side of table: 

 

Columns in right side of table:  
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Level 1: Primary Report Settings      

Default settings 

The ñPrimary Report Settingsò drop down allows the user to view default settings on the table below and 

manipulate certain settings. ñPrimary Report Settingsò are only available on the ñPrimary Reportò 

display, not the ñFull Report.ò The default settings show data for hits whose E-value are Ò 0.01 and have 

been identified to have Ó 1 domain in common with the query sequence. The default setting for the 

ñSorted by Taxonomic Groupò is ñclass,ò therefore the ñFiltered Taxonomic Groupò column in the table 

is set to identify and report the taxonomic lineage of ñclassò from the NCBI Taxonomy Database. 

However, if class is not identified in the NCBI Taxonomic Hierarchy associated with the hit accession, 

then the algorithm will report the next available Taxonomic Group moving from class to subclass, to 

superorder, to order, to suborder, to superfamily, to family, to subfamily, to genus. Finally, the 

susceptibility predictions are set by using species read-across. (Please view Documentation Section of 

the User Guide for details on Read-Across settings). Briefly, Species Read-Across is used to set the 

susceptibility prediction, where all ortholog candidates are Susceptible = Y; all species listed above the 

susceptibility cut-off are Susceptible = Y; all species below the cut-off from the same taxonomic group of 

one or more species above the cut-off are Susceptible = Y; and those below the cut-off that are not 

ortholog candidates and do not belong to a taxonomic group above the cut-off are Susceptible = N.  

 

Changing Default Settings 

The ñE-valueò and ñCommon Domainsò settings can be manipulated by the user by entering the desired 

E-value or number of Common Domains in the respective text boxes and clicking ñUpdate Report.ò The 

table and data visualization will automatically be updated after a few seconds. The user may choose to 

change the level of the taxonomic hierarchy that is used for the susceptibility prediction. From the ñSorted 

by Taxonomic Groupò dropdown the user may choose to display a different taxonomic group in the 

ñFiltered Taxonomic Groupò column of the data table. 
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If the user chooses ñorderò for example, the ñFiltered Taxonomic Groupò column in the data table will 

report the taxonomic lineage of ñorderò from the NCBI Taxonomy Database and all species read-across 

for the susceptibility prediction will be based on order instead of class. The data visualization will also 

update. As described previously, if order is not identified in the NCBI Taxonomic Hierarchy associated 

with the hit accession, then the algorithm will report the next available taxonomic group moving from 

suborder, to superfamily, to family, to subfamily, to genus. Upon selecting the taxonomic group from the 

dropdown and clicking ñUpdate Report,ò the Level 1 Data for the Primary Report will update to the 

selected taxonomic level. 

 

 

Level One Summary Report 

The user can view a summary of the data for each taxonomic group by clicking on the ñView Level 1 

Summary Reportò button. The data includes, number of species, mean percent similarity, median percent 

similarity and susceptibility prediction. This data can also be downloaded.  
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The user may also choose to turn species read-across off, by using the ñSpecies Read-Acrossò drop-down 

and selecting ñNoò and clicking ñUpdate Report.ò When ñNoò is selected, the susceptibility predictions 

will only be ñYò in the table below if Percent Similarity is above the Cut-off or if the hit is identified as 

an Ortholog Candidate, yes or ñY.ò Any hit below the cut-off will yield a susceptibility prediction of no 

or ñN.ò 

 

The user can select the ñFull Reportò on the ñLevel 1ò page, which includes the same information as the 

ñPrimary Reportò and additional information pertaining to the alignment of the protein sequence using 

BLASTp. Additional information includes the number of amino acid residues in the sequence (Hit 

Length), the number of exact matching amino acids between the hit and query sequence (Identity), the 

number of exact and similar matches in amino acids between the hit and the query sequence (Positives), 

the expect value (E-value) describing the number of different alignments expected to occur in the 

database search by chance, and the conserved domain count. The conserved domain count identifies all 

domains associated with the query protein in the NCBI conserved domains database (Specific hits, Non-

specific hits, Superfamilies, and Multi-domains; See NCBI conserved domains database for details). 

SeqAPASS algorithms record the query sequence coverage of each curated domain and compares that 

coverage to that of the hit sequence. If the hit sequence covers the curated domain greater than or equal to 
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the query sequence, then the domain is considered a common domain between the hit and query. The 

number of common domains comparing each hit sequence to the query sequence are summed and 

reported. This column displays ñ0ò when the hit protein and query protein do not have any common 

domains. (See Search, View, and Download Data Tables section of user guide for more information). 

The user can also download the currently applied report settings by selecting the ñDownload Current 

Level 1 Report Settings.ò This csv allows the user to track which settings were used or changed by the 

user when downloading a data table. 

 

Note: SeqAPASS v2.0 and newer parse the BLASTp query and hit accessions to identify all the 

species/accessions from identical proteins. Therefore, if a hit sequence represents multiple species, all 

species with the identical sequence will be found in the data tables for Level 1. To determine which 

sequence/species was identified from BLASTp as a hit and which sequence/species was parsed from the 

identical sequence, view the ñFull Reportò for Level, column ñIdentical Protein,ò where ñNò is indicative 

of the original hit sequence and ñYò is the parsed sequence. 

 

 

When downloading the current Level 1 report settings, the following information will be present in the 

csv file. If the user decides to change the default settings, the csv file can be utilized for quick information 

if the SeqAPASS page is no longer open. 
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Susceptibility Cutoff Box for Level 1 

 The susceptibility prediction is determined by identifying ortholog candidates, sequences above a defined 

susceptibility cutoff, or by identifying those species below the susceptibility cut-off from an organism 

class above the susceptibility cutoff. The default susceptibility cut-off is set by plotting the distribution of 

percent similarities calculated for each hit protein. From this plot, the critical points are identified, and the 

local minimums and maximums reported. Using the ortholog candidate data, a susceptibility cut-off is 

automatically determined by identifying the first ortholog candidate at an equal or higher percent 

similarity than the first local minimum. The user can view this graph by clicking the ñCutoff Settingsò 

button in the ñSusceptibility Cut-offò box, which will open a new tab in the web browser. The ñSelect 

Cut-Offò drop-down can allow the user to select between the default cut-off, the 2nd local minimum or a 

user defined cut-off. The 2nd susceptibility cut-off is identified in the density plot by finding the 1st 

ortholog candidate at an equal or higher percent similarity to that of the 2nd local minimum. Upon 

selecting the User defined cut-off from the dropdown, the user can view and closely examine the density 

plot and manipulate the cut-off. The ñEnter Cut-offò text box becomes active and the user can enter a 

number 1-100. To update the cut-off in the Level 1 data report and/or close the cutoff tab and return to the 

Level 1 page, click ñUpdate Cut-offò button. 

 

Note: The user should have a justification for changing the susceptibility cut-off, either based on 

evaluation of Ortholog cutoffs in the data visualization or from empirical evidence.  

 

All potential susceptibility cut-offs generated by the data distribution and ortholog candidate 

identification are reported in the table with columns ñCut-off #ò and ñSusceptibility Cut-offò. The user 

can use these numbers to define a cut-off if empirical evidence suggests that the ñDefaultò or ñ2nd 

minimumò are not supported. 
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No Orthologs Detected 

 

If no orthologs are detected from reciprocal best hit blast analysis, the ñOrtholog Countò will be ñ0ò at the 

top of the ñLevel 1 Query Protein Informationò page. The cutoff will be set by the local minimums only, 

therefore the susceptibility prediction will NOT consider ortholog candidates. It is recommended that the 

user checks the full report for ortholog candidates or identifies a different query sequence for the 

susceptibility predictions. Here, the susceptibility predictions will be highlighted in dark pink in the Level 

1 data table to indicate that 0 orthologs were detected and the susceptibility cutoff was determined from 

plotting the distribution of percent similarities and identifying the local minimums.  

 

Note: De-select the ñShow Only Eukaryotesò checkbox to see if prokaryotes were identified as orthologs. 

By clicking on the ñCutoff Settingsò button when no orthologs are detected, the ñCut-off #ò and 

ñSusceptibility Cut-offò columns will report only the local minimum values. 
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From the ñLevel 1ò page the user can return to the list of completed SeqAPASS runs by clicking the 

ñMainò button on the upper left-hand side of the ñLevel 1 Query Protein Informationò page. 
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ECOTOX Widget 

The ECOTOX widget gives the user the option to create a species and chemical filter that will link out to 

ECOTOX. The widget allows for rapid access of curated empirical toxicity data from the 

ECOTOXicology (ECOTOX) Knowledgebase (https://cfpub.epa.gov/ecotox/) that can be compared to 

sequence-based predictions of chemical susceptibility from SeqAPASS results. In the ñLevel 1 Dataò 

table header, the ñECOTOX Widgetò button can be clicked and will open a widget that is populated with 

all the taxonomic groups and species from the Level 1 Data table. 

 

Select Species 

Taxonomic groups that are present within the ñSelect Speciesò section of the ECOTOX widget are those 

found in the Level 1 Data table and Boxplot. Default settings auto select those taxonomic groups and 

species in common with ECOTOX. The user can select/deselect taxonomic groups of interest in the 

ñSelect Taxonomic Groups (CLASS)ò box. Additionally, species can be selected/deselected in the ñSelect 

Speciesò box. Taxonomic groups and Species whose selection box is displayed greyed out, are not found 

in ECOTOX.  The maximum number of species that can be pushed to the ECOTOX filter is 500. (Note: 

common species include those that are in the ECOTOX database, which does NOT mean they have 

toxicity records associated with them in ECOTOX.). Upon selecting species for comparison in ECOTOX, 

the user clicks on the ñPush NCBI Tax IDsò button to advance to the ñSelect Chemicalsò feature of the 

widget. 

 

  

https://cfpub.epa.gov/ecotox/
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Select Chemicals (Optional) 

The ñSelect Chemicalsò feature of the ECOTOX widget is optional and can skipped by selecting the 

ñOpen in ECOTOXò button. Chemicals can be searched by typing 3 letters of the chemical name which 

will then populate with the top 100 hits containing those 3 letters. The chemical will appear and display 

the CASRN number following the name. Up to 5 chemicals can be included in the ECOTOX filter. 

Unwanted chemicals can be individually removed by selecting chemical and then clicking the ñRemove 

Selected Chemicalsò or all chemicals can be removed by clicking the ñRemove All Chemicals.ò There are 

links to the ñCompTox Chemical Dashboardò and ñECOTOX Chemicals,ò which open the respective 

databases in separate browser tabs to aid in finding chemicals of interest. To push the created filtered 

group to the ECOTOX Explore page, click the ñOpen in ECOTOXò button. Clicking the button will open 

up a separate browser tab that will incorporate the user customized group within the ECOTOX webpage. 

The selected species will be added to an ECOTOX Custom Species Group with the selected chemicals 

used as a filter in Explore for the user to view and download records from ECOTOX. 

 

Level 2: Functional Domain(s) Alignment 

In the ñView SeqAPASS Reportsò tab, on the ñLevel 1 Query Protein Informationò page, there is a 

ñLevel 2ò box for comparing hit domains to the query domain. In the ñLevel 2ò dropdown box, there is a 

link out to the ñNCBI Conserved Domain Databaseò for the query protein of interest. Below this link the 

user will find a drop-down containing functional domains associated with the query sequence for 

comparison across species.  
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In the drop-down box (below the words ñFunctional Domainsò) the user will find all domains associated 

with the query protein listed in the ñNCBI Conserved Domains Databaseò. To compare a domain from the 

query protein to domains of the hit proteins, the user will use the drop-down to highlight a domain and 

click the ñRequest Domain Runò button. 

Note: Domains in the drop-down are listed with the first amino acid residue position that aligns with the 

NCBI curated domain in parenthesis, followed by the NCBI domain Accession, domain name, and 

description.  

  

Note: The user can also use the text box on the top of the drop-down to search the ñFunctional Domainò 

list in the drop-down. 

It is recommended that the user click on the ñNCBI Conserved Domains Databaseò 

http://www.ncbi.nlm.nih.gov/cdd/ link to identify which domains are ñSpecific hitsò in the NCBI 

Conserved Domains Database. On the NCBI page, the user can scroll over the graphical representation of 

the domains associated with the query sequence to highlight and identify the Accession associated with 

domain ñSpecific hits.ò The example below shows the user hovering over the NR_LBD_ER domain with 

the computer mouse. 

 

http://www.ncbi.nlm.nih.gov/cdd/
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After identifying the domain(s) of interest and the corresponding starting residue and domain Accession, 

the user can return to the SeqAPASS tool, scroll to the domain of interest in the drop-down. If that 

domain has not been previously run by the user, the ñRequest Domain Runò button will become active 

and the user can click it to submit the domain query. 

  

When user clicks the ñRequest Domain Runò button, the following message will appear if the runs has 

been submitted successfully. 

 

When sequence comparisons have completed for the selected functional domain, the domain will be 

present in the ñView Level 2 Dataò drop-down. The drop-down is not automatically populated with the 

completed domain run. The user must click on the ñRefresh Level 2 and 3 runsò button to update the 

page for the newly completed domain to present itself in the Choose Domain to View drop-down.  

To view a completed Level 2 domain, highlight the domain of interest in the drop-down box and click the 

ñView Level 2 Dataò button. This will bring the user to the ñLevel 2ò data page for the selected query 

protein/domain.  

Note: The user can also use the text box on the top of the drop-down to search the ñCompleted Domainò 

list. 
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View Level 2 Data Page 

The ñLevel 2 Query Domain Informationò box contains the SeqAPASS Run ID, Query Accession, 

Ortholog Count (# of hits identified as ortholog candidates to the query species protein sequence), NCBI 

Data updates (ñProtein and Taxonomy Data:ò and ñCDD Data:ò display the dates that NCBI databases 

were downloaded and incorporated into the SeqAPASS database; ñBLAST version:ò and ñSoftware 

Version:ò displays the version being used by the SeqAPASS tool for the selected data), Query Species, 

Query Domain (with link out to NCBI domain page), Query Protein name.  

 

The default ñLevel 2ò table is the ñPrimary Reportò, which includes query domain information in the first 

row below the column titles, followed by hit domains whose sequences aligned with the selected query 

domain. The hit domains are ordered from the highest to lowest percent similarity (Maximum percent 

similarity =100%). For each hit domain, Data Version, NCBI Accession and species information is 

provided, including the ñProtein Countò which indicates the number of protein records per species in the 

NCBI protein database, taxonomic information, and species names. Also included are the NCBI accession 

for the query protein, query protein name, Domain Type, BLASTp bitscore (describes overall quality of 

the alignment, See NCBI BLASTp tutorials), and Domain percent similarity ([hit bitscore/query 

bitscore]*100). If the hit protein has been identified as an ortholog candidate (using reciprocal best hit 

BLAST method), it will be noted with a ñYò for yes or if not an ortholog candidate, a ñNò, for no.   

A prediction of susceptibility is displayed based on the susceptibility cut-off, identified with a ñYò for yes 

or an ñNò for no. The date/time the analysis was completed is also identified. (See Search, View, and 

Download Data Tables section of user guide for more information). There is a column that identifies if 

the species is a eukaryote, noted with a ñYò for yes or alternatively a ñNò for no if the hit is a prokaryote. 

Additionally, a column with a link to the U.S. EPA ECOTOX Knowledgebase 

(https://cfpub.epa.gov/ecotox/help.cfm) is available when there are empirical toxicity data curated for the 

species identified in the row. This link allows the user to view available single chemical toxicity data 

from the literature for specific species. 

Default highlights identify partial protein sequences, sequences with a bitscore higher than the query 

domain and therefore percent similarity greater than 100% (commonly synthetic constructs), and when 

zero ortholog candidates are identified (in this case a user should consider a different query sequence). 

Additionally, the default setting for the report shows only eukaryote data, excluding prokaryote data from 

the table with the ñShow Only Eukaryotesò checkbox checked. To view prokaryote data, deselect this 

checkbox.  

https://cfpub.epa.gov/ecotox/help.cfm
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Level Two Summary Report 

The user can view a summary of the data for each taxonomic group by clicking on the ñView Level 2 

Summary Reportò. The data includes, number of species, mean percent similarity, median percent 

similarity and susceptibility prediction. This data table can also be downloaded.  
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Level 2: Primary Report Settings 

Default settings 

The ñPrimary Report Settingsò box allows the user to view default settings on the table below and 

manipulate certain settings. The ñPrimary Report Settingsò box is only available on the ñPrimary Reportò 

display. The default settings show data for hits whose E-value are Ò 10. The default setting for the ñSorted 

by Taxonomic Groupò is ñclass,ò therefore the ñFiltered Taxonomic Groupò column in the table is set to 

identify and report the taxonomic lineage of ñclassò from the NCBI Taxonomy Database. However, if 

class is not identified in the NCBI Taxonomic Hierarchy associated with the hit accession, then the 

algorithm will report the next available Taxonomic Group moving from class to subclass, to superorder, 

to order, to suborder, to superfamily, to family, to subfamily, to genus. Finally, the susceptibility 

predictions are set by using Species Read-Across. (Please view SeqAPASS Documentation Section of 

the User Guide for details on Read-Across settings). Briefly, ñSpecies Read-Acrossò is used to set the 

susceptibility prediction, where all ortholog candidates are Susceptible = Y; all species listed above the 

susceptibility cut-off are Susceptible = Y; all species below the cut-off from the same taxonomic group of 

one or more species above the cut-off are Susceptible = Y; and those below the cut-off that are not 

ortholog candidates and do not belong to a taxonomic group above the cut-off are Susceptible = N.  

 

Changing Default Settings 

The user may choose to change the level of the taxonomic hierarchy that is used for the susceptibility 

prediction. From the ñSorted by Taxonomic Groupò dropdown the user may choose to display a different 

taxonomic group in the ñFiltered Taxonomic Groupò column of the data table. 
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If the user chooses ñorderò for example, the ñFiltered Taxonomic Groupò column in the data table will 

report the taxonomic lineage of ñorderò from the NCBI Taxonomy Database and all species read-across 

for the susceptibility prediction will be based on order instead of class. As described previously, if order 

is not identified in the NCBI Taxonomic Hierarchy associated with the hit accession, then the algorithm 

will report the next available Taxonomic Group moving from suborder, to superfamily, to family, to 

subfamily, to genus. Upon selecting the Taxonomic Group from the dropdown and clicking ñUpdate 

Report,ò the ñLevel 2ò data for the Primary Report will update to the selected taxonomic level. The user 

can also download the currently applied report settings by selecting the ñDownload Current Level 2 

Report Settingsò. This csv file allows the user to track which settings were used or changed by the user 

when downloading a data table. 

 

The user may also choose to turn species read across off, by using the ñSpecies Read-Acrossò drop-down 

and selecting ñNoò and clicking ñUpdate Reportò. When ñNoò is selected, the susceptibility predictions 

will only be ñYò in the table below if Percent Similarity is above the Cut-off or if the hit is identified as 

an Ortholog Candidate, yes or ñY.ò Any hit below the cut-off will yield a susceptibility prediction of no 

or ñNò. 

 

The user can select the ñFull Reportò on the ñLevel 2ò data page, which includes the same information as 

the ñPrimary Reportò and additional information pertaining to the alignment of the protein sequence using 

BLASTp and domain information. Additional information includes the NCBI PSSM ID, NCBI Domain 

ID, Domain Name, number of amino acid residues in the sequence (Hit Length), the number of exact 

matching amino acids between the hit and query sequence (Identity), the number of exact and similar 

(similar side-chain substitutions) matches in amino acids between the hit and the query sequence 

(Positives), and the expect value (E-value) describing the number of different alignments expected to 

occur in the database search by chance. (See Search, View, and Download Data Tables section of user 

guide for more information). 
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Note: SeqAPASS v2.0 and newer parse the BLASTp query and hit accessions to identify all the 

species/accessions from identical proteins. Therefore, if a hit sequence represents multiple species, all 

species with the identical sequence will be found in the data tables for Level 2. To determine which 

sequence/species was identified from BLASTp as a hit and which sequence/species was parsed from the 

identical sequence, view the ñFull Reportò for Level, column ñIdentical Protein,ò where ñNò is indicative 

of the original hit sequence and ñYò is the parsed sequence. 

 

 

When downloading the ñCurrent Level 2 Report Settingsò, the following information will be present in 

the csv. If the user decides to change the default settings, the csv can be utilized for quick information if 

the SeqAPASS page is no longer open. 

 

 

 

 


