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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  
If Yes, can you record movies/images using your own microscope camera?
N/A
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
N/A
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No
If Yes, how far apart are the locations? N/A

To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps: 27
Number of Shots:  29

Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Carlie LaLone: In the context of chemical safety the SeqAPASS protocol provides a rapid and streamlined process for evaluating protein conservation across the diversity of species for extrapolation of toxicity and biological pathway knowledge.

REQUIRED: What is the main advantage of this technique?
1.2. Carlie LaLone: SeqAPASS was developed as a simplified, transparent, and user-friendly web-based interface for rapid cross species extrapolation intended for use by both researchers and decision-makers. 

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Carlie LaLone: The tool addresses the challenge of extrapolating chemical toxicity knowledge to provide a prediction of susceptibility for 100s-1000s of species that could never be tested in the laboratory setting.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Carlie LaLone: Although the SeqAPASS tool has primarily focused on predictions of chemical susceptibility, our published case examples demonstrate its utility for examining structural conservation of biological pathways and bioaccumulation potential of chemicals across species.

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.5. Carlie LaLone: New users of the tool may be most comfortable with Level 1 and Level 2 of the SeqAPASS analysis as Level 3 requires more in-depth literature review to understand the chemical-protein or protein-protein interactions. Reach out to the SeqAPASS team through the Home page, we are happy to help address any questions

Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.6. Carlie LaLone: Demonstrating the procedure will be Sara Vliet, a Biologist at the US EPA. 
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.
1.7. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Developing and running a SeqAPASS query: Level 1
2.1. To begin working with the SeqAPASS tool [1], first navigate to seqapass.epa.gov. Existing users can select the login button to your account, new users can create an account by selecting the link on the home page [2].  
2.1.1. Establishing shot of talent working on a computer.
2.1.2. SCREEN: SeqAPASS account is being logged in. TXT: https://seqapass.epa.gov/seqapass

2.2. After logging in to the SeqAPASS tool, navigate to the Request SeqAPASS Run Tab. Prior to conducting an analysis, users must first identify a protein of interest and a targeted or sensitive species by reviewing the existing literature or pre-existing data. SeqAPASS includes several helpful resources to help users identify protein targets, these can be accessed by clicking the drop-down buttons under Identify a Protein Target [3].
2.2.1. SCREEN: ‘Request SeqAPASS Run’ is being clicked, followed by ‘drop down’ menus
2.3. Once a protein target is identified, click either By Species or By Accession under Compare Primary Amino Acid Sequences. Use the By Species selection to type or select from a list of species to choose the protein target. Users can also enter protein accessions directly by selecting By Accession a typing the protein of interest in the protein accession box. For this example, we will be analyzing conservation of the Mu-opioid receptor by entering the protein accession. Once a protein is selected, select Request Run to initiate the query. 
2.3.1. SCREEN: Protein target is being selected by entering accession number (ACM90349.1). Query is being submitted.

2.4. Once your query has been submitted, select the SeqAPASS Run Status tab at the top of the page to view the status of the submitted run. The time to completion will depend on current tool usage, 
2.4.1. SCREEN:  and ‘SeqAPASS Run Status’ is being selected.

2.5. In the View SeqAPASS Reports tab, all runs conducted under a given account are listed. Select the query protein of interest and how the report will be viewed. By default, select View Report to view data in the web browser and click Request Selected Report to open the Level 1 Query Protein Information page and view results. You can also view data customization options, visualizations, and summary reports on this page.
2.5.1. SCREEN: SeqAPASS reports are being viewed.
3. Developing and running a SeqAPASS query: Level 2
3.1. To develop and run a Level 2 SeqAPASS analysis assessing the conservation of specific protein domains, Click the plus sign next to the Level 2 header on the Level 1 Query Protein Information page to populate the Level 2 Query menu. 
3.1.1. SCREEN: Plus, sign is being clicked and Level 2 Query menu being populated

3.2. lick the Select Domain box to auto populate a list of functional domains for the query protein. Use the NCBI Conserved Domain Database link to explore potential protein domains of interest. Once on has been selected, within SeqAPASS select the domain accession for the domain of interest from the dropdown list and initiate the Level 2 query. This is done by clicking the Request Domain Run button. If the domain has already been ran, this button will be greyed out. In this case example we will be looking at the specific opioid receptor subtype mu domain.
3.2.1. SCREEN: Demonstrating the CDD link to select domain accessions. Back in SeqAPASS, ‘Select domain’ is being clicked, followed by ‘domain accession’ and ‘request domain run’. Note that more than one protein domain can be assessed. TXT: Use the link to the NCBI Conserved Domain Database to explore domains of interest
3.3. Click Refresh Level 2 and 3 runs to populate Level 2 data. Under View Level 2 Data, click the Select Completed Domain box to select the completed domain accession, you can then click the View Level 2 Data button to open the results 
3.3.1. SCREEN: Level 2 data is being refreshed and viewed (domain accession cd15090) 
4. Accessing and Understanding the Data: SeqAPASS Level 1 and Level 2
4.1. Data is displayed under the View SeqAPASS tab for the selected level, first let’s look at the level 1 data.
4.1.1. SCREEN: Level 1 data is being selected
4.2. A report of the results is available at the bottom of the Query Protein Information page, in both a condensed “Primary” report and an expanded “Full report”. Select the radio button next to the desired report to view the data. By default, primary report is selected. Both reports display information on the protein, species, and sequence alignment information. The report also displays suseptibility predictions for each species assessed. Species will either have a suseptibility prediction of Yes or No indicating whether the protein is conserved relative to the query sequence.
4.2.1. SCREEN: Report type is selected, and report columns are displayed 
4.3. Within the report, click on the appropriate protein accession or species ID to access NCBI databases and further information
4.3.1. SCREEN: Taxonomy and protein information is being accessed via NCBI links
4.4. To explore corresponding toxicity data for the species with susceptibility predictions, scroll to the right side of the results table to view the ECOTOX column. Click links to open the species in question within the ECOTOXicology knowledgebase where you can find toxicity data 
4.4.1. SCREEN: ECOTOX link is highlighted and the database is demonstrated
4.5. In addition to full and primary reports, a summary report of the data can be viewed by selecting View Level 1 Summary Report. The summary report displays summary metrics and suseptibility predictions across taxonomic groups. 
4.5.1. SCREEN: Summary Report being accessed and opened 
4.6. Data in any report format can be easily downloaded. With the desired report type selected, click Download Table to save as a spreadsheet file. [1].
4.6.1. SCREEN: Data downloading is highlighted
4.7. To view level 2 data, Scroll to the top of the View SeqAPASS tab and select Level 2
4.7.1. SCREEN: Level 2 data is being selected
4.8. Level 2 SeqAPASS data is displayed in reports like that of Level 1 and is also available at the bottom of the Query Protein Information page. Select the radio button next to the desired report type to view the data. Level 2 reports display similar information to that of Level 1, with added information on the protein domain [1]. 
4.8.1. SCREEN: Report type is selected, and report columns are displayed with domain column pointed out
5. Manipulating Data Settings and Visualizing the Data: SeqAPASS Level 1 and Level 2
5.1. SeqAPASS data can be easily visualized for ease of interpretation. Click the plus sign + next to Visualization followed by the Visualize Data button to open an interactive boxplot in a new tab. In the new tab, select the Boxplot button 
5.1.1. SCREEN: ‘Visualization Data’ is being clicked and interactive boxplot is being opened.
5.2. At the top of the boxplot page, control options can help the user customize the graph. Users can add or remove taxonomic groups from the graph, they can select species to be displayed in a legend, choose how the species names are displayed, and highlight specific species subsets, such as threatened or endangered species 
5.2.1. SCREEN: Boxplot controls are shown, and the customization options are highlighted
5.3. Visualizations can be easily exported and saved. Click Download Boxplot to select a file type and download the figure. Prior to downloading, users can customize the file type resolution of the image
5.3.1. SCREEN: ‘Download Boxplot’ is being clicked 
5.3.2. SCREEN: Boxplot resolution is being set.
5.4. Although default report settings are sufficient for most analyses, parameters can be changed using the submenus at the top of Query Protein Information menu. To record current report settings, click the Download Current Report Settings button to download a file capturing the current settings applied.
5.5. 
5.5.1. SCREEN: Navigates back to the Query information page, report settings are opened, and manipulation options are displayed. Download Current Report Settings is being clicked and file is being saved. More information on these report settings can be found in the associated manuscript. [TEXT] Refer to the full manuscript for details on manipulating report settings
6. Developing and running a SeqAPASS analysis: Level 3
6.1. To initiate a Level 3 SeqAPASS analysis, navigate to the Level 1 Query Protein Information page, click the plus sign + next to the Level 3 header on the to populate the Level 3 Query menu [1]. 
6.1.1. SCREEN: Level 1 Query Protein Information page is accessed, and Level 3 query menu is being populated.
6.2. Before a Level 3 analysis can be conducted, specific amino acid residues must be identified through review of existing literature. Click the plus sign + next to the Reference Explorer to open the reference explorer tool. This can help you generate a predefined Boolean string to query available literature [1]. 
6.2.1. SCREEN: Reference explorer tool is being opened.
6.3. Click the Generate Google Scholar link to generate a literature search string. This can either be copied and used to search desired literature databases. Or selecting Search Google Scholar will automatically search google scholar literature using the pre-defined search string [1].
6.3.1. SCREEN: ‘Add protein name’ option is shown, search string is being generated, copied to clipboard, and Google scholar is opened and searched 
7. Identify Critical Amino Acid Residues Using Identified Literature
7.1. Once amino acid resides have been selected, users can set-up a Level 3 analysis. Select the template sequence to which the user-selected species will be aligned and compared. In this case we will use the same human opioid receptor used in previous levels. Optionally, additional template sequences can be entered in the ‘Additional Comparisons’ box 
7.1.1. SCREEN: Template sequence is being selected; additional comparisons box is highlighted 
7.2. Before aligning specific sequences, users must enter a user-defined run name. This will be used to identify the run 
7.2.1. SCREEN: User defined name is being entered. 
7.3. Next, select the taxonomic group of interest in the Choose Taxonomic Group box. This will auto-filter the results table for the taxonomic group of interest. In the results table, manually click the checkbox beside any species with a matching protein. It important here to ensure proteins selected match the query sequence. Once all desired species are selected, select request reside run to initiate the level 3 analysis. To make sure proteins are aligned correctly, taxonomic groups of interest must be selected one at a time. These steps can then be repeated to align all taxonomic groups of interest [1-TXT]. 
7.3.1. SCREEN: Taxonomic group field (mammalia) is being chosen and species are being selected; reside run is requested; repeating for another taxa is demonstrated. [Text] To ensure correct protein alignment, taxonomic groups of interest should be selected one at a time.
7.4. Once all species have been aligned, click Refresh Level 2 and 3 runs to populate the Select Level 3 Run Name menu with the completed Level 3 jobs. 
7.4.1. SCREEN: Level 2 and Level 3 runs are refreshed and select level 3 run name menu is opened
7.5. Level 3 data can be viewed either by individual taxonomic group or across multiple taxonomic groups. Click Combine Level 3 Data to open the combine level 3 Reports dialog box [1].
7.5.1. SCREEN: Combine Level 3 Data is selected and dialog box is opened 
7.6. Within the Combine Level 3 Reports dialog box first select the Level 3 template to be used as the basis for amino acid residue comparison. In our case example, this will be the same template used in Level 1 and Level 2. Next select the completed jobs to be included in the comparison. If desired, use the Order Level 3 Jobs function to change the order in which the taxonomic groups are displayed. Next, click View Level 3 Data to produce a Level 3 report page.
7.6.1. SCREEN: The level 3 template is being selected, taxonomic groups are being reordered and a level 3 report is being produced.
7.7. In the Level 3 Template Protein Information page, previously identified amino acid positions are selected. This can be done by selecting positions directly from the amino acid list and shuttling them over OR by typing the amino acid positions directly into the amino acid reside positions textbox. Amino acid positions are entered, separated by commas. Once all positions are entered select Copy to Residue List to shuttle residues into the selection box. 
7.7.1. SCREEN: Amino acid position is being typed and ‘copy to residue list’ is being selected.
7.8. Once all amino acid positions have been selected and checked for accuracy, click Update Report to update aligned sequences with he specified positions
7.8.1. SCREEN: Report is updates.
8. Visualizing Level 3 SeqAPASS Data and Interpretation of Results
8.1. Scroll to the bottom of the page to view a report of the results. Like previous levels, select the radio button next to primary of full report to select the report type. Level 3 reports display similar species and protein and include alignment and conservation information for each amino acid reside assessed [1]. 
8.1.1. SCREEN: Report type is selected, report columns are displayed
8.2. To save the report, click Download Table at the bottom of the report and save as a spreadsheet file. Users can also select View Level 3 Summary Report to view and download a summary report table. 
8.2.1. SCREEN: Result report and summary report are being downloaded and saved.
8.3. To view a visualization for Level 3 data, Click the plus sign + next to Visualization header and select ‘Visualize data’ to open a new page. [1].
8.3.1. SCREEN: Visualization and visualize data page are opened.
8.4. Click Heat Map on the Visualization Information page to open the interactive graphic and controls. 
8.4.1. SCREEN: Interactive graphic and controls are being opened 
8.5. On the visualization page under Controls, select the taxonomic groups to be displayed in the heat map, shuttle them using the arrow button, and reorder if desired. The heap map will then populate with the selected groups. By default, the heat map visualization displays the species common name, the overall suseptibility predictions, and the match status of each amino acid residue 
8.5.1. SCREEN: Heatmap data are demonstrated 
8.6. Options for manipulating heat map settings are in the expandible menus under the control heading. Under ‘Report Options’ simple or full report can be selected, and the displayed species can be toggled between common or scientific name 
8.6.1. SCREEN: Heatmap controls are demonstrated

8.7. Under ‘Optional Selections’, subsets of species such as Ortholog Candidates, Threatened Species, Endangered Species, and Common Model Organisms can be selected and highlighted in the heatmap 
8.7.1. SCREEN: Optional selections menu is expanded, and subsets are selected

8.8. Under ‘Heat Map Settings, the information displayed on the heat map can be customized by unchecking and checking boxes. Suseptibility predictions and suseptibility text can be removed, amino acid alignments and amino acid information can be removed
8.8.1. SCREEN: Heat Map settings menu is expanded, and heat map customization options are displayed by unchecking boxes. 
8.9. To save the heat map visualization, click Download heatmap and choose the desired file type file type 
8.9.1. SCREEN: Heat Map is downloaded and saved 
8.10. To make it easier to interpret across all levels of SeqAPASS analysis, the tool offers a Decision summary report. For all data and visualizations at any level, clicking Push Level to DS Report from the results or data visualization pages will transfer the data to the DS Report tab. To review the decision summary report, select the DS Report tab at any time. The decision summary report provides an easily exportable overview of all levels of SeqAPASS analysis. 
8.10.1. SCREEN: Data is being pushed to DS report and the DS report tab is opened [TEXT] When changes are made to any data reports or visualizations, Push Level # to DS Report must be pushed again for the changes to reflect on the Decision Summary Report. 
9. 

Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 
2.3, 2.5, 3.1, 5.1, 7.1, 7.3, 8.4


2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
[bookmark: Text2]N/A     



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 189. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

1. Results: SeqAPASS Level 1, 2, and 3 Analysis of the Conservation of Amino Acid Residues and Level 1 and 2 Analysis of µ Opioid Receptor Conservation Across Taxonomic Groups
1.1. The results of the Level 1 analysis for the Mu-Opioid receptor show a  set the percent similarity useptibility cutoff of 55at 49 percent, with percent similarities for mammals, birds, reptiles, amphibians, and most fish species falling above this cutoff and being predicted as similarly susceptible. In other words, Mu-Opioid receptors from these taxonomic groups would likely be susceptible to chemicals known to interact with human Mu-Opioid receptor  mammals, birds, reptiles, amphibians, and most fish species falling above this cutoff [1]
1.1.1. LAB MEDIA: Figure 7
1.2. The Level 2 analysis for the Mu-Opioid functional domain identified a higher susceptibility cutoff of 88% similarity, with mammals, birds, reptiles, amphibians, and most fish species above this cutoff and resulting in a susceptibility prediction of yes. Similarly, these results indicate receptors from these taxonomic groups would likely be susceptible to chemicals known to interact with human Mu-Opioid receptorFrom the Level 2 evaluation, a similarity cutoff of 58 percent was reported, with mammals, birds, reptiles, amphibians, and most fish species again falling above this cutoff [12]. 
1.2.1. LAB MEDIA: Figure 84
1.3. Within the Level 3 analysis, Othere were f the 28494 vertebrate species evaluated across all species evaluated, the nine amino acids were either a total match or a partial match based on side-chain classification and molecular weight; consequently, all species assessed resulted in a susceptibility prediction of "Y" for yes. As these amino acids are important in the binding of both strong Mu-Opioid receptor agonists and strong antagonists, these data suggest that opioid compounds targeting human receptors may interact similarly with receptors across vertebrate species., 18 displayed differences in key amino acids resulting in a susceptibility prediction of no. Five species of marine mammals presented with an amino acid substitution at position 2, while four species of fish demonstrated substitutions at either position 2 or position 6 [1]. 
1.3.1. LAB MEDIA: Supplemental Table 3Figure 5
1.4. The susceptibility cutoff was established at 55 percent for Level 1, with percent similarities for mammal, birds, reptiles, amphibians, and most fish species falling above this cutoff; indicating they would likely be susceptible to chemicals known to interact with human µ (miu) Opioid Receptor [1]
1.4.1. LAB MEDIA: Figure 7
1.5. Compared to Level 1, the Level 2 results identified a higher susceptibility cutoff of 88 percent similarity, with mammals, birds, reptiles, amphibians, and most fish species found above this cutoff and resulting in a susceptibility prediction of yes [1]
1.5.1. LAB MEDIA: Figure 8



Conclusion
2. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
2.1. Carlie LaLone:  Level three of SeqAPASS is useful for hypothesis generation. Even if critical Amino Acid Residues are not known for the protein of interest, the tool can be used to look across species and identify where conservation exists or are less conserved. These hypotheses that can then be tested with molecular biology techniques such as site-directed mutagenesis studies.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
2.2. Carlie LaLone: The initial focus of SeqAPASS was on chemical targets, however, ourt research is expanding to explore primary metabolizing enzymes, transport proteins, and proteins involved in bioaccumulation. In addition, our groups is currently exploring predictions of intermediate host species for COVID-19. 

Thank you for addressing our questions. We will incorporate your answers and suggestions and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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