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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
Please upload all screen captured files to the project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
n/a
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Andrew Landstrom: Amino acid-level signal-to-noise analysis provides a measure of the likelihood that a genetic variant is associated with a disease state or is part of natural genetic variation within a population [1].

1.1.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera.   

1.2. Andrew Landstrom:  This technique leverages two large genetic resources - disease-associated mutations available in the literature or, in the public domain, with population-based exome and genome studies that identify rare genetic variants [1].

1.2.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera.   

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.3. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Duke University School of Medicine


Section - Protocol
2. Gene and Specific Splice Isoform Identification
2.1. To identify a specific gene and splice isoform of interest [1-TXT], open the Ensembl homepage and select the species from the dropdown menu [2].
2.1.1. WIDE: Talent opening webpage, with monitor visible in frame TEXT: https://useast.ensembl.org/
2.1.2. SCREEN: To be provided by Authors: Species being selected from dropdown menu

2.2. Enter the acronym for the gene of interest and click GO [1].

2.2.1. SCREEN: To be provided by Authors: Acronym being entered, then GO being clicked

2.3. Select the links corresponding to the gene of interest and the transcript of interest and the ID of interest from the Transcript table [1-TXT]. 

2.3.1. SCREEN: To be provided by Authors: Gene of interest link being selected, then transcript of interest being selected, then ID of interest being selected TEXT: Review relevant literature to ensure correct transcript consensus sequence is selected

2.4. Note the transcript-specific RNA transcript and protein product of RNA transcript identification numbers in the Reference Sequence column of the Transcript table for future reference [1].

2.4.1. SCREEN: To be provided by Authors: Shot of Transcript Table Video Editor: please emphasize NM and NP identification numbers in RefSeq column of Transcript Table when mentioned

2.5. Select the link associated with the protein product of RNA transcript ID number to open a new webpage from the National Center for Biotechnology Information, or NCBI, Protein database and scroll down to the Origin section to obtain the primary protein sequence for the gene transcript of interest [1].

2.5.1. SCREEN: To be provided by Authors: Link being selected, then webpage being scrolled to Origin section Video Editor: please emphasize primary protein sequence when mentioned as possible/necssary

2.6. Then scroll up to the Features section to obtain a list of the protein features [1].

2.6.1. SCREEN: To be provided by Authors: Webpage being scrolled to Features section

3. Amino Acid Level Signal-to-Noise Calculation and Mapping

3.1. To calculate a minor allele frequency for each amino acid position with a control variant, open a graphing-capable spreadsheet [1] and create a column of the positions of all of the experimental variants [2].

3.1.1. WIDE: Talent opening spreadsheet, with monitor visible in frame
3.1.2. SCREEN: To be provided by Authors: Column being created

3.2. Remove the variant texts to leave only the variant positions and sort the variants in ascending value to identify which positions have more than 1 associated variant [1].

3.2.1. SCREEN: To be provided by Authors: Variant text being removed, then variants being sorted 

3.3. Obtain the sum of all of the minor allele frequencies for a given position by combining the minor allele frequency for each variant associated with a given position and calculate a minor allele frequency for each amino acid position with an experimental variant [1].

3.3.1. SCREEN: To be provided by Authors: Sum of all MAFs being obtained/MAFs being combined, then MAF being calculated for at least one amino acid position w/ experimental variant

3.4. Next, create a column of amino acid positions that have experimental variants and calculate the minor allele frequency of all of the variants associated with that position for all of the variant positions [1].

3.4.1. SCREEN: To be provided by Authors: Column being created, then at least one MAF being calculated

3.5. To create a rolling average of the minor allele frequencies for both the experimental and control variants, create a column containing all of the amino acid positions in the gene of interest and add a minor allele frequency of 0 for all of the positions that do not have variants for both the control and experimental data sets [1].

3.5.1. SCREEN: To be provided by Authors:  Column being created, then MAF of 0 being added to at least one position 

3.6. To create a rolling average for each experimental and control prevalence column, create a column representing a rolling average of the minor allele frequency for both the control and experimental data sets and, in the rolling average column, place the average of the respective minor allele frequency for the 5 variant positions of the N-terminal and the 5 variant positions of the C-terminal to the given positions [1].

3.6.1. SCREEN: To be provided by Authors: Column being created, then average being placed for 5 variant position of N-terminal and 5 variant positions of C-terminal  

3.7. To calculate the cohort minimum frequency, divide the lowest minor allele identified by 2 and enter this value in any cell with a control minor allele frequency of 0.  This will avoid dividing by 0 when calculating the signal-to-noise ratio [1].

3.7.1. SCREEN: To be provided by Authors: 1 being divided by the total number of allelles and cell w/ control MAF of 0 being changed to minimum frequency

3.8. To calculate the amino acid level signal-to-noise ratio, divide each amino acid position experimental rolling average by the respective control rolling average and graph this ratio versus the amino acid position [1].

3.8.1. SCREEN: To be provided by Authors: At least one amino acid position being divided by rolling avergage, then ration being graphed/shot of representative graph

4.  Protein Domain Topology and Variant Position Overlay

4.1. To identify the consensus amino acid locations of functional domains and features or areas of post-translational modification of the protein of interest [1], identify the amino acid positions associated with the protein domains and features and open the NCBI webpage [2-TXT].

4.1.1. WIDE: Talent at computer, opening up data with amino acid positions, with monitor visible in frame
4.1.2. SCREEN: To be provided by Authors: Shot of amino acid positions associated with protein domains/features, then NCBI webpage being opened TEXT: https://www.ncbi.nlm.nih.gov 

4.2. Enter the protein product of the RNA transcript of the protein of interest into the search field and identify the known protein domains and features under Features [1].

4.2.1. SCREEN: To be provided by Authors: NP being entered into search field, then known protein domains and features being identified Video Editor: please emphasize protein domains and features when mentioned as necessary

4.3. Identify and note the domain name and type and the amino acid positions and select the link corresponding to the feature to visualize the region on the protein of interest primary sequence [1].

4.3.1. SCREEN: To be provided by Authors: Shot of domain name and type and amino acid positions, then link being selected/region on protein of interest being visualized Video Editor: please emphasize domain and type and amino acid positions when mentioned as necessary

4.4. Create a column next to the signal to noise column so that the amino acid position column can be referenced and identify the cells corresponding at the N- or C-terminal aspect of each domain and feature [1].

4.4.1. SCREEN: To be provided by Authors: Column being created next to signal:noise column, cells corresponding to N- or C-terminal aspects being identified Video Editor: please emphasize cells corresponding to N- and C-terminal aspects when mentioned

4.5. Then place a 1 in each cell, create a graph with these boundaries on the Y-axis and the amino acid position on the X-axis, and overlay this graph with the signal-to-noise graph [1].

4.5.1. SCREEN: To be provided by Authors: 1 being placed in at least one cell, then graph w/ boundaries being create, then graph being overlaid

4.6. To map individual variant positions for overlay of the signal-to-noise ratio and protein domain topology graphs, create a column next to the domain-feature column such that rows in the column correspond to the amino acid positions and place a 1 in each cell in the added row corresponding to a position containing a respective variant [1].

4.6.1. SCREEN: To be provided by Authors: Column being created, then 1(s) being placed

4.7. Then create a graph with this column as the Y-axis and the amino acid positions on the X-axis and overlay this graph with the signal-to-noise and protein domain topology graphs [1].

4.7.1. SCREEN: To be provided by Authors: Graph being created then overlaid

Section – Results
5. Results: Representative Amino Acid-Level Signal-to-Noise Analysis of KCNQ1-Encoded KCNQ1 (Kv7.1) 

5.1. Here a representative result for an amino acid-level signal to noise analysis for the potassium voltage-gated channel subfamily Q member 1 gene is depicted [1].

5.1.1. LAB MEDIA: Figure 6

5.2. Rare variants identified in the control cohort [1] and the experimental incidentally-identified whole exosome sequencing [2] and long QT syndrome case-associated variants deemed likely to be disease-associated are shown [3].

5.2.1. LAB MEDIA: Figure 6: JoVE Video Editor: please emphasize black GnomAD vertical lines row at top of image
5.2.2. LAB MEDIA: Figure 6: JoVE Video Editor: please emphasize blue WES vertical lines row at top of image
5.2.3. LAB MEDIA: Figure 6: JoVE Video Editor: please emphasize green LQTS vertical lines row at top of image

5.3. The signal-to-noise analyses comparing the whole exosome sequencing [1] and the long QT syndrome cohort variant frequency normalized against the control cohort variant frequency are also represented [2].

5.3.1. LAB MEDIA: Figure 6: JoVE Video Editor: please emphasize blue data line in bottom graph
5.3.2. LAB MEDIA: Figure 6: JoVE Video Editor: please emphasize green data line in bottom graph

5.4. In this experiment, the long QT syndrome-associated variants demonstrated high signal-to-noise ratios in domains corresponding with the channel pore [1], the selectivity filter [2], and the potassium voltage-gated channel subfamily E member 1-binding domain [3].

5.4.1. LAB MEDIA: Figure 6: JoVE Video Editor: please emphasize pink vertical overlay column
5.4.2. LAB MEDIA: Figure 6: JoVE Video Editor: please emphasize grey vertical overlay column
5.4.3. LAB MEDIA: Figure 6: JoVE Video Editor: please emphasize yellow vertical overlay column

5.5. In comparison, incidentally-identified variants in the whole exosome sequencing cohort did not clearly demonstrate specific regions of high signal-to-noise elevation, suggesting that these variants reflect the background genetic variation [1].

5.5.1. LAB MEDIA: Figure 6: JoVE Video Editor: please emphasize blue data line in bottom graph OR no animation



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Andrew Landstrom:  Set the inclusion and exclusion criteria for variants prior to starting the study and carefully apply them to all of the variants in each of the cohorts prospectively [1].
6.1.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera.   
6.2. Andrew Landstrom:  Once a signal-to-noise graph for a given protein has been established, it can be applied to any number of other protein models or primary sequence features [1].

6.2.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera.   

6.3. Andrew Landstrom:  This methodology could be used to gauge the diagnostic weight of variants of unknown significance that arise during clinical genetic testing [1].

6.3.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera.      
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