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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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
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. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.

Enter make and model of microscope.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
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 video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

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:  23
Number of Shots:  50

Introduction

1. Introductory Interview Statements

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. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

REQUIRED: What is the main advantage of this technique?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

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. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

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. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.



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. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
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. Gene Circuit Design
2.1. To begin with, select the genetic components to combine into a single gene circuit or plasmid [1], for example, mammalian DNA integration sites, light-responsive elements, or functional genes [2].
2.1.1. WIDE: Talent working on the computer
Authors: Please provide screen capture videos for steps 1.1, 1.2, 1.5, and 3.2 in your manuscript on your project page. I will write the voice-over narration to match the shots. https://www.jove.com/account/file-uploader?src=18943293.
2.1.2. SCREEN: To be provided by the authors: Talent selecting the genetic components to combine into a single gene circuit
2.2. Using any genetic engineering and molecular cloning software, annotate and store the DNA sequences for later use and as a reference, after examining all the necessary features, such as START codons, regulatory, or translated sequences [1].
2.2.1. SCREEN: To be provided by the authors: Talent annotating and storing the DNA sequences using genetic engineering and molecular cloning software
2.3. Validate the primers computationally for plasmid construction through the built-in molecular cloning software features, for example, sequence alignment [1].
2.3.1. SCREEN: To be provided by the authors: Primers validated through sequence alignment. Talent scrolling through the alignment result

3. Stable Cell Line Engineering
3.1. To generate a stable cell line, transfect the designed gene circuits in the desired cells by using a liposome mixture of the gene circuit DNA with appropriate recombinase or through other methods such as electroporation [1]. Authors: Which method will be shown in the video, liposome mixture with recombinase or electroporation?
3.1.1. Talent transfecting the gene circuit in cells using liposome or electroporation
3.2. After cells are 80 to 100 % confluent, freeze the cells in a mix of 45% old media, 45% fresh media, and 10% DMSO [1]. Transfer the remaining cells to a sterile tube [2] and perform single-cell sorting to isolate monoclonal cells into a 96-well plate [3].
3.2.1. Talent freezing down the cells 
3.2.2. Talent transferring the cells to a sterile tube
3.2.3. Talent performing single-cell sorting in a 96 well plate
3.3. About 2 to 3 weeks after monoclonal sorting, the wells within the 96-well plate should have foci [1]. When 50 to 60% confluency is achieved, split the cells into a 12-well plate [2].
3.3.1. Wells with foci
3.3.2. Talent splitting the cells into 12-well plate

4. Light Plate Apparatus Induction Assays
4.1. Add the firmware to the assembled LPA (L-P-A) circuit using a microcontroller programmer [1-TXT]. Next, combine 3D printed parts and the assembled circuit board using the mounting plate, the circuit board, the LED (L-E-D) spacer, the plate adaptor, a 24-well plate, a plate lid, mounting bolts, wing nuts, and stacking components [2].
4.1.1. Talent adding firmware to the assembled LPA circuit using microcontroller programmer. TEXT: LPA: Light Plate Apparatus.
4.1.2. Talent assembling the circuit board using the mounting plate, circuit board, LED spacer, adaptor, 24-well plate, lid, bolts, nuts, and other stacking components and combining the 3D printing parts
4.2. To begin an optogenetic experiment, use the IRIS software available on the Tabor Lab website to program an SD card for the LPA and explore appropriate light conditions [1]. Once the LED locations are chosen, enter intensity values with technical replicates for the desired experimental outline [2]. Authors: How to pronounce IRIS?
4.2.1. SCREEN: To be provided by the authors: Talent using the IRIS software to explore appropriate light conditions for the optogenetic experiment
4.2.2. SCREEN: To be provided by the authors: Talent entering the intensity values against technical replicates
4.3. Add about 75 thousand cells per well in a 24-well black plate in a total volume of 500 microliters [1]. Then, place the cells in a humidified incubator with 5% carbon dioxide to allow them to settle for 2 to 6 hours [2].
4.3.1. Talent adding cells in a 24-well black plate
4.3.2. Talent placing the cells in the incubator
4.4. After transferring the cells in the tissue culture hood at the end of the incubation, remove the plastic lid [1], and add an adhesive foil strip to the top of the plate for minimizing the light transfer between the wells so that the light can only enter through the LED located at the bottom of the well [2].
4.4.1. Talent removing the plastic lid
4.4.2. Talent adding an adhesive foil strip to the top of the plate
4.5. Place the plate in the fitted 3D parts of the LPA [1]. Then, cover the plate with the 3D-printed LPA lid, which fits over the device screws on each corner [2]. Plug the device into the power source [3] and push the reset button on the LPA device to ensure that the updated LPA experiment settings are applied [4] and incubate the cells [5].
4.5.1. Talent placing the plate in LPA
4.5.2. Talent covering the plate with a 3D-printed LPA lid
4.5.3. Talent plugging the device into a power source
4.5.4. Talent pushing the reset button on the LPA device
4.5.5. Cells incubated TEXT: Incubation time: 24-72 h

5. Fluorescence Microscopy of Light-Induced Engineered Cells
5.1. After incubation, inside the tissue culture hood, remove the foil strip from the plate and let the plate sit for 1 to 2 minutes to prevent condensation from forming on the plastic lid [1].
5.1.1. Talent removing the foil strip
5.2. Next, put the original plastic lid back on the plate [1] and image the cells with the appropriate phase contrast or fluorescence microscope [2]. Authors: Could you please provide the representative screen capture or image for the cells visualized under microscope in shot 5.2.2. Please upload it on your project page: https://www.jove.com/account/file-uploader?src=18943293
5.2.1. Talent putting the original plastic lid back on the plate
5.2.2. Talent looking at the cells through the microscope
6. Flow Cytometry of Light-Induced Engineered Cells
6.1. After 24 to 72 hours post-induction followed by trypsinization, transfer the entire contents of each well of about 500 microliters to the labeled tubes equipped with the cell strainer [1]. 
6.1.1. Talent transferring the contents in the labeled tube with strainer
6.2. Then, using appropriate flow cytometry instrument software, create a forward- and side-scatter gate to capture the single cells of the appropriate size and granularity to exclude debris and cellular clumps [1].
6.2.1. Talent on a computer, setting the forward scatter gate and side scatter gate on flow cytometry software
6.3. Once the gate is set, capture approximately 10 thousand cells with the appropriate gate and adjust cell number depending on the amount of cellular data required and repeat capturing experimental cells in each tube [1]. 
6.3.1. Talent capturing cells with appropriate gate

7. Immunofluorescence of Gene Circuit Components
7.1. After induction and trypsinization, transfer the entire contents of each well of about 500 microliters to the labeled tubes [1]. Centrifuge the cells for 5 minutes at 400 x g [2]. After discarding the supernatant, move the samples to a chemical fume hood [3]. 
7.1.1. Talent transferring the entire contents of each well to the labeled tubes
7.1.2. Talent putting the tubes for centrifugation
7.1.3. Talent moving the samples to the chemical fume hood
7.2. Resuspend the cells in 750 to 1000 microliters of 4% PFA diluted in PBS [1] and pipette up and down several times to break the cell clumps [2].  After 15 minutes of incubation, add 750 to 1000 microliters of PBS and again pipette up and down several times [3]. Then, pellet down the cells for 5 minutes at 400 x g at room temperature [4].
7.2.1. Talent resuspending the cells in PFA
7.2.2. Talent pipetting up and down several times 
7.2.3. Talent adding PBS and pipetting up and down with the same pipette
7.2.4. Talent keeping the tubes for centrifugation
7.3. After discarding the supernatant, move the samples to a chemical fume hood [1] and resuspend the cells in 750 to 1000 microliters of ice-cold methanol as demonstrated and allow the cells to sit for 30 minutes on ice or in a minus 20 degrees Celsius freezer [2]. Authors: Which temperature will be shown for this step in the video, 4 degrees or -20 degrees?
7.3.1. Talent moving samples to the hood
7.3.2. Talent resuspending the cells in ice-cold methanol

7.4. After the incubation, add 750 to 1000 microliters of PBS while pipetting up and down several times [1]. Then, after centrifuging the cells for 5 minutes at 400 x g [2], discard the supernatant [3] and move the samples to a chemical fume hood [4].
7.4.1. Talent adding PBS to the cells and pipetting up and down several times
7.4.2. Talent putting tubes for centrifugation
7.4.3. Talent discarding the supernatant
7.4.4. Talent moving the sample in a chemical hood
7.5. Resuspend the cells in 100 microliters or other suitable dilution of labeled primary antibody [1] and pipette up and down 6 to 8 times [2]. Then, incubate for 1 hour at room temperature [3]. 
7.5.1. Talent resuspending the cells in labeled primary antibody
7.5.2. Talent pipetting up and down Videographer: Take multiple takes for this shot as it is going to be reused in 7.6.4 
7.5.3. Cell with primary antibody incubating at room temperature
7.6. Next, add 750 to 1000 microliters of the incubation buffer and pipet solution up and down several times [1]. Then, centrifuge the cells for 5 minutes at 400 x g [2]. Next, resuspend the cells in 500 microliters of PBS and break the clumps by pipetting up and down several times [3].
7.6.1. Talent adding incubation buffer
7.6.2. Talent putting the tubes for centrifugation
7.6.3. Talent resuspending the cells in PBS
7.7. Transfer the entire contents of each tube to labeled tubes with cell strainers [1]. Bring the cells to appropriate flow cytometry instruments with lasers of the correct wavelengths [2].
7.7.1. Talent transferring the tube contents into fresh tubes with strainers
7.7.2. Talent using the flow cytometry instrument


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.). 

[bookmark: Text1]Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

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: Text3][bookmark: Text2]Click here to list microscope shots, using the shot numbers from the protocol section of the video script.     



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: 191. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

8. Results: Gene Expression Analysis in Engineered Optogenetic Cell Lines 
8.1. The optical calibration was performed for the devices. Using the acquired image [1] compensation values for LED was calculated, background signal was subtracted and pixel intensity was deduced [2]. Coefficient of variation was minimal between 96 wells [3]. 
8.1.1. LAB MEDIA: Figure 3A
8.1.2. LAB MEDIA: Figure 3B
8.1.3. LAB MEDIA: Figure 3C
8.2. The calibration software demonstrated the LED variation by location [1] and created a grayscale adjustment so that each LED is normalized to the same intensity [2].
8.2.1. LAB MEDIA: Figure 3D
8.2.2. LAB MEDIA: Figure 3E
8.3. Gene expression was induced in engineered LITer cells via fluorescence microscopy at different light pulse durations on the LPA [1] and were imaged for bright field [2] and GFP expression [3]. Authors: How to pronounce LITer?
8.3.1. LAB MEDIA: Figure 5
8.3.2. LAB MEDIA: Figure 5 Video editor: Emphasize on figure 5A
8.3.3. LAB MEDIA: Figure 5 Video editor: Emphasize on figure 5B
8.4. Using flowcytometry, cells were induced at different pulse length values [1] and showed a dose-response of gene expression quantified at the population level of over four-fold change from un-induced states [2]. 
8.4.1. LAB MEDIA: Figure 6 Video editor: Emphasize on figure 6A
8.4.2. LAB MEDIA: Figure 6 Video editor: Emphasize on figure 6B
8.5. The negative feedback achieved over five-fold gene expression noise reduction as shown by comparing various light intensity values for the LITer system versus VVD (V-V-D) or light-On [1]. 
8.5.1. LAB MEDIA: Figure 6C and 6D Video editor: Emphasize on line with the pink triangles in 6C
8.6. The qPCR (q-P-C-R) analysis showed that the engineered LITer cells expressed RNA levels in a dose-responsive manner with over 10-fold induction from un-induced states, matching the flow cytometry quantification [1]. 
8.6.1. LAB MEDIA: Figure 7
8.7. The engineered LITer gene circuit showed increasing amounts of blue light that resulted in increased KRAS protein levels [1] and phosphorylated-ERK (urk) levels [2]. Authors: How to pronounce KRAS?
8.7.1. LAB MEDIA: Figure 8 Video editor: Emphasize on figure 8A
8.7.2. LAB MEDIA: Figure 8 Video editor: Emphasize on figure 8B


Conclusion
9. [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. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
9.1. Enter author name: (Enter step numbers referred to.) Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
9.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
9.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


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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