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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?  Yes  
If Yes, can you record movies/images using your own microscope camera?
Yes, but not high-resolution images.   
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.
Yes 
Leica MZ10F (Model: MSV260)

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?   Yes
If Yes, how far apart are the locations? All take place in Science lab 309 just different rooms within the lab.

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:  21
Number of Shots:  48 

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. Sarah Avila-Barnard: This protocol offers a relatively rapid and cost-efficient method, as well as an automated acquisition and analysis; thus producing low sensitivity screening of 5-mC, which is a common epigenetic biomarker. 
1.2. 
REQUIRED: What is the main advantage of this technique?
1.3. Sarah Avila-Barnard:  The main advantage of this technique is the flexibility it offers in experimental design that users can optimize to their model and stage of development. 

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.4. Sarah Avila-Barnard: This technique can be used to detect how chemical exposure alters 5-mC relative abundance within a developing organism which normally could only be done through expensive high-throughput methods such as sequencing. 

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?
1.5. Sarah Avila-Barnard: This method is useful to any research which aims to utilize in situ methods to understand epigenetic alterations of 5-methylcytosine in response to environmental stimuli.   

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?
1.6. Sarah Avila-Barnard: The protocol is in situ based and the custom module needs to be adjusted according to your model organism so there will need to be some optimization time for this. 


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.

1.7. 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.  
1.7.1. INTERVIEW: Author saying the above. 
1.7.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Ethics Title Card
1.8. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at University of California, Riverside.

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. Zebrafish Embryo Collection and Chemical Exposure
2.1. Begin by preparing a fresh exposure solution on the morning of collection [1]. Add 5 milliliters of particulate-free system water to a 60-millimeter glass Petri dish [2]. 
2.1.1. WIDE: Talent preparing the glassware for preparing solutions
2.1.2. Talent adding water to the Petri dish
2.2. Then, use a 10 microliter microcapillary glass pipette to transfer 10 microliters of dimethyl sulfoxide, or chemical stock solution to system water [1]. Swirl the glass Petri dish to ensure the stock solution dissipates [2]. 
2.2.1. Talent adding the DMSO to water using a glass pipette
2.2.2. Talent swirling the Petri dish
2.3. Add another 5 milliliters of system water to the glass Petri dish [1] and swirl the dish to homogenize the exposure solution [2]. Cap the glass dishes with glass lids to minimize evaporation [3].
2.3.1. Talent adding 5 ml system water to the Petri dish
2.3.2. Talent swirling the Petri dish
2.3.3. Talent placing lids on the Petri dish
2.4. Next, use an RO (R-O) water-filled squirt bottle to transfer the embryos from the fish net using into a 100 millimeter plastic Petri dish [1]. Randomly sort fifty live embryos at 0.75 hours post-fertilization [2] and remove excess RO water [3].
2.4.1. Talent transferring the embryos from the fish net into the plastic Petri dish
2.4.2. Talent sorting the embryos
2.4.3. Talent removing excess water
2.5. After the exposure duration has ended, remove the embryos from the incubator [1]. Transfer all living embryos to a 1.5-milliliter microcentrifuge tube [2]. Aspirate residual exposure solution without aspirating any embryos [3].
2.5.1. Talent removing the embryos from the incubator
2.5.2. Talent transferring the embryos into a micro centrifugemicrocentrifuge tube
2.5.3. Talent aspirating the solution
2.6. Add 500 microliters of chilled 4% PFA (PParaformaldehyde-F-A) [1] and mix the embryos by inverting inversion several times [2]. Allow the embryos to fix in 4% PFA overnight in 4C fridge [3].
2.6.1. Talent adding PFA solution
2.6.2. Talent mixing by inverting the tube
2.6.3. Talent placing the embryos for incubation on a shakerin the 4C fridge
3. Dechorionation of Embryos
3.1. After fixing the embryos, aspirate off the 4% PFA [1]. Resuspend the embryos in 1x PBS , and mix by gentle pipetting for 30 seconds [2]. 
3.1.1. Talent aspirating the PFA and adding 1X PBS
3.1.2. Talent mixing the solution by pipetting
3.2. Using a plastic transfer pipette, carefully transfer fixed embryos to a RO water-filled glass dish [1]. Gently swirl for 30 seconds and repeat this wash once [2].
3.2.1. Talent transferring the embryos to the glass dish
3.2.2. Talent swirling the glass dish
3.3. Under a stereomicroscope set at 5x magnification, dechorionate (pronounce like this- dee-chorion-ate) the embryos using syringe needles [1]. Using the needle tip, puncture the chorion and gently peel it away from the yolk and cell mass [2].
3.3.1. SCOPE: view of the embryos under a stereo microscope at 5x magnification
3.3.2. SCOPE: Puncturing the chorion and peeling it away 
3.4. After the embryos have been dechorionated, use a glass microcapillary pipette to transfer up to 25 intact embryos into one immunohistochemistry basket [1]. Place the IHC (I-H-C) basket into a 96-well plate [2]. Then, aspirate the RO water from each well [3].
3.4.1. SCOPE: transferring the embryos into the immunohistochemistry basket
3.4.2. Talent placing the basket into a 96 well plate
3.4.3. Talent aspirating the RO water from the plate
4. Immunohistochemistry Using 5-mC-Specific Antibody
4.1. Resuspend the embryos in 500 microliters of blocking buffer per well [1-TXT]. Wrap the plate with parafilm and aluminum foil to protect it from light [2]. Incubate the plate at 4 degrees CelsiusC for 4 hours on an orbital shaker at 100 rpm [3].
4.1.1. Talent adding blocking buffer to the plate TXT: Blocking Buffer: 1x PBST + 2% Sheep Serum + 2 mg/mL Bovine Serum Albumin
4.1.2. Talent wrapping the plate with parafilm and aluminiumaluminum foil
4.1.3. Talent placing the plates on an orbital shaker
4.2. After incubation, aspirate the blocking buffer from each well [1]. Replace it with 500 microliters of primary antibody solution [2-TXT]. Remember to incubate a subset of vehicle control embryos with the blocking buffer to account for background noise [3]. 
4.2.1. Talent aspirating the blocking buffer from the wells
4.2.2. Talent adding antibody solution to the well TXT: Primary Antibody: Monoclonal mouse anti-5-mC antibody diluted 1:100 in blocking buffer
4.2.3. Talent preparing another control wells for embryos on the plate for control same plateembryos
4.3. Rewrap the plate in parafilm and aluminum foil [1] and allow the plate to incubate at 4 degrees Celsius overnight on an orbital shaker [2].
4.3.1. Talent wrapping the plate using parafilm
4.3.2. Talent placing the plate on an orbital shaker
4.4. The following day, remove the primary antibody solution from each well and replace it with 1x PBST [1-TXT]. Wash each well thrice with 1x PBST for 15 minutes per wash on an orbital shaker [2]. 
4.4.1. Talent aspirating the antibody solution from the well TXT: 1x PBST: 1x PBS + 0.1% Tween-20  
4.4.2. Talent adding buffer solution into the well 
4.5. Aspirate 1x PBST from each well and place the IHC basket into a glass Petri dish filled with RO water [1]. Under a standard stereomicroscope, randomly sort intact embryos into a 96-well plate, ensuring one embryo per well [2].
4.5.1. Talent placing the IHC basket into the glass Petri dish
4.5.2. SCOPE: transferring intact embryos into 96 well plate
4.6. Then, remove all RO water from individual wells and add 200 microliters of 1x PBS (P-B-S) [1]. Centrifuge the plate for 3 minutes at 1x g [2].
4.6.1. Talent adding 1X PBS to the plate
4.6.2. Talent setting up the centrifuge
5. Automated Imaging of Embryos Within 96-Well Plates
5.1. Image the embryos with a 2x objective under transmitted light and FITC (F-I-T-C) [1]. Select Autofocus to ensure the focus of the camera is on the bottom of the plate and offset by the bottom thickness [2].
5.1.1. WIDE: talent operating the microscope
5.1.2. SCREEN: Selecting Autofocus and focus being adjusted
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files as soon as possible to your project page here
5.2. Select a FITC wavelength with an exposure duration of 100 milliseconds, and set the Autofocus to laser with a Z-offset [1]. Observe and confirm proper image acquisition in several wells prior to commencing plate acquisition [2].
5.2.1. SCREEN: FITC wavelength being selected, exposure duration, and Autofocus being set
5.2.2. SCREEN: Imaging being performed in wells
5.3. After image acquisition, carry out data analysis using the high-content screening system and a custom automated image analysis procedure [1]. Select each embryo on the 96-well plate to be analyzed for total area and integrated intensity of fluorescence [2].
5.3.1. SCREEN: high-content screening system program being opened
5.3.2. SCREEN: Embryo being selected
5.4. Then, tabulate the data points and export them from the high-content screening system by going to Measure and selecting Open Data Log to export the data to a spreadsheet [1].
5.4.1. SCREEN: Clicking on Measure and selecting Open Data Log
5.5. Upload the exported spreadsheet to the deployer package to sort and summate data for each well, and filter by well number [1]. Then, use the writexl (write-X-L) package to export the summated data into a spreadsheet [2].
5.5.1. SCREEN: spreadsheet being uploaded, and deployer package being used
5.5.2. SCREEN: Writexl program being used


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) 

2.3, 3.2, 3.3, 3.4, 5.2, 5.3, 5.5

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


3) 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.).

2.4.1., 3.2.1., 3.3.1., 3.3.2., 3.4.1., 4.5.2.
[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: 79. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

6. Results: Optimization of the Custom Module for Detection of 5-mC
6.1. The distribution and integrated intensity of 5-methyl cytosine-specific total area were assessed for zebrafish embryos at 6 hours post fertilization [1]. The x-axis shows exposure to either DMSO as a vehicle or TDCIPP (T-D-C-I-P-P) as the positive control [2]. The y-axis denotes relative fluorescence [3]. 
6.1.1. LAB MEDIA: Figure 2
6.1.2. LAB MEDIA: Figure 2 Video editor: Please emphasize the X-axis in A
6.1.3. LAB MEDIA: Figure 2 Video editor: Please emphasize the Y-axis in A
6.2. The thresholds were significantly different from the vehicle-treated embryos as shown by the total area of 5-methyl Cytosine detected within embryos [1], and the integrated intensity within that same area, indicating maximum signal-to-noise ratio [2].
6.2.1. LAB MEDIA: Figure 2 Video editor: Please emphasize A and C
6.2.2. LAB MEDIA: Figure 2 Video editor: Please emphasize B and D




Conclusion
7. [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.
7.1. Sarah Avila-Barnard: (3.3, 4.2, 5.2, 4.5, 5.2, 5.5) In 3.3 it is extremely important to maintain the integrity of the yolk and cell mass for proper IHC detection. For 4.2 it is important to be sure you have a set of embryos treated with only the secondary antibody as well as embryos which are not IHC treated. For 5.2 it is important to develop the custom module so that it does not detect the wells which have only the secondary antibody or embryos which are non-IHC treated. Be sure to treat with secondary antibody as well after step 4.5. In 5.2, be sure to adjust the z offset to a plane in which you can clearly visualize the embryo. For 5.5 be sure to update the file names to match your own in the R-script to avoid error messages.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Sarah Avila-Barnard: This method is relatively insensitive and only offers relative abundance RFU data. If you would like quantification you may want to follow up with a more targeted approach. In addition, there can also be cross talk between 5-mC and m5C (RNA methylation) therefore using HPLC Quadropol TOF MS could provide you with the relative abundance of both 5-mC and 5-hydroxymethylcytosine. 
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Sarah Avila-Barnard: We believe this technique opens the doors for researchers who are interested in pursuing epigenetic biomarkers but may not have the funding for high-throughput methods such as sequencing. Thus, providing a less labor-intensive and more cost-efficient method for using epigenetic signatures as a means of chemical screening, toxicity testing, and assessing if compounds can affect epigenome stability. 


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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