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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.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

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.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.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?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively 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:  53 (9 SC) 

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context
Answers will be slightly edited in accordance with journal guidelines.

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to 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 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
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 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. 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 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. 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 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
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 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. 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 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. 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 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.	Comment by Poornima  G: Authors: Please review the protocol section titles, narration and the shot descriptions entirely.	Comment by Poornima  G: Authors: Please check all the pronunciation guides written in red italics below and post a comment at the respective guide if any changes are required
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Fixation of Arabidopsis Seedlings
Demonstrator: Click here to enter name of demonstrator(s) 


2.1. To begin, place a 6-well culture plate on ice under the fume hood [1]. Mix the the fixation solution containing 4% volume by volume methanol stabilized formaldehyde, 0.1% Triton X-100 and PBS [2]. Add approximately 4 milliliters of ice-cold fixation solution to each well under the fume hood [3].
2.1.1. WIDE: Talent placing a 6-well culture plate on ice under the fume hood.
2.1.2. Talent inverting the container with the fixation solution under the fume hood.
2.1.3. Talent adding fixation solution to each well of the 6-well culture plate under the fume hood.

2.2. Using clean forceps, remove the Arabidopsis seedlings that are between 8 and 15 days after germination from solid half-strength Murashige and Skoog or MS medium [1]. Immediately submerge the seedlings in the fixation solution [2] and place approximately 20 seedlings per well [3]. Use 3 wells to obtain sufficient material per sample [4].
2.2.1. Talent removing seedlings from the solid medium with forceps.
2.2.2. Talent submerging the seedlings in the fixation solution.
2.2.3. Talent placing approximately 20 seedlings into 1 well.
2.2.4. Shot of seedlings added into 3 wells.
2.3. Now, place the plate in the vacuum chamber filled with ice [1] and apply a vacuum cycling between 0.2 bar and 0.8 bar for 15 minutes to remove trapped air and allow deep penetration of the fixative into the plant tissues [2]. Then, slowly release the vacuum [3]. Stir the sample and apply the vacuum for a further 15 minutes [4].
2.3.1. Talent placing the plate in the vacuum chamber filled with ice.
2.3.2. Talent adjusting the vacuum settings.
2.3.3. Talent slowly releasing the vacuum from the chamber.
2.3.4. Talent stirring the sample in the plate and placing the plate back gain in the chamber.

2.4. Under the fume hood, remove the fixation solution with a pipette [1]. Wash each well 3 times for 10 minutes each under gentle agitation using 5 milliliters of ice-cold PBS  [2].
2.4.1. Talent removing the fixation solution from each well with a pipette under the fume hood.
2.4.2. Talent placing the plate added with PBS under gentle agitation.

2.5. After the washes, remove the PBS [1]. Using forceps, transfer the fixed tissue to a 120 by 120 millimeter Petri dish [2] and add 50 microliters of nuclei isolation buffer to the fixed seedlings [3]. 
2.5.1. Talent removing PBS  from the fixed tissue.
2.5.2. Talent transferring the fixed tissue to a 120 millimeter by 120 millimeter Petri dish with forceps.
2.5.3. Talent adding nuclei isolation buffer to the fixed seedlings.



3. Isolation of Nuclei from Fixed Seedlings
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Then, with a blade, chip the fixed tissue [1]. Using the same blade, scrape the chopped tissue to one edge of the Petri dish [2]. Add 600 microliters of nuclei isolation buffer and wash off any tissue stuck to the blade [3].
3.1.1. Talent chipping the fixed tissue with a blade.
3.1.2. Talent scraping the chopped tissue to one edge of the Petri dish with a blade.
3.1.3. Talent adding nuclei isolation buffer to the dish while rinsing tissue from the blade.

3.2. Transfer the tissue slurry into a 2 milliliter Dounce homogenizer tube [1] and stroke 5 to 10 times with the smaller pestle [2]. Then, stroke with the larger pestle until it moves smoothly inside the tube, typically requiring 5 to 10 strokes [3].
3.2.1. Talent transferring the tissue slurry into a 2 milliliter Dounce homogenizer tube.
3.2.2. Talent homogenizing the sample with the smaller pestle.
3.2.3. Talent homogenizing the sample with the larger pestle.

3.3. Now, filter the homogenized sample through a 30-micrometer mesh filter into a 1.5-milliliter microtube [1].
3.3.1. Talent filtering the homogenized sample through a mesh filter into a microtube.

3.4. Centrifuge the suspension for 10 minutes at 800 g using the lowest ramp for both acceleration and deceleration [1]. After centrifugation, note a small white pellet is visible among the green tissue debris [2].
3.4.1. Talent placing the microtube into the centrifuge.
3.4.2. Shot of a small white pellet visible among green tissue debris in the tube.

3.5. Discard the supernatant [1] and resuspend the pellet in 150 microliters of nuclei isolation buffer [2].
3.5.1. Talent removing and discarding the supernatant from the microtube.
3.5.2. Talent resuspending the pellet in nuclei isolation buffer by pipetting up and down.

3.6. Centrifuge again for 10 minutes at 800 g and remove the supernatant [1-TXT]. 
3.6.1. Talent placing the microtube into the centrifuge. TXT: Wash the pellet again with nuclei isolation buffer if green debris remains

3.7. Store the isolated nuclei suspension at 4 degrees Celsius for a maximum of 1 week [1] and immuno-stain the nuclei with desired antibodies [2].
3.7.1. Talent placing the microtube containing nuclei suspension into cold storage.
3.7.2. Shot of the adding the antibody mix to the sample. Authors: This is a representative shot for immunostaining, we do not have to show the entire procedure


4. Sample Mounting in STORM Buffer and Agarose

Demonstrator: Click here to enter name of demonstrator(s) 


4.1. Heat the 1.5% weight by volume low-melting agarose solution at 90 degrees Celsius for 1 minute to dissolve the powder and obtain a clear solution [1]. Cool the solution and maintain it at 37 degrees Celsius before proceeding to avoid heat denaturation of the glucose oxidase buffer [2]. 
4.1.1. Talent placing the solution into a heating device.
4.1.2. Talent placing the solution at 37 degrees Celsius in an incubator.

4.2. After the low-melting agarose solution reaches 37 degrees Celsius, add 100 millimolar mercaptoethylamine and glucose oxidase to achieve a 1x final concentration and prepare the STORM (storm) buffer [1] and mix the solution gently [2].
4.2.1. Talent adding mercaptoethylamine and glucose oxidase to the warm agarose solution.
4.2.2. Talent gently mixing the solution.

4.3. Next, combine the nuclei suspension with nanodiamonds at a 1 to 1500 dilution [1] and incubate the mixture for 5 minutes [2].
4.3.1. Talent mixing nuclei suspension with nanodiamonds.
4.3.2. Talent placing the sample aside for incubation. Authors: Is it incubated at RT?

4.4. Deposit 10 microliters of the mixture onto an ozone-treated 1.5-H coverslip that has been treated for 20 minutes in an ultraviolet ozone cleaning system [1]. Wait for 3 minutes to allow the nuclei to deposit on the coverslip [2].
4.4.1. Talent pipetting the sample onto a coverslip.
4.4.2. Shot of the sample resting on the coverslip during deposition.

4.5. Then, remove the excess liquid and wait for 2 minutes [1]. Add 10 microliters of the prepared low-melting agarose to the coverslip and immediately cover with a microscope slide [2].
4.5.1. Talent removing excess liquid from the coverslip.
4.5.2. Talent adding agarose and placing a microscope slide over the coverslip.

4.6. Seal the coverslip using silicone sealant [1]. Mix equal amounts of solution A and solution B in a small Petri dish using a micropipette tip [2]. Apply the mixture over the edges of the coverslip to seal the sample and allow it to harden for 5 minutes [3].
4.6.1. Talent applying silicone sealant around the coverslip.
4.6.2. Talent mixing solution A and solution B in a Petri dish using a micropipette tip.
4.6.3. Talent applying the sealant mixture along the edges of the coverslip.




5. STORM Image Acquisition and Reconstruction
Demonstrator: Click here to enter name of demonstrator(s) 


5.1. Mount the sample slide on the microscope and find focus [1]. Activate a focus-maintaining module if available to ensure stability during long acquisitions [2].
5.1.1. Talent placing the sample slide onto the microscope stage and adjusting focus.
5.1.2. SCREEN: Show the microscope software interface activating the focus-maintaining module. 
[bookmark: _Hlk162020732][bookmark: _Hlk203170338]Authors: Please create screen capture videos of the shots labeled as SCREEN, write a screenshot summary, and upload the files to your project page as soon as possible:

5.2. Locate and focus on a nucleus [1] and select a region where one or a few nanodiamonds are positioned near the nucleus to improve drift correction during reconstruction [2].
5.2.1. SCREEN: View of the sample as the nucleus is brought into focus.
5.2.2. SCREEN: View showing nanodiamonds positioned near the nucleus of interest.

5.3. For two-color imaging, begin acquisition with the longer wavelength channel [1] and then switch to the shorter wavelength channel to complete imaging [2].
5.3.1. SCREEN: Show acquisition settings selecting the longer wavelength channel.
5.3.2. SCREEN: Show switching to the shorter wavelength channel in the acquisition settings.

5.4. Process the raw image stacks in Thunder-STORM using Gaussian fitting with Weighted Least-Squares estimation and generate reconstructed images [1]. Apply filtering based on sigma and uncertainty below 30 nanometers to retain accurate localizations and remove noise [2].
5.4.1. SCREEN: Show raw image stacks being loaded into ThunderSTORM.
5.4.2. SCREEN: Apply sigma and uncertainty filtering below 30 nanometers in ThunderSTORM. Authors: We need only 20-second clips for each shot labelled SCREEN. 
As we are already at the 55-shot limit, this section has been summarised into 2 steps

5.5. Finally, perform sample drift correction using ThunderSTORM cross-correlation or the COMET (comet) algorithm [1] and confirm minimal drift in the reconstructed images [2].
5.5.1. SCREEN: Run algorithm for  drift correction using ThunderSTORM cross-correlation or the COMET algorithm.
5.5.2. SCREEN: Show reconstructed images with minimal drift.








Results
Please review this section to make sure that it accurately reflects your findings.	Comment by Poornima  G: Authors: Please check if the narration is correct and if the figures and areas being highlighted match with the narration
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 161.
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. Nuclei were isolated from 15-day-old wild-type seedlings, immunolabeled with AF647-conjugated secondary antibodies, and counterstained with Hoechst H33258 (H-3-3-2-5-8) [1].
6.1.1. LAB MEDIA: Figure 1

6.2. Confocal imaging showed multiple isolated and well-preserved nuclei with minimal debris [1], with chromocenters and the nucleolus clearly distinguishable [2].
6.2.1. LAB MEDIA: Figure 1. Video editor: Highlight Hoechst column images
6.2.2. LAB MEDIA: Figure 1. Video editor: Zoom in on the top image in Hoechst and AF647 columns and and point to the regions indicated by arrows

6.3. RNA Polymerase II (2) signal was absent from chromocenters and the nucleolus [1].
6.3.1. LAB MEDIA: Figure 1. Video editor: Highlight the areas marked by arrows where the red signal is missing 

6.4. Diffraction-limited maximum intensity projections and corresponding SMLM reconstructions revealed structural details of RNA Polymerase II and DNA labeling [1], including enlarged regions of interest showing finer structures [2].
6.4.1. LAB MEDIA: Figure 2. Video editor: Highlight the AF647 and JF549 columns images
6.4.2. LAB MEDIA: Figure 2. Video editor: Highlight the boxed inset regions after each image

6.5. Localization filtering based on sigma and uncertainty improved the definition of both RNA Polymerase II and DNA signals compared to detected localizations [1], and further refinement after drift correction maintained this improved structure [2].
6.5.1. LAB MEDIA: Figure 3A. Video editor: Show the top row labeled “detected localizations”
6.5.2. LAB MEDIA: Figure 3A. Video editor: Move to the middle and bottom rows and 

6.6. Filtering based on sigma values removed localizations with excessively small or large fitted widths [1].
6.6.1. LAB MEDIA: Figure 3B. 


6.7. Fourier Ring Correlation analysis showed that resolution in the AF647 channel improved from 90.1 to 47.7 nanometers after filtering [1], while the JF549 channel improved from 56.6 to 27.9 nanometers [2].
6.7.1. LAB MEDIA: Figure 4. Video editor: Highlight the resolution value labeled 90.1 nanometer in panel A and then 47.7 nanometer in panel C for the left column
6.7.2. LAB MEDIA: Figure 4. Video editor: Highlight the resolution value labeled 56.6 nanometer in panel A and then 27.9 nanometer in panel C for the right column

NOTE to the Authors:

For submitting the SCREEN footage:

Upload Separate Clips (Highly Recommended)

Please upload a separate video file for each SCREEN shot (tagged as SCREEN), naming the file according to the shot number (e.g., 2.4.3.mp4, 1.5.1, 3.2.1, 3.1.3, etc.).

- Each clip must be a maximum of 20 to 25 seconds to match the voice narration.
- If an action takes longer, provide only the best, most representative 20-25 second segment.
- Please do not provide longer clips as we won’t be able to use them.
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