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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:  25
Number of Shots:  56 

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

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.
· 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.  Chromatin Fragmentation and Preclearing with C1 Beads

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

2.1. To begin, obtain permeabilized nuclei from Drosophila S2 cells after sequential formaldehyde and ethylene glycol bis succinimidyl succinate crosslinking [1]. Resuspend the nuclear pellet in 15 milliliters of 0.1 percent formaldehyde lysis buffer containing Triton X-100 [2]. Aliquot 1.5 milliliters of the nuclear suspension into each 14-milliliter round-bottom test tube while avoiding bubble formation [3].
2.1.1. WIDE: Talent placing the tube with nuclear pellet on ice.
2.1.2. Talent resuspending the nuclei pellet in a tube containing 15 milliliters of 0.1 percent formaldehyde lysis buffer with Triton X-100.
2.1.3. Talent aliquoting 1.5 milliliters of the nuclei suspension into individual 14 milliliter round-bottom test tubes.

2.2. Sonicate the suspension at an amplitude of 38 percent for 4.5 minutes using 30 second on and 30 second off cycles [1]. Collect the sonicated chromatin into a 15-milliliter tube [2] and centrifuge at 3200 g for 20 minutes at room temperature [3]. Transfer approximately 13 milliliters of the supernatant to a new 15-milliliter tube [4].
2.2.1. Talent placing the tube containing the nuclei suspension into the sonicator.
2.2.2. Talent transferring the sonicated chromatin into a 15 milliliter tube.
2.2.3. Talent placing the tube into the centrifuge.
2.2.4. Talent transferring approximately 13 milliliters of supernatant into a new 15 milliliter tube.

2.3. Add 100 microliters of prepared Streptavidin C1 beads into the tube containing sonicated chromatin [1]. Rotate for 20 minutes at room temperature [2]. Then, place the tube on a magnetic rack for 1 minute [3] and transfer the supernatant containing the precleared chromatin to new 50-milliliter tubes [4-TXT].
2.3.1. Talent pipetting 100 microliters of Streptavidin C1 beads into the tube containing the sonicated chromatin supernatant.
2.3.2. Talent placing the tube on a rotator for incubation.
2.3.3. Talent placing the tube onto a magnetic rack.
2.3.4. Talent transferring the supernatant into 50 milliliter tubes. TXT: Take 10 μL for QC and store the rest at −20 °C



3. Chromatin-RNA Probe Hybridization and Probe-Chromatin Complex Immobilization on C1 Beads

Demonstrator: Click here to enter name of demonstrator(s) 
3.1. Incubate 26 milliliters of freshly prepared hybridization buffer with 13 milliliters of precleared chromatin on a rotator for 30 minutes at room temperature [1].
3.1.1. Talent placing the tube with buffer-chromatin mix on a rotator for incubation.

3.2. Next, aliquot the hybridization mixture into three 15-milliliter tubes [1]. Add 6 microliters of 100 micromolar biotinylated probes to each sample [2]. After sealing the tube caps with film, rotate the tubes at 37 degrees Celsius overnight [4].
3.2.1. Talent aliquoting the hybridization mixture into three 15 milliliter tubes.
3.2.2. Talent pipetting 6 microliters of 100 micromolar biotinylated probes into each tube.
3.2.3. Talent placing the film-sealed tubes on a rotator set to 37 degrees Celsius for overnight incubation.


3.3. Block Streptavidin C1 beads with blocking buffer and later, resuspend the beads in 400 microliters of hybridization buffer [1].
3.3.1. Talent resuspending the Streptavidin C1 beads in 400 microliters of hybridization buffer.

3.4. Add the blocking buffer-treated Streptavidin C1 beads to the corresponding hybridized chromatin prepared previously [1]. Rotate the mixture for 2.5 hours at room temperature [2].
3.4.1. Talent adding the blocking buffer-treated Streptavidin C1 beads to the tube containing the hybridized chromatin.
3.4.2. Talent placing the tube on a rotator for incubation.

3.5. Wash the beads five times with 800 microliters of wash buffer and then two times with TE buffer by adding the buffer to the beads [1].  After the final wash, discard the supernatant and hold the beads in 1000 microliters of TE buffer containing 1x protease inhibitor at room temperature [2].
3.5.1. Talent adding wash buffer to the bead-containing tube.
3.5.2. Talent removing the supernatant and adding the buffer to the bead pellet.


3.6. For blocking unoccupied sites on C1 beads, add 220 microliters of denatured IPB to the Streptavidin C1 beads bound with the probe–chromatin complex suspended in 1000 microliters of TE buffer [1-TXT]. Rotate the tube at room temperature for 15 minutes [2].
3.6.1. Talent pipetting 220 microliters of denatured IPB into the tube containing Streptavidin C1 beads with the probe–chromatin complex. TXT: IPB: Iodoacetyl-PEG2-Biotin
3.6.2. Talent placing the tube on a rotator for incubation.

3.7. Wash the Streptavidin C1 beads five times using TE buffer [1].
3.7.1. Talent adding TE buffer to the bead-containing tube.


4. On-Bead Chromatin End-Repair and A-Tailing


4.1. After washing, add 693 microliters of end-repair mix to the chromatin on Streptavidin C1 beads and mix well [1]. Then, add 7 microliters of T4 DNA polymerase [3].
4.1.1. Walent pipetting 693 microliters of end-repair mix into the tube containing chromatin on Streptavidin C1 beads.
4.1.2. Talent pipetting 7 microliters of T4 DNA polymerase into the tube.

4.2. Incubate the mixture on a thermomixer at 800 revolutions per minute and 12 degrees Celsius for 30 minutes [1]. Then incubate the sample on a mixer at 16 degrees Celsius for 15 minutes [2]. Wash the beads three times with 800 microliters of ice-cold ChIA-PET (chia-pet) buffer and then one time with TE buffer by gently pipetting to mix [3]. 
4.2.1. Talent placing the tube on a thermomixer set to 800 revolutions per minute at 12 degrees Celsius.
4.2.2. Talent placing the tube on a mixer set to F8 at 16 degrees Celsius.
4.2.3. Talent gently pipetting the beads with ice-cold ChIA-PET buffer to mix during washing.

4.3. Add 693 microliters of A-tailing mix to the chromatin on Streptavidin C1 beads and mix well [1]. Next, add 7 microliters of Klenow fragment 3 prime to 5 prime exonuclease minus [3].	Comment by Poornima  G: Authors: Please check if this is correct
4.3.1. Talent pipetting 693 microliters of A-tailing mix into the tube containing chromatin on Streptavidin C1 beads.
4.3.2. Talent pipetting 7 microliters of Klenow fragment 3 prime to 5 prime exonuclease minus into the tube.

4.4. Incubate the tube on a mixer at 12 revolutions per minute and 37 degrees Celsius for 50 minutes [1]. Wash the beads three times with 800 microliters of ice-cold ChIA-PET buffer and then one time with elution buffer by gently pipetting to mix [3].
4.4.1. Talent placing the tube on a mixer set to revolutions per minute and 37 degrees Celsius.
4.4.2. Talent gently pipetting the beads with ice-cold ChIA-PET buffer to mix during washing.


5. Chromatin Proximity Ligation and Release from the C1 Beads
5.1. Now, add 1390 microliters of proximity ligation mix to the chromatin on Streptavidin C1 beads [1]. Incubate on a mixer at room temperature for 5 minutes [2].
5.1.1. Talent pipetting 1390 microliters of proximity ligation mix into the tube containing chromatin on Streptavidin C1 beads.
5.1.2. Talent placing the tube on a mixer set to F8.

5.2. Add 10 microliters of T4 DNA ligase to the mixture and incubate [1-TXT]. 
5.2.1. Talent pipetting 10 microliters of T4 DNA ligase into the tube. TXT: Rotate on mixer (F8) at RT for 5 min; Switch to F1 (12 rpm) at RT for 50 min; 16 °C overnight

5.3. Wash the beads three times with 800 microliters of ice-cold ChIA-PET buffer and then two times with TE buffer by gently pipetting to mix [1].
5.3.1. Talent gently pipetting the beads with ice-cold ChIA-PET buffer, mixing and placing on magnetic rack.


5.4. For chromatin release, add 480 microliters of LC ChIP (chip) elution buffer to the chromatin on Streptavidin C1 beads [1] and mix well [2]. Add 20 microliters of 20 milligram per milliliter Proteinase K for decrosslinking [3].
5.4.1. Talent pipetting 480 microliters of LC ChIP elution buffer into the tube containing chromatin on Streptavidin C1 beads.
5.4.2. Talent mixing the bead suspension thoroughly.
5.4.3. Talent pipetting 20 microliters of 20 milligram per milliliter Proteinase K into the tube.

5.5. Incubate the tube on a thermomixer at 950 revolutions per minute and 65 degrees Celsius overnight [1-TXT].
5.5.1. Talent placing the tube on a thermomixer set to 950 revolutions per minute at 65 degrees Celsius for overnight incubation. TXT: Perform proximity-ligated DNA purification with Phenol: Chloroform: IAA




6.  Proximity-Ligated DNA Tn5 Tagmentation
Demonstrator: Click here to enter name of demonstrator(s) 

6.1. Add all the required components for the Tn5 tagmentation test [1] in a total reaction volume of 50 microliters in a PCR tube on ice [2]. 
6.1.1. Talent adding buffer to a a PCR tube placed on ice to prepare the Tn5 tagmentation reaction.
6.1.2. TEXT ON PLAIN BACKGROUND: 
· Add 50 ng QC1 DNA + ddH₂O + 12.5 µL 4× Tagmentation buffer
· Add the required amount of Tn5 enzyme
· Gently pipette up and down 10 - 20x to mix, avoiding bubbles

6.2. Incubate the tagmentation reaction at 55 degrees Celsius for 10 minutes in a thermocycler with the lid set to 70 degrees Celsius and then hold at 4 degrees Celsius [1].
6.2.1. Talent placing the PCR tube into a thermocycler and adjusting the settings.

6.3. Add 50 microliters of ChIP elution buffer and 1 microliter of Proteinase K to the tagmented DNA [1]. Mix the solution [2] and incubate on a thermomixer at 65 degrees Celsius and 900 revolutions per minute for 30 minutes [3]. Purify the DNA using a DNA purification kit [4] and quantify the DNA using an automatic capillary electrophoresis system [5-TXT].
6.3.1. Talent pipetting 50 microliters of ChIP elution buffer and 1 microliter of Proteinase K into the tube.
6.3.2. Talent mixing the DNA solution in the tube.
6.3.3. Talent placing the tube on a thermomixer set to 65 degrees Celsius at 900 revolutions per minute.
6.3.4. Talent adding the sample to a DNA purifying column, with the DNA purification kit placed on the desk.
6.3.5. Talent loading the purified DNA into an automatic capillary electrophoresis system. 




7. Immobilization of Ligated DNA and Amplification on M280 Beads

7.1. Add all fragmented ligated DNA to the pre-blocked M280 beads and mix the suspension [1-TXT]. Rotate the tube on a mixer at room temperature for 45 minutes [2].
7.1.1. Talent adding fragmented ligated DNA to the M280 beads. TXT: Block M280 beads with blocking buffer and genomic DNA
7.1.2. Talent placing the tube on a mixer for incubation.

7.2. After a brief spin, place the tube on a magnetic rack [1] and discard the supernatant [2-TXT]. Following the washes, add 30 microliters of elution buffer to the beads without mixing [3].
7.2.1. Talent placing the tube on a magnetic rack.
7.2.2. Talent discarding the supernatant from the tube. TXT: Wash beads 5x with 500 μL of pre-warmed wash buffer at 37 °C; 1x with 500 μL of 1x B&W; 1x with 200 μL of 1x B&W
7.2.3. Talent pipetting 30 microliters of elution buffer onto the beads without mixing.

7.3. Prepare the PCR mix according to the DNA library preparation kit [1]. Transfer the PCR tubes to a PCR machine and set up the amplification program [2]. Finally, after purifying the PCR product using magnetic beads, measure 10 to 30 nanograms of library DNA using a nucleic acid quantifier to prepare the sample for sequencing [3].
7.3.1. Talent adding components into a PCR tube.
7.3.2. Talent placing the PCR tubes into the PCR machine and adjusting settings.
7.3.3. Talent measuring the DNA library concentration using a nucleic acid quantifier.



7.3.4. 

Results
Please review this section to make sure that it accurately reflects your findings.
· 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: XXX.
· Please note that the video cannot include voiceover without an accompanying visual.

8. Results 

8.1. Permeabilized nuclei were observed under the microscope before chromatin fragmentation [1].
8.1.1. LAB MEDIA: Figure 2B 
8.2. Sonicated chromatin fragments ranged from approximately 1000 to 3000 base pairs, indicating successful fragmentation [1].
8.2.1. LAB MEDIA: Figure 3A. Video editor: Highlight the broad peak region between approximately 1000 and 3000 base pairs on the electropherogram. 
8.3. Chromatin samples containing RNA-associated chromatin and unbound probes showed a distinct smaller peak corresponding to unbound probes [1].
8.3.1. LAB MEDIA: Figure 3B. Video editor: Highlight the small peak marked by the arrow labelled “unbound probes”. 
8.4. RNA-associated chromatin displayed a fragment size range from approximately 1000 to 3000 base pairs [1].
8.4.1. LAB MEDIA: Figure 3C. Video editor: Highlight the peak distribution spanning approximately 1000 to 3000 base pairs on the electropherogram. 
8.5. Chromatin tagged with Tn5 showed a fragment distribution indicative of chromatin tagmentation efficiency [1].
8.5.1. LAB MEDIA: Figure 3D. Video editor: Highlight the fragment distribution curve across the base pair scale showing the tagmented chromatin signal. 
8.6. The sequencing library after amplification exhibited a fragment size distribution ranging from approximately 180 to 1000 base pairs [1].
8.6.1. LAB MEDIA: Figure 3E. Video editor: Highlight the fragment distribution spanning approximately 180 to 1000 base pairs on the electropherogram. 
8.7. After size selection, the sequencing library fragments were predominantly enriched in the approximately 250 to 600 base pair range [1].
8.7.1. LAB MEDIA: Figure 3F. Video editor: Highlight the peak region corresponding to approximately 250 to 600 base pairs on the electropherogram. 
8.8. RDD detected binding of the non-coding RNA roX2 with associated chromatin interaction loops [1], alongside RNAPII-associated chromatin interaction loops in the same genomic region [2].
8.8.1. LAB MEDIA: Figure 4A. Video editor: Highlight the green roX2 loop arcs and the green peak track beneath them.
8.8.2. LAB MEDIA: Figure 4A. Video editor: Highlight the blue RNAPII loop arcs and the blue peak track below the roX2 signals. 
8.9. RDD detected binding of the non-coding RNA 7SK with associated chromatin interaction loops [1], together with RNAPII-associated chromatin interaction loops in the same region [2].
8.9.1. LAB MEDIA: Figure 4B. Video editor: Highlight the purple 7SK loop arcs and the purple peak track.
8.9.2. LAB MEDIA: Figure 4B. Video editor: Highlight the blue RNAPII loop arcs and the blue peak track beneath the 7SK signals. 
8.10. Integration of RDD data with Hi-C chromatin conformation maps revealed topologically associating domains with RNA-associated chromatin loops located near domain boundaries [1].
8.10.1. LAB MEDIA: Figure 4C. Video editor: Zoom into the red triangular heatmap and highlight the circular region marking a chromatin loop near the domain boundary. 
8.11. Integration of RDD data with Hi-C maps and epigenomic tracks revealed RNA-associated chromatin interactions within topologically associating domains together with chromatin state and transcription profiles [1], including histone modification tracks and RNA sequencing signal [2].
8.11.1. LAB MEDIA: Figure 4D. Video editor: Highlight the red Hi-C triangular heatmap showing the chromatin domain structure.
8.11.2. LAB MEDIA: Figure 4D. Video editor: Highlight the tracks labelled H3k27ac, H3k27me3, and RNA-seq beneath the heatmap
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