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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  Yes	  
If Yes, can you record movies/images using your own microscope camera?
Yes	  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No	

3. Filming location: Will the filming need to take place in multiple locations?   No


Introduction

1. Introductory Interview Statements

[bookmark: _Hlk28591455][bookmark: _Hlk28954045]Videographer: Interviewee headshots are required. Take a headshot for each interviewee. 

[bookmark: _Hlk28591522]Authors: While filming the interview portion, our videographer will also photograph you for the JoVE Dedicated Author Webpage. Please look at this example. For questions about the author profile pages and pictures, please contact author.liaison@jove.com.

1.1. Thomas Graf: The precise spatiotemporal expression of genes is regulated by diverse cis-regulatory elements that physically interact between them. Our protocol makes it possible to quantitatively interrogate chromatin contacts of targeted loci, such as promoters [1]. 
1.1.1. [bookmark: _Hlk25067257]INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.

1.2. Thomas Graf: This technique allows us to identify and quantify the interaction frequency between cis-regulatory elements and of several gene promoters simultaneously [1].  
1.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.



1.3. 

Protocol
2. Embyroid Body Generation
2.1. To generate embryoid bodies, begin by culturing mouse embryonic stem cells to 60 percent confluency [1-TXT]. Then, remove the culture medium and wash twice with 2 milliliters of sterilized PBS [2].
2.1.1. SCREEN: 60960_Screenshot_1 (microscope image of mESCs at 60% confluency) TEXT: mouse embryonic stem cells (mESCs); embryoid bodies (EBs) NOTE: checked on 03/05 and it wasn’t uploaded. 
2.1.2. Talent removes culture medium and washes cells twice.
2.2. Remove the PBS completely, and add 2 milliliters of cell detachment medium [1]. Incubate the culture dish at 37 degrees [2].
2.2.1. Talent removes PBS and adds detachment medium.
2.2.2. Talent places culture dish in incubator.
2.3. After incubation for 5 minutes, add 8 milliliters of E-B differentiation medium to the dish [1]. To dissociate the m-E-S-C colonies and obtain a single-cell suspension, pipette the medium up and down 15 to 20 times and transfer the suspension to a 10-milliliter tube [2].
2.3.1. Talent adds differentiation medium to the dish.
2.3.2. Talent pipettes up and down and transfers cells
2.4.  Centrifuge the cells at 300 times g at room temperature for 5 minutes [1]. Then, carefully remove the supernatant [2]. 
2.4.1. Talent places cells in centrifuge.
2.4.2. Talent removes supernatant.
2.5. After counting the cells, resuspend the cell pellet with EB differentiation medium [1-TXT]. 
2.5.1. Talent resuspends cell pellet with EB differentiation medium. TEXT: Adjust cell concentration to 2 x 104 cells/mL
2.6. Invert the lid of a 15-centimeter culture dish. Using a 200-microliter multichannel pipette, deposit 20-microliter drops of resuspended cells on the lid [1-TXT]. Invert the lid carefully, and place it onto the bottom portion of the culture dish [2]. Incubate the dish, with the hanging drops, for 3 days [3-TXT]. Videographer: This is one of the most important steps for viewers to see. 
2.6.1. Talent inverts lid of culture dish and pipettes resuspended cells onto the lid. TEXT: ~400 cells/drop
2.6.2. Talent inverts lid and places it carefully on bottom portion of culture dish.
2.6.3. ECU: Drops hanging from lid. TEXT: Incubate at 37 ˚C, 5% CO2, 95% humidity
2.7. To collect the cells after incubation, wash the lid gently with 10 milliliters of PBS [1]. Transfer the PBS, which will contain the EBs, to a 50-milliliter plastic tube [2]. Videographer: This is one of the most important steps for viewers to see.
2.7.1. Talent washes lid with PBS.
2.7.2. Talent transfers cells to 50-milliliter plastic tube.
2.8. After letting the tube sit for 30 minutes at room temperatures, carefully remove the supernatant. The EBs will be left at the bottom of the tube [1]. Gently resuspend the EBs in 10 milliliters of fresh EB differentiation medium. Transfer the suspension to a 10-centimeter bacteriological Petri dish [2]. Videographer: This is one of the most important steps for viewers to see.
2.8.1. Talent removes supernatant.
2.8.2. Talent resuspends EBs and transfers the suspension to a Petri dish.
2.9. 3 to 6 days later, use an inverted microscope to check EB formation [1]. The EBs should be round and homogenous in size [2].
2.9.1. Talent places Petri dish on microscope stage.
2.9.2. SCOPE: Round and homogenous EBs.
3. Dissociation of EBs
3.1. Collect the EBs from two or three 10-centimeter dishes into a 50-milliliter plastic tube [1]. Centrifuge the EBs at 300 times g for 5 minutes at room temperature [2].
3.1.1. Talent collects EBs into a 50-milliliter plastic tube.
3.1.2. Talent places tube in centrifuge.
3.2. Carefully remove the supernatant, and resuspend the EBs in 10 milliliters of PBS [1]. Centrifuge the EBs at 300 times g at room temperature again, this time for 3 minutes [2].
3.2.1. Talent removes supernatant and resuspends EBs
3.2.2. Talent places tube in centrifuge.
3.3. Remove the supernatant, and add 2 milliliters of trypsin-EDTA to the pellet [1]. Incubate the tube at 37 degrees Celsius for 15 minutes [2]. During incubation, pipette up and down every 3 minutes to obtain a single-cell suspension [3].
3.3.1. Talent removes the supernatant and adds trypsin-EDTA.
3.3.2. Talent places tube in incubator.
3.3.3. Talent pipettes to suspend cells.
3.4. To stop the trypsin reaction, add 8 milliliters of EB differentiation medium [1]. 
3.4.1. Talent adds 8 milliliters of EB differentiation medium.
4. Fixation
4.1. After resuspending the cells in fresh EB medium, add paraformaldehyde to a final concentration of 1 percent. Incubate the cells for 10 minutes at room temperature under rotation [1-TXT]. 
4.1.1. Talent adds paraformaldehyde. TEXT: Paraformaldehyde 37% stock, ≤ 6 months old
4.2. [bookmark: _Hlk30164457]Gregoire Stik: Paraformaldehyde is hazardous [1]. NOTE: Slated as 6.2.
4.2.1. INTERVIEW: Author saying the above 
4.3. Quench the formaldehyde by adding glycine, to a final concentration of 0.125 Molar [1].
4.3.1. Talent adds glycine. NOTE: Vid says 4.3.1. is 4.1.2, but there’s no 4.1.2 so I’m not sure what happened. 
4.4. Complete the fixation process as described in the manuscript and then snap-freeze the cell pellets in liquid nitrogen [1]
4.4.1. Talent snap-freezes 1.5 mL safe-lock tubes.
5. Cell Lysis
5.1. Gently resuspend the cell pellet in freshly prepared ice-cold lysis buffer, and place the tube on ice [1-TXT]. After 15 minutes, centrifuge the cells at 1,000 times g for 5 minutes at 4 degrees Celsius [2]. Videographer: This is one of the most important steps for viewers to see.
5.1.1. Talent resuspends the pellet with lysis buffer and place tube on ice. TEXT: 0.25 mL buffer per 2–5 x 106 cells
5.1.2. Talent centrifuges the tubes.
5.2. Discard the supernatant and wash the pellet with 500 microliters of cold lysis buffer [1]. Resuspend the pellet in a 1.5-milliliter tube with 50 microliters of 0.5 percent SDS in 1x buffer 2, and place the tube in a heating block at 62 degrees Celsius [2]. Videographer: This is one of the most important steps for viewers to see.
5.2.1. Talent discards supernatant washes pellet with lysis buffer.
5.2.2. Talent resuspends pellet and places tube in heating block.
6. Restriction Enzyme Digestion
6.1. After 10 minutes, remove the tube from the heating block, and add digestion buffer [1-TXT]. Mix well by pipetting, avoiding excessive foaming, and incubate the tube at 37 degrees Celsius [2].
6.1.1. Talent removes tube from heating block and adds digestion buffer. TEXT: 170 μL of digestion buffer containing 25 μL of 10% triton X-100 to quench the SDS
6.1.2. Talent mixes by pipetting and places tube in incubator.
6.2. Grégoire Stik: To ensure efficient restriction enzyme digestion, in this protocol we have included a repetitive digestion step. Also, it is important to resuspend the nuclei well in the digestion buffer [1]. NOTE: Slated as 4.2. 
6.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
6.3. Add another 25 microliters of digestion buffer, mix by inverting, and take 8 microliters as an undigested control. Store the undigested control sample at negative 20 degrees Celsius [1]. 
6.3.1. Talent adds digestion buffer, mixes by inverting, and withdraws 8 microliters to keep as a control.
6.4. Next, you will add several aliquots of the restriction enzyme Mbol, incubating at 37 degrees Celsius under rotation after each aliquot [1-TXT]. Videographer: This is one of the most important steps for viewers to see, and the most difficult. 
6.4.1. Talent adds restriction enzyme and places tube in incubator under rotation. TEXT: 100 U Mbol -> 2 h incubation; 100 U Mbol -> 2 h incubation; 100 U Mbol -> overnight incubation; 100 U Mbol -> 3 h incubation
6.5. Take 8 microliters as a digested control sample [1]. To de-crosslink both control samples, add 80 microliters of TE buffer and 10 microliters of proteinase K. Incubate at 65 degrees Celsius for 1 hour [2].
6.5.1. Talent withdraws 8 microliters as control.
6.5.2. Talent adds buffer and proteinase K to both controls, and places them in incubator.
6.6. To check digestion efficiency, run 20 microliter aliquots on a 0.6 percent gel. Successful digestions show fragments mostly in the range of 3.0 to 5.0 kilobase pairs [1-TXT]. 
6.6.1. Talent begins process of adding aliquots to gel. TEXT: Digestion products will be used for proximity ligation and crosslink-reversal procedure.
7. DNA Shearing and Size Selection
7.1. Prepare DNA for shearing as described in the manuscript [1].
7.1.1. Talent prepares three tubes for sonication.
7.2. Use a sonicator to shear the DNA to a size of 150 to 700 base pairs [1-TXT].
7.2.1. Talent places tubes in sonicator, sets parameters, and turns on sonicator. TXT: 6 to 8 cycles; 20 s on, 60 s off
7.3. Transfer the sheared DNA to a normal new safe-lock tube, pooling multiple sonications from the same sample [1]. Add warmed DNA purification beads in an amount equal to 1.8 times the existing volume, and mix by resuspending [2].
7.3.1. Talent transfers DNA to safe-lock tube.
7.3.2. Talent adds beads to tube and mixes.
7.4. After 5 minutes of incubation, collect the beads with a magnetic rack [1]. Keeping the tubes in the magnetic rack, wash the beads 2 times with 1 milliliter of freshly prepared 80-percent ethanol [2-TXT].
7.4.1. [bookmark: _GoBack]Talent uses magnetic rack to collect beads and talent washes beads. TEXT: Remove all ethanol, including residual droplets. NOTE: Shot 7.4.2 is the same as 7.4.1. 
7.5. After air-drying the beads at room temperature for 2 to 3 minutes, elute the DNA by resuspending the beads in 1X Tris buffer [1-TXT].
7.5.1. Talent adds Tris buffer to beads. TEXT: 90 μL 1x Tris buffer (10 mM Tris-HCl, pH 8)


Results
8. Results: Enhance-Promoter Contacts During EB Differentiation 
8.1. Using the hanging drop method, a homogenous population of EBs was obtained six days after the induction of ESC differentiation [1]
8.1.1. LAB MEDIA: Figure 1.
8.2. Gel electrophoresis was performed throughout the protocol for quality control [1]. Efficient digestion by MboI results in fragments of less than 3 kilobase pairs [2]. Electrophoresis after ligation showed that most fragments were larger than 3 kilobase pairs [3]. Fragment sizes of 400 to 500 base pairs are expected after sonication [4].
8.2.1. LAB MEDIA: Figure 2. Video editor: Please show only Figure 2B if possible.
8.2.2. LAB MEDIA: Figure 2. Video editor: Please emphasize Figure 2B(I).
8.2.3. LAB MEDIA: Figure 2. Video editor: Please emphasize Figure 2B(II).
8.2.4. LAB MEDIA: Figure 2. Video editor: Please emphasize Figure 2B(III).
8.3. After dephosphorylation and single-end adapter ligation, two rounds of PCR were performed to amplify the targets of interest [1]. Each target was amplified separately with two different primer pairs: A and B for the Pou5f1 locus and C and D for the T locus. This resulted in a DNA smear around 400 base pairs [2]. 
8.3.1. LAB MEDIA: Figure 2. Video editor: Please show only Figure 2C and Figure 2D if possible. 
8.3.2. LAB MEDIA: Figure 2. Video editor: Please show only Figure 2C and Figure 2D if possible. Emphasize Figure 2C.
8.4. Alternatively, multiplex PCR was performed to amplify targets A and C simultaneously, resulting in a similar fragment size after purification [1].
8.4.1. LAB MEDIA: Figure 2. Video editor: Please show only Figure 2C and Figure 2D if possible. Emphasize Figure 2D.
8.5. In these 4C profiles, the light blue boxes indicate the location of enhancers with dynamic changes during differentiation [1]. Chromatin regions contact promoters of Pou5f1 and T genes during EB differentiation. Pou5f1 was downregulated during EB differentiation [2]. Conversely, T was upregulated during EB differentiation [3].
8.5.1. LAB MEDIA. Figure 3.
8.5.2. LAB MEDIA. Figure 3: Video editor: Please emphasize the graph on the left.
8.5.3. LAB MEDIA. Figure 3: Video editor: Please emphasize the graph on the right.

Conclusion
9. [bookmark: _Hlk27388131]Conclusion Interview Statements

9.1. Grégoire Stik: Efficient digestion with restriction enzyme and then proximity ligation of crosslinked genomic DNA are key factors to ensure success with this protocol. Another important thing is the primer design to interrogate the contact map of each locus [1]. 
9.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera. Video editor: Suggested B-roll for first sentence: 6.4. Suggested B-roll for second sentence: 8.1.

9.2. Grégoire Stik: This procedure is ideally suited to interrogate chromatin contacts of targeted loci. If global changes of chromatin architecture at promoters are required, genome-wide approaches such as Hi-C, promoter capture Hi-C, or HiChIP could be performed [1].
9.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
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