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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No 

Can you record movies/images using your own microscope camera? (Y/N) No need (see above) 

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: No need, see above
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) No
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
Steps 4.8 to 4.11
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
Steps 4.10 and 4.11

E.  Will the filming need to take place in multiple locations? (Y/N) Yes. If yes, how far apart are the locations? 1 minute walk
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
Cis-regulatory elements, such as transcriptional enhancers, can be located at large genomic distances from their target genes, which they regulate through long-range chromosomal interactions.  The goal of Promoter Capture Hi-C is to link gene-regulatory elements to their target genes. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Stefan Schoenfelder: This method can help answer key questions in the field of genome structure and function, such as how the three-dimensional architecture of our genome affects gene expression control [1-MED]. 
1.1.1. Stefan speaks towards the camera, interview style.
1.2. Biola-Maria Javierre: The main advantage of this technique is that it allows the detection of significant promoter interactions at single restriction fragment resolution [1-MED].   
1.2.1. Biola-Maria speaks towards the camera, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Steven Wingett: The implications of this technique extend toward therapy, because it can link non-coding disease-associated sequence variants, in or near regulatory control sequences, to their target genes [1-MED].  
1.3.1. Steven speaks towards the camera, interview style.
Protocol: (read by voice talent at JoVE)
2. Formaldehyde Fixation
2.1. Start with a minimum of 20 million cells per experiment.  For suspension cells, collect and centrifuge cells at 400 x g and 20 degrees Celsius for 3 minutes [1-MED].  Remove the supernatant and re-suspend the cell pellet in 30.625 milliliters of medium with 10% FBS at room temperature [2-CU].
2.1.1. Talent places the cells into the centrifuge, shuts lid and turns on.
2.1.2. Cell sample as talent removes the supernatant and re-suspends the cell pellet.  Use labeled containers.
2.2. Then, add 4.375 milliliters of 16% methanol-free paraformaldehyde to a final concentration of 2% [1-MED-over the shoulder-TXT].  Fix the cells for 10 minutes at room temperature with gentle mixing on a rocker [2-CU]. 
2.2.1. Talent adds 4.375 milliliters of 16% methanol-free paraformaldehyde.  Use labeled containers.  TEXT Overlay: Open ampoule just prior to use
2.2.2. Sample as it rocks gently on the rocker.
2.3. Quench the reaction by adding 5 milliliters of freshly-prepared 1 Molar ice-cold glycine [1-MED].  Mix for 5 minutes with gentle rocking at room temperature [2-MED-over the shoulder].  Then, incubate on ice for 15 minutes with occasional inverting [3-CU].
2.3.1. Talent adds 5 milliliters of freshly-prepared 1 Molar ice-cold glycine to the cells.  Use labeled containers.
2.3.2. Talent places the sample on the rocker and starts a timer to count down for 5 minutes.
2.3.3. Sample tube on ice as talent picks it up, inverts it, and puts it back.
2.4. Next, centrifuge the suspension cells at 760 x g and 4 degrees Celsius for 5 minutes [1-MED-over the shoulder].  Remove the supernatant, and re-suspend the cell pellet in 50 milliliters of ice-cold PBS, pH 7.4 [2-CU].
2.4.1. Talent places the cells into the centrifuge, shuts lid, and starts run.
2.4.2. Sample tube as talent removes the supernatant and re-suspends the cell pellet in 50 mL of ice-cold PBS.  Use labeled containers. 
2.5. Finally, centrifuge the cells at 400 x g and 4 degrees Celsius for 10 minutes and carefully remove the supernatant [1-MED].  
2.5.1. Talent pulls the centrifuged cells out of the centrifuge, opens lid and begins to remove the supernatant.
3. HindIII Digestion and Biotinylation of Restriction Fragment Overhangs
3.1. Following cell lysis as described in the text protocol, wash the cell nuclei with 1.25x restriction buffer 2 [1-MED-TXT].  To do so, re-suspend the pellet in 1 milliliter of ice-cold buffer and transfer the resuspended nuclei into a 1.5 milliliter tube [2-CU].  
3.1.1. Talent pipettes 1.25x restriction buffer 2 in the sample.  Use labeled containers.  TEXT Overlay: See text for product details
3.1.2. Pellet as talent re-suspends it in 1 mL of ice-cold 1.25x restriction buffer 2 and transfers it into a new 1.5 mL tube.
3.2. Spin the nuclei at 760 x g and 4 degrees Celsius for 5 minutes before removing the supernatant [1-MED-over the shoulder].
3.2.1. Talent places the sample into the centrifuge, shuts lid and turns on.
3.3. Re-suspend the pellet in 1,790 microliters of 1.25x restriction buffer 2 [1-CU].  Then, divide the suspension into 5 aliquots, each containing 5 to 10 million cell nuclei in 358 microliters [2-MED-over the shoulder].
3.3.1. Sample tube as talent re-suspends the pellet in 895 microliters of 1.25x restriction buffer 2, then add 895 microliters of 1.25x restriction buffer 2 (1790 microliters total).
3.3.2. Talent makes 5 aliquots of 358 microliters.
3.4. Add 11 microliters of 10% weight per volume SDS per aliquot and shake at 950 revolutions per minute for 30 minutes at 37 degrees Celsius in a thermomixer [1-CU].  If cell clumps appear, dissociate them by pipetting, avoiding making bubbles [2-MED].
3.4.1. Sample tube as talent adds 10% SDS and places on the thermomixer.
3.4.2. Talent pipettes the sample to dissociate the clumps.
3.5. Next, add 75 microliters of 10% Triton X-100 per aliquot [1-CU] and shake at 950 rpm and 37 degrees Celsius for 15 minutes in a thermomixer [2-MED-over the shoulder-TXT].
3.5.1. Aliquots as talent adds Triton X-100. 
3.5.2. Talent places the aliquots on the thermomixer.  TEXT Overlay: Dissociate cell clumps by pipetting
3.6. Add 12 microliters of 100 Units per microliter of HindIII (pronounced as “Hin-dee-three”) per aliquot [1-CU-TXT].  Incubate at 37 degrees Celsius overnight while shaking at 950 rpm in a thermomixer [2-MED].  Following digestion, perform quantitative-PCR as detailed in the text protocol [3-WIDE] [2-MED].
3.6.1. Aliquots as talent adds 12 microliters of 100 Units per microliter of HindIII per aliquot.  Use labeled containers.  TEXT Overlay: 1200 units in total 
3.6.2. Talent places the samples into the incubator thermomixer.
3.6.3. Talent places samples into the PCR machine and begins to set up the run.
3.7. Next, add 60 microliters of biotinylation master mix per aliquot, and mix [1-CU-TXT].  Incubate the aliquots at 37 degrees Celsius for 1 hour, shaking at 700 rpm for 5 seconds every 30 seconds [2-MED-over the shoulder].  After 1 hour, place the aliquots on ice [3-CU].  
3.7.1. Aliquots as talent adds 60 microliters of biotinylation master mix per aliquot and mixes.  TEXT Overlay: See text for biotinylation master mix (Author Comment: There is a little issue here as we added an extra step in the filming, namely the addition of Klenow enzyme. However, according to the protocol, Klenow is in the master mix already, so we made a mistake here and step 3.7.1 is correct as described. I suggest this will need to be edited to not show the addition of Klenow enzyme.) (Editor: I’m not sure how this was shot or if they made it clear when the enzyme was being added. If possible, make the edit requested and cut the shot before the enzyme is added)
3.7.2. Talent places the aliquots on the thermomixer in the incubator.
3.7.3. Aliquots as talent places them on ice.
4. Hybrid In-Solution Capture
4.1. Perform the Hi-C library as detailed in the text protocol.  Transfer between 500 nanograms and 1 microgram of the Hi-C library into a new tube [1-MED].  Then, evaporate the sample on a vacuum Concentrator until dry [2-MED-over the shoulder-TXT].
4.1.1. Talent transfers 500 nanograms and 1 microgram of the Hi-C library into a new tube.
4.1.2. Talent places the sample onto the vacuum Concentrator.  TEXT Overlay (Editors, here the semi-colon indicates a line break, not a comma): 45 °C; vacuum pressure: level 30.0, ramp 5 

4.2. Re-suspend the evaporated Hi-C library by adding 3.6 microliters of molecular biology grade water, 2.5 microliters of blocker 1, 2.5 microliters of blocker 2, and 0.6 microliters of custom blocker [1-CU-TXT].
4.2.1. Samples as talent re-suspends the Hi-C library and adds the blockers.  Use labeled containers.  TEXT Overlay: Blocker buffers from kit, see text
4.3. Transfer the sample into a well of a new PCR tube strip, close it with a PCR cap strip and place the sample on ice [1-MED-over the shoulder].  Label the well as D, for Hi-C DNA [2-CU].
4.3.1. Talent transfers the sample into a well of a new PCR tube strip, closes it with a PCR cap strip, and places the sample on ice.
4.3.2. Sample as talent labels the well as “D.”  
4.4. Prepare the hybridization buffer as described in the text protocol.  Incubate the buffer at 65 degrees Celsius for 5 minutes in a thermomixer [1-MED].  Transfer the buffer into a well of a new PCR tube strip, close with a PCR cap strip and keep at room temperature [2-CU].  Label the well as H, for hybridization buffer [3-MED-over the shoulder].
4.4.1. Talent places the labeled buffer on a thermomixer at 65 degrees Celsius. [Shots 4.4.1 and 4.4.2 combined]
4.4.2. PCR tube strip as talent transfers the sample to a new well and closes with a PCR cap strip.
4.4.3. Talent labels the well as “H.”
4.5. Into a well of a new PCR tube strip, mix: 5 microliters of 100 nanogram per microliter biotinylated RNA probes, 0.5 microliters of SRNase B RNase inhibitor, and 1.5 microliters of molecular biology grade water [1-MED-TXT].
4.5.1. Talent mixes 5 microliters of 100 nanogram per microliter biotinylated RNA probes, 0.5 microliters of SRNase B RNase inhibitor, and 1.5 microliters of molecular biology grade water.  Use labeled containers.  TEXT Overlay (show as the first part of the sentence is narrated): Store probes at -80 °C and thaw on ice just before use
4.6. Close the PCR tube strip with a PCR cap strip and place on ice [1-MED-over the shoulder].  Label the tube as R, for RNA [2-CU].
4.6.1. Talent closes the PCR tube strip with a PCR cap strip and places it on ice. [Shots 4.6.1 and 4.6.2 combined]
4.6.2. Tubes as talent label them “R.” 
4.7. Set up the PCR machine as detailed in the text protocol.  Proceed as quickly as possible during all procedures while the PCR machine is running in order to avoid sample evaporation [1-MED or WIDE].
4.7.1. Talent appears to be setting up the PCR machine.
4.8. Place the D PCR tube strip in the PCR machine, close the PCR machine lid, and start the PCR reaction [1-CU].
4.8.1. PCR machine as talent places the D PCR tube strip in the PCR machine, closes the PCR machine lid, and starts the PCR reaction.
4.9. When the PCR program reaches 65 degrees Celsius, open the PCR machine lid and place the H PCR tube strip in the PCR machine [1-MED-over the shoulder].  Close the PCR machine lid and incubate for 3 minutes [2-MED].  
4.9.1. Talent opens the PCR machine lid and places the H PCR tube strip in the PCR machine.
4.9.2. Talent closes the PCR machine lid.
4.10. Then, open the PCR machine lid, place the R PCR tube strip on the PCR machine, and close the PCR machine [1-CU].
4.10.1. PCR machine as talent opens the lid, places the  R PCR tube strip on the PCR machine, and closes the PCR machine
4.11. After 2 minutes, open the PCR machine lid and all PCR tube strips [1-MED-over the shoulder].  Transfer 13 microliters of well H into well R, and then all volume of well D into well R [2-CU].  
4.11.1. Talent opens the PCR machine lid and all PCR tube strips.
4.11.2. PCR tube strips as talent transfers 13 microliters of well H into well R, then all volume of well D into well R.
4.12. Pipet up and down 3 times to mix the reaction and close the PCR tube strip [1-MED].  Remove the H and D PCR tube strips, and close the PCR machine lid.  Incubate the reaction at 65 degrees Celsius for 24 hours [2-MED-over the shoulder].
4.12.1. Talent pipettes up and down to mix the reaction and close the PCR tube strip. [Shots 4.12.1 and 4.12.2 combined]
4.12.2. Talent removes the H and D PCR tube strips, and closes PCR machine lid leaving it to incubate at 65 degrees Celsius.
5. Isolation of Promoter Fragment-Containing Ligation Products
5.1. Add 60 microliters of streptavidin-coupled magnetic beads into a new tube [1-MED-TXT].  Place the tube on the magnetic separation stand for 1 minute before removing the supernatant [2-CU].  
5.1.1. Talent adds 60 microliters of streptavidin-coupled magnetic beads into a new tube.  TEXT Overlay: Use kit listed in the text
5.1.2. Tube on a magnetic separation stand as talent removes the supernatant.
5.2. Resuspend the beads with 200 microliters of 1x binding buffer and rotate for 3 minutes at room temperature and 15 rpm on a rotating wheel [1-MED-over the shoulder].  Softly spin the tube in a benchtop centrifuge for 2 to 3 seconds to collect the sample [2-CU].
5.2.1. Talent places the resuspended beads onto a rotating wheel and starts the sample rotating.
5.2.2. Benchtop centrifuge as talent places the tube there and starts to spin.   
5.3. After placing the tube on the magnetic separation stand for 3 minutes, remove the supernatant.  Repeat this wash twice [1-MED].
5.3.1. Talent removes the supernatant from tubes that have been on the magnetic separator for 3 minutes. 
5.4. Next, re-suspend the beads in 200 microliters of 1x binding buffer [1-CU].  Open the PCR machine and the PCR tube strip, while the PCR program is still running, and transfer the hybridization reaction into the tube with the magnetic beads [2-MED-over the shoulder].  
5.4.1. Tube of beads as talent re-suspends it in 200 microliters of 1x binding buffer.
5.4.2. Talent opens the PCR machine and the PCR tube strip and transfers the hybridization reaction into the tube with the magnetic beads.
5.5. Incubate the reaction and beads at room temperature for 30 minutes on a rotating wheel at 3 rpm [1-CU].  Reclaim the beads on the magnetic separation stand and remove the clear supernatant [2-MED].  
5.5.1. Reaction and the beads as it rotates on a wheel at 3 rpm.
5.5.2. Talent removes the clear supernatant from the beads on the magnetic separation stand.
5.6. After re-suspending the beads in 500 microliters of wash buffer 1, incubate the sample for 15 minutes at 20 degrees Celsius while shaking at 950 rpm in a thermomixer [1-MED-over the shoulder].
5.6.1. Talent leaves the sample on the thermomixer at 20 degrees Celsius. 
5.7. Again, reclaim the beads and remove the clear supernatant [1-CU-TXT].  Now, re-suspend the beads in 500 microliters of wash buffer 2 and mix [2-MED-over the shoulder-TXT].  
5.7.1. Tube on the magnetic stand as talent removes the clear supernatant.  TEXT Overlay: 3 minutes on magnetic separation stand
5.7.2. Talent re-suspends the beads in 500 microliters of wash buffer 2.  Use labeled containers.  TEXT Overlay: Wash Buffer 2 should be pre-warmed to 65 ºC
5.8. Incubate the sample for 10 minutes at 65 degrees Celsius while shaking at 950 rpm in a thermomixer.  Repeat this wash, with wash buffer 2, twice more [1-MED].
5.8.1. Talent places the sample tube onto the thermomixer at 65 degrees Celsius. 
5.9. Then, place the sample onto the magnetic separation stand, remove the clear supernatant, and re-suspend the beads in 200 microliters of 1x restriction buffer 2 [1-MED-over the shoulder].  
5.9.1. Talent removes the clear supernatant from the sample on the magnetic separation stand, and resuspends the beads in 200 microliters of 1x restriction buffer.  Use labeled containers.
5.10. After reclaiming the beads and removing the supernatant again, re-suspend the beads into 30 microliters of 1x restriction buffer 2 [1-CU-TXT].  
5.10.1. Sample tube as talent resuspends the beads in 30 microliters of 1x restriction buffer 2.  Use labeled containers.  TEXT Overlay: See text for PCHi-C Library Amplification
6. Results: IL8  PCHi-C Profile in Human Hematopoietic Cells
6.1. This figure shows the Promoter Capture Hi-C interaction profile for the IL8 promoter in 17 human hematopoietic (pronounced as “hih-mat-oh-poi-ee-tik”) cell types [1-LM]. 
6.1.1. 57320fig5large.jpg
6.2. Promoter interactions of lymphoid cell types are shown as purple arches… [1-LM], and promoter interactions of myeloid cell types are shown as blue arches [2-LM]. 
6.2.1. 57320fig5large.jpg – Editors please zoom into the top half of the figure and highlight the purple arches.
6.2.2. 57320fig5large.jpg – Editors staying zoomed in, highlight the blue arches in view and then scroll down to the bottom of the figure, highlighting the blue arches as they come into view.
6.3. Monocyte-specific interactions are indicated by green arrows… [1-LM], neutrophil-specific interactions are indicated by red arrows… [2-LM], and a megakaryocyte-specific interaction is indicated by a brown arrow [3-LM].
6.3.1. 57320fig5large.jpg – Editors staying zoomed in onto the bottom half of the figure, highlight the green arrows.
6.3.2. 57320fig5large.jpg – Editors staying zoomed in onto the bottom half of the figure, highlight the red arrows.
6.3.3. 57320fig5large.jpg – Editors staying zoomed in onto the bottom half of the figure, highlight the brown arrow.
7. Conclusion (said by authors on camera)

7.1. Steven Wingett: While attempting this procedure, it’s important to remember to work as precisely as you can.  It’s not black magic, but it is a lengthy protocol, so small mistakes will add up to negatively affect data quality in the end [1-MED].
7.1.1. Steven speaks towards the camera, interview style.
7.2. Stefan Schoenfelder: Following this procedure, other methods like CRISPR/Cas9 genome or epigenome editing can be performed in order to interrogate the biological function of promoter-interacting regions uncovered by Promoter Capture Hi-C [1-MED].
7.2.1. Stefan speaks towards the camera, interview style.
7.3. Biola-Maria Javierre: After watching this video, we hope you will have a good understanding of how to implement Promoter Capture Hi-C in your lab [1-MED].
7.3.1. Biola-Maria speaks towards the camera, interview style. (Videographer Comment: Board wrongly marked 1.3.1 take 1)
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

57320fig5large.jpg

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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