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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Y_____  
Can you record movies/images using your own microscope camera? (Y/N)____N_____  
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: Leica M165 FC
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 
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.) __2.2, 3.1, 3.2, 4.2, 4.3, 6.3_________________________________________
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.) 1. Ensuring high purity of sorted embryo populations. Ensured by always comparing embryos with reference embryos in every batch, otherwise it is hard to tell the stages apart (steps 3.1, 3.2). 2. Complete lysis of embryos before Hi-C experiment. A properly fitting metal pestle and the right lysis technique is critical to ensure that embryos are sufficiently lysed (4.2, 4.3)
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? 200 meters apart, fly lab housing the microscope used for sorting is located in a different building
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)

The overall goal of this experiment is to map chromatin structure during the early embryo development of Drosophila melanogaster. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Hug: This method can help answer key questions in the chromatin architecture field, such as how the 3D structure of chromatin can influence gene regulation and development. 
1.2. Hug: The main advantage of this technique is that it provides a high-resolution view of chromatin architecture in precisely staged fly embryos. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Vaquerizas: Though this method can provide insight into chromatin architecture in development, one can also use existing lines from transgenic fly libraries to test their effects on chromatin architecture. 

Protocol: (read by voice talent at JoVE)
2. Embryo Fixation 
2.1. To begin the protocol, adjust the total volume of previously collected embryos to 2 mL with PBST [1-MED-TXT]. Add 6 mL of heptane and 100 µL of 37% formaldehyde in water [2-MED-TXT].
2.1.1. Talent adds PBST to tube containing embryos, TEXT: See accompanying text protocol for detailed guidance
2.1.2. Talent adds heptane and formaldehyde to vial, TEXT: Caution: Wear PPE when handling heptane and formaldehyde 
2.2. After adding formaldehyde, vigorously shake the tube up and down for 1 min [1-MED]. The aqueous and organic phase will combine to form a shampoo-like consistency [2-CU]. Agitate the mixture on a rotatory mixer for 10 min [3-MED].
2.2.1. Show that the tube has two phases, talent then vigourously shakes the tube 
2.2.2. Show the liquid in the tube and its shampoo-like consistency 
2.2.3. Talent places the tube on a rotary mixture 
2.3. Centrifuge the tube at 500 x g for 1 min at room temperature to collect embryos at the bottom of the tube [1-MED]. Aspirate the entire shampoo-like liquid and discard it, taking care not to aspirate any embryos [2-CU-TXT]. 
2.3.1. Talent places tube in centrifuge and enters settings
2.3.2. Focus on the vial as talent aspirates the liquid, TEXT: Small quantities of supernatant do not cause problems
2.4. 15 min after the addition of formaldehyde, resuspend the embryos in 5 mL of PBST with 125 mM glycine [1-CU]. Shake the embryos up and down vigorously for 1 min [2-MED-TXT]. After centrifuging, aspirate the supernatant [3-MED-TXT]. 
2.4.1. Focus on the tube and contents, as talent resuspends the embryos in PBST with glycine 
2.4.2. Talent vigorously shakes tube, TEXT: Centrifuge after shaking: 500 x g, 1 min, room temperature 
2.4.3. Over the shoulder, aspirates the supernatant, TEXT: Repeat wash 2X with 5 mL of ice-cold PBS-T
3. Embryo Sorting
3.1. Using a 1,000 µL pipette, transfer a batch of 100 embryos to a small glass vessel suitable for sorting, preferably on a dark background, and place it on ice [1-MED]. Sort embryos by nuclear density and cell cycle status using a needle or syringe tip [2-CU-LM].
3.1.1. Over the shoulder, focus on the embryos as talent transfers them to the glass vessel 
3.1.2. Focus on the embryos as talent sorts them. LM: Show the figure in a split screen with the footage, Figure 1
3.2. Remove all embryos with dispersed, non-nuclear distribution of eGFP-PCNA…and embryos that partially show a non-nuclear GFP signal [1-CU]. To aid the sorting, line-up reference embryos at nuclear cycles 12, 13, and 14 in each batch to match embryos with one of the reference embryos [2-CU-TXT].
3.2.1. Talent points out which embryos are dispersed with non-nuclear distribution and removes them then points out the embryos that partially show non-nuclear GFP signal and removes them 
3.2.2. Talent lines up reference embryos at the listed cycles, TEXT: See Figure 1 in accompanying text protocol. (Author Comment: Do not use last part of take 2, as the unknown embryo classified as nc 12 is actually nc 13.)
3.3. Pipette up the desired embryos using a 1,000 µL pipette, transfer them to a fresh tube, and place them on ice [1-MED]. Continue until enough embryos are sorted for the planned experiment [2-MED]. [3-MED-TXT]. 
3.3.1. Talent pipettes embryos and transfers them to a tube, then places them on ice
3.3.2. Side view, same actions as 3.3.1, but with different view 
3.3.3. [bookmark: _GoBack]Talent separates the embryos into different tubes, TEXT: Use tubes with low DNA binding  (Author Comment: Splitting is usually not necessary because all embryos collected are typically needed for a single Hi-C experiment. We therefore decided to remove it.)
3.4. Spin tubes briefly at 100 x g at room temperature [1-MED]. Remove the supernatant…and ensure the embryos should be as dry as possible for freezing [2-CU]. Flash freeze embryos by submerging the tubes in liquid nitrogen and store at -80 °C [3-MED].
3.4.1. Over the shoulder, talent places tubes in centrifuge
3.4.2. Talent removes supernatant then holds up tube to show that the embryos are dry
3.4.3. Talent submerges tubes in liquid nitrogen
4. In Situ Hi-C – Lysis 
4.1. Place the tubes with frozen embryos on ice [1-MED]. Resuspend the embryos in 500 µL of ice-cold lysis buffer [2-CU]. Wait 1 min to allow the embryos settle at the bottom of the tube [3-CU].
4.1.1. Talent places tubes on ice 
4.1.2. Focus on the embryos as talent adds lysis buffer and resuspends them 
4.1.3. Show the embryos settled on the bottom of the tube
4.2. Next, grind the embryos with a metal micro pestle, pre-cooled on ice, that is designed to tightly fit a 1.5 mL microcentrifuge tube [1-MED]. To avoid agitating the embryos, insert the pestle slowly until it touches the bottom of the tube, push down, and then grind by rotating the pestle twice in both directions [2-CU].
4.2.1. Talent gathers micro pestle from ice
4.2.2. Talent holds up tube to camera and slowly grinds the embryos as described in VO 
4.3. Lift the pestle very slightly, push to the bottom of the tube again, and repeat the grinding procedure 10 times, or until the embryos are completely lysed [1-CU]. The solution should be homogenous, and no residual large pieces of embryos should remain [2-CU].
4.3.1. Focus on the tube and the movement of the pestle as talent lifts it slightly and pushes it to the bottom of the tube at least two times 
4.3.2. Talent holds up tube to camera to show that contents are homogenous 
4.4. Incubate the homogenized suspension on ice for 15 min [1-MED]. Spin at 1,000 x g, 4 °C for 5 min [2-MED]. Discard the supernatant and wash pellet by resuspending in 500 µL ice-cold lysis buffer, and pipetting up and down [3-CU]. 
4.4.1. Talent places tube on ice and sets timer for 15 min 
4.4.2. Talent retrieves tube from ice and places it in the centrifuge and enters settings
4.4.3.  Talent discards supernatant then resuspends pellet in lysis buffer and pipettes up and down 
4.5. After another spin, discard the supernatant [1-MED]. Resuspend the washed pellet in 100 µL of 0.5% sodium dodecyl sulfate, or SDS [2-MED]. Then permeabilize the nuclei by incubating the sample for 10 min at 65 °C in a heating block [3-MED]. 
4.5.1. Side view, talent retrieves tube from centrifuge (capture this shot if possible, and follow talent to bench/sink as (s)he discards supernatant) and discards the supernatant 
4.5.2. Talent adds SDS and resuspends the pellet 
4.5.3. Over the shoulder, talent places sample on heat block and sets timer for 10 min. If possible, capture the temperature settings of the heat block in the shot  
4.6. Add 50 µL of 10% Triton X-100 and 120 µL water [1-MED]. Flick the tube to mix the contents and incubate the tube at 37 °C for 15 min in a heat block [2-MED].
4.6.1. Over the shoulder, talent adds triton solution and water 
4.6.2. Talent flicks the tube and places it on the heat block then sets timer for 15 min. If possible, capture the temperature settings of the heat block in the shot (please do this for all shots with varying incubation temperatures) 
5. In Situ Hi-C –Digestion, Overhang Fill-in, Ligation 
5.1. Add 25 µL of 10x restriction enzyme buffer and 20 U of 5 U/µL MboI [1-MED]. Flick the tube to mix the contents and incubate the tube in a heat block to digest the DNA [2-MED-TXT]. 
5.1.1. Talent adds reagents to sample from previous section
5.1.2. Over the shoulder, talent flicks tube and places it on the heat block, TEXT: 90 min, 37 °C, 750 rpm
5.2. Add another 20 U of MboI [1-CU]. Continue the incubation for 90 min [2-MED]. After the second 90 minute incubation, incubate the sample at 62 °C for 20 min to inactivate the Mbol [3-MED].
5.2.1. Focus on the actions as talent adds Mbol 
5.2.2. Talent places the sample back in the heat block and sets timer for 90 minutes 
5.2.3. Over the shoulder, talent places sample in incubator and sets timer for 20 min. If possible, capture the temperature settings in the shot 
5.3. Next, add 18 µL of 0.4 mM biotin-14-dATP, 2.25 µL of an unmodified 3.3 mM dCTP/dGTP/dTTP mix, and 8 µL of 5 U/µL DNA Polymerase I Klenow Fragment [1-MED]. Flick the tube to mix the contents and incubate the sample at 37 °C for 90 min [2-MED]. Next, add 657 µL of water, 120 µL of 10x T4 DNA Ligase buffer, 100 µL of 10% Triton X-100, 6 µL of 20 mg/mL bovine serum albumin and finally 5 µL of 5 U/ µL T4 DNA Ligase [3-MED].
5.3.1. Talent adds reagents as listed in voiceover 
5.3.2. Talent flicks tube and places sample in incubator heat block and sets timer (if possible, capture this in one shot (assuming the bench is next to the incubator. If not possible, only capture talent flicking the tube)
5.3.3. [Added shot]: Talent adds reagents as listed in voiceover (Editor: The new voiceover line the authors added is long and might be difficult for the viewer to digest. But I’ve left it as is because I don’t know how this shot is timed. If there is a pause in the action, a re-do could be submitted that breaks up the rapid-fire reagent listing)
5.4. Next, rotate the tube gently at 20 rpm at room temperature for 2 h [1-MED]. Add another 5 µL of 5 U/µL T4 DNA Ligase, continue rotating for 2 more hours, then spin down the nuclei at 2,500 x g for 5 min [2-MED]. After centrifugation, discard the supernatant [3-MED].
(Author Comment: In 5.4, the order of steps in the shotlist didn’t really reflect the experimental order. My apologies for this oversight. I tried revising the shotlist to better reflect the workflow.)
5.4.1. Over the shoulder, talent places tube on rotator 
5.4.2. Talent places sample back on rotator Talent places sample in centrifuge, enters settings and starts centrifuge. (Editor: I’m not sure if all of the actions listed here are shown in this shot. If they’re not, please try to use 5.4.1 and 5.4.2 to cover this lengthy VO)
5.4.3. Talent discards supernatant  
6. DNA Extraction
6.1. Resuspend the pellet in 500 µL of extraction buffer…and add 20 µL of 20 mg/mL proteinase K [1-MED]. Flick the tube and incubate the tube to digest the protein [2-MED-TXT]. Add 130 µL of 5 M sodium chloride and incubate overnight to de-crosslink [3-MED-TXT]
6.1.1. Side view, talent adds extraction buffer and resuspends the pellet, then adds proteinase K 
6.1.2. Side view, talent flicks tube in front of centrifuge (this does not always take place at the bench, but if talent prefers to flick tube at bench, then only show her/him placing the sample in the centrifuge), and places tube in centrifuge and enters settings, TEXT: 55 °C, 30 min, 1,000 rpm
6.1.3. Side view, talent adds NaCl, TEXT: 68 °C, overnight, 1,000 rpm 
6.2. The next day, pipette the sample into a new 2 mL tube with low DNA binding characteristics [1-MED]. Add 0.1x volume of 3 M sodium acetate…and 2 µL of 15 mg/mL GlycoBlue [2-CU]. Add 1.6 volumes of pure absolute ethanol and invert the contents, then incubate the sample at -80 °C for 15 min [3-MED].
6.2.1. Talent transfers sample to new tube 
6.2.2. Focus on tube as talent adds sodium acetate, then GlycoBlue and inverts the tube 
6.2.3. Talent adds ethanol and inverts the tube 
6.3. After incubation, centrifuge the contents [1-MED-TXT]. Locate the DNA pellet, which can only be spotted by the GlycoBlue [2-CU-TXT]. Remove the supernatant carefully, moving the pipette tip into the tube along the opposite wall from the DNA pellet [3-CU/ECU].
6.3.1. Talent places sample in centrifuge, TEXT: 20,000 x g, 4 °C, < 30 min
6.3.2. Talent points out the pellet to camera, TEXT: 20,000 x g, 4 °C, < 30 min
6.3.3. Focus on the pipette tip as talent inserts it into the tube and removes the supernatant
6.4. [1-CU/ECU]. Wash the pellet with 800 µL of 70% ethanol…mix the sample by inverting…and centrifuge it at 20,000 x g at room temperature for 5 min [2-MED-TXT]. 
6.4.1. Focus on the droplets being removed as talent pushes them out of the tube with pipette tip  (Moved above 6.5.2)
6.4.2. Talent adds ethanol, inverts the tube. TEXT: Repeat wash once to remove residual salt
6.5. Remove remaining droplets during this step and the following washes by pushing them out of the tubes with a P10 tip, then open lid to air dry for up to 5 min [6.4.1-CU/ECU]. [1-CU]. Once no liquid is remaining, add 50 µL of 10 mM Tris-Chloride [2-CU/ECU]. Repeatedly pipette the solution over the area where the pellet was located to solubilize the DNA [3-MED].
6.4.1. Focus on the droplets being removed as talent pushes them out of the tube with pipette tip
6.5.1. Talent removes ethanol and sets tube aside to air dry 
6.5.2. Talent shows tube to camera, to indicate that no liquid remains. Capture this from the top of the tube, looking inside. Then talent adds Tris-Chloride
6.5.3. Talent repeatedly pipettes the solution over the area where the pellet was located
6.6. Add 1 µL of 20 mg/mL RNase A, mix by flicking the tube [1-MED].  Incubate the sample at 37 °C for 15 min to digest RNA [2-MED]. Finally, store the sample in the freezer or fridge until library preparation [3-MED-TXT].
6.6.1. Side view. Talent adds reagent and flicks tube. (Author Comment: Both side and front view filmed)
6.6.2. Side view. Talent places tube in incubator (capture settings, if possible) 
6.6.3. Side view, talent places sample in laptop cooler, TEXT: Freeze at -20 °C for long term storage
7. Results: Precise Analysis and Robust Analysis of Capture Libraries 
7.1. Images of the eGFP-PCNA signal of each sorted embryo batch reveal precise stage and cell cycle statuses of every single embryo for downstream experiments [1-LM]. 
7.1.1. 57001fig1large.jpg. Reveal the entire figure. When “precise stage and cell cycle…” is said, fade in the text below each image. 
7.2. Bioanalyzer traces show that the size distribution of DNA fragments after size selection is between 300-700 bp, with a maximum at around 450 bp [1-LM].
7.2.1. 57001fig2large.jpg. Show the entire figure with all text. When “300-700” is said highlight the portion of the graph between 300 and 700 in yellow. When “maximum” is said add an arrow pointing at the peak of the graph
7.3. Hi-C interaction maps show that at nuclear cycle 12, few topologically associated domains, or TADs, (pronounce as one word, rhymes with “had”) are detected, which changes dramatically at nuclear cycles 13 and 14, when TADs are increasingly prominent and unspecific long-range contacts are depleted [1-LM-TXT].
7.3.1. 57001fig3large. Show only cycle 12 with the legend and add the text for a couple beads when “TADs” is said. Add the images for cycle 13 and cycle 14 beside cycle 12 when “changes dramatically” is said. Circle the areas with darker peaks in the graphs in blue for cycle 13 and cycle 14 when “increasingly prominent…” is said, TEXT: Few TADs

8.3. Conclusion (said by authors on camera): 

8.3.1. Hug: While attempting this procedure, it’s important to remember to wash the beads thoroughly during the biotin pulldown and not to prolong incubation times unnecessarily, especially at high temperatures, since this can lead to low quality Hi-C libraries. 
8.3.2. Vaquerizas: This technique combining accurate staging and high resolution chromatin architecture mapping paved the way for researchers in the field of epigenetics to explore the impact of 3D chromatin architecture in an in vivo developmental setting. 


Provided Media


Insert your media filenames here.


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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