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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most visually important? 
2.6., 3.6., 4.1., 5.2., 5.3., 5.6.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.1., 3.6.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Videographer comment: GENERAL NOTES: SLATE
The first 3 numbers on slate are the reference for script points, the last number is the take.
For example the first take for script point 4.2.1 will be on slate: 4 | 2 | 1 | 1
The second take for the script point 4.2.1 will be on slate: 4 | 2 | 1 | 2

If a scene is more complex and need to be split in different parts there will be a note under the main numbers on the slate. The main numbering and the takes count will not be modified, so the subsequent point references in script won't be affected. It will be however noted "Part 01", "Part 02", "Part 03"...
For example, if the script point 4.2.1 is broken in 3 parts it will be written on slate:
 4 | 2 | 1 | 1   /  Part 01
 4 | 2 | 1 | 1   /  Part 02
 4 | 2 | 1 | 1   /  Part 03

GENERAL NOTES: FOOTAGE
The footage has been created using a Sony A73 camera with default PP7 profile in SLog2, which has a sharpening setting of -7. That allows to capture the best dynamic range and reduces the risk of moiré. The footage however needs to be treated in post-production taking care of:
- COLOR: a generic conversion LUT is included with footage. It can help to speed up the color grading, particularly for the interviews and for the shots where skin tones has a significant part. Scene by scene corrections might still be required, but it would take less time starting from the included LUT. It can be ignored by editors with more skills in color grading and experience working on Log footage.
[bookmark: _GoBack]- DETAIL: a sharpening filter should be added to increase the detail (with much more control of what could have been done during production). For example in Premiere Pro detail could be increased with the Sharpen slider of Lumetri Color filter and it might be applied on an adjustment layer for the whole timeline. Note: place graphics in a track above the adjustment layer so that it won't be affected by the filter.



Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Beatrice Bodega: 3D multicolor DNA FISH enables the visualization of multiple genomic loci within preserved nuclei to unambiguously define their reciprocal interactions and localization at the single cell level [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Beatrice Bodega: 3D multicolor DNA FISH allows the direct investigation of the nuclear architecture in conjunction with chromosome capture-based technologies, making the technique a valuable tool for C-data validation within single cells [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator (Said by you on camera):

1.3. Beatric Bodega: Demonstrating the procedure will be Federica Marasca, a post doc from my laboratory [1][2]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera


Section - Protocol
2. DNA Probe Preparation and Nick Translation Labelling
2.1. Begin by incubating the nick translation mix in a thermal mixer at 16 degrees Celsius according to the length of the starting DNA material [1-TXT].
2.1.1. WIDE: Talent placing mix into mixer TEXT: e.g., PCR products: 45 min; BAC DNA and plasmids: ≤4 h
2.2. At the end of the incubation, check the size of the probes on a 2.2% agarose gel [1].
2.2.1. LAB MEDIA: Figure 1A

2.3. For each DNA FISH (fish) experiment, precipitate the appropriate quantity of probe according to the starting DNA material from which the probes were produced in 150 microliters of double distilled water [1-TXT], 20 micrograms of unlabelled salmon sperm DNA [2-TXT], 3.5 micrograms of species-specific Cot-1 (cot-one) DNA [3], three volumes of 100% ethanol [4], and a 1/10th volume of 3-molar sodium acetate for 1 hour at minus 80 degrees Celsius [5].

2.3.1. Talent adding probe to tube TEXT: e.g., 200 ng from nick translated PCR products, 100 ng from nick translated BACs, or 300 ng from nick translated plasmid  Videographer comment: merged with 2.3.2 and 2.3.3
2.3.2. Talent adding salmon sperm DNA to tube, with salmon sperm DNA container visible in frame TEXT: FISH: fluorescence in situ hybridization
2.3.3. Talent adding Cot-1 DNA to tube, with Cot-1 DNA container visible in frame
2.3.4. Talent adding EtOH to tube, with EtOH container visible in frame Videographer comment: merged with 2.3.5
2.3.5. Talent adding acetate to tube, with acetate container visible in frame

2.4. At the end of the incubation, centrifuge the sample at maximum speed for 1 hour at 4 degrees Celsius [1].

2.4.1. Talent placing tube(s) into centrifuge

2.5. After discarding the supernatant, wash the pellet two times with 500 microliters of 70% ethanol [1].

2.5.1. Shot of pellet if visible, then EtOH being added to tube, with EtOH container visible in frame

2.6. After the second wash, resuspend the pellet in 2 microliters of 100% formamide [1] and shake the probe for 30 minutes at 40 degrees Celsius [2] before adding an equal volume of 4x saline-sodium citrate in 20% dextran sulfate [3].

2.6.1. Talent adding formamide to tube, with formamide container visible in frame Videographer: Important step
2.6.2. Tube shaking on shaker Videographer: Important step
2.6.3. Talent adding solution to tube, with solution container visible in frame Videographer: Important step

3. Human Primary T Cell Fixation, Pre-Treatment, and Permeabilization 

3.1. For the fixation, pre-treatment, and permeabilization of small cells with small nuclei and a low amount of cytoplasm, first add 2 x 106 cells in 200 microliters of PBS directly onto glass coverslips in individual wells of a 24-well plate [1] and allow the cells to settle for 30 minutes at room temperature [2].

3.1.1. WIDE: Talent adding cells to dish, with cell and PBS containers visible in frame Videographer: Difficult step
3.1.2. Talent setting timer, with dish visible in frame Videographer: Difficult step

3.2. At the end of the incubation, quickly replace the PBS with 300 microliters of freshly prepared 4% paraformaldehyde supplemented with 0.1% Tween 20 [1].

3.2.1. PFA being added to dish, with PFA container visible in frame

3.3. After 10 minutes, wash the fixed cells three times in 300 microliters of 0.05% TPBS (T-P-B-S) for 5 minutes per wash at room temperature [1-TXT].

3.3.1. Cells being washed TEXT: 0.05% TPBS: 0.05% Triton X-100 in PBS

3.4. After the last wash, permeabilize the T cells with 300 microliters of 0.5% TPBS for 10 minutes at room temperature [1] before treating the cells with 250 microliters/well of RNase cocktail diluted 1:10 in PBS for 1 hour at 37 degrees Celsius [2].

3.4.1. 0.5% TPBS being added to cells, with TPBS container visible in frame
3.4.2. RNase being added to well(s), with RNase cocktail container visible in frame

3.5. At the end of the incubation, rinse the cells in 300 microliters of PBS [1] and add 300 microliters of 20% glycerol in PBS to each well with an overnight incubation at 4 degrees Celsius [2]. 

3.5.1. PBS being added to well(s), with PBS container visible in frame
3.5.2. Glycerol being added to well(s), with glycerol container visible in frame

3.6. The next morning, place the glass on dry ice for 15-30 seconds to freeze the cells [1] before gradually thawing the samples at room temperature [2] and soaking them in 300 microliters of 20% glycerol in PBS for 30 seconds [3].

3.6.1. Talent placing plate on ice Videographer: Important/difficult step
3.6.2. Plate being placed at RT Videographer: Important/difficult step
3.6.3. Glycerol being added to well(s), with glycerol container visible in frame Videographer: Important/difficult step

3.7. After freeze-thawing the cells three more times as just demonstrated [1], wash the samples in 300 microliters of 0.5% TPBS for 5 minutes at room temperature [2] followed by two washes in 300 microliters of 0.05% TPBS for 5 minutes per wash at room temperature [3]. 

3.7.1. Talent placing plate onto ice Videographer comment: Author asked to omit the recording of the video representation because it's the repetition of the previous cicle and wanted to point the attention on the following steps (3.7.2 and 3.7.3). It might be kept a freeze frame from the beginning of 3.7.2 or it might be reused the 3.6.1 shot while the speaker says "After freeze-thawing the cells three more times as just demonstrated"
3.7.2. 0.5% TPBS being added to well(s), with 0.5% TPBS container visible in frame
3.7.3. 0.05% TPBS being added to well(s), with 0.05% TPBS container visible in frame

3.8. After the last wash, treat the cells with 300 microliters of 0.1-normal hydrochloric acid for 12 minutes a room temperature [1] followed by two rinses in 300 microliters of saline-sodium citrate [2].

3.8.1. HCl being added to well(s), with HCl container visible in frame
3.8.2. SSC being added to well(s), with SSC container visible in frame

3.9. Then fix the samples overnight in 300 microliters of 50% formamide in 2x saline-sodium citrate at room temperature [1].

3.9.1. Talent adding formamide to well(s), with formamide container visible in frame

4. Human Primary Myoblast Cell Fixation, Pre-Treatment, and Permeabilization 

4.1. For the fixation, pre-treatment, and permeabilization of large cells with a high amount of cytoplasm [1], fix, pre-treat, and permeabilize the cells similarly to as demonstrated for human primary T cells [2], treat the samples with 300 microliters of 0.0025% pepsin in 0.01-normal hydrochloric acid for a few seconds up to 5 minutes [3].

4.1.1. WIDE: Talent adding PFA to well(s), with PFA container visible in frame
4.1.2. Talent adding SSC to well(s), with SSC container visible in frame
4.1.3. Pepsin being added to well, with pepsin container visible in frame Videographer: Important step

4.2. Observe the cells under an optical microscope [1] and stop the reaction with two, 5-minute washes in 300 microliters of 50-millimolar magnesium chloride as soon as the nuclei are free from the cytoplasm but the nucleoli are still visible and intact [2].

4.2.1. Talent at microscope, looking at cells
4.2.2. Talent adding MgCl2/PBS to well(s), with MgCl2/PBS container visible in frame


5. 3D multicolor DNA FISH 

5.1. For 3D multicolor DNA FISH, denature the hybridization probes at 80 degrees Celsius for 5 minutes [1] and immediately place the probes on ice [2].

5.1.1. WIDE: Talent placing probe(s) at 80 °C
5.1.2. Probe being placed on ice

5.2. Load the probes onto a clean microscope slide [1] and place one coverslip of cells onto each drop of probe [2].

5.2.1. Talent adding probe to slide(s) Videographer: Important step
5.2.2. Coverslip being placed onto drop Videographer: Important step

5.3. Seal the coverslip edges with rubber cement [1]. 

5.3.1. Rubber cement being applied Videographer: Important step

5.4. When the cement has dried completely, denature the samples on a 75-degree Celsius heating block [1].

5.4.1. Talent placing slide onto block 

5.5. After 4 minutes, hybridize the samples at 37 degrees Celsius overnight in a metallic box floating in a water bath [1].

5.5.1. Talent placing slide(s) into metallic box

5.6. The next morning, peel of the rubber cement [1] and, with the slides immersed in 2x saline-sodium citrate, carefully lift off the coverslips [2].

5.6.1. Rubber cement being removed Videographer: Important step
5.6.2. Coverslip being lifted Videographer: Important step  Videographer comment: Use take 3 (from file ID-60712_CamA_Clip90) and a jump cut will be required. The good part is at the beginning (from 00':06" to 00':18") and at the end (from 01':34" to 01':38").

5.7. Place each coverslip into individual wells of a 6-well plate containing 2 milliliters of fresh saline-sodium citrate per well [1] for two, 5-minute washes at 37 degrees Celsius with shaking at 90 revolutions per minute [2].

5.7.1. Talent placing coverslip(s) into well(s), with SSC container visible in frame
5.7.2. Plate shaking on shaker

5.8. At the end of the incubation, rinse the coverslips briefly in 2 milliliters of 0.2% Tween 20 in 4x saline-sodium citrate [1].

5.8.1. SSC being added to well(s), with SSC container visible in frame

6. 3D Multicolor DNA FISH Detection and Analysis

6.1. For 3D multicolour DNA FISH detection, transfer the coverslips into individual wells of a new 24-well plate [1] and block any non-specific binding in 300 microliters of blocking buffer for 20 minutes at 37 degrees Celsius and 20 revolutions per minute [2-TXT].

6.1.1. WIDE: Talent adding coverslip to well(s)
6.1.2. Talent adding SSC + Tween + BSA to well(s), with SSC + Tween + BSA container visible in frame TEXT: Blocking buffer: 4x SSC + 0.2% Tween 20 + 4% BSA

6.2. At the end of the incubation, treat the samples with the appropriate concentration of anti-digoxygenin and/or streptavidin [1] diluted in blocking buffer for 35 minutes in a dark and wet chamber at 37 degrees Celsius [2]. 

6.2.1. Antibody being added to well(s), with both antibody containers visible in frame
6.2.2. Talent placing plate into chamber

6.3. At the end of the incubation, transfer the samples to individual wells of a 6-well plate [1] and wash the samples three times in 2 milliliters of 0.2% Tween 20 in 4x saline-sodium citrate for 5 minutes per wash with shaking at 90 revolutions per minute [1].

6.3.1. Talent adding coverslip to well(s)
6.3.2. Plate shaking on shaker

6.4. After the last wash, equilibrate the samples in 2 milliliters of PBS [1] before transferring the coverslips to a new 24-well plate [2] for post-fixing in 300 microliters of 2% formaldehyde in PBS per well for 2 minutes at room temperature [3].

6.4.1. Talent adding PBS to well(s), with PBS container visible in frame
6.4.2. Talent adding coverslip to well(s)
6.4.3. Talent adding formaldehyde to well(s), with formaldehyde container visible in frame

6.5. Wash the fixed cells 5 times briefly in 300 microliters of PBS [1] followed by staining with DAPI (DAP-ee) diluted at 1 nanogram/microliter in 300 microliters of PBS for 5 minutes at room temperature [2].

6.5.1. Talent adding PBS to well(s), with PBS container visible in frame
6.5.2. DAPI being added to well(s), with DAPI container visible in frame

6.6. Wash the coverslips 5 more times in PBS [1] and mount the samples with an appropriate mounting medium [1].

6.6.1. Talent adding PBS to well(s), with PBS container visible in frame
6.6.2. Antifade solution being added to coverslip, with antifade solution container visible in frame

6.7. Then acquire 3D images with a microscope system [1].

6.7.1. Talent at microscope, imaging coverslip 
 



Section – Results
7. Results: Representative DNA FISH Analysis of Human Primary Cell Nuclear Architecture

7.1. Three-D multicolor DNA FISH allows the contemporary visualization of different genomic loci within preserved 3D nuclei [1].

7.1.1. LAB MEDIA: Figure 1B

7.2. For DNA probe preparation, a probe size of less than 200 base pairs ensures a successful 3D multicolor DNA FISH procedure [1].

7.2.1. LAB MEDIA: Figure 1A Video Editor: please emphasize bands below 150 bp in lanes 1 and 2

7.3. Suboptimal DNA FISH probes [1] produced by nick translation can be partially [2] or over digested [2].

7.3.1. LAB MEDIA: Figure 2
7.3.2. LAB MEDIA: Figure 2 Video Editor: please emphasize bands in lanes 1 and 2 in Figure 2A
7.3.3. LAB MEDIA: Figure 2 Video Editor: please emphasize bands in lanes 1 and 2 in Figure 2B

7.4. Over digested probes will result in a nonspecific signal, due to a loss of specificity in the hybridization and a consequent increase of the background [1].

7.4.1. LAB MEDIA: Figure 3 Video Editor: please add “Over digested” over Figure 3A and “Optimally digested” over Figure 3B and emphasize bright purple signal in Figure 3A bands in lanes 1 and 2 in Figure 2B

7.5. For human primary T lymphocytes and small cells with small nuclei and a low amount of cytoplasm, a 12-minute, 0.1-normal hydrochloric acid treatment is recommended to promote nuclei accessibility to the DNA probes and to preserve the nuclear integrity [1].

7.5.1. LAB MEDIA: Figure 4A Video Editor: please emphasize signal in HCl 12 min image

7.6. Cytoplasmic pepsin digestion is not needed to obtain a DNA FISH good signal in small cells [1].

7.6.1. LAB MEDIA: Figure 4B Video Editor: please sequentially emphasize signal in HCl 12 min and HCl 12 min with Pepsin images

7.7. For human primary myoblasts and cells that have large nuclei and abundant cytoplasm, however, the pepsinization step is fundamental [1].

7.7.1. LAB MEDIA: Figures 4C-4E 

7.8. A short and suboptimal cytoskeleton pepsinization will hamper the entry of the probe into the nuclei, ending in the absence of a DNA FISH signal [1].

7.8.1. LAB MEDIA: Figures 4C Video Editor: please emphasize red signal 

7.9. However, if the cells are over pepsinized, the nuclei will not remain intact, losing their 3D structure [1].

7.9.1. LAB MEDIA: Figures 4D Video Editor: please emphasize red signal 

7.10. A successful 3D multicolor DNA FISH will result in the presence of signal within the nuclei [1].

7.10.1. LAB MEDIA: Figures 4E Video Editor: please emphasize red signal 



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

8.1. Beatrice Bodega: I suggest working with fresh biological material, testing probes before performing the 3D multicolor DNA FISH, preparing fresh solutions, and being precise with the incubation times and temperatures [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.2. Beatrice Bodega: Remember that formamide and HCl are hazardous substances and should always be used in a chemical fume hood with the appropriate disposable materials [1].
8.2.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera 
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