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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most visually important? 
2.2., 3.1., 3.9., 3.10.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.3. Ensuring that the nuclear segmentation and thresholding are correctly adjusted so that the high content software correctly and accurately recognizes hepatocyte and NPC nuclei. As mentioned in the protocol this requires some user expertise and time taken during setup to ensure that the criteria set for each sample set are optimal. 
5.4. It is critical that the high-content image analysis data describing nuclear Hoechst intensity and morphometry are formatted in the spreadsheet as per figure 3A so that the ploidy software can find them. Name of the spreadsheet (“Cell measures”) and titles and positions of the data columns need to match even if the particular high content platform exports them in another way. The user should therefore check and edit spreadsheets accordingly. 
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


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. Luke A. Noon: This method enables the user to generate a profile of hepatocyte nuclear DNA content from 2D tissue sections for the study of liver development, regeneration, and chronic disease [1].

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

1.2. Luke A. Noon: This automated high-throughput approach can be applied to 2D liver tissue sections, providing an internally calibrated readout of nuclear ploidy for all “simple” circular hepatocyte nuclei [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera 
[bookmark: _GoBack]
OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Fátima Manzano-Núñez: Changes in hepatocyte nuclear ploidy are associated with ageing, chronic liver disease, and cancer. This technique provides a simple means to profile nuclear ploidy in fixed or cryopreserved liver specimens [1].

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

1.4. Fátima Manzano-Núñez: In situ ploidy profiling methods have considerable potential as research and clinical tools for tracking liver disease progression, as they do not require tissue disaggregation or access to fresh material [1]. 

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

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving animal subjects have been approved by the Institutional Ethics Committee at the CIPF (Principe Felipe Research Centre).
	


Section - Protocol
2. Cyrosectioning
2.1. After harvesting the murine liver tissue sample [1-TXT], embed the liver lobule into an optimal cutting temperature medium-filled cryomold [2] and immediately place the mold on dry ice to ensure rapid freezing [3-TXT]. 
2.1.1. WIDE: Talent pouring PBS into petri dish containing liver sample TEXT: See text for tissue sample harvest details
2.1.2. Lobule being placed into mold, with OCT container visible in frame
2.1.3. Talent placing mold onto dry ice TEXT: Store sample at -80 °C until sectioning
2.2. To obtain slices of the frozen liver lobule sample, section the sample at a 6-micrometer thickness [1-TXT], placing a labelled polyamide-coated slide over each sample for 5 seconds to let each sample stick to the slide [2].
2.2.1. Section being sliced Videographer: Important step TEXT: See text for full cryostat and sample preparation details
2.2.2. Slice being transferred onto slide Videographer: Important step
2.3. When all of the slices have been collected, allow the samples to equilibrate for 3-5 minutes at room temperature before immunolabelling [1].
2.3.1. Talent placing slide(s) at RT
3. Fluorescence Immunolabelling
3.1. At the end of the equilibration, fix the tissue sections in a fume hood with 1 milliliter of 4% paraformaldehyde in PBS for 10 minutes at room temperature [1].
3.1.1. WIDE: Talent adding PFA to slide(s), with PFA container visible in frame Videographer: Important step
3.2. At the end of the fixation, rinse the slides with three, 3-minute washes in PBS with gentle agitation [1].
3.2.1. Talent adding slide(s) to PBS, with PBS container visible in frame
3.3. After the last wash, dry the area around each tissue section [1] and use a hydrophobic pen to draw a circle around each sample [2].
3.3.1. Slide being dried
3.3.2. Barrier being drawn
3.4. To permeabilize the samples, treat the sections with a 0.5% nonionic surfactant in PBS for 15 minutes at room temperature [1].
3.4.1. Talent placing samples into nonionic surfactant, with nonionic surfactant container visible in frame
3.5. At the end of the incubation, wash the samples for 3 minutes in PBS two times with gentle agitation as demonstrated [1] before blocking the non-specific binding with a filtered solution of 1% bovine serum albumin, 5% horse serum, and 0.2% nonionic surfactant in PBS for at least 1 hour at room temperature [2].
3.5.1.  Talent adding slide(s) to PBS, with PBS container visible in frame
3.5.2. Blocking solution being added to slide(s), with blocking solution container visible in frame
3.6. Next, incubate the slides with the HNF4-alpha (H-N-F-four-alpha) antibody diluted in blocking buffer over night at 4 degrees Celsius in a humid staining chamber protected from light [1-TXT].
3.6.1. Talent adding Ab to slide(s), with Ab container visible in frame TEXT: HNF4-alpha: hepatocyte nuclear factor alpha; See text for all Ab preparation and concentration details
3.6.2. Talent putting staining chamber in refrigerator
3.7. The next morning, wash the slides four times in PBS with gentle agitation [1] before incubation with an appropriate fluorescence-conjugated secondary antibody and Hoechst (hookst) diluted in filtered 1% bovine serum albumin and 0.2% nonionic surfactant in PBS [2] for 2 hours at room temperature in a humid staining chamber protected from light [3].
3.7.1. Talent adding slide(s) to PBS, with PBS container visible in frame
3.7.2. Talent adding Ab to slide(s), with Ab and Hoechst containers visible in frame
3.7.3. Talent covering humid chamber
3.8. At the end of the incubation, wash the slides four times as demonstrated [1] followed by two, 3-minute washes in double-distilled water with gentle agitation [2].
3.8.1. Talent adding slide(s) to PBS, with PBS container visible in frame
3.8.2. Talent adding slides to water
3.9. After the last wash, mount the samples with two drops of fluorescence mounting medium on a coverslip [1], apply gentle pressure as necessary to eliminate any bubbles [2-TXT].
3.9.1. Coverslip being placed onto slide, with mounting medium container visible in frame Videographer: Important step
3.9.2. Bubbles being removed Videographer: Important step TEXT: Seal edges w/ clear nail polish for long-term storage
3.10. Then check the slides using a conventional fluorescence microscope to ensure good fixation and immunolabeling [1].
3.10.1. Talent at microscope, looking at slide Videographer: Important step
4. Fluorescence Image Acquisition and Automated Fluorescence Image Analysis
4.1. For fluorescence image acquisition, set the parameters on a high-content imaging platform [1] to acquire fluorescence images using the appropriate excitation for the fluorophores used [2].
4.1.1. WIDE: Talent at system, setting parameters 
4.1.2. SCREEN: 60095_screenshot_7: 00:06-00:12 Author NOTE: we have uploaded this screenshot video showing the setting of fluorophore parameters to accompany the wide shot
4.2. Then scan samples to acquire sufficient images to obtain complete coverage of the tissue section [1].
4.2.1. SCREEN: 60095_screenshot_1v2 dated 021320: 00:08-00:20 Author NOTE: Please use this new and improved screenshot here. 
4.3. At the end of the scan, adjust the nuclear segmentation parameters of the software to ensure that the nuclei are optimally segregated [1] and modify the threshold intensity to ensure optimal gating of the HNF4-alpha-positive hepatocytes and HNF4-alpha-negative non-parenchymal cells [2].
4.3.1. SCREEN: screenshot_2: 01:30-01:41
4.3.2. SCREEN: screenshot_3: 00:05-00:17  
4.4. For nuclear quantification, set the nuclear area in square-micrometers based on the Hoechst staining, the mean nuclear Hoechst intensity, the nuclear elongation factor, the mean nuclear “roundness” index, the HNF4-alpha status, and the nuclear x-y coordinates based on “center of gravity” [1].
4.4.1. SCREEN: screenshot_4: 00:34-01:03 Video Editor: please speed up
5. Data Analysis
5.1. To perform a hepatocyte nuclear ploidy analysis, first download and install the ploidy quantification analysis program [1-TXT].
5.1.1. WIDE: Talent downloading/installing program, with monitor visible in frame TEXT: https://github.com/lukeynoon
5.2. In MATLAB, navigate to the APP tab of the toolstrip and click Install App [1].
5.2.1. SCREEN: screenshot_5: 00:45-00:50
5.3. Open the “Ploidy_Application.mlappinstall” program. A message will appear to confirm the successful installation [1].
5.3.1. SCREEN: screenshot_5: 00:51-00:57
5.4. In each data analysis file, include a sheet termed “Cell measures” [1] containing all of the data required for the ploidy analysis set out in columns as indicated [2].
5.4.1. SCREEN: screenshot_6: 00:15-00:19 
5.4.2. SCREEN: screenshot_6: 00:21-00:27
5.5. For each experimental condition, provide a control dataset that will be used to calculate the internal control for 2-4N nuclear ploidy calibration [1].
5.5.1. SCREEN: screenshot_6: 00:38-00:45
5.6. For biological replicates, store each spreadsheet in its own folder, naming the folder prefixes incrementally [1].
5.6.1. SCREEN: screenshot_6: 00:45-01:07 Video Editor: please speed up
5.7. Next, launch the “Ploidy_Application”. The Ploidy_Application graphical user interface will appear [1].
5.7.1. SCREEN: screenshot_5: 01:33-01:37
5.8. Click the Path to control data button to navigate to the folder in which the control data replicates reside. This data path will then appear in the interface [1].
5.8.1. SCREEN: screenshot_5: 01:37-01:43
5.9. In “folder prefix”, type the name to be given to the output files [1].
5.9.1. SCREEN: screenshot_5: 01:43-01:45
5.10. Click the Path to other data button and navigate to the folder in which the comparative data replicates reside. This data path will then appear in the interface [1].
5.10.1. SCREEN: screenshot_5: 01:46-01:50
5.11. Then click Run [1] … When the analysis is complete, the status bar will read “Analysis Complete” [2].
5.11.1. SCREEN: screenshot_5: 01:51-01:54
5.11.2. SCREEN: screenshot_5 01:54-02:44 Video Editor: please speed up




Section – Results
6. Results: Representative Murine Hepatocyte Nuclear Ploidy Estimation

6.1. After immunolabelling, it is important to check all of the slides by conventional fluorescence microscopy to confirm that a good quality fixation and staining has been obtained [1].

6.1.1. LAB MEDIA: Figure 2A

6.2. Smearing or blurring of the Hoechst dye can indicate inadequate fixation or sample degradation prior to fixation [1].

6.2.1. LAB MEDIA: Figure 2B Video Editor: please emphasize Incorrect image column

6.3. Nuclear segregation [1] and HNF4-alpha threshold parameters should be carefully optimized [2] prior to automatic image analysis to broadly reflect the visual pattern of the immunostaining observed by fluorescence microscopy [3].

6.3.1. LAB MEDIA: Figure 2C-D Video Editor: please emphasize Hoechst image
6.3.2. LAB MEDIA: Figure 2D Video Editor: please emphasize HNF4 alpha

6.4. [bookmark: OLE_LINK2][bookmark: OLE_LINK1]Following image analysis, the data should reflect the increasing numbers of non-parenchymal cells [1] and the small but significant reduction in HNF4-alpha-positive nuclei numbers within the liver with DDC (D-D-C) injury [2-TXT].

6.4.1. LAB MEDIA: Figures 2E-2G: Video Editor: please emphasize days 14 and 21 data bars in Figure 2E
6.4.2. LAB MEDIA: Figures 2E-2G: Video Editor: please emphasize day 14 data bar in Figure 2F and blue data line in Figure 2G TEXT: DDC: 3,5-diethoxycarbonyl-1,4-dihydrocollidine

6.5. In healthy control livers, approximately 63% of HNF4-alpha-positive nuclei exhibit a “simple” circular morphometry [1].

6.5.1. LAB MEDIA: Figure 5A Video Editor: please emphasize blue data points and pie wedges in both graphs

6.6. Comparison of the relative nuclear ploidy between control [1] and DDC-treated groups should reflect a significant loss of 2c (two-C) and 4c hepatocyte nuclei with injury [2] together with increased numbers of greater than 8c cells [3].

6.6.1. LAB MEDIA: Figure 5B Video Editor: please emphasize day 0 data bars in all graphs
6.6.2. LAB MEDIA: Figure 5B Video Editor: please emphasize days 14 and 21 data bars in 2c, 4c, and >8c graphs

6.7. The relative positional information for each ploidy subgroup can be interrogated by retrieving the 2D location of particular hepatocyte subsets within the high-content image analysis software [1].

6.7.1. LAB MEDIA: Figure 5C Video Editor: please emphasize cells within yellow outlines in Day 14 and Day 21 images

6.8. In addition, dual immunolabeling of liver sections [1], for example to assess cell replication [2] and nuclear morphometry, to gain insight into cellular and nuclear ploidy, can be performed [3].

6.8.1. LAB MEDIA: Figures 6A and 6B 
6.8.2. LAB MEDIA: Figures 6A and 6B Video Editor: please emphasize red data line and >2c data bar
6.8.3. LAB MEDIA: Figure 7E Video Editor: please emphasize blue and red data lines 


Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Luke A. Noon: The tissue-wide ploidy profile generated by this method describes the minimum DNA content for all circular hepatocyte nuclei but does not discriminate between mononuclear cells and binuclear hepatocytes [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Luke A. Noon: The method can potentially be adapted to account for parameters such as the cell perimeter, to facilitate the identification of binuclear cells and provide an additional readout of cellular ploidy [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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