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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y
[bookmark: _30j0zll]
3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N
 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Stephen Roger Holdsworth: Glomerulonephritis causes pathological glomerular injury with considerable cell death and ecDNA release. This protocol enables the visualization of ecDNA at the site of release during pathological injury [1].

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

REQUIRED: 
1.2. Stephen Roger Holdsworth: The advantage of this technique is that it measures ecDNA from cell death in the kidney, as opposed to serum or urine ecDNA measurements, as a surrogate marker for pathological damage [1].

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

OPTIONAL: 
1.3. Kim Maree O’Sulivan: The significance of this method is that both the ecDNA staining and image analysis are easily transferable to other autoimmune diseases, such as rheumatoid arthritis and Lupus [1].

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

OPTIONAL:
1.4. Kim Maree O’Sulivan: This method requires a basic knowledge of kidney histology. To enable the accurate detection of glomerular ecDNA, the researcher must be able to correctly identify glomeruli [1].

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


1.5. 

Protocol
2. Extracellular DNA (ecDNA) Staining
2.1. For extracellular DNA staining, first heat the samples of interest in a slide rack in 60-degree Celsius for 60 minutes [1] before immersing the slides in two, 40-minute changes of solvent in a fume hood [2].
2.1.1. WIDE: Talent placing rack into oven
2.1.2. Talent placing slides into solvent in fume hood, with solvent container visible in frame
[bookmark: _1fob9te]
2.2. After the second immersion, rehydrate the samples two times in 100% ethanol and one time in 70%-ethanol for 5 minutes per treatment [1].

2.2.1. Talent adding slides to ethanol, with ethanol container visible in frame

2.3. After the last treatment, wash the slides in water for 5 minutes [1] and use tongs to place the slides into boiling antigen retrieval solution in a pressure cooker on high for 10 minutes [2-TXT].

2.3.1. Slides being placed into water Videographer: Important step NOTE: 2.3.1 and 2.3.2 combined.
2.3.2. Talent placing slide(s) into solution in pressure cooker TEXT: See text for all solution preparation details Videographer: Important step

2.4. After unmasking the antigen epitopes, transfer the pressure cooker from heat into a sink [1] and immediately run cold tap water over the lid [2].

2.4.1. Talent transferring pressure cooker to sink Videographer: Important step NOTE: 2.4.1 and 2.4.2 combined.
2.4.2. Cold water being run over lid Videographer: Important step

2.5. Kim Maree O’Sullivan: Use caution when releasing the pressure cooker valve. Running cold water on the lid will also help to depressurize the pressure cooker and to decrease the risk of burn [1].

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

2.6. Allow the slides to equilibrate for 20 minutes in the antigen retrieval solution [1] before washing the samples two times in 0.01-molar PBS on an orbital shaker for 5 minutes per wash [2].

2.6.1. Talent setting timer, with pressure cooker in sink visible in frame Videographer: Important step
2.6.2. Shot of slides in PBS on shaker Videographer: Important step

2.7. After the second wash, use a hydrophobic pen to draw circles around the kidney tissue samples [1-TXT] and block any non-specific staining with 60 microliters of 10% chicken serum in 5% bovine serum albumin for 30 minutes at room temperature [2].

2.7.1. Circles being drawn around slides TEXT: Caution: Do not let tissue dehydrate
2.7.2. Solution being added to slide(s), with solution container visible in frame

2.8. At the end of the incubation, carefully replace the blocking solution with 60 microliters of the primary antibody of interest in a humidity chamber overnight at 4 degrees Celsius [1-TXT].

2.8.1.  Talent adding antibody to slide(s), with antibody container visible in frame TEXT: e.g., ant-beta-actin antibody

2.9. The next morning, wash the slides on an orbital shaker in PBS for two minutes per wash [1] before adding 60 microliters of an appropriate fluorophore-conjugated secondary antibody to each slide for a 40-minute incubation at room temperature [2].

2.9.1. Slides shaking on shaker, with PBS container visible in frame as possible
2.9.2. Talent adding antibody to slide(s), with antibody container visible in frame

2.10. [bookmark: _3znysh7]At the end of the incubation, wash the slides in PBS as demonstrated [1] followed by treatment in 0.3% Sudan Black in 70% ethanol to quench any potential formalin-induced autofluorescence [2].

2.10.1.  Slides shaking on shaker, with PBS container visible in frame as possible NOTE: 2.10.1, 2.11.1 and 2.11.2 combined.
2.10.2. Talent placing slides into jar, with sudan black container visible in frame NOTE: Use 2.9.1

2.11. After 30 minutes, wash the slides in tap water to remove any precipitate [1] and immerse the slides in PBS for 10 minutes to prevent any further Sudan Black precipitate formation [2].

2.11.1. Slide(s) being washed
2.11.2. Slide(s) being placed into PBS

2.12. At the end of the incubation, mount the slides onto confocal glass coverslips with three 60-microliters drops of mounting solution supplemented with DAPI (DAP-ee) [1] and seal the coverslips with nail polish [2].

2.12.1. Solution being applied
2.12.2. Coverslip being sealed

2.13. Allow the slides to cure for 24 hours at room temperature [1] before storing them at 4 degrees Celsius protected from light [2] until imaging by confocal laser scanning microscopy according to standard protocols [3-TXT].

2.13.1. Talent covering slides
2.13.2. Talent place slides at 4 °C
2.13.3. Talent at microscope, imaging slide TEXT: See text for imaging parameter details
2.14. Kim Maree O’Sullivan: Be sure to seal the coverslips with nail polish to prevent any movement during imaging and to clean the coverslips with ethanol to enhance the imaging resolution [1].

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

3. Staining Analysis

3.1. After imaging 20 glomeruli per slide, open the Trainable Weka Segmentation plugin in ImageJ [1] and drop the first image onto the ImageJ tool bar [2].

3.1.1. WIDE: Talent opening plugin, with monitor visible in frame
3.1.2. SCREEN: screen capture 1: 00:01-00:05

3.2. [bookmark: _2et92p0]Click Image, Color, and Split Channels. An image showing the primary antibody staining will appear [1-TXT].

3.2.1. SCREEN: screen capture 1: 00:18-00:25 TEXT: e.g. here anti-beta-actin labeling delineating glomeruli staining is shown 

3.3. To create a merged file of the single images, click Color and Merge Channels [1]. 

3.3.1. SCREEN: screen capture 1: 00:28-00:31 

3.4. A pop-up box will appear asking for a color to be assigned to each channel. Check the Create Composite and Keep Source Images boxes and click Ok. A merged composite image will appear [1].

3.4.1. SCREEN: screen capture 1: 00:32-00:43

3.5. Using the primary antibody staining as a guide, draw a region of interest around the glomerular tuft [1].

3.5.1. SCREEN: screen capture 1: 00:54-01:10 Video Editor: please speed up

3.6. To perform a Gaussian blur on the single blue DAPI image, click Process, Filters, and Gaussian Blur [1]. 

3.6.1. SCREEN: screen capture 1: 01:24-01:30

3.7. Set the blur at 1-2. The image will become a little blurry, but the nuclei will appear smooth, and the background will be softened [1].

3.7.1. SCREEN: screen capture 1: 01:30-01:36

3.8. Next, click Plugins, Segmentation, and Trainable Weka Segmentation [1] and use the free hand tool to trace the intact nuclei [2].

3.8.1. SCREEN: screen capture 1: 01:38-01:45
3.8.2. SCREEN: screen capture 2: 00:04-00:20

3.9. When all of the nuclei of interest have been added the Add Class 1 box [1], use the line tool to delineate the areas of background to the Class 2 box [2].

3.9.1. SCREEN: screen capture: 01:39-01:46
3.9.2. SCREEN: screen capture 2: 01:47-03:09 Video Editor: please speed up

3.10. Click Create New Class [1] and use the line tool to outline the DAPI-stained extranuclear DNA [1].

3.10.1. SCREEN: screen capture 2: 03:10-03:20
3.10.2. SCREEN: Screen Capture 3: 00:03-00:23 Video Editor: please speed up

3.11. Click Train Classifier [1] and Get Probability [2].

3.11.1. SCREEN: Screen Capture 3: 01:03-01:37
3.11.2. SCREEN: Screen Capture 3: 01:53-01:55 

3.12. Toggle the mouse to obtain a black and white image of all the components with the object of selection highlighted in white [1].

3.12.1. SCREEN: Screen Capture 3: 01:53-01:55
3.12.2. SCREEN: Screen Capture 4: 00:23-00:45 Video Editor: please speed up

3.13. To duplicate this image, click Image and Duplicate [1]. Under Image, Adjust, and Threshold, use the mouse button to adjust the threshold until only the extracellular DNA is observed [2-TXT].

3.13.1. SCREEN: Screen Capture 4: 00:52-00:57
3.13.2. SCREEN: Screen Capture 4: 01:04-01:18 TEXT: Add more classifiers to remove non-ecDNA as necessary

3.14. After thresholding, click Process, Binary, and Make Binary [1] and copy the previously generated glomerular region of interest [1].

3.14.1. SCREEN: Screen Capture 4: 01:19-01:32
3.14.2. SCREEN: Screen Capture 5: 00:24-00:27

3.15. Press control, shift, and E and select Edit, Selections, and Restore to restore the selection [1].

3.15.1. SCREEN: Screen Capture 5: 00:29-00:36

3.16. To measure only the extracellular DNA particles within the glomerulus, click Analyze Particles and OK [1].

3.16.1. SCREEN: Screen Capture 5: 00:44-00:55

3.17. A result sheet showing the number of particles, area, average pixels, and percentage of glomeruli containing extracellular DNA will be generated [1].

3.17.1. SCREEN: Screen Capture 5: 00:55

3.18. To save the classifier as an extracellular DNA classifier, click Save Classifier and Save the data [1-TXT].

3.18.1. SCREEN: Screen Capture 6: 00:08-00:34 TEXT: ROI must be manually added each time

3.19. To reapply the model to subsequent images, repeat the initial image processing as demonstrated [1] before selecting Load Classifier and the saved classifier file. The log menu will pop up and run the model [2].

3.19.1. Talent repeating imaging processing, with monitor visible in frame
3.19.2. SCREEN: Screen Capture 8: 01:04-01:15

3.20. Once the model has run, click Load Data and select the extracellular DNA.arff [1].

3.20.1. SCREEN: Screen Capture 8: 02:17-02:26

3.21. Then click Create Result [1]. If the resulting image has failed to pick up all the nuclei, background, or extracellular DNA, click re-train classifier and add more classifiers as necessary [2].

3.21.1. SCREEN: Screen Capture 8: 02:28-02:32
3.21.2. SCREEN: Screen Capture 8: 03:04-03:11




Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? 
2.3., 2.4., 2.6.
B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.13.3. Imaging the kidney tissue would be the most difficult step. The quality and resolution of these samples has to be high enough so ecDNA is detected. 


Results
4. Results: Representative ecDNA Identification and Quantification

4.1. Here single channel images [1] showing representative DNA [2] and beta-actin staining are shown [2].

4.1.1. LAB MEDIA: Figure 1A DAPI and Beta Actin images
4.1.2. LAB MEDIA: Figure 1A DAPI and Beta Actin images Video Editor: please emphasize blue signal in DAPI image
4.1.3. LAB MEDIA: Figure 1A DAPI and Beta Actin images Video Editor: please emphasize green signal in Beta Actin image

4.2. Merging the two images allows a region of interest to be drawn around the glomerular area [1] for measurement of the extracellular DNA within the mouse kidney glomeruli using trainable Weka segmentation as demonstrated [2].

4.2.1. LAB MEDIA: Figure 1A Merged image Video Editor: please emphasize outline in image
4.2.2. LAB MEDIA: Figures 1B-1E Video Editor: please sequentially emphasize images

4.3. This model can be adapted to identify extracellular DNA in kidney biopsy specimens from a control patient [1] for comparison to that of a kidney biopsy from a patient with myeloperoxidase-antibody associated vasculitis [2].

4.3.1. LAB MEDIA: Figure 4A Video Editor: please emphasize white signal in Analysis image
4.3.2. LAB MEDIA: Figures 4A and 4B Video Editor: please emphasize white signal in Figure 4B Analysis image

4.4. In addition, this program can be translated to other stains within kidney tissue samples [1], for example to stain for neutrophil extracellular traps and extracellular antibody associated vasculitis [2].

4.4.1. LAB MEDIA: Figure 5
4.4.2. LAB MEDIA: Figure 5 Video Editor: please emphasize NETS and ecMPO images

4.5. Importantly, no significant differences are observed when the same data is analyzed by multiple users [1].

4.5.1. LAB MEDIA: Figure 6 Video Editor: please emphasize User 1 and User 2 Results
Conclusion
5. [bookmark: _tyjcwt]Conclusion Interview Statements
5.1. Kim Maree O’Sullivan: The most critical step in the analysis is providing enough examples of background, nuclei, and ecDNA within the glomeruli as classifiers for the WEKA segmentation programme to learn from [1].

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (3.8.-3.10.)

5.2. Kim Maree O’Sullivan: This method is easily transferable. For example, further analysis of the different types of cell death can be investigated through staining with specific antibodies against markers for apoptosis or necrosis [1].

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
5.3. Stephen Roger Holdsworth: Our technique can be used with other inflammatory processes, such as assessing TLR expression in autoimmune kidney disease or extracellular MPO expression in human kidney biopsies [1].
5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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