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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  Y  
If Yes, can you record movies/images using your own microscope camera?
Y  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y

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. Simon Hippenmeyer: Mosaic analysis with double markers technology is a powerful method that can provide highly quantitative information about the proliferation behavior and cellular output of individual stem cells [1].

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

REQUIRED: 
1.2. Robert Beattie: A unique feature of this technique is that it permits lineage tracing and functional genetic analysis of candidate genes at the single cell level [1].

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

Introduction of Demonstrator on Camera

1.3. Simon Hippenmeyer: Demonstrating the procedure will be Carmen Streicher, technician; Nicole Amberg, postdoc;  Giselle Cheung, postdoc; and Andi Hansen, PhD studentfrom my laboratory [1][2].

1.3.1. INTERVIEW: Author saying the above
1.3.2. Named demonstrator(s) looks up from workbench or desk or microscope and acknowledges camera

Ethics Title Card

1.4. Procedures involving animal subjects have been approved by institutional preclinical core facility (PCF) and internal ethical committee at IST Austria and performed under a license approved by the Austrian Federal Ministry of Science and Research in accordance with the Austrian and EU animal laws.


Protocol
2. Tamoxifen (TM) Induction in Mosaic Analysis with Double Markers (MADM) Mice

2.1. [bookmark: _Ref31312505]To induce MADM (pronounce ‘Madam’) recombination events in experimental mice, use a 1-milliliter syringe equipped with a 25-gauge needle [1] to deliver a single injection of tamoxifen intraperitoneally into a timed pregnant dam [2-TXT].

2.1.1. WIDE: Talent loading syringe with TM, with TM container visible in frame Videographer: Important step
2.1.2. Mouse being injected Videographer: Important step TEXT: ≤E10: 1 mg/pregnant dam maximum; E11-E15: 2 mg/pregnant dam

2.2. For MADM clonal analysis to postnatal timepoints, on embryonic days 18-19, place the pregnant mouse in the supine position [1] and disinfect the fur with 70% ethanol [2].

2.2.1. Talent placing mouse in position Videographer: More Talent than mouse in shot TEXT: Euthanasia: cervical dislocation
2.2.2. Fur being sprayed

2.3. Make a small incision in the skin in the lower abdomen above the uterus [1] and make a second incision through the muscles and the abdominal muscular wall to reveal the peritoneum [2].

2.3.1. Skin incision being made Videographer: Important step
2.3.2. Peritoneum incision being made Videographer: Important step

2.4. Use scissors to separate the uterus from the surrounding tissues [1] and place the intact uterus onto a glove with warm water [2].

2.4.1. Uterus being separated Videographer: Important step
2.4.2. Uterus being placed onto glove Videographer: Important step

2.5. Then use fine tipped scissors and fingers to carefully open the uterine walls to release the embryos [1-TXT] and clean the pups, gently pressing the chests from time to time to initiate breathing [2-TXT], before transferring the prenatal animals to a foster mother [3].

2.5.1. Wall being opened/embryos being released Videographer: Important step TEXT: Do not cut umbilical cords too close to body 
2.5.2. Pup being cleaned/chest being pressed Videographer: Important step TEXT: Hold cleaned pups on 2nd warm water glove after cleaning
2.5.3. Pup being placed into cage with foster mother Videographer: Important/difficult step

3. MADM Clone Brain Tissue Harvest 

3.1. To collect neural MADM clone tissue, place an anesthetized animal in the supine position on a perfusion surgery tray [1-TXT] and disinfect the fur with 70% ethanol [2].

3.1.1. WIDE: Talent placing mouse onto tray Videographer: More Talent than mouse in shot TEXT: Anesthesia: ketamine 65 mg/kg + xylazine 13 mg/kg + acepromazine solution 2 mg/kg i.p.
3.1.2. Fur being wet

3.2. Use scissors and forceps to make one incision through the skin [1] and one incision through the muscle layer [2].

3.2.1. Skin incision being made
3.2.2. Muscle incision being made

3.3. Shot deleted

3.3.1. 
3.3.2. 

3.4. When the thoracic cavity is visible, snip and lift the diaphragm to reveal the heart [1] and carefully trim and pin the rib cage to the surgical tray [2-TXT].

3.4.1. Shot of cavity, then diaphragm being snipped and lifted
3.4.2. Rib cage being trimmed and/or pinned TEXT: Remove rib cage completely from pups

3.5. Insert a needle connected to a peristaltic pump tubing filled with PBS into the lower left ventricle of the heart [1] and use small iris scissors to make an incision in the posterior end of the right atrium [2].

3.5.1. Needle being inserted
3.5.2. Atrium being trimmed

3.6. Perfuse the cardiovascular system with the PBS [1-TXT] followed immediately by perfusion with freshly prepared, ice-cold 4% paraformaldehyde in PBS [2-TXT].

3.6.1. PBS being perfused TEXT: Pups: 10 mL at 2-4 mL/min; Adults: 20 mL at 4-6 mL/min
3.6.2. Stop peristaltic pump and switch tubing to PFA. Then restart the pump. TEXT: Pups: 10 mL at 2-4 mL/min; Adults: 30 mL at 4-6 mL/min

3.7. [bookmark: _Ref31290959]When the perfusion is complete, remove the brain through careful dissection [1-TXT] and place the harvested organ in at least 5 times the brain volume of fresh 4% paraformaldehyde overnight at 4 degrees Celsius [2].

3.7.1. Brain being removed from skull TEXT: Harvest embryonic and postnatal brain tissue immediately after Caesarian section
3.7.2. Talent placing brain into PFA, with PFA container visible in frame

4. MADM Brain Tissue Sectioning

4.1. The next day, wash the tissue three times for 15 minutes per wash with the appropriate volume of PBS [1-TXT] before transferring the sample into 2-3 milliliters of a 30% sucrose in PBS solution.

4.1.1. WIDE: Talent washing tissue, with PBS container visible in frame TEXT: Embryo: 2-3 mL PBS; Adult: 10 mL PBS
4.1.2. Tissue in sucrose with sucrose container visible in frame as possible

4.2. When the tissue sinks to the bottom of the solution, submerge the brain in optimal cutting temperature compound in an embedding mold with the brain oriented for either coronal or sagittal sectioning [1] and place the mold on dry ice until the cutting medium is completely opaque [2].

4.2.1. Brain being placed into mold, with OCT container visible in frame
4.2.2. Mold being placed onto dry ice

4.3. To acquire sections of the tissue for immunohistochemical analysis, apply a ring of tissue cutting medium to the specimen disk in a minus 20-degree Celsius cryostat [1] and place a tissue block onto the specimen disk on the block freezes to the disk [2].

4.3.1. Talent adding OCT to disk
4.3.2. Tissue block being placed onto disk

4.4. Trim the cutting medium from the block in 45-60-micrometer-thick sections until the tissue region of interest is reached [1].

4.4.1. OCT being sectioned

4.5. When the edges of the cortex become visible, begin sectioning with the appropriate thickness for the tissue sample [1-TXT], using a small brush to keep the area clean of any debris left while trimming the block [2].

4.5.1. Shot of cortex edges, then section(s) being acquired TEXT: Embryo: 30 micrometer-sections; Adults: 45-micrometer sections
4.5.2. Debris being removed w/ brush 

4.6. If sections begin to curl, trim the edges of the block [1] and/or carefully adjust the glass antiroll plate [2].

4.6.1. Edge being trimmed
4.6.2. Antiroll plate being adjusted

5. Adult Tissue Mounting

5.1. To mount adult tissue for imaging, use a small paint brush [1] to maneuver a section onto a PBS-Tween-coated slide [2] and to arrange the section in the order of cutting [3].

5.1.1. WIDE: Talent at lab bench picking up brush
5.1.2. Section being maneuvered onto slide
5.1.3. Section being arranged

5.2. When all of the sections have been collected, place the slides into a dark slide chamber [1] and lift the lid slightly to allow the sections to dry for 10-20 minutes [2].

5.2.1. Talent placing slide(s) into chamber
5.2.2. Lid being lifted

5.3. When the sections have completely dried, rehydrate the sections in PBS for 5 minutes [1] before covering the tissue samples with approximately 1 milliliter of DAPI (‘DAP-ee’) for a 15-minute incubation at room temperature protected from light [2].

5.3.1. Add PBS to dried tissue on slide, with PBS container visible in frame
5.3.2. Talent adding DAPI to slide(s)

5.4. At the end of the incubation, wash the sections for 5 minutes in PBS [1] and cover the sections with 110 microliters of mounting medium [3].

5.4.1. Wash slide with PBS, with PBS container visible in frame
5.4.2. deleted
5.4.3. Mounting medium being added to slide, with medium container visible in frame

5.5. Then place a 24- x 60-millimeter coverslip onto each slide [1] and allow the slides to dry protected from light for at least 3 hours before imaging [2].

5.5.1. Coverslip being placed
5.5.2. Slide being placed to dry

6. [bookmark: _Ref31316327]Confocal Image Acquisition and MADM Clone Quantification

6.1. [bookmark: _Ref31312456][bookmark: _Ref31312564]After identifying and documenting brain sections containing clones and their locations in the cortex [1], arrange imaging tiles to cover all of the relevant sections in the clone [2] and adjust the z-stack so that all of the MADM labeled cells in the clone are captured at a 1.5-micrometer/z-stack slice interval [3].

6.1.1. WIDE: Talent at microscope, identifying clone, with monitor visible in frame
6.1.2. SCREEN: screenshot_1: 00:05-00:25 Video Editor: please speed up

6.2. [bookmark: _Ref31312664]Adjust the tiled region so that the entire width of the cortex is captured during the imaging and consecutively image individual clones spanning multiple sections, ensuring that any sections without cells within a clone are still imaged [1].

6.2.1. SCREEN: screenshot_1: 00:26-00:57 Video Editor: please speed up

6.3. [bookmark: _Ref31312811]Analyze each section containing cells of an MADM clone sequentially from the rostral to the caudal end of the cortex, distinguishing individual neurons and glia based on their morphology and/or marker staining and recording the positional information in parallel based on the respective layer boundaries defined by the nuclear staining [1].

6.3.1. [bookmark: _Ref31312582]SCREEN: screenshot_2: 00:12-00:30 Video Editor: please speed up

7. Serial 3D Clone Reconstruction 

7.1. [bookmark: _Ref31294449]For visual display and analysis of the 3D clonal architectures, open the .czi image file [1] and run the Stitching method [2].

7.1.1. WIDE: Talent opening file, with monitor visible in frame
7.1.2. SCREEN: screenshot_3: 00:13-00:26

7.2. [bookmark: _Ref31294459]Export the stitched image stacks as individual z-planes in TIFF format [1] and open the stitched .czi file [2-TXT].

7.2.1. SCREEN: screenshot_3: 00:45-00:46
7.2.2. SCREEN: screenshot_3: 01:13-01:20 TEXT: Repeat for each serial clone brain section

7.3. When all of the brain sections for a single clone have been processed as demonstrated, concatenate the individual images into a single stack in order from the most rostral to the most caudal z-plane in an appropriate image processing software program [1].

7.3.1. SCREEN: screenshot_4: 00:00-00:20 Video Editor: please speed up

7.4. Then rotate the stack of clone images into a vertical orientation [1] with the pial surface on top and the corpus callosum at the bottom, cropping the stack in the xy plane as necessary [2].

7.4.1. SCREEN: screenshot_4: 00:34-00:40
7.4.2. SCREEN: screehsnot_4: 00:50-01:02

7.5. For both qualitative presentation and quantitative analysis, generate a maximum z-projection image or perform 3D rendering of the clone [1].

7.5.1. SCREEN: screenshot_4: 01:24-01:34



Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? 
2.1., 2.3.-2.5.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success?
2.5. A foster dam is always required, because the tamoxifen-treated dam may have trouble lactating. We provide additional techniques to improve fostering success rates in the discussion.

6.1. Unambiguous identification of clones is a critical step. Examining several sections before and after the appearance of a clone ensures that there are no additional MADM recombination events nearby.


Results
8. Results: Representative Lineage Tracing and Clonal Analysis

8.1. In this representative analysis, radial glia progenitor clones induced between embryonic days 10-12 were on average larger in size and provided more spatial features of the final neuron distribution [1].

8.1.1. LAB MEDIA: Figures 4B and 4C Video Editor: please emphasize red signal in images

8.2. Asymmetric clones, in which the minority subclone was three or less, provided insight into the neuronal output of a single radial glia progenitor [1].

8.2.1. LAB MEDIA: Figures 4E and 4F Video Editor: please emphasize red signal in images

8.3. The large subclone majority population could be labeled either in red or green [1], with an average of approximately seven excitatory projection neurons per clone [2].

8.3.1. LAB MEDIA: Figure 5G Video Editor: please emphasize red and green dot columns on left of graph
8.3.2. LAB MEDIA: Figure 5G Video Editor: please emphasize data bars

8.4. The small subclone minority population was labeled by the reciprocal color [1] and was on average 1-2 cells per clone [2].

8.4.1. LAB MEDIA: Figure 5H Video Editor: please emphasize red and green dot columns on left of graph
8.4.2. LAB MEDIA: Figure 5H Video Editor: please emphasize data bars

8.5. The total “unit size”, which was on average 8-9 neurons, could be calculated by adding the small and large subclones together [1].

8.5.1. LAB MEDIA: Figure 5I Video Editor: please emphasize data bars

8.6. Based on previous MADM-clonal studies in the developing cortex, the predicted changes in neuronal clonal unit size when studying genes involved in microcephaly and macrocephaly formation are demonstrated [1-TXT].

8.6.1. LAB MEDIA: Figures 6C-6E Video Editor: please sequentially emphasize graphs from left to right TEXT: Predicted outcomes when studying microcephaly and macrocephaly causing genes



Conclusion
9. [bookmark: _Hlk27388131]Conclusion Interview Statements

9.1. Robert Beattie: High-resolution tracking of individual cells can provide unprecedented insights into both the morphology and clonal relationships of daughter cells and permits live imaging of proliferating stem cells and emerging clones [1].

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

9.2. Simon Hippenmeyer: MADM can be applied to other regions in the mouse brain or other organs and may reveal new mechanistic insights into not only stem cell behavior but also disease conditions [1].

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