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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y (microsurgery, injection).
Can you record movies/images using your own microscope camera? yes, and no (two different microscopes).
Olympus, SZ-STU1
2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? 
Step 3.6
Step 4.1
Step 4.6
Step 5.1
Step 5.4

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Viral injection, step 4.6. Success is ensured by careful placement of the animal, ensure that capillary is not clogged by blood or else, careful withdrawal of the syringe.
Patching of neurons, step 5.4. Success is ensured by training and well-executed preparation of tissue sections. 

5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? same building, different floors. Animal facility vs. lab.


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. Daniella Rylander Ottosson: This protocol shows that it is possible to generate novel neurons directly in the brain from resident glia, and that the reprogrammed cells functionally mature into subtype-specific neurons [1].  
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Daniella Rylander Ottosson: The main advantage is the use of Cre-dependent AAV virus that enables the specific targeting of NG2 glia, and the GFP reporter that labels the reprogrammed neurons for analysis [1].
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


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

1.3. Marcella Birtele: The generation of novel neurons in the brain may lead to future development of cell therapies for neurological diseases. Our protocol generates parvalbumin-expressing interneurons, that have implications for psychiatric disorders. [1].
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Maria Pereira: In vivo reprogramming can be applied to other brain areas and circuits depending on the neuronal phenotype and neurological condition you want to target [1]. 
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Introduction of Demonstrator: (Said by you on camera)

1.5. Daniella Rylander Ottosson: Demonstrating the procedure will be Jenny Johansson, a technician [1] [2], Maria Pereira, a former PhD student [3] and Marcella Birtele, a PhD student from our laboratory [4].  
1.5.1. Interview style: Author saying the above 
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
1.5.3. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
1.5.4. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


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


1.6. Procedures involving animal subjects have been approved by the Ethical Committee for the Use of Laboratory Animals at Lund University and the Swedish Department of Agriculture (Jordbruksverket). 

	



Section - Protocol
2. AAV5 Viral Vector Production
2.1. To produce AAV5 viral vector, seed HEK293T (Voice talent, “HEK” is pronounced as “hek”) cells with standard culture medium in five T175 flasks [1-TXT]. When the cells reach 50-70 % confluency, prepare the following mix for transfection [2].
2.1.1. MED: Talent adding cells in flasks. Text: 3 x 106 cells/ flask, 5 flasks
2.1.2. LAB-MEDIA: Show an image of cells reaching 50-70% confluency. 
2.2. In a 50 milliliter-centrifuge tube, add equimolar amounts of vector plasmid and pDG (Voice talent, “pDG” is pronounced as “P-D-G”) series helper plasmid [1-TXT]. Add Tris-EDTA buffer to a final volume of 144 microliters [2]. Then add ultrapure water to result in a total volume of 1296 microliters and mix [3]. 
2.2.1. MED: Talent adds vector plasmid and pDG series helper plasmid. Text: Total amount of 72 µg per 175 cm2 flask  
2.2.2. CU: Close up of the tube as Tris-EDTA buffer is added
2.2.3. CU: Close up of the tube as ultrapure water is added
2.3. Next, add 144 microliters of 2.5 Molar calcium chloride and mix [1]. After that, add 1.92 milliliters of HBS to the DNA solution and vortex immediately [2-TXT]. Incubate at room temperature for exactly 60 seconds [3].
2.3.1. CU: Close up of the tube as calcium chloride is added
2.3.2. CU: Close up of the tube as HBS is added. Text: HBS: HEPES Buffered Saline, see accompanying manuscript for composition
2.3.3. MED: Talent placed the tube aside in the culture hood or on the bench.
2.4. Subsequently, transfer the solution to 28 milliliters of fresh cell culture medium and mix [1]. Replace the medium in the flasks with the medium containing transfection mix [2]. Wait for 3 days and transfer the media to waste. Add 5 milliliter of harvest buffer to each flask [3]. 
2.4.1. MED: Talent transfers the solution to 28 milliliters of fresh cell culture medium and mixes
2.4.2. MED: Talent replaces the medium in the flasks with medium containing transfection mix
2.4.3. CU: Close up of 5 milliliters of harvest buffer that is added to each flask.
2.5. Then, add another 4 milliliters of DPBS to each flask to rinse the remaining cells and pool with the cell solution [1-TXT]. Centrifuge the harvested cells at 1,000 x g for 5 minutes at 4 degrees Celsius [2-TXT]. After centrifugation, remove the supernatant and dissolve the pellet in 15 milliliters of lysis buffer [3].
2.5.1. MED: Talent adds DPBS to each flask to rinse the remaining cells and pools with the cell solution. Text: See Table of Materials in the accompanying manuscript for Dulbecco's Phosphate Buffer Saline’s composition
2.5.2. MED: Talent places the cells in the centrifuge and sets the settings. Text: 1,000 x g, 5 min, 4 °C
2.5.3. MED: Talent adds lysis buffer to the cell pellet and vortex
2.6. Freeze the 50 milliliter-centrifuge tube on dry ice for 15 minutes and store in a -20 degrees Celsius freezer [1]. Before use, thaw the harvested cell lysate in a water bath at 37 degrees Celsius [2].
2.6.1. MED: Talent places the 50 mL centrifuge tube on dry ice
2.6.2. CU: Close up of the tube of lysate as it is placed in water bath

3.  AAV5 Viral Vector Purification
3.1. In this procedure, perform AAV Purification by Iodixanol Gradient Ultracentrifugation and use ultracentrifuge sealing tubes with centrifugation at 350,000 x g for 1 hour and 45 minutes at room temperature [1-TXT]. 
3.1.1. MED: Talent places the rotor in the centrifuge and sets the settings. Text: 350,000 x g, 1 h 45 min, RT 
3.2. To extract the AAV-containing phase, insert a 10 milliliter-syringe with an 18 Gauge needle at about 2 millimeters below the 40/60% phase border with the bevel facing upwards and withdraw [1]. Make sure to stop before reaching the protein band after 5 to 6 milliliters of the viral vector have been extracted [2]. 
3.2.1. CU: Close up of the syringe as its needle is inserted at about 2 millimeters below the 40/60% phase border with the bevel facing upwards and pull up the sample
3.2.2. Author comment: Here we could not register as we did not have any sample but we would like to show a picture of the AAV containing phase . We will upload it together with the rest of the material. In the picture the protein band could be identified by an arrow. We will upload a pic with arrow and one without arrow that indicate where the protein band is, so that you can choose what is best from a video point of view.
3.3. Then, purify and concentrate the diluted Iodixanol gradient through an anion exchange filter by pushing it through at a rate no faster than 1 drop per second [1]. Subsequently, push 3 milliliters of IE buffer slowly through the filter to wash it [2-TXT]. 
3.3.1. MED: Talent pushes the diluted Iodixanol gradient through an anion exchange filter
3.3.2. CU: Close up of the filter as IE buffer is slowly pushed through it. Text: IE: iodixanol elusion 
3.4. [bookmark: _Hlk2774936]Next, elute the mixture into a centrifugal filter unit with 1 to 2 milliliters of elution buffer [1]. Add DPBS to the device to a final volume of 4 milliliters [2]. Centrifuge at 2,000 x g at room temperature until less than 0.5 milliliters of DPBS is left in the filter [3-TXT]. 
3.4.1. MED: Talent elutes the mixture into a centrifugal filter unit with buffer
3.4.2. CU: Close up of the device as DPBS is added 
3.4.3. MED: Talent places the sample in the centrifuge. Text: 2,000 x g, RT
3.5. Afterward, remove liquid from the bottom of the tube, refill with 4 milliliters of DPBS [1] and centrifuge again. Repeat this step two more times [2]. Make sure that the volume of concentrated vector on the filter is about 200 microliters after the last centrifugation [3].
3.5.1. MED: Talent removes liquid from the tube and refills with DPBS
3.5.2. CU: Close up of the tube as it is placed in the centrifuge
3.5.3. CU: Close up of the filter as it is taken out of the centrifuge
3.6. Remove the 200 microliter-concentrated vector using a pipette and push it through a 0.22 micrometer-filter to sterilize [1]. Next, aliquot 200 microliters into a glass vial with interlocked insert [2].
3.6.1. MED: Talent removes the vector and pushes it through a 0.22um filter
3.6.2. MED: Talent aliquots the vector into a vial

4. Injection of Reprogramming Factors into the Brain
4.1. To inject reprogramming factors, place an anesthetized mouse in the stereotaxic frame [1]. Bring the tip of the glass capillary of the injection needle just above bregma [2]. Make sure the capillary tip is perfectly straight in both A-P and M-L planes [3-TXT]. 
4.1.1. MED: Talent showing the anesthetized mouse in the stereotaxic frame
4.1.2. CU: Close up of the injection needle to show that it is moving to the bregma
4.1.3. SCOPE: Show that the capillary tip is perfectly straight and is above bregma. Text: A-P: Anterior-Posterior, M-L: Medial-Lateral
4.2. [bookmark: _Hlk2833914]reset both the M-L and A-P values to 0.0 on the digital coordinate counter [2].
4.2.1. 
4.2.2. MED: Talent resets the values on the digital coordinate counter
4.3. To make sure the head of the animal is in a perfectly flat position, use the digital coordinate counter to measure the D-V coordinate value, when the A-P arm is at +2.0 and -2.0, as well as when M-L arm is at +2.0 and -2.0 [1-TXT]. Adjust the height of tooth bar and ear bars accordingly [2]. 
4.3.1. SCOPE: Show that the capillary goes down and touches the skull to confirm a flat head position. Text: D-V: Dorsal-Ventral
4.3.2. CU: Close up of the animal as the height of tooth bar and ear bars are adjusted 
4.4. Afterward, raise the syringe slightly, drill a hole using a dental drill at the injection coordinates [1]. Start to drill at the site, working in circular and gentle manner [2]. Then, place a piece of cotton gauze over the open incision and flush the syringe with saline solution [3].
4.4.1. SCOPE: Show that the syringe is raised
4.4.2. SCOPE: Show that a hole is being drilled at the target site
4.4.3. SCOPE: Show that the incision is covered with cotton gauze Author comment: 4.4.1-4.4.3: All these steps were recorded as one step
4.5. After flushing, draw up an air bubble, and then 1 microliter of solution containing the viral vector [1]. Make sure that the viral solution can be easily visualized below the air bubble [2]. Next, lower the syringe, progressing slowly to the desired depth and be sure that the trajectory is clear of bone fragments [3].
4.5.1. SCOPE: Show that the syringe tip withdraws an air bubble and 1 um of viral vector
4.5.2. SCOPE: Show the viral solution moving with the bubble
4.5.3. SCOPE: Show that the syringe is lowered into the brain
4.6. Subsequently, inject 1 microliter of the viral solution at a rate of 0.4 microliters per minute [1]. When the injection is done, allow 2 minutes for diffusion before syringe withdrawal [2]. After diffusion, slowly retract the syringe until the tip of the capillary is completely withdrawn from the brain [3].
4.6.1. MED: Talent starts the injection by pressing the plunger on the pump
4.6.2. SCOPE: Show that the needle is still in the brain during the diffusion period
4.6.3. SCOPE: Show that the needle slowly goes up from the brain   Author comment: please leave out the part of the video when the liquid come out at the end.
[bookmark: _GoBack]
5. Electrophysiological Recordings 
5.1. To prepare brain slices for electrophysiology, using the vibratome, section the brain from the most rostral part down to the striatal level at high speed [1]. Then section the striatum coronally at 275 micrometers at 0.1 millimeters per second [2].
5.1.1. MED: Talent sectioning the brain using a vibratome at high speed
5.1.2. CU: Close up of the brain as the striatum is sectioned  Author comment: Note that there are few series of this step. The good shot is shot few steps later
5.2. After each section, carefully remove the non-injected striatal side [1] and transfer the injected side into a vial with a bottom net in oxygenized Krebs–Henseleit in the water bath at room temperature [2]. Keep the vial at room temperature until all the sections are cut [3]. 
5.2.1. CU: Close up of the tissue as the non-injected striatal side is removed
5.2.2. CU: Close up of the injected side as it is transferred into a vial with a bottom net in oxygenized Krebs–Henseleit in the water bath
5.2.3. MED: Talent transfers the last section to the water bath
5.3. Afterward, slowly increase the temperature of the water bath to 37 degrees Celsius and leave it for 30 minutes [1-TXT]. Then, turn off the heater and let it cool down to room temperature [2].
5.3.1. MED: Talent turns up the water bath temperature. Text: 37 ̊C, 30 min 
5.3.2. CU: Close up of the water bath as it is turned off
5.4. Mount the glass pipette on the recording electrode and lower it into the solution [1]. Double-check the resistance of the electrode [2]. Then, slowly approach the cell with the pipette [3], keeping a slight positive pressure in the electrode to avoid plugging the tip [4].
5.4.1. MED: Talent lowers the glass pipette into the solution
5.4.2. To be submitted by authors. SCREEN: Show the electrode resistance. 
5.4.3. SCOPE: Show that the pipette slowly approaching the tissue and applying some positive pressure. 
5.4.4. To be submitted by authors. LAB MEDIA: A photo to show a green fluorescent cell
5.5. In current clamp, maintain the cell between -60 to -80 millivolts [1] and inject 500 millisecond-currents from -20 to +90 picoamperes, with 10 picoampere-increments to induce action potentials [2]. 
5.5.1. [bookmark: _Hlk4318500]To be submitted by authors. SCREEN: Show that the cell is maintained between -60 to -80 mV
5.5.2. To be submitted by authors. SCREEN: Show the injection of currents and the induction of action potentials
5.6. [bookmark: _Hlk2837503]Subsequently, switch to voltage-clamp and measure the inward sodium and delayed rectifying potassium currents at depolarizing steps of 10 millivolts [1].
5.6.1. To be submitted by authors. SCREEN: Show the switching to voltage clamp and the measurement of the inward sodium and delayed rectifying potassium currents. 












Section – Results
6. Results: In Vivo Reprogrammed Neurons Are Functional and Show Maturation Over Time 
6.1. Here is a post recorded biocytin-filled reprogrammed neuron, which shows mature neuronal morphology and the dendritic spines [1]. 
6.1.1. LAB MEDIA: Figure 2A – Video editor, please show the Fig 2A
6.2. Here, electrophysiological recordings of the reprogrammed neurons show the presence of postsynaptic functional connections with spontaneous activity measures [1]. Traces show the inhibitory activity that is blocked with picrotoxin, a GABAA receptor antagonist [2] and the excitatory activity that is blocked with CNQX, an AMPA receptor antagonist [3]. 
6.2.1. LAB MEDIA: Figure 2B, C – Video editor, please show Fig 2B and 2C
6.2.2. LAB MEDIA: Figure 2B, C – Video editor, please emphasize Fig 2B 
6.2.3. LAB MEDIA: Figure 2B, C – Video editor, please emphasize Fig 2C
6.3. And the patched neurons already show repetitive firing at 5 weeks post-injection and continue at 8 and 12 weeks post-injection [1]. The number of neurons with postsynaptic activity also increases over time [2]. 
6.3.1. LAB MEDIA: Figure 2D – Video editor, please show Fig 2D (Show the left panel, then add the middle panel, then add the right panel)
6.3.2. LAB MEDIA: Figure 2E – Video editor, please show Fig 2E (Show the left panel, then add the middle panel, then add the right panel)
6.4. Current-induced action potential and postsynaptic activity of an immature neuron, showing very few synaptic events and action potentials [1].
6.4.1. LAB MEDIA: Figure 2F – Video editor, please show Fig 2F (Show the left panel, then add the right panel)



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

7.1. Daniella Rylander Ottosson: Following this procedure, you can examine the gene expression with patch-seq technique, or assess the synaptic 3-dimentional connectivity with monosynaptic tracing and iDISCO technique [1].    
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.2. Daniella Rylander Ottosson: Since it is now possible to reprogram resident glia into parvalbumin-expressing interneurons, we started to investigate if these neurons are authentic and could be used as a future therapeutic tool [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.3. Daniella Rylander Ottosson: Lastly, remember to follow the established protocols and guidelines when handling animals and AAV virus [1]. 
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



 2018, Journal of Visualized Experiments	Page 11 of 12
image1.png




