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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? Y, Zeiss Stemi 305
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most visually important? 
2.5.-2.7., 3.1., 3.3.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.6., 2.7.
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. Cristina Gil-Sanz: Double in utero electroporation is a powerful method for studying the important aspects of mammalian corticogenesis, such as interactions between neural cells generated at different locations and developmental ages [1]. 

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

1.2. Isabel Mateos-White: The main advantage of this technique is the ability to examine and perturb the interactions among these different cell populations in a quick, detailed, and inexpensive manner [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. Jaime Fabra-Beser: One striking implication of our method is that facilitates a better understanding of how cellular wiring is altered in neurodevelopmental disorders like autism and schizophrenia [1].

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

1.4. David de Agustín-Durán: This strategy is not restricted to use within the neocortex but can also be employed to analyze cell-cell interactions in extra-cortical areas such as the subpallium or cerebellum 1]. 

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

1.5. Jaime Fabra-Beser: One of the most challenging steps is the injection of DNA into the lateral ventricles of early embryos. The use of a bright light source is essential for successful injections [1].
 
1.5.1. INTERVIEW: Above Talent speaking 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)

1.6. Procedures involving animal subjects have been approved by the ethical committee of the University of Valencia and the Conselleria de Agricultura, Desarrollo Rural, Emergencia Climática y Transición Ecológica of the Comunidad Valenciana, following the guidelines of the Real Decreto 53/2013 of the Spanish legislation and the Directive 2010/63/EU of the European Parliament and of the Council.


Section - Protocol
2. [bookmark: _Hlk27586958]First In Utero Electroporation Surgery 
2.1. For each surgery, first prepare a 10-microliter solution containing 1 microliter of fast green dye [1], a 1 microgram/microliter plasmid DNA solution of interest for each plasmid [2], and the appropriate volume of endotoxin-free TE (T-E) buffer [3-TXT].
2.1.1. WIDE: Talent adding dye to solution tube, with dye container visible in frame
2.1.2. Talent adding plasmid to tube, with plasmid container visible in frame
2.1.3. Talent adding buffer to tube, with buffer container visible in frame TEXT: TE: Tris-EDTA
2.2. For the first in utero electroporation surgery, apply ointment to the eyes of an appropriately timed, anesthetized pregnant mouse [1-TXT] and use a razor to shave the abdomen [2].
2.2.1. ECU: Ointment being applied TEXT: e.g., E11.5 (Strategy A) or E13.5 (Strategy B)
2.2.2. Mouse being shaved TEXT: Anesthesia: 2.5% (v/v) isoflurane; Analgesia: 0.1 mg/kg buprenorphine s.c.
2.3. Disinfect the exposed skin two times with sequential 70% ethanol and iodine wipes [1] before proceeding with the incision on the right side of the abdomen [2].
2.3.1. Skin being wiped, with ethanol and iodine containers visible in frame
2.3.2. Talent making incision Videographer: Do not show mouse/incision in shot
2.4. [bookmark: _Hlk27587187]Once the uterus is accessible, use ring forceps to carefully extract the organ [1-TXT] and preload a glass microcapillary pipette with the appropriate prepared DNA solution [2-TXT]. 
2.4.1. Uterus being extracted. Videographer: Important step TEXT: Keep uterus hydrated with warm saline
2.4.2. Pipette being loaded Videographer: Important/difficult step TEXT: See text for pipette preparation details
NOTE: Starting here authors decided to re-order shots and steps from the original script, so please double check that the shot descriptions match the numbers. Based on their email all these changes were made after the shoot so the slating should match the original script.  
2.5. Using a mouth-controlled aspirator tube, inject approximately 0.5 microliters of solution into the lateral ventricle of the left hemisphere of E11.5 embryos for strategy A [1] or into the lateral ventricle of the right hemisphere of E13.5 embryos for strategy B [2] until the fast green dye is visible inside the ventricle [1]. 
2.5.1. Solution being injected for strategy A. Videographer: Important/difficult step
2.5.2. Solution being injected for strategy B. Videographer: Important/difficult step NOTE: should be slated as 2.7.1 
2.6. When all of the solution has been injected, place forceps-type platinum electrodes laterally around the head of the injected embryos with the positive pole oriented to medial wall to target the cortical hem for strategy A [1-TXT] or oriented to the lateral cortex for strategy B [2-TXT] taking care to avoid the heart and placenta. Use a square wave electroporator to apply the appropriate sequence of electric pulses for each embryonic age as indicated in the Table [3]. NOTE to VO: Feel free to split this in 2 sections. 
2.6.1. Forceps being placed for strategy A. TEXT: + pole toward medial wall for cortical hem targeting.Videographer: Important/difficult step
2.6.2. Forceps being placed for strategy B TEXT: + pole toward lateral cortex for lateral cortex targeting. Videographer: Important/difficult step {former 2.7.2. step} NOTE: should be slated as 2.7.2. 
2.6.3. LAB MEDIA: Table 1 Video Editor: please emphasize First data rows of each strategy NOTE: combined steps 2.6.3 and 2.7.3
2.7. When all of the embryos have been injected and electroporated, use forceps to carefully return the uterus to the abdominal cavity [1] and fill the abdomen with warm saline [2]. NOTE: this is former step 2.8
2.7.1. Uterus being replaced NOTE: should be slated as 2.8.1.
2.7.2. Saline being added NOTE: should be slated as 2.8.2.
2.8. Using a needle 6-0 suture, close the abdominal wall [1] and carefully close the skin incision [2]. NOTE: this is former step 2.9.
2.8.1. Suture being placed NOTE: should be slated as 2.9.1.
2.8.2. Skin being closed NOTE: should be slated as 2.9.2.
2.9. Then return the animal to its home cage with monitoring until full recovery [1-TXT] NOTE : former step 2.10
2.9.1. [bookmark: _Hlk27587252][bookmark: _GoBack]Talent placing mouse into cage Videographer: More Talent than mouse in shot TEXT: See text for full post-surgical care details NOTE: should be slated as 2.10.1.
3. Second In Utero Electroporation
3.1. Two days after the initial surgery, confirm that the mouse is exhibiting normal behavior and presents no signs of pain or distress [1-TXT] before preparing the animal for the second in utero electroporation as just demonstrated [2].
3.1.1. WIDE: Talent watching mouse behavior TEXT: e.g., E13.5 (Strategy A) or E15.5 (Strategy B)
3.1.2. Talent making incision Videographer: No mouse/incision in shot
3.2. [bookmark: _Hlk27587290]Inject 0.5 microliters of the desired DNA solution into the left lateral brain ventricle of E13.5 embryos for strategy A [1-TXT] and into the left lateral brain ventricle of E15.5 embryos for strategy B [2-TXT]. 
3.2.1. Embryo being injected Videographer: Important step TEXT: Strategy A: lateral brain ventricle of same electroporated hemisphere 
3.2.2. Embryo being injected Videographer: Important step TEXT: Strategy B: lateral brain ventricle of contralateral electroporated hemisphere NOTE: should be slated as 3.3.2.
3.3. After each injection, place the electrodes with the positive pole oriented to lateral cortex of the injected hemisphere for strategy A [1] and strategy B [2] and electroporate embryos as indicated in the Table [3]. 
3.3.1. Electrode being placed for strategy A (E13.5 embryos)
3.3.2. Electrode being placed for strategy B (E15.5 embryos) {former 3.3.3 step} NOTE: should be slated as 3.3.3.
3.3.3. LAB MEDIA: Table 1 Video Editor: please emphasize Second data rows of each strategy NOTE: combined steps 3.3.3 and 3.3.4
3.4. When the electroporation is finished, return the uterus to the abdominal cavity [1] and complete the surgery and post-surgical care as demonstrated [2]. 
3.4.1. Suture being placed NOTE: should be slated as 3.3.5.
3.4.2. [bookmark: _Hlk27587364]Talent placing mouse into cage Videographer: More Talent than mouse in shot NOTE: should be slated as 3.3.6.
4. Tissue Harvesting and Sectioning: Strategy A 
4.1. [bookmark: _Hlk27587385]When implementing strategy A, four days after the second electroporation, harvest the uterus of the embryonic day 17.5-pregnant female mouse into a Petri dish of PBS on ice [1-TXT] and use tweezers to transfer the embryos into a new dish of PBS under a dissecting microscope [2].
4.1.1. WIDE: Talent adding uterus to dish TEXT: Euthanasia: cervical dislocation
4.1.2. Talent placing embryo into dish under microscope Videographer: More Talent than mouse in shot
4.2. Using forceps, carefully grasp the head of each embryo to facilitate removal of the skin over the head and skull [1] and use a spatula to lift out the exposed brains [2].
4.2.1. SCOPE: Skull bone being removed
4.2.2. SCOPE: Brain being lifted
4.3. Then use a spoon to transfer each brain into individual wells of 48-well plate containing around 600 microliters of fixative solution per well [1].
4.3.1. Brain being placed into well, with PFA container visible in frame
4.4. When all of the brains have been collected, fix the brains at 4 degrees Celsius overnight on an orbital shaker [1] followed by three, 10-minute washes in PBS [2].
4.4.1. Talent placing plate onto shaker
4.5. [bookmark: _Hlk27587484]After the last wash, embed the brains in 4% low-melting-point agarose in PBS for about 10 minutes [1-TXT]. 
4.5.1. Brain being placed into agarose, with agarose container visible in frame TEXT: Alternative: Store brains in PBS + antifungal preservatives until agarose embedding
4.6. After the agarose has solidified, use cyanoacrylate glue to secure each brain to a vibratome tissue holder, olfactory bulbs side up [1].
4.6.1. [bookmark: _Hlk27587507]Brain being glued to holder
4.7. Place the holder inside the vibratome container [1] and fill the container with PBS [2].
4.7.1. Talent placing holder into container
4.7.2. Talent filling container with PBS
4.8. Then use the vibratome and a brush to obtain 100-micrometer-thick coronal serial sections [1-TXT], transferring up to 7 sections per well and 6 wells per embryo in a new 48-well plate containing 600 microliters per well of fresh PBS supplemented with antifungal preservatives as they are collected [2]. 
4.8.1. Section being acquired TEXT: i.e., 0.6 micrometers/s and 0.6 mm amplitude
4.8.2. Section being placed into well, with PBS + sodium azide container visible in frame
4.9. When all of the sections have been acquired, use a fine brush to mount each section onto a glass microscope slide [1] and cover them with a glass coverslip for assessment of the electroporation efficacy on an upright epifluorescence microscope [2]. 
4.9.1. Section being placed onto slide
4.9.2. Coverslip being placed
5. Tissue Harvesting and Sectioning: Strategy B 
5.1. When implementing strategy B, on postnatal day 15, after confirming a lack of response to toe pinch [1-TXT], secure the mouse in  supine position [2] and use scissors to make a midline skin incision to expose the rib cage and diaphragm and cut the diaphragm to gain access to the heart [3].  NOTE: combined steps 5.1 and 5.2 
5.1.1. WIDE: Talent pinching toe Videographer: More Talent than mouse in shot TEXT: Anesthesia: 75 mg/kg ketamine + 1 mg/kg medetomidine i.p.
5.1.2. Mouse limb being secured
5.1.3. [bookmark: _Hlk27587578]Incision being made and diaphragm being cut open. 
5.2.  [1].
5.2.1. Diaphragm and/or ribs being cut open and Heart being grasped
5.3. Using fine scissors, make an incision in the right atrium [1] and use a 25-gauge needle connected to a flexible tube to a peristaltic perfusion pump to penetrate the left ventricle [2]. 
5.3.1. Incision being made
5.3.2. Needle being inserted
5.4. When the needle is in place, deliver at least 25 milliliters of 4% paraformaldehyde by transcardial perfusion at a constant flux of 5.5 milliliters/minute [1].
5.4.1. Heart being perfused
5.5. After approximately 5 minutes, stop the perfusion [1] and use scissors to remove the skin over the head [2].
5.5.1. Perfusion being stopped
5.5.2. Skin being removed
5.6. Remove the skull [1] and use a spatula to remove the brain tissue [2]. 
5.6.1. Bone pieces being cut/removed
5.6.2. Brain being removed
5.7. Place the brain into one well of a 24-well plate containing 1.5 milliliters of fresh 4% paraformaldehyde [1] for an overnight incubation at 4 degrees Celsius on an orbital shaker [2].
5.7.1. Brain being placed into well
5.7.2. Talent placing plate onto shaker
5.8. Then acquire 40-micrometer sections of the postnatal brains as just demonstrated [1-TXT].
5.8.1. Talent at vibratome, sectioning tissue TEXT: 1.2 micrometer/s speed, 0.5 mm amplitude
6. Confocal Fluorescence Imaging and Analysis 
6.1. For embryonic and postnatal brain slice imaging, place the slides containing the mounted brain sections of interest onto a microscope slide holder [1]. Introduce the slide holder in the confocal microscope [2] and select the appropriate channel for the fluorophores used in the experiment [3]. 
6.1.1. WIDE: Talent placing slides onto holder
6.1.2. Added step: Talent placing slide holder in the microscope 
6.1.3. Talent selecting channel(s), with monitor visible in frame as appropriate
6.2. Perform sample scanning to obtain map images of each brain section at two different wavelengths for a general view of the double electroporation output [1].
6.2.1. SCREEN: screenshot_2: 00:00-00:11
6.3. Once finished, select the 10x lens [1] and the multi-area-Z-stack-time lapse observation mode [2]. 
6.3.1. Talent selecting lens
6.3.2. SCREEN: screenshot_2: 00:11-00:19
6.4. In each of the select X-Y regions, set the appropriate imaging parameters as well as the depth of the scanning along the Z-axis according to the planes of the sample in which the fluorescence is visible [1].
6.4.1. SCREEN: screenshot_3 Video Editor: please speed up
6.5. Obtain low magnification images of all of the chosen regions [1] and export the images from OIF to TIFF format in the microscope viewer software [2].
6.5.1. SCREEN: screenshot_4: 00:01-00:10
6.5.2. SCREEN: screenshot_4: 00:20-00:24
6.6. Then select the 60x lens and capture high magnification images as just demonstrated to observe the cell-cell interactions at a more detailed level [1].
6.6.1. SCREEN: screenshot_5: 00:01-00:08



Section – Results
7. Results: Representative Double Electroporation-Facilitated Cell Interaction Visualization Strategies 

7.1. The temporal gap between the double in utero electroporation surgeries [1] allows Cajal-Retzius cells, targeted on embryonic day 11.5 in one of its places of origin [2], to reach the marginal zone of the lateral neocortex, including the somatosensory area [3], in time to establish contacts with cortical projection neurons labeled on embryonic day 13.5 [4].

7.1.1. LAB MEDIA: Figures 1A and 1B Video Editor: please emphasize red and green “needles” in Figure 1A
7.1.2. LAB MEDIA: Figures 1A and 1B Video Editor: please emphasize red section of brain in Figure 1A Hem 11.5 graphic
7.1.3. LAB MEDIA: Figures 1A and 1B Video Editor: please emphasize green section of brain in Figure 1A Ctx E13.5 graphic
7.1.4. LAB MEDIA: Figures 1A and 1B Video Editor: please emphasize green and red cells within white box in Figure 1B

7.2. The leading processes of projection neurons expressing enhanced GFP (G-F-P) profusely arborize in the marginal zone of the cortex [1-TXT] and intermingle with the processes of mCherry-expressing Cajal-Retzius-cells [2].

7.2.1. LAB MEDIA: Figure 1C Video Editor: please emphasize green projections within “MZ” area of left image and/or top right image TEXT: GFP: green fluorescent protein
7.2.2. LAB MEDIA: Figure 1C Video Editor: please emphasize red signal in “MZ” area of left image and/or top right image

7.3. In utero electroporation at embryonic day 13.5 using a BFP-expressing plasmid [1-TXT] facilitates the labeling of upper layer callosal projection neurons [2].

7.3.1. LAB MEDIA: Figures 2A-2C Video Editor: please emphasize blue “needle” in Figure 2A TEXT: BFP: blue fluorescent protein
7.3.2. LAB MEDIA: Figures 2A-2C Video Editor: please emphasize bright blue signal in left image in Figure 2B and blue signal in left image in Figure 2C

7.4. A second electroporation in the contralateral side at embryonic day 15.5 [1] targets the upper layer callosal projection neuron subpopulation [2] but not the lower layer callosal projection neurons that develop at earlier stages [3].

7.4.1. LAB MEDIA: Figures 2A, 2B, and 2D Video Editor: please emphasize red “needle” in Figure 2A
7.4.2. LAB MEDIA: Figures 2A, 2B, and 2D Video Editor: please emphasize bright red signal in middle image in Figure 2B and red signal in left image in Figure 2D
7.4.3. LAB MEDIA: Figures 2A, 2B, and 2D Video Editor: please emphasize dark area w/o signal in bottom of left image in Figure 2D

7.5. Upper layer targeted neurons extend their axons to the contralateral hemisphere with a characteristic arborization pattern [1].

7.5.1. LAB MEDIA: Figure 2C Video Editor: please emphasize red signal in right figure 

7.6. High magnification allows a more detailed visualization [1] of callosal axon innervation of the targeted projection neurons within the contralateral hemisphere [2].

7.6.1. LAB MEDIA: Figure 2E Video Editor: please emphasize bright blue axon in 1st and 4th images
7.6.2. LAB MEDIA: Figure 2E Video Editor: please emphasize red signal in 1st and 4th images


Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Isabel Mateos White: When attempting this protocol, it is important to plan the electroporation timing, the hemisphere to inject, and the position of the electrodes according to the cell populations to be targeted [1]. 
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 2.6., 2.7.)
8.2. David de Agustín Durán: Following this procedure, other methods, such as the perturbation of genes of interest in one or both cell types, can be performed to study possible circuit alterations in vivo [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.3. Cristina Gil Sanz: Using this technique, it is possible to study fine interactions between two different targeted cells, including new synapse formation in vivo by the electroporation of fluorescent synaptic proteins [1]. 
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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