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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. 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? 
2.4, 2.5, 2.6, 2.7, 3.4, 3.8

4. What is the single most difficult aspect of this procedure and what do you do to ensure success?
The most important aspect is to preserve the retinogeniculate inputs and corticogeniculate inputs in the same slices, as shown in step 2.5 and 2.6

5. Will the filming need to take place in multiple locations? N



Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


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

1.1. Xufeng Chen: Here, we present the protocols for the preparation of acute brain slices containing the lateral geniculate nucleus and the electrophysiological investigation of retinogeniculate and corticogeniculate synapse function [1].
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Xufeng Chen: Retinal ganglion cell axons enter the lateral geniculate nucleus far away from the cortical inputs. This allows the separate stimulations of retinogeniculate and corticogeniculate synapses, which have very different functional properties [1]. 
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Introduction of Demonstrator: (Said by you on camera)

1.3. Jakob von Engelhardt: Demonstrating the procedure will be Xufeng Chen, a graduate student from my laboratory. (Add additional mention of demonstrators as necessary).  
1.3.1. Interview style: Author saying the above 
1.3.2. 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)

1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Johannes Gutenberg University Mainz.
	



Section - Protocol
2. Dissection
2.1. To begin this procedure, prepare two slice chambers: one filled with 100 milliliters of the dissection solution and the other with 100 milliliters of recording solution [1]. Place the two beakers into a water bath at 37 degrees Celsius [2] and bubble the solutions with carbogen for at least 15 minutes before the dissection [3].
2.1.1. MED: Talent fills 2 slice chambers with solution at the bench
2.1.2. MED: Talent places the 2 beakers into a water bath
2.1.3. CU: Close up of the beakers as the tubes to deliver carbogen are placed in the solutions 
2.2. Next, fill a plastic beaker with 250 milliliters of near ice-cold dissection solution and bubble it with carbogen for at least 15 minutes before use [1]. Then, fill a plastic Petri dish with the cold dissection solution for brain dissection [2].Place a piece of filter paper in the lid of the Petri dish and fill it with a small amount of dissection solution [3].
2.2.1. MED: Talent fills a plastic beaker with dissection solution and bubbles it with carbogen
2.2.2. MED: Talent fills a plastic Petri dish with the cold dissection solution
2.2.3. CU: Close up of the Petri dish as a piece of filter paper is placed in it Close up of the Petri dish lid with a filter paper onto which a small amount of dissection solution is poured 
2.3. Subsequently, cool down the dissection chamber of the vibratome [1]. Cut the skin of the head from caudal to nasal and keep it opened with fingers to expose the skull [2]. To obtain the forebrain, first cut the skull along the posterior-anterior midline, then cut two more times through the coronal suture and lambdoid suture [3]. 
2.3.1. MED: Talent places the dissection chamber on ice 
2.3.2. CU: Close up of the head as it is cut from caudal to nasal to expose the skull
2.3.3. CU: Close up of the skull as a cut is made along the posterior-anterior midline and two more cuts are made through the coronal suture and lambdoid suture
2.4. Remove the skull between the coronal suture and lambdoid suture to expose the cerebrum [1]. Cut the olfactory bulb and separate the forebrain from the midbrain with a fine blade [2]. Remove the brain from the skull with a thin spatula and place it on a filter paper in the lid of the Petri dish [3]. 
2.4.1. Videographer, this is an important step CU: Close up of the skull as it is removed between the coronal suture and lambdoid to expose the cerebrum
2.4.2. Videographer, this is an important step CU: Close up of the brain as the olfactory bulb is cut and the forebrain is separated from the midbrain
2.4.3. Videographer, this is an important step CU: Close up of the brain as it is removed from the skull and placed on a filter paper
2.5. To preserve the integrity of the sensory and cortical inputs to the dorsal lateral geniculate nucleus in the brain slice [1], separate the two hemispheres with a parasagittal cut at an angle of 3 to 5 degrees [2]. 
2.5.1. LAB MEDIA: Show Figure 1C 
2.5.2. Videographer, this is the most critical step CU: Close up of the brain as it is cut parasagittally at an angle of 3 to 5 degrees 
2.6. [bookmark: _Hlk4564895]Afterward, dry the mediolateral planes of the two hemispheres by placing them on a filter paper [1]. Then glue them onto the cutting stage with an angle of 10 to 25 degrees from the horizontal plane [2].
2.6.1. Videographer, this is the most critical step CU: Close up of the hemispheres as they are placed on a filter paper
2.6.2. LAB MEDIA: Show Figure 1E
2.7. Place the stage in the center of the metal buffer tray [1] and gently pour the rest of the ice-cold dissection solution into the buffer tray [2]. Perform this step carefully since pouring too hard might remove the pasted brain [3].
2.7.1. Videographer, this is an important step MED: Talent places the stage in the center of the metal buffer tray
2.7.2. Videographer, this is an important step MED: Talent gently pours the rest of the ice-cold dissection solution into the buffer tray
2.7.3. Videographer, this is an important step CU: Close up of the brain tissue as the dissection solution is poured 
2.8. Next, keep the buffer tray in the ice-filled tray to maintain the low temperature during dissection [1]. Section 250 micrometer slices with a razor blade at a speed of 0.1 millimeter per second and an amplitude of 1 millimeter [2-TXT].
2.8.1. MED: Talent places the buffer tray to the ice-filled tray
2.8.2. CU: Close up of the issue as it is sectioned. Text: 0.1 mm/s, amplitude of 1 mm
2.9. Transfer the slices to the holding chamber filled with oxygenated dissection solution at 34 degrees Celsius for around 30 minutes [1-TXT], and then allow the slices to recover in the recording solution at 34 °C for another 30 min [2-TXT]. After recovery, remove the slice holding chamber from the water bath and keep the slices at room temperature until used in experiments [3].
2.9.1. MED: Talent transfers the slice to the holding chamber filled with oxygenated dissection solution at 34 degrees Celsius. Text: Dissection solution, 34 °C, 30 min
2.9.2. CU: Close up of the slices as they are transferred to the recording solution. Text: Recording solution, 34 °C, 30 min
2.9.3. MED: Talent removes the slice holding chamber from the water bath and places on the bench

3. Electrophysiology
3.1. In this procedure, pull the recording pipettes using borosilicate glass capillaries and a filament puller [1-TXT]. Next, pull the stimulating pipettes using the same protocol but break the tip slightly after pulling to increase the diameter [2]. 
3.1.1. MED: Talent pulling a recording pipette using a filament puller. Text: Resistance of recording pipettes: 3−4 MΩ
3.1.2. CU: Close up of a stimulating pipette as its tip is broken
3.2. Subsequently, fill the recording pipettes with intracellular solution and biocytin [1], and fill the stimulating pipettes with recording solution [2]. Then, place the slices in the recording chamber and continuously perfuse them with oxygenated recording solution at room temperature [3]. 
3.2.1. MED: Talent fills a recording pipette with intracellular solution and biocytin
3.2.2. MED: Talent fills a stimulating pipette with recording solution
3.2.3. CU: Close up of the chamber as the slices are placed in it and perfused with solution continuously
3.3. Visualize the slices with an upright microscope equipped with IR-DIC video microscopy [1-TXT]. Check all the slices and select the ones that display intact optic tracts [2]. Place the stimulating pipette on the slice before patching the cell with the recording pipette [3]. 
3.3.1. MED: Talent looking through the eyepieces of the microscope. Text: IR-DIC: Infrared differential interference contrast
3.3.2. *To be submitted by authors. SCREEN: Show the slice that displays intact optic tracts. 
3.3.3. CU: Close up of the stimulating pipette as it is approaching the slice
3.4. To investigate the retinogeniculate synapses, place the stimulating pipette directly on the optic tract, where the axon fibers from retinal ganglion cells are bundled [1]. To analyze the corticogeniculate synapses, place the stimulating electrode on the nucleus reticularis thalami, which is rostroventrally adjacent to the dorsal lateral geniculate nucleus [2].
3.4.1. LAB MEDIA: Figure 2A
3.4.2. LAB MEDIA: Figure 2B
3.5. Once the recording pipette is immersed into the recording solution [1], apply a 5-millivolt step to monitor the pipette resistance [2]. Set the holding potential to 0 millivolt and cancel the offset potential so that the holding current is 0 picoampere [3].
3.5.1. CU: Show that the recording pipette is immersed into the recording solution. 
3.5.2. *To be submitted by authors. SCREEN: Show the pipette resistance while a 5 mV step is applied 
3.5.3. *To be submitted by authors. SCREEN: Show that the holding potential is set to 0 millivolt and the offset potential is cancelled so that the holding current is 0 picoampere
3.6. Approach the cell with the recording pipette while applying positive pressure [1]. When the pipette is in direct contact with the cell membrane, release the positive pressure [2], and set the holding potential to -70 millivolts [3]. 
3.6.1. *To be submitted by authors. SCREEN: Show that the recording pipette is approaching the cell with positive pressure 
3.6.2. MED: Talent releases the positive pressure
3.6.3. MED: Talent sets the holding potential to -70 mV
3.7. Then, apply slight negative pressure [1] to allow the cell membrane to attach to the glass pipette such that a gigaohm seal forms [2-TXT]. Compensate the pipette capacitance and open the cell by applying negative pressure pulses [3].
3.7.1. MED: Talent applies slight negative pressure
3.7.2. *To be submitted by authors. SCREEN: Show that the cell membrane is attaching to the glass pipette. Text: Resistance >1 GΩ 
3.7.3. MED: Talent applying negative pressure pulses on computer screen (Author Comment: this will be combined with a screen capture)
3.8. To investigate the synaptic function, apply 0.1 millisecond current pulses via the stimulation pipette [1]. Monitor the series resistance continuously by applying a 5-millivolt step. The series resistance can be estimated by dividing 5 millivolts by the peak amplitude of the evoked current. Use only the cells with a series resistance smaller than 20 megaohms for analysis [2]. 
3.8.1. *To be submitted by authors. SCREEN: Show that 0.1 ms current pulses are applied 
3.8.2. *To be submitted by authors. SCREEN: Show the current amplitude in response to the applied 5 mV step


4. Biocytin Labeling 
4.1. For biocytin labeling, maintain the whole-cell configuration for at least 5 minutes to allow the diffusion of biocytin into the distal dendrites [1]. After recording, gently remove the pipette from the cell so that the soma is not destroyed [2]. (Author Comment: These will be submitted by authors) 
4.1.1. MED: Talent pointing at the cell with the pipette attached to it on the computer screen
4.1.2. CU: Close up of the pipette as it is moving away from the cell
4.2. Prepare a 24-well cell culture plate [1]. Fill each well with 300 microliters of 4% PFA. Take care to not contaminate anything with PFA that will be in contact with the slices to be recorded [2-TXT]. Transfer the slices from the recording chamber to the PFA-containing plate with a rubber pipette and fix them overnight [3].
4.2.1. CU: Close up of a 24-well cell culture plate
4.2.2. MED: Talent fills each well with 300 uL of 4% PFA. Text: PFA: Paraformaldehyde
4.2.3. MED: Talent transfers the slices from the recording chamber to the PFA-containing plate with a rubber pipette. 
4.3. The next day, replace PFA with PBS [1]. Keep the slices in PBS at 4 degrees Celsius for future processing [2]. To stain the cells, wash the slices with fresh PBS 3 times [3-TXT].
4.3.1. MED: Talent replaces PFA with PBS
4.3.2. CU: Close up of the slices as they are placed in the refrigerator
4.3.3. MED: Talent washes the slices with fresh PBS. Text: 10 min each wash
4.4. Block nonspecific binding sites by incubating the slices in the blocking solution [1] for 2 hours at room temperature on an orbital shaker [2-TXT]. Then, discard the blocking solution and incubate the slices with streptavidin-Alexa 568 diluted in the blocking solution at 4 degrees Celsius overnight on an orbital shaker [3-TXT].
4.4.1. MED: Talent applies blocking solution to the slices 
4.4.2. CU: Close up of the slices as they are placed on an orbital shaker. Text: Blocking solution, 2 h, RT
4.4.3. MED: Talent discards the blocking solution and applies streptavidin-Alexa 568 to the slices. Text: 1:1000, 4 °C, overnight
4.5. The next day, discard the antibody solution and wash the slices 3 times with PBS for 10 minutes each at room temperature on an orbital shaker [1]. Then, wash the slices with tap water before mounting [2].
4.5.1. MED: Talent applies PBS to the slices and places them on an orbital shaker
4.5.2. CU: Close up of the slices as they are washed with tap water
4.6. Place the slices from one mouse on one glass slide [1]. Ensure that the stained cells are present on the upper surface of the slices [2]. Absorb the water around the slices with tissues and then leave the slices to dry for approximately 15 minutes [3].
4.6.1. MED: Talent places the slices from one mouse on one glass slide
4.6.2. CU: Close up of the stained cells on a slice
4.6.3. CU: Close up of the slices as water is absorbed
4.7. Subsequently, apply two drops of mounting medium on each slice [1], and mount a coverslip on the slide without producing air bubbles [2]. Store the labeled slices at 4 degrees Celsius after viewing them with a confocal microscope [3].
4.7.1. MED: Talent applies two drops of mounting medium on each slice
4.7.2. CU: Close up of a slide as a coverslip is placed on it
4.7.3. MED: Talent places a slide under the microscope and looks through the eyepieces













[bookmark: _GoBack]Section – Results
5. Results: Morphological Analysis of a Relay Neuron 
5.1. This IR-DIC image shows the soma of a dorsal lateral geniculate nucleus relay neuron with the tip of the patch pipette [1]. 
5.1.1. LAB MEDIA: Figure 3A
5.2. Biocytin staining enables us to gain a view of the recorded neuron. Different from interneurons, which have bipolar morphology, relay neurons have multipolar dendritic arbors containing more than 3 primary dendrites [1]. 
5.2.1. LAB MEDIA: Figure 3B
5.3. Three-dimensional reconstruction of a biocytin-labeled relay neuron was then generated which shows a radially symmetric dendritic architecture [1].
5.3.1. LAB MEDIA: Figure 3C



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

6.1. Xufeng Chen: Preserve the retinogeniculate inputs and corticogeniculate inputs in the same brain slices are most important in this protocol [1]. 
6.1.1. LAB MEDIA: 2.5.2
6.2. Xufeng Chen: Following this procedure, we can, for example, also investigate the inhibitory inputs from the nucleus reticularis thalami onto dorsal lateral geniculate nucleus neurons [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Xufeng Chen: Remember to wear gloves when fixing the brain slices with PFA as PFA is hazardous [1].
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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