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Author Questionnaire:

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

NO: The surgery is done with the help of a Leica stereoscope that does not have a camera or a camera port. 
YES: The in vitro recordings are done under visual control with our own microscope camera.
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Leica S6E stereoscope

2. Does your protocol include software usage? NO
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? 
Steps 3.2, 3.4, 3.5, 3.7, 4.3

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? P
3.3, 3.5, 3.7: It is highly important to ensure that the stereotaxic coordinate system is defined carefully and correctly to target the correct brain region, especially for injections into deeper brainstem regions. 

5. Will the filming need to take place in multiple locations? 
YES: The surgery and the in vitro recordings will be in different rooms of the same lab, only a few yards apart.


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. [bookmark: _GoBack]REQUIRED Interview Statements: (Said by you on camera)

1.1. Michael T. Roberts: Channelrhodopsin-assisted circuit mapping is a precision technique for functional mapping of long-range neuronal projections. Here, we show how to use this approach to investigate auditory brainstem circuits [1]. 

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

1.2. Michael T. Roberts: In brain slices, axons from multiple sources are often intermixed, making it difficult to isolate inputs from individual sources with electrical stimulation. By using CRACM this limitation can be overcome [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)

1.3. David Goyer: Finding lambda and consistently defining the stereotaxic coordinate system is challenging, as is keeping the duration of the procedure short. Having all steps carefully mapped out increases the success rate [1].

1.3.1. INTERVIEW: Named talent says 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)

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


Section - Protocol
2. Preparation for Surgery
2.1. Begin by spraying the surgery area with 70% ethanol to sanitize [1], and place sterile towel drapes to cover the surgery area [2].
2.1.1. Talent sprays 70% ethanol on the surgery area.
2.1.2. Talent places a sterile towel drape to cover the surgery area. 
2.2. Remove cage bedding to limit risk of asphyxiation from the recovery cage [1]. Next, put a heating pad under the cage [2] and provide a food and water source [3].
2.2.1. Talent removes some cage bedding from the recovery cage
2.2.2. Talent puts a heating pad under the cage.
2.2.3. Talent puts some food in the cage. 
2.3. Next, transfer the animal to a stereotaxic frame and continue anesthesia [1-TXT].
2.3.1. Talent picks up animal and moves it toward the frame. 
Note to videographer: Act of sedating the animal will not be shown on camera. Instruments surrounding the frame that relate to sedation are ok.
TEXT: See text protocol for details about anesthesia.  
2.4. Insert a rectal temperature probe and switch on the homeostatic temperature controller [1].  Then, apply ophthalmic ointment to prevent eyes from drying out [2].
2.4.1. Talent inserts the temperature probe.
2.4.2. CU: Talent applies ointment to the eyes. 
2.5. Administer preemptive analgesic [1-TXT].
2.5.1. CU: Talent injects animal.
TEXT: Subcutaneous injection of 5 mg/kg carprofen
2.6. Finally, shave the scalp with electric clippers [1].  Disinfect scalp with three alternating swabs of povidone-iodine and 70% ethanol [2].
2.6.1. CU: Talent shaves part of scalp.
2.6.2. CU: Talent swabs iodine and then 70% ethanol.

3. Surgery
3.1. Begin surgery by making an incision in the scalp along the midline starting between the ears and continuing rostral to the eyes, exposing the lambda and bregma sutures [1].  Push skin to the side and remove periosteum from exposed bone if necessary [2].
3.1.1. CU: Talent makes incision in the scalp along the midline.
3.1.2. CU: Talent pushes skin to the side.
3.2. Next, mark the lambda suture with a surgical marker [1], position the tip of the nanoinjector so that it is just touching lambda [2], and zero the micromanipulator coordinates [3].
3.2.1. CU: Talent marks the lambda suture with a marker.
Note to videographer: This step is important.
3.2.2. ECU: Talent positions the top of the nanoinjector so it just touches the lambda.
Note to videographer: This step is important.
3.2.3. CU: Show coordinates at zero on the digital display. 
Note to videographer: This step is important.
3.3. Use the nanoinjector tip and micromanipulator to measure the difference in elevation between the lambda and bregma sutures [1].  Adjust palate bar height to bring lambda and bregma to within ±100 µm height difference [2].
3.3.1. Show talent adjusting the nanoinjector tip from a different angle. 
3.3.2. CU: Talent adjusts the palate bar height
3.4. Map the injection site using the nanoinjector tip and micromanipulator coordinate system and mark the site with a surgical marker [1-TXT].
3.4.1. CU:  Show coordinate system on the digital display. Talent marks the site with a marker.
Note to videographer: This step is important.
TEXT: Z depth is measured from the surface of the skull at lambda.
3.5. Then, use a micromotor drill with a 0.5 mm drill burr to perform a craniotomy over the injection site [1].
3.5.1. CU: Talent holding drill, performs craniotomy. 
Note to videographer: This step is important and difficult. 
3.6. To ensure broad transfection of neurons in the target nucleus, use a nanoinjector to make injections at various depths into the tissue, and, in the case of larger brain regions like the inferior colliculus, make injections over the course of two or more penetrations at different X and Y coordinates  [1].
3.6.1. Show the setup of nanoinjector. 
3.7. To inject the inferior colliculus, deposit 20 nL of virus in intervals of 250 µm along the Z axis between 2250 µm and 1750 µm depth [1-TXT].  For injections in the dorsal cochlear nucleus, deposit 20 nL of virus at a depth of 4750 µm and 4550 µm, respectively [2-TXT].
3.7.1. CU: Talent makes an injection.   
Note to videographer: This step is important and difficult.
TEXT: IC depth - between 2250 µm and 1750 µm
3.7.2. CU: Talent makes an injection.  
TEXT: DCN depth - 4750 µm and 4550 µm
3.8. After injecting at each Z coordinate, wait 2 – 3 minutes before moving the injector to the next Z coordinate to allow time for the virus to diffuse away from the injection site, reducing the probability that virus will be sucked up the injection tract when the nanoinjector is repositioned [1-TXT].
3.8.1. CU: Talent moves the injector to another coordinate.
TEXT: Wait 2-3 minutes.
3.9. Then, after the last injection, wait 3 – 5 minutes before retracting nanoinjector from brain [1].
3.9.1. ECU: Talent retracts the nanoinjector. 
3.10. When the nanoinjector is removed from the brain between penetrations and between animals, eject a small volume of virus from the tip to check that the tip has not clogged [1].
3.10.1. ECU: Talent ejects a small volume of virus from the tip of the nanoinjector to show tip is not clogged.
3.11. After injections, use sterile PBS to wet the cut edges of the scalp and then gently move the skin back towards the midline [1].  Close the wound with simple interrupted sutures using 6-0 (pronounced six-oh) nylon sutures [2].
3.11.1. CU: Talent uses PBS to wet the cut edges of the scalp, and moves the skin back to the midline.
3.11.2. CU: Talent closes the wound with two sutures, as an example. 
3.12. Then, apply 0.5 – 1 mL of 2% lidocaine jelly to the wound [1].
3.12.1. CU: Talent applies lidocaine jelly to the wound
3.13. Remove the ear bars and temperature probe, turn off isoflurane [1], and remove the animal from the palate bar and transfer it to the recovery cage [2].
3.13.1. Talent removes ear bars and temperature probe.
3.13.2. Talent removes the animal from the palate bar and places it in the cage. 
3.14. Finally, monitor recovery closely. Once the animal is fully awake, moving around, and showing no signs of pain or distress, transfer it back into its cage and return the cage to the vivarium [1].
3.14.1. CU: Show animal moving around in the cage. 
4. In vitro recording
4.1. Use standard patch clamp methods to make recordings. Begin by placing the slice in a recording chamber under a fixed stage upright microscope and continuously perfuse with artificial cerebrospinal fluid at 2 mL/min. [1-TXT].
4.1.1. Talent places the slice under a microscope.
TEXT: Conduct recordings near physiological temperature: 34 - 36 °C
4.2. Next, patch neurons under visual control using a suitable patch clamp amplifier [1-TXT].
4.2.1. Show patch clamp amplifier.
TEXT: Correct for series resistance, pipette capacitance 
4.3. Lastly, during whole cell recordings, activate Chronos by delivering brief pulses of 470 nm light [1-TXT] or ChrimsonR by brief pulses of 580 nm light through commercially available LEDs [2-TXT].
4.3.1. Show blue light.
Note to videographer: This step is important.
TEXT: 470nm light pulses at 1-5 ms
4.3.2. Show red light.
Note to videographer: This step is important.
TEXT: See text protocol for additional details on whole-cell recordings.  





Section – Results
5. Results: ChrimsonR is an effective red-shifted opsin for long-range CRACM experiments in the auditory brainstem
5.1. Results indicated that ChrimsonR injection led to strong expression in the DCN, with tdTomato fluorescence visible in cells and fibers [1].
5.1.1. LAB MEDIA: Figure 3A. Video editor: Highlight ‘DCN’ and ‘Chrimson R-tdTomato’. Trace over white arrow. 
5.2. In the contralateral ICc (pronounced i-c-c), fibers strongly labeled with tdTomato were clearly visible after 3 weeks, demonstrating the long-range trafficking capability of the ChrimsonR-tdTomato construct when injected into auditory brainstem nuclei [1].
5.2.1. LAB MEDIA: Figure 3B. Video editor: Highlight ‘IC’.
5.3. Optical activation of ChrimsonR elicited EPSPs in IC VIP neurons [1], indicating that ChrimsonR is a useful tool for long-range CRACM (pronounced crack-em) experiments when the experimental parameters demand the use of red light instead of blue light. However, we found that ChrimsonR was readily activated with blue light, showing the same threshold for blue light activation as Chronos [2].
5.3.1. LAB MEDIA: Figure 3C. Video editor: Trace over orange line. 
5.3.2. LAB MEDIA: Figure 4. Video editor: Highlight titles for the top graphs in A and B.  Trace over orange line when ‘ChrimsonR’ is mentioned, then trace over blue line when ‘Chronos’ is mentioned in the VO.  



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera)

6.1. David Goyer: For this protocol, it is most important to make sure that the stereotaxic coordinates are correct and to confirm that the virus was expressed only in your targeted brain region [1]. 
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Video editor: This step is associated with shot 3.7.1.
6.2. David Goyer: By exchanging the Chronos/ChrimsonR viral construct with a different virus, e.g. a cell-specific FLEX-construct, several other anatomical or physiological questions can be investigated without changing the surgery protocol [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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