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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) 
N


2. Does your protocol include software usage? (Y/N) 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? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
steps: 2.1.1, 2.1.2, 2.3.1-2.3.3, 2.4.1, 2.5.1 & 2.5.2, 4.4 & 4.5*
*We prefer to take our own shots since bringing filming equipment in the animal house is impossible due to health and safety regulations. 
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
ensuring everything is working as supposed to: 4.1 to 4.5 

5. Will the filming need to take place in multiple locations? (Y/N) 
Y
If yes, how far apart are the locations? 
about 1 km


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. Zisis Bimpisidis: We here provide a detailed protocol for assessing the rewarding or aversive properties of optogenetic stimulation of a specific brain region [1].
1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera. 

1.2. Zisis Bimpisidis: The technique can answer rapidly if stimulation of specific cells is rewarding or aversive. We describe a setup for stimulating the ventral tegmental area but our protocols can easily be adopted to change specific parameters in terms of different regions studied [1].
1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera. 





Section - Protocol
All the experiments were conducted according to the Swedish (Animal Welfare Act SFS 1998:56) and European Union Legislation (Convention ETS 123 and Directive 2010/63/EU) with permission from the local Animal Ethical Committees.
2. Setting up the Control of the Laser Source
2.1. To begin, use single board microcontrollers to control the laser source [1]. Load the script on the microcontroller board using the appropriate connection cable to the computer [2]. 
2.1.1. Talent operates on the microcontrollers. Important Step
2.1.2. Talent connects cable between the computer and the board. Important Step
2.2. The script includes external modulation coming from the tracking software through a TTL (pronounce as T-T-L) box, and an output to the laser to control stimulation parameters [1-TXT].
2.2.1. LAB MEDIA: Supplemental coding files.docx – Video editor: Scroll down the script. TEXT: TTL: transistor-transistor-logic
2.3. Use a network cable to connect the TTL box to the board [1]. Ensure the laser is set to control by external modulation and connect the laser to the board using an FC/PC (pronounce as F-C-P-C) cable [2]. Connect the appropriate pins to ground parts of the board [3].
2.3.1. Talent connects the box to the board. Important Step
2.3.2. Talent checks the laser and connects it to the board. Important Step [Shots 2.3.2 and 2.3.3 combined]
2.3.3. [bookmark: _GoBack]Talent connects the pins to the board. Important Step
2.4. To connect the laser source to the optic fiber, first connect the laser source to a rotary joint. Connect a patch cord to the rotary joint [1].
2.4.1. Talent connects the laser to a rotary joint. Important Step
2.5. Stabilize the rotary joint above the apparatus but outside the recording area [1]. Make sure the length of the fiber-optic patch cord is appropriate to allow the mouse to move without difficulties in the arena [2].
2.5.1. Talent stabilizes the rotary joint. Important Step
2.5.2. Shot of the arena with the fiber-optic patch cord, and a mouse. Important Step
3. Setting Up the Experiment for the RT-PP (Real-Time Place Preference) Approach and NCP (Neutral Compartment Preference) Approach
3.1. To calibrate the arena setup, use a ruler to measure a specific part of the physical apparatus [1]. In the software, draw a line corresponding to the part measured. Under the Draw Scale to Calibrate tab, enter the already known value [2]. 
3.1.1. Talent measures the apparatus.
3.1.2. SCREEN: Talent draws a line, and enters value. 60867_screenshot_1
3.2. Design the arena. Draw the area where the movement of the mice will be recorded. Create the zones. Draw the zones that will eventually be assigned as laser-paired, laser-unpaired and “neutral” [1]. 
3.2.1. SCREEN: Talent draws arena, and zones. 60867_screenshot_2 and 60867_screenshot_3
3.3. Press the “validate setup” button to validate the setup to confirm that there are no conflicting parameters, for example zones outside the arena [1].
3.3.1. SCREEN: Talent presses button to validate the setup. 60867_screenshot_4
3.4. Make sure “hardware control” is enabled, and set the time of the experiment to 30 minutes through the “Repeat till” option in the “Reference” box settings. Assign a compartment as laser-paired in which entry of the mouse will trigger a TTL signal through the tracking software to the microcontroller board under the settings of “condition” [1]. 
3.4.1. SCREEN: Talent points to hardware control enabled, sets the time of the experiment and shows the setup for compartment assignment (this might need to be done by pausing the video and point the condition-action settings as in Figure 2, step 2, red circle). 60867_screenshot_5
3.5. To modify the setup for the NCP (pronounce as neutral compartment preference) approach, after arena and time setup, assign both A and B zones as laser paired by adding “when center-point is in any of Zone A and Zone B” for the condition box related to the settings for A and B compartments [1]. 
3.5.1 SCREEN: Talent modifies the experiment for NCP. 60867_screenshot_6
4. Performing an Experiment Using Laser Stimulation
4.1. To set up the detection settings, use a dummy to resemble the mouse. Place the dummy in one compartment of the apparatus [1] and use automated setup with dynamic subtraction [2].
4.1.1. Talent shows a dummy and places into one compartment.
4.1.2. SCREEN: Talent chooses automated setup. 60867_screenshot_7
4.2. Remove the dummy and place it to the opposite compartment. Make sure the dummy is fully detected [1].
4.2.1. Talent brings the dummy into the opposite compartment.
4.3. Place the dummy in the laser paired compartment [1]. To check if the stimulation works, start acquisition using the previously configured trial control settings, and see if the stimulation is triggered as it should [2]. Then place the dummy in the unpaired or the neutral compartment [3] and see if the stimulation is stopped [4].
4.3.1. Talent places the dummy in the laser-paired compartment.
4.3.2. SCREEN: Talent starts acquisition and shows the stimulation is triggered. 60867_screenshot_8
4.3.3. Talent places the dummy in the neutral compartment.
4.3.4. SCREEN: Talent shows the stimulation stopped. 60867_screenshot_9
4.4. Use the knob on the laser to set the laser power to 10 milliwatts [1-TXT]. Connect the fiber-optic implant to the fiber-optic patch cord using a ceramic sleeve [2]. Gently take the mouse out of its cage and place the mouse in the neutral compartment of the three-compartment apparatus [3].
4.4.1. Talent adjusts the knob, with view of the laser power. TEXT: CAUTION: Use protective eye equipment! Important Step
4.4.2. Talent connects the implant to a cord.
4.4.3. Talent places the mouse in a compartment of the apparatus.
4.5. Wait until the mouse is detected by the software. Remove the vertical sliding doors restricting the animal from entering the main compartments. Allow the animal to explore freely without any disturbances [1].
4.5.1. SCREEN: The mouse is detected. Talent removes the door, and shot of the mouse exploring. 60867_screenshot_10 Important Step 






Section – Results
5. Results: Real-Time Place Preference Experiment
5.1. The entire Real-Time Place Preference experiment takes place throughout 8 sessions [1]. DAT-Cre (pronounce as Dat-Cree) mice injected with AAV-ChR2-eYFP (pronounce as A-A-V-channelrhodopsin-E-Y-F-P) virus in the ventral tegmental area was tested to target dopaminergic neurons [2]. 
5.1.1. Figure 1A
5.1.2. Figure 1B
5.2. The mice spent on average about 70% of their time in the laser-paired compartment [1] as opposed to the unpaired compartments at 20% [2], and the neutral compartments at 10% [3].
5.2.1. Figure 1B – Video editor: Emphasize the blue circles, and the blue bar.
5.2.2. Figure 1B – Video editor: Emphasize the white circles, and the white bar.
5.2.3. Figure 1B – Video editor: Emphasize the black circles, and the black bar.
5.3. An opposite behavioral phenotype was observed with VGLUT2-Cre (pronounce as V-Glut-2-Cree) mice injected with AAV-ChR2-eYFP in the ventral tegmental area. The mice avoided the compartment paired to the stimulation and spent more time in the unpaired [1].
5.3.1. Figure 1C – Video editor: Emphasize the blue circles, and the blue bar.
5.4. During the conditioned responses days 5 and 8, the mice did not show a clear avoidance of the previously paired compartment [1].
5.4.1. Figure 1C – Video editor: Emphasize at days 5&8.
5.5. 


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

6.1. Zisis Bimpisidis: To further demonstrate the rewarding or aversive role of specific neurons, the described method can be complemented with other methods such as operant paradigms of optogenetics self-stimulation [1].
6.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera. 
6.2. Zisis Bimpisidis: Pay attention while handling viruses and when you use laser sources [1].
6.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera. 
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