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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___No
B.   Does your protocol include detailed, step-by-step, descriptions of 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Not provided.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  There is no particularly difficult step.
E.  Will the filming need to take place in multiple locations? (Y/N) ___No
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of these behavioral experiments, paired with automatic analysis, is to quantify the sociability of mice in a time-efficient manner. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Stephen Deutsch: This method can help with the rapid screening of drugs to increase sociability in validated mouse models of autism spectrum disorders.  
1.2. Christian Zemlin: The main advantage of introducing automated analysis is that it accelerates the process and makes screening more efficient.   

1.3.  Jessica Burket: The need for an automated method to assess mouse social behavior arose because real-time visual screening of a single dose of a candidate compound takes in excess of 50 hours.     
1.4. Christian Zemlin:  Later in the video, my graduate student Frency Varghese will demonstrate the automated analysis. 

1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
We use this section to introduce everybody in the video.  Introductions are never scattered around as needed.

Protocol (read by voice talent at JoVE):
2. Preparations for the Experiment
2.1. Begin with setting up the three-compartment, black-walled cage.  [WID]

2.1.1. Establish talent placing cage on bench, as well as wire cups

2.2. For the first session, place an empty, inverted-wire cup [2.2.1-CU] in each end compartment of the cage.  [2.2.2-CU]

2.2.1. Picking up a cup from bench, detail seen on camera

2.2.2. [combined with 2.2.1] Placing cups in the cage
2.3. To prepare the second session, hide a “stimulus” mouse under one of the cups. [CU]

2.3.1. Loading mouse under one of cups

2.4. Now, prepare the video camera to view the cage from above. [2.4.1-MED]  All three compartments should be seen, with a resolution of at least 720 by 480 pixels. [2.4.2-CU]

2.4.1.  Positioning camera

2.4.2. display screen on camera, adjusting focus/position until proper view is obtained; then scrolling through menu to select recording resolution (SD, HD, etc.)

2.5. Then, illuminate the cage with indirect, incandescent lighting, so that the cage interior, [2.5.1-WID] when measured from the floor, has no more than 3.5 lux. [2.5.2-CU]

2.5.1. Setting up lights and turning them on, room lights are turned off

2.5.2. Light meter placed in cage and reads 3.5 or less Cannot do – too dark
2.6. Also, provide infrared light to illuminate the cage [2.6.1-WID] at a level which the camera can detect. [2.6.2-CU]
2.6.1. Setting up the IR light

2.6.2. View from the overhead recording camera’s point of view, IR light off, than turned on, we see the illumination of the cage, if the authors can provide this as video from their camera that would be ideal
2.7. Connect the camera to a computer [2.7.1-MED] which operates the experiment’s recording software. [2.7.2-MED]
2.7.1. pan from camera to computer along connection cable(s)
2.7.2. view of computer screen showing camera’s view, talent may get seated at computer if next step is computer controlled
2.8. Take a single frame image of the empty cage for reference. [2.7.1-MED]
2.8.1. Talent working with the computer/camera, complete set up visible
3. The Social Cup Experiment
3.1. For the first session [3.1.1-WID] place the test mouse in the cage.  [3.1.2-MED] Then, to cue the automated analysis of the video, wave a hand over the cage, just once. [3.1.3-MED]
3.1.1. Establishing shot
3.1.2. [combined with 3.1.1, audio slated] Film as written
3.1.3. Film as written
3.2. Let the mouse explore the test cage for 10 minutes. [CU]
3.2.1. mouse exploring the cage during first session
3.3. Then, return it to its home cage. [MED]
3.3.1. Film as written
3.4. For the second session, put the stimulus mouse under one of the two inverted cups. [3.4.1-MED] Select which cup in a counterbalanced fashion.  [3.4.2-MED]
3.4.1. Film as written

3.4.2. Looking at log book and making note of cup and session
3.5. In the software, indicate which cup the stimulus mouse was placed under. [WID]

3.5.1. Talent approaches the computer and clicks a button, then looks up to address camera for the next shot
This shot makes sense here, as it is important to the order of operations.

3.6. Jessica:  For naming conventions, the cup hiding the mouse is the “social cup” whereas the other cup is the “nonsocial cup”.  The compartments are named similarly. [WID]

3.6.1. Interview at bench

3.7. Cue the beginning of the second session with a hand wave, like the first session. [MED]
3.7.1. Place mouse first.  Approaches set up and performs hand wave, then moves away
3.8. At the end of the second session, [3.7.1-WID] remove the inverted cups to release the second mouse. [3.7.1-CU]
3.8.1. Talent is positioned in room where he/she usually would be during a session, then moves to test cage
3.8.2. [3.8.2 to 3.9.2 combined] Picks up the two cups from the cage
3.9. Use another hand wave to indicate the beginning of the third session [3.8.1-MED] and let the two mice interact [3.8.2-WID] in the test cage for 10 minutes. [3.8.3-CU]
3.9.1. Performs hand wave 
3.9.2. Talent gets into position in room to let mice interact
3.9.3. Two mice moving around test cage
3.10. After 10 minutes, return both mice to their home cages. [MED]
3.10.1. Film as written
4. Processing and Automated Analysis of the Movies
Authors I’ve broken down the large steps into component steps so that the video editors can edit this section with greater accuracy.  This will require you to generate more screen capture files, but the resulting video will be better.
4.1. This section explains how to process the movies using the user interface. [WID]  However, a rapid batch mode analysis without user input is also possible. [MED]

4.1.1. Establish talent entering room and getting seated at workstation with all required peripheral objects (e.g. lab book, coffee)

4.1.2. Talent opens software, takes a look at written logs and starts loading movie(s)

4.2. Begin by loading the movie using the Load button. [LM]

4.2.1. To be provided by authors: screen capture to match this step

4.3. Then, select the cage configuration.  The analysis program locates the cage boundaries, compartments and cups.  Select one of the four preset configurations or manually adjust the coordinates. [LM]

4.3.1. To be provided by authors: screen capture to match this step – show preset options and manual adjustment technique
4.4. Now, for each frame of the movie, execute the following processing steps.  First, convert the frames to grayscale.  [LM]

4.4.1. To be provided by authors: screen capture to match this step

4.5. Second, subtract the grayscale reference frame, made during the preparations, thus zeroing out the pixel values everywhere except at the mouse position.  [LM]

4.5.1. To be provided by authors: screen capture to match this step

4.6. Third, binarize the frames, by setting all the pixels above a threshold brightness to white and making all the others black.  Adjust this setting to match the lighting conditions. [LM]

4.6.1. To be provided by authors: screen capture to match this step

4.7. Now, remove the tail from the images by using the Erod/Dil function.  First, erode the binarized picture three times. [LM]

4.7.1. To be provided by authors: screen capture to match this step

4.8. Then, dilate the frames six times.  [LM]

4.8.1. To be provided by authors: screen capture to match this step

4.9. Then, erode the frames three more times.  This may require adjustment if a different pixel resolution is used. [LM]

4.9.1. To be provided by authors: screen capture to match this step

4.10. The hand waves are easily identified as huge leaps in the volume of white pixels.  This allows for automatic detection of session starts and session order. [MED]
4.10.1. Talent quickly scrolling through video and finding a hand wave, then backing up over hand wave and showing the frame with the peak volume of white pixels
4.11. Within each session, detect the largest component of white pixels using the LComp command.  This eliminates the pixels that do not belong to the mouse. [LM]

4.11.1. To be provided by authors: screen capture to match this step

4.12. Then, use the Find Ends function to determine the two most distant pixels within the largest component of white pixels.  These are the nose and tail.  The software determines the center of gravity, or COG, for the white pixel object and calculates its direction of motion from frame-to-frame. [LM]

4.12.1. To be provided by authors: screen capture to match this step

4.13. For sessions with two mice, two objects must be tracked. Select and orient the two largest white pixel objects using the same command set.  The software automatically checks the COGs from frame-to-frame.  If either object changes in size by more than 20% or a COG moves further than possible for a mouse, then the binarization threshold is automatically increased until these criteria are met. [LM]

4.13.1. To be provided by authors: screen capture to match this step – show the special command used here, hopefully this will take enough time to cover all the dialogue

4.14. Author: The software automatically checks the COGs from frame-to-frame.  If either object changes in size by more than 20% or a COG moves further than possible for a mouse, then the binarization threshold is automatically increased until these criteria are met. [WID]
4.14.1. author interview at computer.  We need this as an interview in case we have nothing to visually show by screen capture while this is explained.  Please select an author to read this narrative.  

Video editors: this shot is included as a space filler, if needed.

4.15. Interactions are automatically detected when the objects are within two centimeters. These segments are played back for user input.  For each segment, label the test mouse's perspective as either social avoidance, social approach or neither.  [LM]

4.15.1. To be provided by authors: screen capture to match this step – show a variety of interactions being scored
5. Verifying the Automated Analysis
5.1. To verify the automatic analysis, [5.1.1-MED] load the movie using the Load button. [5.1.2-LM]

5.1.1. Establishing shot of talent at computer

5.1.2. To be provided by authors: screen capture to match this step
5.2. Then, click on Start Session 1 to display the first frame of that session. [LM]

5.2.1. To be provided by authors: screen capture to match this step
5.3. Use the Play/Stop command to control playback.  The processed movies show each mouse with a different color circle at their heads and tails.  Also, the sociability measures are displayed on screen and updated during playback.  [LM]

5.3.1. To be provided by authors: screen capture to match this step, be sure to show updating social interaction scores
5.4. Correct any errors encountered in the automated analysis.  The most common error is a head-tail flip, which can be fixed with a tool on the interface.   This occurs in about 20% of videos. [LM]

5.4.1. To be provided by authors: finding and correcting a head-tail flip
5.5. In the rare instance of a more complicated error, they can usually be solved by manually indicating the location of the mouse’s nose across a certain series of video frames.   [LM]

5.5.1. To be provided by authors: finding and correcting an error by manual nose identification
5.6. Once verified, export the sociability data in a spreadsheet format using the Export function. [LM]

5.6.1. To be provided by authors: screen capture to match this step
5.7. To export data from multiple movies as a single spreadsheet, the movies must be bundled in one folder, and the Compile Data function does the operation. [LM]

5.7.1. To be provided by authors: screen capture to match this step
6. Results: A Typical Control Mouse Session
6.1. In Session One, a 4-week old Balb/C test mouse was tracked moving between compartments 59 times over ten minutes.  The time spent in each compartment is considered a baseline for compartment preference without social stimulus.  
6.1.1. Fig 9

6.2. In Session Two, a social and nonsocial cup were presented with a hidden 4-week old ICR mouse.  There was a clear bias towards spending time in the social compartment.  Specifically, the mouse spent more time with the social cup than the nonsocial cup.

6.2.1. Fig 10

6.3. In the third session, the cups were lifted and the mice were allowed to interact.  In total, 35 social approaches were made over 10 minutes.  

6.3.1. Fig 11
7. Conclusion (said by authors on camera)
7.1. Stephen Deutsch: After its development, this technique facilitates more rapid screening of promising medications to improve the core symptom domain of impaired sociability in validated mouse models of autism spectrum disorders.
7.2. Christian Zemlin: The automated processing can be adapted to different cage designs and species.  Any behavior of interest can be evaluated as long as an algorithm to reliably detect it can be developed.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation
It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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