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Title: Simple and Computer-assisted Olfactory Testing for Mice
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N
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.  From the steps you’ve indicated that you would like filmed, which steps of your protocol will viewers benefit most from having filmed?  List 4-6 steps.

1) Setup of arena

2) exposure to odor (urine) versus water 

3) Odor exploration at increasing concentration of urine (1:10000, to 1:1000)

4) Computer assisted tracking of movement

D.  Will the filming need to take place in multiple locations? (Y/N) ___N
1. Introduction (Schematic Overview and Interview)

A. The Schematic Overview (read by voice talent at JoVE):

The overall goal of the following experiment is to test innate olfactory discrimination, olfactory preference or avoidance and olfactory sensitivity in mice. (Intro)  This is achieved by exposing the mouse to a novel attractant or repellent, and a neutral odor, which is water. (P1)  Meanwhile, a video camera records the behavioral session. (P2)  Next, the video is analyzed in ImageJ using the provided Macros to obtain the time spent in the odor and water perimeters. (P3)  The results show the preference or avoidance behavior to odors as compared to water among different genotypes based on the posthoc computer-assisted analysis. (P4)
Video editor:

The PPTX file is uploaded, the image below is of the second slide.
Intro – Start with 1.  Begin with just the cage (fix the bedding so it fills the bottom of the box).  Animate the mouse being added and at the same time the watch and have it count up or down 5 minute. While the clock winds down (feel free to substitute it with whatever stock digital clock we have) the mouse should move about - flip it back and forth a bit and bounce it up and down.
P1 - Next, animate the two pipettes putting the two drops of color on the opposite walls of the box (3).
P2 – Add the digital camera graphic (2) above the cage.  Add a small red LED to the front of it and animate it getting bright to indicate recording has started.  At the same time add the digital clock.
P3 - Animate the mouse moving around (flip it back and forth a bit and bounce it up and down) and spending most of its time near the yellow droplet.  The digital clock should be winding up to 2:00 or down from 2:00 to zero.  Do the clock similarly as was shown in the intro part.
P4 – Fig3A and then Fig3B, also seen as top two images of slide 3 in PPTX file.
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B.  Introductory Interview (said by you on camera -- don’t forget to smile!)  

1.1. Lavinia Alberi: The main advantages of this technique over use of dedicated arenas and olfactometers, is that it uses a familiar arena allowing for simple setup and rapid completion and there’s no need for expensive hardware. 
1.2. Lavinia Alberi: Demonstrating the procedure will be Emanuele Brai a graduate student from my laboratory. 

1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

C. The Protocol Section (read by voice talent at JoVE)
1.3. EXTRA TITLE CARD: All the animal procedures are in accordance with the EU Directive 2010/63/EU on the protection of animals used for scientific purposes and are approved by the local Animal Care Committee (Canton of Fribourg, Switzerland).
2. Preparations

2.1. For this experiment, use three to five month old male C57-black6 wild type and transgenic mice.  This demonstration uses two knock-out lines and littermate controls.
2.1.1. WID: establishing shot of talent with mice cage, loading cart with test subject cages
2.1.2. CU: KO-line mice next to control mice, cage IDs visibly different and mice moving about in cages
2.2. For the experimental arenas, use clean sterilized mouse cages (TEXT: 36 cm x 20.5 cm x 13.5 cm tall) with 3 cm of bedding.  
2.2.1. MED: preparing a test arena/cage, loading with bedding
2.3. Next, prepare the camera set up. Position it 58 cm above the cage floor on a customized tripod mount.  Make some marks on the counter to denote where the position of the cage should be for a centered image.
2.3.1. (former 2.3.2) CU: placing marks on bench to indicate where arena should sit
2.3.2. (former 2.3.1) WID: setting up camera on tripod over arena
2.3.3. MED: moving arena away from marks and back over marks to demo their utility
2.4. Set the camera to record a 320 by 240 pixel video at approximately 15 frames per second.
2.4.1. ECU: setting the camera settings in the camera menu, as written above
2.5. To prepare the test odor, have concentrates of each scent, stored in solvent whenever possible.
2.5.1. MED: talent gathers peanut butter, 2-MB, and peanut oil
2.5.2. CU: opens up vial to mix pb in
2.6. For the preference test, make a 10% weight-by-volume solution of peanut butter in peanut oil.  
2.6.1. MED: adding pb oil to pb in vial
2.6.2. CU: mixing pb/oil vial
2.7. For the avoidance test, have a solution of 98% 2-methylbutyric acid.
2.7.1. CU: show label of 2-MB vial
2.8. For the sensitivity test, collect female urine from a mouse of the same strain.  One to two days before the test, restrain a female belly-up over her cage and collect drops of her urine into a plastic dish.
2.8.1. WID: talent sets cage(s) with females on bench
2.8.2. MED: removes female from cage and grips to collect urine
2.8.3. ECU: collecting urine
2.9. Collect samples from several females to normalize for individual variability.  Pool all the samples to a 1.5 mL tube and store it at -20 ºC.  (TEXT: Store at -20 ºC)
2.9.1. CU: repeating urine collection with next female
2.9.2. CU: adding 2nd collected urine to 1st collected urine 
3. Olfactory Testing: Attraction and Avoidance Test
3.1. To begin, habituate the animals.  Place one in a cleaned cage and let it explore for five minutes.  The environment of the test cage should be like that of the home cage.  Repeat the habituation phase once on each testing day.
3.1.1. WID: placing animal into test cage and cover test cage with glass lid
3.1.2. CU: animal exploring cage, angle 1
3.1.3. CU: ditto, angle 2
3.2. When the habituation period is over, start the recording and pipette 60 microliters of a pleasant scent, in this case peanut butter, onto one wall.  On the opposite wall pipette the same amount of water, a neutral scent.  Apply the drops about 10 cm up each wall.
3.2.1. MED: Starts the video camera recording
3.2.2. MED: adds pb and water to wall  
3.2.3. CU: adds pb and water to opposite walls, show that it is 10cm up
3.3. Now, let the animal explore for two minutes and, then, stop the recording and return the mouse to its home cage.
3.3.1. MED: (places animal back into test cage – if done)
3.3.2. CU: animal exploring the scents
3.3.3. MED: talent stops recording and takes animal out of the cage
3.4. Repeat the process with each mouse to be tested, always using new test cages.  
3.4.1. WID: talent sets up new test cage and puts next test animal into it for habituation
3.5. After each mouse has experienced the pleasant odor, move onto the avoidance test.
3.5.1. WID: talent stops recording and takes out mouse 
3.5.2. WID: Talent returns animal to cage 
3.6. Using a new test cage for each mouse, perform the avoidance test like the attraction test, only replace the pleasant scent with the avoidance scent, which is the 2-methylbutyric acid.
3.6.1. WID: like 3.4.1, new angle
3.6.2. MED>CU: applying 2-MB to wall and water to other wall, zoom in. Mouse is moving around, avoiding 2-MB odor. 
4. Olfactory Testing: Sensitivity Test
4.1. For the sensitivity test, one cage can be re-used between trials for the same mouse.  So, mark the water side of the cage and prepare to clean the short walls with 70% ethanol soaked paper between trials.
4.1.1. 4.1.2 shot comes before 4.1.1 MED: marking the water side of cages 
4.1.2. 4.1.1 shot comes after 4.1.2 WID: lining up several test cages
4.2. On the day of the experiment, make four concentrations of the urine with a 10-fold dilution series using double distilled water.  
4.2.1. MED: setting up labeled vials to make four serial dilutions of urine
4.2.2. MED: making the dilution series
4.3. Like the avoidance test, habituate each animal to its test cage for five minutes.
4.3.1. MED: like 3.4.1, new angle
4.4. Then, expose each mouse to urine at the highest dilution at first, which is one to ten thousand.  While recording, apply the urine dilution to the test cage and apply water to the opposite wall as done for other tests.  Let the animal explore for two minutes. Thereafter transfer the animal to a clean mouse cage.
4.4.1. CU: taking aliquot of 1:10,000 urine, show label on vial
4.4.2. MED: applying urine to one wall, then applying water to other wall
4.4.3. CU: mouse exploring scents
4.4.4. After exploration transfer the animal in a clean mouse cage.
4.5. After all the animals have experienced the lowest concentration, clean all the  test cage walls and repeat the test on each mouse using the next most concentrated urine.  Continue this process, until the pure urine is tested.
4.5.1. WID: organization of test mice home cage and test cages seen in this shot, talent is cleaning the walls of the test cages, demonstrating how to wash short cage walls with 70% EtOH
4.5.2. CU: taking aliquot of 1:1,000 urine, show label on vial
4.5.3. MED: applying urine to wall of test cage and water to the other wall of test cage
4.5.4. CU: mouse exploring test cage
4.6. After collecting all the data for an experiment, open the videos in ImageJ for adjustment and processing, details of which are provided in the text protocol.
4.6.1. WID: establishing shot of talent working with computer and ImageJ
4.6.2. SCREEN CAPTURE: using Macro in ImageJ to show automated tracking –  On Jove website  MP4 file uploaded: Jove52944_Shot4_6_2_HD; Camtasia Project file uploaded: Jove2015_ 52944
5. Avoidance, Attraction and Sensitivity Test Measurements 
5.1. Using the described protocols, two different knock out lines, groups B and C, were compared to litter mate controls, group A.  A non-directional Student’s t-test with equal or unequal variance compares the time spent between the odor and water within genotypes and a one-way ANOVA was used to compare genotypes.   One experimental group, C, showed no preference to the attractive odor. 
5.1.1. LAB MEDIA: Fig 3A – upper left figure of PPTX file, slide 3
5.2. In the avoidance test, the response toward the repulsive 2-methylbutyric acid odor was as expected for groups A and B, but group C showed no avoidance behavior to this odor.

5.2.1. LAB MEDIA: Fig 3B – upper right figure of PPTX file, slide 3
5.3. In the sensitivity test, the threshold of attraction was determined by subtracting time spent with water from time spent with urine.  The controls preferred urine to water at a 1:1000 dilution, whereas both experimental groups needed a 100-fold greater concentration to show a preference.
5.3.1. LAB MEDIA: Fig 4 – bottom figure of PPTX file, slide 3
6. Conclusion 
6.1. Emanuele Brai: Once mastered, this technique can be done in a couple of hours if it is performed properly. Then, following this procedure, other methods like olfactory learning and extinction can be performed to investigate olfactory plasticity and learning.

Provided Media
All images are contained within JoVE_graphics.PPTX

GENERAL PREPARATION NOTES
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, as well as an introduction to your videographer, closer to your filming date.
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