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Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  It might be useful to film the appearance of the young male flies that are collected in this assay.  They are very small so it may be useful to film through a microscope.  In general I am not sure how close up you can go with the cameras, but I would think that you can go close enough to get good shots of flies without a microscope.
B.   Software Usage: Does your filmed protocol include detailed, step-by-step, descriptions of software usage? No.
C.  Location: Will the filming need to take place in multiple locations? No. 

D.  Which steps of your protocol will viewers benefit most from having filmed? 
2.6: housing blocks, 3.6/3.7 male collection, 4.1/4.2/4.4: training, 5.3/5.4: testing
E.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
- 3.2 training

- 4.3: testing

1. Introduction  
A. Experimental Goal: (read by voice talent at JoVE)
Courtship conditioning is a classic Drosophila learning and memory assay based on a reduction of male courtship behavior after sexual rejection by a non-receptive female. This assay can be used to test learning, short-term memory and long-term memory.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jamie: This method can be used uncover fundamental mechanisms underlying learning and memory, and to investigate the effect of different genetic or environmental conditions on learning and memory.
1.2. Tom: The main advantage of this technique is that it robustly assesses learning and memory, it takes advantage of a naturally occurring form of behavioural plasticity, and it can be conducted with minimal experimental set-up.
Everybody who will appear in the video should be shown in the Intro, so I’ve given one of the interviews here to Tom – you can flip them around if you want.
Protocol: (read by voice talent at JoVE)
2. Preparations: Cultures and Housing Blocks
2.1. Eleven days in advance of collecting the experimental male flies, [1.WID] start five to twenty wild-type cultures, each containing a mixed-sex population of 60 to 100 flies. [2.MED]
2.1.1. Establishing shot of talent working in fly room setting up cultures
2.1.2. Adding flies to vials, making 5 – 20 new cultures 

2.2. Prepare each culturing vial using “power food” with a piece of filter paper [1.CU-TXT] to expand the surface area for pupation.  Using power food is an essential [2.ECU] step to producing  large numbers of pre-mated females. [3.ECU]
2.2.1. Jamming tissue into food in vial, TEXT: See the text protocol for the “power food” formulation. 
2.2.2. Flies in a relatively new vial with tissue, with some 3rd instar larva on tissue
2.2.3. Flies in a relatively older vial with tissue, with many pupae and pupae shells on tissue
2.3. Ten days in advance of collecting the male flies, add filter paper to a fly food bottle [2.CU] and establish at least six “normal food” 175-mL-vial cultures [1.MED-TXT] Then, add around twenty males and thirty to seventy virgin females to each bottle. [3.ECU]
2.3.2 Jamming paper into food of bottle (order changed)
2.3.1. Loading bottle with new flies, normal food, TEXT: See the text protocol for the “normal food” formulation.
2.3.2. Detail of active population of flies in bottle of normal food, showing filter paper
2.4. This experiment introduces novel experimental housing blocks. [1.LM] Not more than 2 days before the experiment, prepare these blocks. [2.WID]
2.4.1. Fig 2a
2.4.2. Establishing shot of talent at different bench (not fly station) ready to make housing blocks
2.5. Melt “power food” and add half-a-mL of it to each well of a 96-well [1.MED] flat-bottom block using a repeater pipette. [2.ECU]
2.5.1. Talent takes jar with melted food out of microwave, stirs food, and fills a repeater pipette. Loading wells of 96-well plate with food
2.6. After the food solidifies, cover the block with PCR adhesive film. [1.CU] Then, poke at least 4 breathing holes into each well using a 0.8 millimeter Gauge needle.  [2.ECU]
2.6.1. Covering plate with PCR film
2.6.2. Poking breathing holes in film
2.7. Next, cut the film between the wells lengthwise, but not quite all the way. [1.CU]  Leave an intact strip of film at one end of the plate.  [2.ECU] The blocks can be stored at 4 ºC for up to two days.  [3.WID]
2.7.1. Cutting lines in film between wells

2.7.2. Show the film strip left at one end of plate
2.7.3. Transferring a few prepared 96-well plates into fridge

3. Establishing premated females and collection of male test subjects.

3.1. One day in advance of collecting experimental male flies, two to five hours before [1.WID-TXT] the flies’ subjective dawn, remove and discard all of the adult flies from the wild type power food cultures.  [2.MED]
3.1.1. Removing vials of flies from dark incubator, show that the lights are off in the incubator, then taking the vials to the fly station, TEXT: Clear adults at 2-5 h before subjective dawn
3.1.2. Knocking the adults out of the vials just taken to the bench 
3.2. Then, every two to three hours, collect the freshly eclosed adults [1.WID-TXT] from these cultures using carbon dioxide. Pool the flies, up to 200, into [1.MED] a new powerfood vial supplemented with some filter paper.  [3.ECU]
3.2.1. Just like 3.1.1, but lights in incubator are now on, TEXT: 2 – 3 h collection intervals
3.2.2. Knocking out flies from vials onto CO2 pad

3.2.3. Brushing flies from pad into vial with filter paper and yeast paste, show that 100+ flies are being loaded into the vial
3.3. Incubate these “mating vials” for four days to ensure that all the females have mated. [1.MED] Collect enough females for all the upcoming training and testing steps. [2.CU]
3.3.1. Setting up a second “mating vial”, like 3.2.3

3.3.2. Labeling a few established mating vials with culture info

3.4. Tom: The quality of this culture is pivotal for the success of the protocol. Only transfer freshly eclosed flies – do not transfer any old flies, larvae, or pupae.  It is also important to make certain that there are enough males to copulate with all the females. [1.MED]
3.4.1. Interview shot at the fly station

3.5. The next day, at two to three hours before the subjective dawn clear the other set of normal food culture vials [1.MED-TXT] to collect male test subjects. Anesthetize all the adults using carbon dioxide and discard them from the vial. [2.MED]
3.5.1. Knocking out adults from bottles onto CO2 pad, TEXT: Clear adults at 2-3 h before subjective dawn
3.5.2. Transferring 100s of adults on CO2 pad to the “morgue”
3.6. Then, over the next five to six hours, collect freshly eclosed male flies every twenty to thirty minutes. [1.MED-TXT] The males must be freshly eclosed showing pale pigmentation [2.ECU] and the presence of the meconium on their translucent abdomen. [3.ECU]
3.6.1. Knocking out newly eclosed males from bottles on CO2 pad, TEXT: 20 – 30 min collection interval

3.6.2. Detail of freshly eclosed male, dorsal side, if possible get a macro shot or a still image from the lab Author note on 3.6.2 and 3.6.3: “We made video, however, it may be better to use a still image.  We could provide one.”
3.6.3. Detail of freshly eclosed male, ventral side showing meconium, if possible get a macro shot or a still image from the lab see above note
3.7. Next, move individual males into the wells of the housing block using an aspirator. [1.MED] Collect up to 48 males per experimental condition being tested.  [2.ECU] Be sure to securely re-seal the housing block with the PCR film.   [3.CU]
3.7.1. Loading males into the 96 well plate

3.7.2. Detail of males being ejected into the plate

3.7.3. Covering row back up with PCR film
3.8. Incubate the males in isolation until they are 4 days old.  Then start the training. [1.WID]
3.8.1. Loading the plate into the fly incubator, closing doors
4. Training
4.1. To set up the training stage of the experiment, [1.WID] begin by anesthetizing all of the adults from the four-day-old mating vials. Separate the sexes and transfer single pre-mated females [2.CU] into each of the 12 wells in one row of a housing block. [3.ECU]
4.1.1. Talent at fly station anesthetizing flies from mating vials
4.1.2. CO2 pad, talent separating flies into male and female piles, the sucking up one of the females into aspirator
4.1.3. Ejecting female into well of housing block, film a few wells being loaded
4.2. Then, using an aspirator and no anesthesia, remove the naïve males from their home wells [1.ECU] and transfer them into the wells containing the pre-mated females. [2.ECU] Repeat this process in a second row to set up 12 more pairs. [3.CU]
4.2.1. Sucking male, awake, out from housing block well
4.2.2. Ejecting awake male into well with pre-mated female
4.2.3. Repeating the process of last two shots on several more flies
4.3. To test learning or short-term memory, perform this set up at dawn and let the training period go for one hour. To test long-term memory, set up the pairs four hours before subjective dawn and let the training go on for 8 hours. [1.LM]
4.3.1. Fig1B – animate this by not showing any of the bars below the 12/12 bar initially.  Then, add the top bar (first of five rows) with the first sentence of this narrative and the fourth bar (of five), but not the dashed part, with the second sentence of the narrative.
4.4. Tom: In order for learning and memory to be established, it is important that the males fail to copulate. So, periodically check the pairs during the training period to make certain the males are being rejected.
[1.MED]
4.4.1. Interview with Tom at fly station
4.5. When the training period is over, gently remove the males from the wells using an aspirator, [1.ECU] not carbon dioxide anesthesia.  Load the males into a new housing block. [2.CU]
4.5.1. Removing males from well, not female, just male, show technique combined with 4.5.2
4.5.2. Loading males into wells of a new housing block 
4.6. For the learning experiment, immediately test the males following the training, without a rest period.  For the short-term memory experiment, allow the males an hour of rest before starting the test stage. For the long-term memory experiment, rest the males until the following subjective dawn. [1.LM]
4.6.1. Fig1B – continue to complete the graph as left off in 4.3.1, now add row 2 with the first sentence, row 3 with the second sentence, and all the dashed part of row 4 and all of row 5 with the third sentence.
5. Testing

5.1. To prepare for the testing stage of the experiment, [1.WID] anesthetize pre-mated females and transfer them to a new normal food vial.  [2.MED] Allow at least an hour for the flies to recover from the anesthesia. [3.MED]
5.1.1. Establishing shot, collecting pre-mated females
5.1.2. Loading pre-mated females on CO2 pad into vials
5.1.3. Labeling vial(s) of pre-mated females, starting a timer next to vial(s)
5.2. Next, prepare the testing set up. Be sure to have the [1.CU] video recorders ready to record activity in the courtship arenas. [2.MED]
5.2.1. Detail of a courtship arena, talent checking that the dividers are operable
5.2.2. Positioning arena into mounted camera’s view, checking camera’s view
5.3. To start the test, use gentle aspiration to transfer a test male from the housing block [1.MED] to the courtship arena with the dividers closed. [2.ECU] Move the entry holes between the arenas until all 18 arenas are loaded with single males. [3.CU]
5.3.1. Aspirating a male from housing block combined with 5.3.2
5.3.2. Loading male into courtship arena included in 5.3.1
5.3.3. Loading more males into more courtship arenas in same block
5.4. Then, using the same technique, transfer individual pre-mated females [1.MED] to each of the 18 arenas, but to the opposite side of the dividers. [2.ECU]
5.4.1. Aspirating a pre-mated female from collection vial
5.4.2. Loading female into arena on opposite side of divider
5.5. Now, carefully flip the courtship arena and place under the video camera, [1.MED] with the well openings down towards the white bench surface [2.CU]. Then, remove the dividers and start the video recording.  [3.MED] Record at least 10 minutes of activity. [4.LM]
5.5.1. Talent flips the arena and sets under camera
5.5.2. Show that openings of arena are against the bench 
5.5.3. Talent removes the arena dividers and starts the video camera recording
5.5.4. To be provided by authors – about 10 seconds of footage from video camera
5.6. When the experiment is over, remove the flies from the arenas using a vacuum [1.CU] and ventilate the courtship chambers for at least 10 minutes before they are reused. [2.MED-TXT]
5.6.1. Vacuuming the flies out of the arenas
5.6.2. Opening the just-used arenas, now without flies, and setting them up to ventilate, TEXT: See the text protocol for details on data analysis of courtship behavior and statistics.
6. Results: Learning Mutant (RNAi of Dhap-at) versus Controls (non-targeting RNAi)
6.1. The described procedure was used to test the short-term and long-term memory of flies with an RNAi knockdown of the neurally expressed gene, Dihydroxyacetone phosphate acyltransferase, or Dhap-at. Controls expressed a non-specific RNAi targeted to a nematode zinc-finger gene. [1.LM] In both tests, trained controls had a lower median courtship index than their naïve counterparts, which is the expected result for normal flies. [2.LM]. By comparison, trained Dhap-at knockdown males were no better than naïve flies in the long-term memory test. [3.LM-TXT]
6.1.1. Fig 3A and 3B –draw on the white bar data during the first sentence and the grey bar data during the second sentence, remove the “A” and “B”, add the legend in 3C to the screen as well.
6.1.2. Fig 3A and 3B – highlight the grey bar data.
6.1.3. Fig 3A and 3B – highlight the white bar data.  TEXT: Dihydroxyacetone phosphate acyltransferase (Dhap-at)
How is Dhap-at said? “Dee-hap-eh-tee”
6.2. A quantitative analysis of memory is the learning index score.  This index reflects the deficit in long term memory seen in the Dhap-at knockdown males. [1.LM]
6.2.1. Figure 3C – no animation needed.
6.3. To demonstrate the variation typically seen between days, both tests were run on two or three consecutive days.  Despite day-to-day variation it was still possible to reproduce the deficit on each trial day. [1.LM]
6.3.1. Table 4 – no animation needed
7. Conclusion (said by authors on camera)

7.1. Jamie: After watching this video, you should have a good understanding of how to analyze learning, short-term memory and long-term memory using the courtship conditioning paradigm. 
7.2. Tom: Once mastered, courtship conditioning can be done for 6 to 8 genotypes in parallel when assessing either learning, short-term or long-term memory.  Once the initial cultures are established, the experiments take about 20 days to complete. 

7.3. Tom: Animal behavior can be quite variable. Therefore, it is important to eliminate any potential environmental variation, including differences in light, temperature and humidity.  Likewise it is important to handle the flies in a consistently gentle manner. 
7.4. Jamie: Once a learning and memory defect is identified for a specific mutant, you can use additional methods to understand the underlying mechanism, for example, through genetic interaction experiments or gene expression analysis. 
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.

Pleas provide 1B as one image.

Please provide 3A+3B as one image.  
Please provide 3C as a different image.
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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