
Submission ID #: 58350
Editor Name: Bridget Colvin
Videographer Name: Anouk Paulissen
Film Date: 

Submission Link: http://www.jove.com/files_upload.php?src=17796798
Authors & Affiliations: Andrea Soto-Padilla1,2, Rick Ruijsink3, Mark Span4, Hedderik van Rijn4*, and Jean-Christophe Billeter1*
*These authors contributed equally to the work
1Groningen Institute for Evolutionary Life Sciences, PO Box 11103, University of Groningen

2Department of Cell Biology, University of Groningen, University Medical Center Groningen

3Ruijsink Dynamic Engineering

4Department of Psychology, University of Groningen
Title: An Automated Method to Determine the Performance of Drosophila in Response to Temperature Changes in Space and Time
Corresponding Author:
Jean-Christophe Billeter 


j.c.billeter@rug.nl 
Co-authors: a.soto.padilla@rug.nl, info@ruijsink.nl, m.m.span@rug.nl, d.h.van.rijn@rug.nl
A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? 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 from the protocol section below will viewers benefit most from having filmed? 
Authors: you do not have to include steps that have been screen captured
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.5  as fly should not hit the walls and the glass cover must be moved quickly to prevent trapping the fly under it or allowing the fly to escape.
E. Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Andrea Soto-Padilla: This method can help answer key questions about fly responses to temperature changes, including differences between genotypes, interactions with other sensory cues, or the function of temperature receptors.
1.2. Andrea Soto-Padilla: The main advantage of this technique is that it allows multiple quick and precise temperature changes in time and space in an automated fashion.   
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Fly and Temperature-Controlled Arena Preparation
2.1. Begin by placing 20 male and 20 female flies in a rearing bottle containing 45 mL of fly food medium [1-WIDE-TXT] and placing the bottle inside a 25 °C-incubator under 12-h light-12-h dark cycles [2-MED].
2.1.1. Talent adding flies to bottle (TEXT: See text for food medium preparation details) Author note: Do not use take 1 because a fly was dropped.
2.1.2. Talent placing bottle into incubator 

2.2. After 10 days, anesthetize the newly eclosed flies on carbon dioxide pads for a maximum of 4 minutes [1-CU] and use a paintbrush to collect virgin flies in 2.5 x 9.5 cm fly rearing vials containing 6.5 mL of fresh fly food medium [2-ECU] separated by sex into groups of 20 flies per vial [3-CU].
2.2.1. Files being anesthetized

2.2.2. Fly being collected with paint brush
2.2.3. Fly being added to vial, with vial sex labels visible in frame

2.3. Then return the vials to the incubator for 5-7 days [1-MED-TXT].

2.3.1. Talent placing vial(s) into incubator (TEXT: Change vials every 2-3 days)

2.4. To set up a temperature-controlled arena, turn on the arena [1-MED] and open the TemperaturePhases script in the control computer [2-MED-over the shoulder].

2.4.1. Talent turning on arena

2.4.2. Talent opening script, with monitor visible in frame

2.5. Verify that the temperature sequence is properly set [1-LM] and check that the duration of each experimental phase is set to 60 seconds [2-LM].

2.5.1. Video1_Step4.3_TemperaturePhases.mov: 00:00-00:05

2.5.2. Video1_Step4.3_TemperaturePhases.mov: 00:05-00:09
2.6. Under the “Start the experimental block” section, confirm that the number equal to 23 phases, iterative ON-OFF set-up of the indicative red light emitting diodes, 2 °C-temperature increase per phase, and 16 °C as the starting temperature are all correct [1-LM].
2.6.1. Video1_Step4.3_TemperaturePhases.mov: 00:14-00:23

2.7. Next, run the TemperaturePhases script [2-LM-TXT].
2.7.1. Talent placing flies into arena 
2.7.2. Video1_Step4.3_TemperaturePhases.mov: 00:25-00:35 
2.8. The software will initialize for 5 seconds then stop [1-LM].
2.8.1. Video1_Step4.3_TemperaturePhases.mov: 00:38-00:44

3. Temperature Behavioral Experiments

3.1. For temperature behavioral experiments, place a strand of white conductive tape on the top of the copper tiles of the arena, ensuring that all of the edges are covered [1-WIDE].
3.1.1. Talent placing tape onto tile(s) 

3.2. Place a heated aluminum ring around the copper tiles [1-MED] and use a clean tissue to wipe the glass cover [2-CU].

3.2.1. Talent placing ring around copper tiles

3.2.2. Glass cover being wiped 

3.3. Place the cover on the top of the aluminum ring, leaving a gap through which a fly can be blown in [1-CU] and tap an acclimated fly vial two times to force the flies to the bottom of the vial [2-MED].

3.3.1. Cover being placed with gap visible in frame as possible

3.3.2. Talent tapping vial

3.4. Using a mouth aspirator, trap one fly [1-CU] and close the vial before putting it back into the incubator [2-MED].
3.4.1. Fly being trapped Author note: Use take 3 as a fly scaped in take 2
3.4.2. Talent placing closed vial into incubator
3.5. Blow the fly into the arena through the gap between the glass cover and the aluminum ring [1-CU] and immediately push the glass cover to close the gap [1-CU].
3.5.1. Fly being blown into arena - eliminated and substituted by 2.7.1
3.5.2. Cover being pushed/closed - eliminated and substituted by 2.7.1 Author note: Use take 3 because on take 2 a fly walked on the glass cover
3.6. Place a frame of lights around the arena to ensure symmetric illumination [1-MED] and start recording with the video recording program [2-MED-over the shoulder].

3.6.1. Talent placing lights

3.6.2. Talent at computer, starting recording program, with monitor visible in frame

3.7. Then press the spacebar of the control computer to begin running the experimental phases [1-LM].
3.7.1. Video1_Step4.3_TemperaturePhases.mov: 00:45-00:53
4. Video Tracking and Data Analysis

4.1. To track the videos, open the FlySteps tracking software [1-WIDE] and open the “configuration_file” inside the “FlyTracker” folder [2-LM].
4.1.1. Talent at computer opening software, with monitor visible in frame

4.1.2. Video2_Step6.1_FlySteps.mov: 00:00-00:04
4.2. Set the location of the videos in “video_folder” and the names of the videos in “video_files” [1-LM].
4.2.1. Video2_Step6.1_FlySteps.mov: 00:05-00:13
4.3. Specify the borders of the Fly Arena in “arena_settings” based on the x, y pixel coordinates of multiple points at the edge of the arena [1-LM].
4.3.1. Video2_Step6.1_FlySteps.mov: 00:13-00:20
4.4. Specify the location of the indicative red LEDs in “led_settings” based on the x, y pixel coordinates of the location of the center of the LEDs [1-LM].
4.4.1. Video2_Step6.1_FlySteps.mov: 00:20-00:27
4.5. To check the location of the borders of the Fly Arena, set “debug” to “true” in the “arena_settings”, click “Save”, and run the script in the terminal [1-LM]. 
4.5.1. Video2_Step6.1_FlySteps.mov: 00:29-00:40

4.6. A screen capture of the video will appear with a blue square formed by the coordinates inputted in “arena_settings” [1-LM]. 
4.6.1. Video2_Step6.1_FlySteps.mov: 00:42-00:47
4.7. Then change “debug” in “arena_settings” to “false”, click “Save”, and run the screen [1-LM] in the terminal again to begin the tracking process [2-LM].
4.7.1. Video2_Step6.1_FlySteps.mov: 00:48-01:03

4.7.2. Video2_Step6.1_FlySteps.mov: 01:07-01:15

5. Results: Representative Drosophila Performance Analyses in Response to Temperature Changes in Space and Time 
5.1. In a typical temperature behavioral experiment, single flies exposed to 16, 20, or 24 °C exhibit a higher locomotion at the beginning [1-LM] of the experiment than after 5 minutes [2-LM].
5.1.1. Figure 2B.ai: Video Editor: please emphasize 1-2 min data points

5.1.2. Figure 2B.ai: Video Editor: please emphasize data lines from 5-10 min

5.2. The temperature-controlled arena can also be used to compare fly behavioral responses from different genetic backgrounds to dynamic temperature changes [1-LM].
5.2.1. Figure 3.ai: Video Editor: please emphasize figure key/species names

5.3. For example, in this experiment, the speed of all of the tested species increased according to their own response curves as the temperature increased until reaching a point of maximum performance, after which their speeds decayed and the flies perished [1-LM].
5.3.1. Figure 3.ai: Video Editor: please add one asterisk at 32 °C for brown dotted line data point, one asterisk at 34 °C data point for brown dashed line, one asterisk at 36 °C for the solid brown data line, one asterisk at 30 °C for the blue data line, and one asterisk at 30 °C for the red data line
5.4. When individual flies were exposed to 40 °C in the middle and one side tile with the other side tile at a comfortable 22 °C [1-LM], the wild-type flies quickly stopped moving along the arena and remain in the comfortable location [1-LM].
5.4.1. Figure 4.ai: no animation

5.4.2. Figure 4.ai: Video Editor please emphasize Training wild type data bar

5.5. In contrast, the classic memory mutant Dunce flies keep exploring the arena and spend less time than controls in the comfortable location [1-LM].
5.5.1. Figure 4.ai: Video Editor please emphasize Training dunce data bar

5.6. Further, testing combinations of temperature and location are also useful in understanding the function of different temperature receptors during dynamic temperature changes [1-LM], as illustrated in this experiment in which individual D. melanogaster mutants were exposed to increasing temperatures [2-LM] while a shifting comfortable location at 22 °C was also provided [3-LM]. 
5.6.1. Figure 5.eps: Video Editor: please emphasize Gr28b.d and trpA1GAL4 texts in figure key 

5.6.2. Figure 5.eps: Video Editor: please stretch arrow from 16-36 degrees along x-axis

5.6.3. Figure 5.eps: Video Editor: please stretch arrow from 0-100 along y-axis
6. Conclusion (said by authors on camera):
6.1. Andrea Soto-Padilla: While attempting this procedure, it’s important to remember to perform all of the steps in order and to quickly capture as much of the fly behavior as possible. 
6.2. Andrea Soto-Padilla: Following this procedure, other methods, like negative geotaxis or heat shock, can be performed to answer additional questions about whether flies exhibit normal motility or heat tolerance.
6.3. Andrea Soto-Padilla: The implications of this technique extend toward the understanding of neurological disorders or mutations in which temperature perception or pain might play a role.  

6.4. Andrea Soto-Padilla: Generally, individuals new to this method will struggle, because, while each step is simple by itself, the steps needs to be perfectly coordinated, so the technique takes a little practice to be performed efficiently.  
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
6.1.1. Figure 2B.ai - Modified image without the B in it.

6.2.1. Figure 3.ai - Modified image without brackets and letters.

6.4.1. Figure 4.ai - Modifier image without bracket and asterisks.
Figure 5.eps
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 in the email accompanying the finalized script.
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