:Submission ID #: 55892
Editor: Steven Nilsen
Videographer: Yannick Carbonnaux
Film Date: June 8, 2017
Link: https://www.jove.com/account/file-uploader?src=17047108
Authors and Affiliations: 

Ilse Eidhof*,1, Michaela Fenckova*,1, Dei M. Elurbe2, Bart van de Warrenburg3, Anna Castells Nobau1, Annette Schenck1

1. Department of Human Genetics, Donders Institute for Brain, Cognition and Behaviour, Radboud University Medical Center, Nijmegen, the Netherlands; 2. Centre for Molecular and Biomolecular Informatics, Radboud Institute for Molecular Life Sciences, Radboud University Medical Center, Nijmegen, the Netherlands; 3. Department of Neurology, Donders Institute for Brain, Cognition and Behaviour, Radboud University Medical Center, Nijmegen, the Netherlands; * These authors contributed equally
Title: High-throughput Analysis of Locomotor Behavior in the Drosophila Island Assay
Corresponding Authors: 

Anna Castells-Nobau

E-mail: Annacnobau@hotmail.com

Tel: +31 24 36 67381

Annette Schenck

E-mail: Annette.Schenck@radboudumc.nl

Tel: +31 24 36 10868

Co-authors: Ilse.Eidhof@radboudumc.nl; Michaela.Fenckova@radboudumc.nl; deielurbe@gmail.com; Bart.vandeWarrenburg@radboudumc.nl
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____Y___ 

C.  Location: Will the filming need to take place in multiple locations? (Y/N) ____N___ If yes, how far apart are the locations? ___________________________________________________ 
D.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 

2.1 Several experimental replicates per condition are required for macro analysis and to obtain biologically meaningful data.
2.6 A proper structure of the folders where the experiments is going to be stored is crucial for the macro and the R script to work.
3.2 It is very important to throw all flies of an experimental replicate at once on the island. 
5.1 Define the macro settings. Definition of the parameters “minimum fly size” and “numbers of flies per vial” is very important for data processing by the R script to quantify the number of flies that  remain on the platform over time.

5.5 and 5.6 It is crucial to write the correct input and output paths into the R script, otherwise the script will not run.

E.  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.)

2.6 A proper structure of the folders where the experiments is going to be stored is crucial for the macro and the R script to work. 

5.1 Define the macro settings. Definition of the parameters “minimum fly size” and “numbers of flies per vial” is very important for data processing by the R script to quantify the number of flies that remain on the platform over time.

1. Introduction  
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of the island assay is to evaluate basic locomotor behavior of Drosophila melanogaster by means of automatic data processing and objective quantification. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ilse Eidhof: This method can help to identify key regulators of locomotor behavior, such as genes implicated in movement disorders, and can be used to test drugs that may reverse such defects.  (take 2)
1.2. Anna Castells Nobau: The main advantage of this technique is that it allows high-throughput and automatic quantification of Drosophila locomotor behavior, making this technique suitable for large scale screens.
1.3. Annette Schenck: We decided to develop this methodology to be able to analyze a large number of disease models. We were in need of automatic image-based data analysis to make this feasible.
1.4. Michaela Fenckova: Visual demonstration of this method is very helpful. Several steps of the data processing are crucial and might be difficult for new users, especially those not familiar with the software packages in use.   
Protocol: (read by voice talent at JoVE)
2. Preparations

2.1. First, prepare a minimum of three vials per experimental condition, as biological replicates [1.WID]. Each should contain approximately 15 flies of the same gender and similar age. [2.MED]  Importantly, the flies must have intact wings. [3.ECU]
2.1.1. talent in fly room knocking out flies to sort out for test cohorts
2.1.2. loading groups of flies into separate vials for testing
2.1.3. detail of flies in one vial, after they’ve woken up, showing them walk around and with intact wings
2.2. Create the folders to store the experiments. Generate these in a directory structure [1.MED] defined by the conditions and replicates. If, for example, the experiment has two genotypes with five replicates each, then create a main folder with the date of the experiment and, inside that folder, create one subfolder for each genotype.  Then, within the genotype folders create subfolders for each replicate. [2.SCREEN] [3.LM]

2.2.1. Talent gets seated at the computer and starts to create a set of folders for the experiment

2.2.2. To be provided by authors – screen capture of setting up main experimental folder, then two subfolders for each genotype, then five subfolder for each genotype folder
2.2.3. Fig 2A – use if needed, but screen capture should be better.
2.3. Next, set up the test apparatus. Add cold water with a small amount of soap [1.WID]  to the bath tray and position the platform [1.MED] in the middle of the bath, if not already fixed in the bath. Cover the tray and platform with a transparent box. [3.MED]
2.3.1. Mixing a little soap into cold water
2.3.2. Pouring the soapy water into the bath tray containing the platform
2.3.3. Placing the clear box over the tray
2.4. To illuminate the platform, position a cool lamp, such as ordinary 12-volt LEDs, above it. [1.MED] Also position a webcam, connected to a computer, directly above the platform. [2.MED]
2.4.1. Positioning and securing lamp over the platform and then turning it on to illustrate how it illuminates the platform (showing the system installation)
2.4.2. Positioning and securing the webcam over the platform, show that it is connected to a computer (take 2)
2.5. On the computer, open the image-recording software. [1.WID] From the menu system, select the appropriate webcam as the capture device. [2.SCREEN-TXT]
2.5.1. Talent goes to computer and opens recording software
2.5.2. To be provided by authors – screen capture of locating the capture device in the recording software, TEXT: Capture > Time-Lapse Images… > Capture Device
2.6. Place a dead fly on the island to adjust the video settings. [1.CU] Tweak the brightness, contrast, and color in the software so that the dead fly appears black against a white background. [2.SCREEN] [3.LM]
2.6.1. Placing fly on platform (take 1 : horizontaly ,  take2 : verticaly)
2.6.2. To be provided by authors – screen capture of adjusting video settings to ideally see fly on platform
2.6.3. Figure 2B, show only if necessary, the screen capture should work better
2.7. Next, adjust the “Time-Lapse Movie Setup” to save the movies as AVI files.  Then, browse to the directory where the data should be saved and define the name of the movie.  Save these changes. [1.SCREEN]
2.7.1. To be provided by authors – screen capture of performing described actions, use a file location and files names consistent with previous scheme set up in 2.2.2
2.8. For compression of the image data choose the “Intel IYUV code”. Set the recording speed to one frame every 0.1 seconds and adjust the corresponding play-back rate to 10 images per second.  [1.SCREEN]
2.8.1. To be provided by authors – screen capture of performing described actions, show the same settings being inputted.
2.9. Lastly, go to the “Advanced” setting and select “Create a BMP image for each captured frame.” Then, browse to the same directory that you have chosen to host the AVI files and press “Ok.” [1.SCREEN]
2.9.1. To be provided by authors – screen capture of performing described actions, use directory scheme established in 2.2.2
3. Island Assay and Data Collection
3.1. Before beginning, make sure the island is empty and clean. Then, start the recording [1.WID] in the time-lapse image interface of the image-recording software. [2.CU]
3.1.1. Talent sweeping/wiping the platform clean, then goes to computer 
3.1.2. At computer, show screen - “record” button being clicked on (take 2)
3.2. Take a vial containing flies and tap it two or three times, to knock all the flies down to the bottom. [1.MED] Then, quickly remove the plug from the vial and vigorously tap the flies onto the platform. [2.CU] They should all hit the platform at roughly the same time. [3.ECU]
3.2.1. Selecting a test vial of flies and tapping it a few times to prepare the flies for the platform (take 3 : CU, take 3 : MED))
3.2.2. Removing plug from vial and quickly dumping flies onto the platform
3.2.3. Flies on platform, doing their thing, ideally not much, would be good if this were an ataxic batch (take 1 : slow flies, take 2-3 : fast ones + SCREEN)
3.3. Give the flies up to 30 seconds to leave the platform, then stop the recording. [1.WID] If necessary, manually remove any remaining flies from the platform. [2.CU]
3.3.1. Talent observing the flies, then stops the recording 
3.3.2. Wiping flies remaining on platform into the moat ... maybe a nifty shot from near the water surface looking up at platform shot in slow motion – we see giant tool sweeping over platform and flies tumbling down to camera towards water
3.4. Before proceeding to the next experiment, [1.MED] be certain to re-define the directory where the next set of data is to be stored. [2.SCREEN]
3.4.1. Talent interfaces with computer
3.4.2. To be provided by authors – screen capture of performing described actions
4. Data Processing: Defining the Parameters to Run the Macro (SCREEN DONE BY THE AUTHORS AND BEEN CHECKED BY YANNICK)
4.1. The first task is to produce stacks and projections of the collected image series.  In Fiji open the Drosophila Island Assay.  [1.SCREEN-TXT] In the new window, enter the first image time-series identifier. [2.SCREEN-TXT]
4.1.1. To be provided by authors – screen capture of performing described actions, TEXT: Plugins > Drosophila Island Assay

4.1.2. To be provided by authors – screen capture of performing described actions, TEXT: E.g. enter 0001.bmp for a series that begins with file A-0001.bmp. 

4.2. Next, select only the “Create stack and projection” sub-macro, click “Ok” and direct the computer to the folder containing all of the subfolders with individual island assay experiments. [1.SCREEN]
4.2.1. To be provided by authors – screen capture of performing described actions, be consistent with 2.2.2
4.3. After processing the data, two new files will appear in each individual experimental subfolder.
[1.SCREEN-TXT]
4.3.1. To be provided by authors – screen capture of showing the content of folder and the two new files are visible, TEXT: “Stack_image_name.tif” and “Projection_image_name.tif” 
4.4. The next task is to define the exact location of the platform in the images. Open the graphical interface and select the “Define platform” check-box.  Then, choose the directory where experimental subfolders are stored. [1.SCREEN]
4.4.1. To be provided by authors – screen capture of performing described actions, be consistent with 2.2.2
4.5. The projection image and two windows will open. In the first image draw a polygon over the island platform using the Polygon selection tool. DO NOT include the borderline at the parameter of the platform in this selection. [1.SCREEN]
4.5.1. To be provided by authors – screen capture of performing described actions
4.6. Add the selection to the ROI (Pronounce: “Roy”) manager window by clicking add in the ROI manager window. After adding the selection to the ROI manager, it will appear as a set of values. Then click “Ok” in the “Define the platform” window. The software will advance to the next projection image stored in the folder. [1.SCREEN-TXT]
4.6.1. To be provided by authors – screen capture of performing described actions, TEXT: ROI Manager > Add 
4.7. Continue applying the same ROI for the platform to the next projection image by selecting the ROI stored in the ROI manager and by confirming this ROI in the “Define the platform” window. Before proceeding to the next projection image, make sure that the platform did not move during the experiment. [1.SCREEN]
4.7.1. To be provided by authors – screen capture of performing described actions, be sure to capture some of the flipping though of the images, ideally contrive a situation where the platform move mid-experiment, so the following shots make sense
4.8. If the position of the platform did move, left-click in the center of the selection and drag it into the required position. [1.SCREEN]
4.8.1. To be provided by authors – screen capture of flipping though images to find an out of position platform and then moving the ROI over the platform again 
4.9. If the selection box does not match with the platform, left-click outside of the selection and delineate a new selection for the platform using the Polygon tool.  Add this new selection to the ROI manager. [1.SCREEN]
4.9.1. To be provided by authors – screen capture of performing described actions, even if not needed, just show that the ROI can be redrawn if needed
4.10. Then verify the new selection by clicking “ok” in the “Define platform” window and continue the procedure until all images have properly defined platforms.  [1.SCREEN] The final task before processing the data is to define the minimum size for a fly – this is explained in the text protocol. [2.SCREEN-TXT]
4.10.1. To be provided by authors – screen capture of performing described actions
4.10.2. To be provided by authors – screen capture of performing an action associated with defining min fly size, TEXT: See the text protocol for details.
5. Data Processing: Running the “Drosophila Island Assay” Macro

5.1. To quantify the flies escaping from the platform, first set the minimum fly size. Then, indicate the largest number of flies in a vial within the experimental series.  [1.SCREEN-TXT]
5.1.1. To be provided by authors – screen capture of setting min fly size and max number of replicates in a series, TEXT: Drosophila Island Assay > Minimum fly size
5.2. Start the “Analyze” function and, at the prompt, select the main directory for the experiment. [1.SCREEN]
5.2.1. To be provided by authors – screen capture of perform described actions
5.3. After running the macro, note that a new results file and a new image stack appeared in each folder. Open these files to ensure that the procedure worked correctly.  [1.SCREEN-TXT]
5.3.1. To be provided by authors – screen capture demonstrating the location of the two new files, then opening both, TEXT: “result_subfolder_name.txt” and “result_stack_subfolder_name.tif”
5.4. Start the R or R studio software package and open the “Island Assay Analysis” script to process all the experiments simultaneously. The script must be edited correctly for the analysis to succeed.  [1.SCREEN]
5.4.1. To be provided by authors – screen capture of perform described actions
5.5. Into the script at row 16, insert the path to the main directory that contains the experiments to be analyzed. Insert the path to the folder where the analysis output files should be stored into row 19. The latter must be a location different from the directory containing the image data to be analysed.  [1.SCREEN]
5.5.1. To be provided by authors – screen capture of perform described actions
5.6. Now, run the script from the toolbar and proceed with analyzing the results. [1.SCREEN-TXT]
5.6.1. To be provided by authors – screen capture of perform described actions, TEXT: Code > Run Region > Run All
6. Results: Sample Experiment and Script Output 
6.1. Ataxia-telangiectasia is an autosomal recessive movement disorder caused by mutations in the ATM gene. The disease is characterized by early onset of cerebellar ataxia. The effect of ubiquitously knocking down the fly orthologue of ATM was examined in the island assay and compared to controls. [1.LM] The script “island assay analysis” exports a line graph for each experimental condition. The graph shows the percentage of flies remaining on the platform over time for each replicate of that condition. [2.LM]
6.1.1. Figure 3A – remove the “A”, then animate by make each data line draw on from left to right 
6.1.2. Figure 3B – remove the “B”, then animate by make each data line draw on from left to right 
6.2. The exported line graph “Escape_response_all_conditions” summarizes the average and standard error of the mean flight escape response for the first 12 experimental conditions present in the main folder. [1.LM-TXT]
6.2.1. Figure 3C, TEXT: “Escape_response_all_conditions.tiff” – remove the “C” 
6.3. The area under the curve for each experimental replicate is calculated to determine whether the experimental conditions differ significantly from each other. The area under the curve for each experimental condition is exported as a graph. [1.LM-TXT]
6.3.1. Figure 3D, TEXT: AUC.tiff – remove the “D”
6.4. Depending on the number of conditions present in the main folder, the script will perform either a two-tailed unpaired Welch t-test for two conditions [1.LM-TXT] or an ANOVA with Tukey correction for more than two conditions. [2.LM-TXT] 
6.4.1. Provide an image of Welch_t-test_results.txt, TEXT: Welch_t-test_results.txt
6.4.2. Provide an image of AUC_anova_results.txt, TEXT: AUC_anova_results.txt
6.5. All numeric data calculated by the script “island assay analysis” is also exported and saved as .csv or .txt files in the data output folder.  Authors added this, but there is no visual, so I had to remove it.
6.6. Overall, ubiquitous knockdown of the fly ATM orthologue, Tefu, significantly decreased locomotor performance in the island assay compared to genetic background controls. [1.LM-TXT] Manual analysis of the recorded island assay data gave the same result as the automated analysis. [2.LM-TXT]
6.6.1. Fig 4 – just show A and B panels, TEXT: Automated Analysis (place centered above A and B)
6.6.2. Fig 4 – add C and D panels, so all four panels are on-screen, TEXT: Manual Analysis (place centered above C and D)
7. Conclusion (said by authors on camera)

7.1. Anna: After watching this video, you should have a good understanding of how to perform the island assay, how to operate the “Drosophila Island assay” macro and how to run the Island Assay Analysis script.  (take 2)
7.2. Anna: While attempting this procedure, it’s important to remember that the image segmentation depends on the quality of the movie settings. The better the contrast, the smoother the analyses. (take 2)
7.3. Ilse: After its development, this technique paves the way for researchers to explore locomotor ability in Drosophila melanogaster in high throughput.
7.4. Ilse: After using this assay, other assays, such as those that test negative geotaxis, can be used to used to further investigate locomotor defects. 
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.
The separate panels of Fig 3 and Fig 4, as they are called for in the results section, are needed as separate layered images.
Step 6.1.1: 6_1_1-55892_Nobau_Schenck_Figure3A.tiff
Step 6.1.2: 6_1_2-55892_Nobau_Schenck_Figure3B.tiff

Step 6.2.1: 6_2_1-55892_Nobau_Schenck_Figure3C.tiff

Step 6.3.1: 6_3_1-55892_Nobau_Schenck_Figure3D.tiff
Step 6.4.1: 6_4_1-55892_Nobau_Schenck_Welch_t-test_results.png

Step 6.4.2: 6_4_2-55892_Nobau_Schenck_AUC_anova_results.png

Step 6.6.1: 6_6_1-55892_Nobau_Schenck_Figure4 A and B.tiff

Step 6.6.2: 6_6_2-55892_Nobau_Schenck_Figure4 C and D.tiff

Alternative step 6.6.2: 6_6-55892_Nobau_Schenck_Figure4.tiff

Also list all the screen capture files generated for this movie here.
Screen capture files:

Step 2.2.2: 2_2_2-55892_Nobau_Schenck.avi
Step 2.5.2: 2_5_2-55892_Nobau_Schenck.avi
Step 2.6.2: 2_6_2-55892_Nobau_Schenck.avi
Step 2.7.1: 2_7_1-55892_Nobau_Schenck.avi
Step 2.8.1: 2_8_1-55892_Nobau_Schenck.avi
Step 2.9.1: 2_9_1-55892_Nobau_Schenck.avi
Step 3.2.3: 3_2_3-55892_Nobau_Schenck.avi
Step 3.4.2: 3_4_2-55892_Nobau_Schenck.avi
Step 4.1.1: 4_1_1-55892_Nobau_Schenck.avi
Step 4.1.2: 4_1_2-55892_Nobau_Schenck.avi
Step 4.2.1: 4_2_1-55892_Nobau_Schenck.avi
Step 4.3.1: 4_3_1-55892_Nobau_Schenck.avi
Step 4.4.1: 4_4_1-55892_Nobau_Schenck.avi
Step 4.5.1: 4_5_1-55892_Nobau_Schenck.avi
Step 4.6.1: 4_6_1-55892_Nobau_Schenck.avi
Step 4.7.1: 4_7_1-55892_Nobau_Schenck.avi
Step 4.8.1: 4_8_1-55892_Nobau_Schenck.avi
Step 4.9.1: 4_9_1-55892_Nobau_Schenck.avi
Step 4.10.1: 4_10_1-55892_Nobau_Schenck.avi
Step 4.10.2: 4_10_2-55892_Nobau_Schenck.avi
Step 5.1.1: 5_1_1-55892_Nobau_Schenck.avi
Step 5.2.1: 5_2_1-55892_Nobau_Schenck.avi
Step 5.3.1: 5_3_1-55892_Nobau_Schenck.avi
Step 5.4.1: 5_4_1-55892_Nobau_Schenck.avi
Step 5.5.1: 5_5_1-55892_Nobau_Schenck.avi
Step 5.6.1: 5_6_1-55892_Nobau_Schenck.avi
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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