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Questionnaire Answers:
A.  No to microscopy.

B. Yes to screen capture, software video.

                C. Most important steps to film: 1.3.3); 2.3); 2.4); 2.6)

                D. Most critical step: 2.6)

                E. Filming on two floors of the same building.
1. Introduction

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this locomotor behavior assay is to analyze the circadian photoresponses of Drosophila using constant light triggered arrhythmicity or by using light pulse-induced phase shift in constant darkness. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Yong Zhang: This method can help answer key questions in the chronobiology field, such as the neuronal and molecular mechanism of light entrainment. 
1.2. Yong Zhang: The main advantage of this technique is that it has high throughput and is simple to execute.   
Protocol (read by voice talent at JoVE):
2. Preparations 
2.1. For this experiment use driver line flies [2.2.1-WID] that express GAL4 by a circadianly-regulated promoter.  Cross them to RNAi responder lines.  [2.2.1-MED]

2.1.1. establish talent in fly room, collecting virgin flies for experimental crosses from large population vials of GAL4 line

2.1.2. loading virgins into vials for experimental crosses

2.2. Pair five virgin females with two males for each experimental cross.  [ECU]

2.2.1. established cross bottle with 7 flies, being labeled by talent

2.3. For a positive control, use known mutations of the CRY input pathway. [MED]

2.3.1. CRY control flies being transferred to a new vial/bottle, labeling new vial/bottle
2.4. Rear the stocks and crosses under a 12-hour light: 12-hour dark cycle in a 25 °C incubator. [WID]

2.4.1. taking tray of vials/bottles back to incubator and loading them into an incubator, closing door
2.5. From each cross, [2.5.1-MED] collect one to five day old males harboring the required transgenes. [2.5.2-CU] Collect at least ten males per genotype, as eight healthy males are needed for the test. [2.5.3-MED]

2.5.1. preparing to collect flies from cross

2.5.2. dumping out newly hatched flies from cross vial(s)

2.5.3. collecting males from the cross and loading them into a new vial, stopping the loaded vial and labeling the vial

2.6. Load the tubes into a 500ml glass beaker upright. [MED/TEXT]  
2.6.1. loading tubes into a beaker to be autoclaved, wrapping in foil and applying autoclave tape, TEXT: 5mm o.d.,  65mm long

2.7. After autoclaving the tubes, seal each one with a plastic cap [2.7.1-CU] and store them upright in a 500-mL glass beaker. [2.7.2-MED]

2.7.1. applying plastic to tube (sealing)

2.7.2. loading sealing tube into beaker and sealing the next

2.8. 2.7 After autoclaving the tubes, load one centimeter [2.7.1-MED] of freshly-made 5% sucrose, 2% bacto-agar white fly food. [2.7.2-CU]

2.8.1. 2.7.1. loading pipette with liquefied fly food, white/clear in color

2.8.2. 2.7.2. ejecting aliquots of food into the tubes in the beaker

2.7.3. Once the food is solidified, seal each one with a plastic cap
2.9. 2.8. Then, store these tubes in a sealed box at 4 °C. [MED/TEXT]

2.9.1. 2.8.1. loading tube with food into box, TEXT: 4 ºC
3.   Constant Light (LL) Experiments
3.1. This experiment requires the use of an activity monitor, previously described in this journal. [3.1.1-LM/TEXT] Set it up accordingly and proceed with the experiment. [3.1.2-LM/TEXT]
3.1.1. Please re-use a few choice views of the apparatus from the video, such as the apparatus being assembled and the apparatus being put to use.  TEXT: Chiu, JC, Low, KH, Pike, DH, Yildirim, E, Edery, I. Assaying locomotor activity to study circadian rhythms and sleep parameters in Drosophila. J Vis Exp. 43.

3.1.2. as above, next shot, etc.

3.2. Load single male flies, two to five days old, into each activity tube. [3.2.1-CU] Start the experiment during the day part of the flies' light cycle. [3.2.2-MED]

3.2.1. Knocking out flies on CO2 pad, then using a small brush to load flies into activity tubes

3.2.2. setting up several more activity tubes with KO'd flies

3.3. Then, seal the tubes with half-centimeter lengths of loose cotton. [CU]

3.3.1. cotton-stopping tubes

3.4. Prepare eight tubes per genotype and load the tubes into the activity monitor. [MED]

3.4.1. film as written

3.5. Use rubber bands to secure the tubes in the monitor. [CU]

3.5.1. film as written
3.6. Take note of the genotype in each channel of the monitor.  [CU]

3.6.1. noting down genotypes of flies in logbook or lab book
3.7. Incubate the loaded monitor at 25 ºC, with 60% relative humidity [3.7.1-WID] and with a light intensity of around 1000 lux.  [3.7.2-CU]

3.7.1. loading monitor into incubator

3.7.2. measuring lux at shelf where monitor is

3.8. Set up the light so it is controlled by the software. [MED/WID]

3.8.1. securing wiring between computer and lights

3.9. Then, program the software to run five days of normal light-dark cycling and then switch to six days of constant light.  [LM]

3.9.1. To be provided by authors: SCREEN CAPTURE of the programming the software as described
4. LL Experiment Data Analysis
4.1. After the experiment, [4.1.1-MED] use the activity monitor software to process the raw data into 30 minute bins.  Make certain that the light parameter for the data is correct and adjust it as needed.   [4.1.2-LM]

4.1.1. establish talent at computer

4.1.2. To be provided by authors: SCREEN CAPTURE of binning the data, checking over the data and making corrections where needed

4.2. Also, be sure to remove dead fly data from the analysis.  [LM]

4.2.1. To be provided by authors: SCREEN CAPTURE of removing dead fly data

4.3. Export the data to a spreadsheet and assign genotype labels. [LM]

4.3.1. To be provided by authors: SCREEN CAPTURE of exporting the data

4.4. Next, analyze the data with FaasX software.  [4.4.1-MED] In FaasX, click “open experiment” in the main menu.  Then, from the “Fly group selection”, choose the genotype to analyze, name the fly group and click “proceed”.  [4.4.2-LM/TEXT]

4.4.1. establish talent at computer, opens FaasX

4.4.2. To be provided by authors: SCREEN CAPTURE of described actions, TEXT: FaasX available from F. Rouyer lab, CNRS, France

4.5. Next, from the “Analysis” menu, choose the “period, cycle_p” option. For analysis of rhythmicity in constant light, choose data from the 6th day for 5 days.  Ideally, define the rhythmic flies as having a power of at least 20 and a width of at least 2.  If the robustness of the assay is not strong, a power of 10 can be used instead.[LM]

4.5.1. To be provided by authors: SCREEN CAPTURE of described actions

4.6. Next, use the signal processing toolbox in Matlab [4.6.1-MED] to generate behavior Actograms.  Wild type flies should show very low rhythmicity, whereas flies with defects in circadian photoresponses should show greater than 50% rhythmicity under constant light. [4.16.2-LM]

4.6.1. Establish talent opening Matlab toolbox

4.6.2. To be provided by authors: SCREEN CAPTURE of described actions
5. Phase Responses Experiment 
5.1. For this experiment, [5.1.1-MED] prepare at least 48 male flies for each genotype. [5.1.2-CU]

5.1.1. establish talent knocking out flies to collect males

5.1.2. aspirating the males from CO2 pad and ejecting into collection vial

5.2. Test 16 flies under three conditions: non-light pulsed controls, light pulsed at 15 hours after lights-on, and light pulsed at 21 hours after lights-on.  [MED]

5.2.1. Loading flies into activity tubes, TEXT: NLP, ZT15, ZT21 labeled 5.1.2
5.3. Set up three sets of activity monitors with the same genotypes and the same number of flies. [MED]

5.3.1. loading activity tubes into monitors, three monitors being loaded

5.4. Use telephone wires to connect the monitors to the data collection system.  [MED]

5.4.1. securing the telephone wires

5.5. Position each set of monitors on a different shelf of the incubator, set to 25 ºC. [WID]

5.5.1. setting up 6 monitors on three shelves of incubator

5.6. Use a light meter, face up on each shelf, to set the light intensity to 1500 lux. [MED]

5.6.1. reading light meter and adjusting monitor's position

5.7. Then, in the software, set the daily light cycles for 5 days of normal light-dark cycling followed by 6 days of constant darkness.  [LM]

5.7.1. To be provided by authors: SCREEN CAPTURE of described actions

5.8. Using a separate incubator, perform the first light pulse on the last day of the normal light:dark cycle.  [5.8.1-WID] Expose the ZT15 group to 1500 lux for 5 minutes at the end of the fifteenth hour after lights-on. [5.9.2-MED] 

5.8.1. working under very dark conditions, moving the ZT15 monitors from the dark incubator to the light incubator
5.8.2. working under very dark conditions, closing light pulse incubator door and starting 5 min timer
5.9. Carefully return the ZT15 monitors to the main incubator and re-connect them. [WID]

5.9.1. working under very dark conditions, moving monitors from the light-pulse incubator to the dark incubator

5.10. At the end of the twenty first hour after light on, [5.10.1-WID] light pulse the ZT21 group in the same manner. [5.10.2-MED]

5.10.1. moving the ZT21 monitors from the dark incubator to the light incubator
5.10.2. closing light pulse incubator door and starting 5 min timer

5.11. Then, leave all three groups in constant darkness for five days. [WID]

5.11.1. returning the ZT21 monitors to the constant dark incubator, like 5.9.1
6. Phase Responses Experiment Data Analysis
6.1. In the collected data, [6.1.1-MED] first assign the genotypes and treatment.  During this step remove the data of any fly that dies during the test from the analysis. [6.1.2-MED

6.1.1. establishing shot of talent at computer
6.1.2. To be provided by authors: SCREEN CAPTURE of described actions
6.2. Then, using FaasX analyze for “phase” differences between the three groups of the same genotype.  Click “open experiment” in the main menu. From the “Fly group selection”, choose the genotype to analyze, name the fly group and click “proceed”.

6.2.1. To be provided by authors: SCREEN CAPTURE of described actions,   

6.3. Then from the “Analysis” menu, choose the “phase” option. 

6.3.1. To be provided by authors: SCREEN CAPTURE of described actions

6.4. Choose the data from the first through final day of constant darkness for the “Data Range”. Toggle the “at least through the data range requested” option for “Fly survival”.  Define the phase point with “peak” or “valley”. For the output, check “Phases” as “Text files” and check “Plot group mean waveform” for “Graphic”.  Then, click “Run”. 

6.4.1. To be provided by authors: SCREEN CAPTURE of described actions

6.5. Now, FaasX generates a text file with periods and phases of each genotype in each treatment fly group.  Use negative numbers to represent phase delay and positive numbers for phase advance. 

6.5.1. To be provided by authors: SCREEN CAPTURE of described actions

6.6. Sometimes, there are multiple peaks of activity, in which case the data must be analyzed by hand. [MED]

6.6.1. working with data that has multiple peaks, talent discussing or comparing data with graphs and performing analysis

6.7. To make plots, repeat the same analysis except that for the “Graphic” option, check “Plot individual waveforms”.  

6.7.1. To be provided by authors: SCREEN CAPTURE of described actions

6.8. Based on the waveforms, for each fly, define the time at which its subjective night activity drops to 50% as a “phase” marker.   

6.8.1. To be provided by authors: SCREEN CAPTURE of described actions, in this looking at data from several flies and taking not of the phase time for each fly

7. Results: Normal LL and Phase Response Test Scores 
7.1. Under constant light, wild type flies become arrhythmic because of constant degradation of TIM, while circadian photo-response mutants remain rhythmic. 

7.1.1. Figure 1
7.2. The results can also be presented in a quantitative manner with the percentage of rhythmic flies and period in constant light.  Normally, only up to 25% of wild type flies show rhythmicity, while at least 75% of flies with defects in circadian photo-response remain rhythmic. If the experiment works, the cry mutants are at least 75% rhythmic.

7.2.1. Table 1

7.3. By comparing the phase changes of light pulsed flies to non-light pulse controls, the phase responses can be represented as negative or positive values. 

7.3.1. Figure 2
8. Conclusion (said by authors on camera)
8.1. Yong Zhang: Once mastered, this technique can be done in 11 days if it is performed properly.
8.2. Yong Zhang: While attempting this procedure, it’s important to remember to confirm the monitors are connected from the computer and avoid light exposure for the non-light pulsed controls.
8.3. Yong Zhang: Following this procedure, other methods like western blot can be performed in order to answer additional questions like whether pacemaker proteins are degraded after light pulse.
8.4. Yong Zhang: After its development, this technique paved the way for researchers in the field of chronobiology to explore the neuronal and molecular mechanisms of light entrainment in Drosophila.
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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