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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. Please upload all screen captured files to your project page. 
3. Which steps from the protocol section below are the most important for viewers to see? 
2.1. 
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
I wouldn’t say difficult aspect but steps where you have to be careful would be during recording where you need to ensure that most embryos are in focus and during analysis you need to be careful when scoring for type 1 and type 2 waves. These steps would be: 2.2., 2.9., 2.11., 2.13., and 2.18. caution is needed in these steps to obtain accurate and unbiased results.
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Ishita Chandel: This method addresses how to analyze the developmental processes, such as muscle contractions and rolling, that occur in a Drosophila embryo [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Ishita Chandel: Some advantages of this technique are that it is non-invasive and that it is quite detailed yet relatively simple to perform [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Vlad Panin: Our method can be developed further for high content analysis-based screening to isolate and analyze mutations that affect embryonic muscle contractions and other developmental processes [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Ryan Baker: When visualizing the muscle contractions, it is important to properly time the embryo collections, as the contractions begin only at a specific developmental stage [1].

1.4.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

1.5. Ryan Baker: Step-by-step visual demonstration can greatly aid in the quantitative analysis of the developmental processes [1].

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



Section - Protocol
2. Embryo Recording and Analysis
2.0.     [Added Shot]: MED: Talent selecting late stage embryos and placing them on a glass slide with double-sided sticky tape under a dissecting scope. (Editor: The authors may need to provide VO if they wish to use this shot)
2.1. For live imaging of mounted Drosophila embryos [2.1a], place the embryos onto the stage of an epiflourescence microscope [1-TXT] with a time-lapse function and a digital camera with the suitable emission filters and select a 10x water immersion objective lens [2].
2.1a. [Added Shot]: Collective embryos from agar plate.
2.1.1. WIDE: Talent placing embryo(s) onto microscope stage TEXT: See text for embryo collection/mounting details
2.1.2. MED: Talent selecting objective
2.2. Then live video record the embryos using the appropriate microscope recording software [1] for about 1-2 hours with an acquisition rate of 4 frames/seconds [2].
(Editor: The scriptwriter made a mistake and did not number the shots below appropriately. I did not renumber them because I did not want to potentially throw off the numbering for the rest of the shotlist, but the shots below made be slated in a non-standard numbering)
2.3. MED-over the shoulder: Talent at computer, opening video recording software, with monitor visible in frame
2.4. SCREEN: To be provided by Authors: Recording time and/or acquisition rate being set

2.5. At the end of the experiment, export the recorded video directly into ImageJ [1] and select Image and Crop to draw a box around each individual embryo to crop the video recordings to the size of each embryo [2].

2.5.1. MED-over the shoulder: Talent at computer, opening ImageJ, with monitor visible in frame
2.5.2. SCREEN: To be provided by Authors: Image and Crop being selected, then box being drawn around one embryo

2.6. Click Image, Transform, and Rotate to rotate the cropped images to achieve a vertical position of the embryo midline relative to the screen [1-TXT].

2.6.1. SCREEN: To be provided by Authors: Image, Transform, and Rotate being clicked/image(s) being rotated TEXT: Select Preview for rotation guidance/gridlines

2.10.	Then convert the distance to micrometers using a known scale of images [1]. Alternatively, click Analyze and Set Scale and enter the known pixel-to-micron conversion factor to yield a report in microns to measure the distance in micrometers in a single step [2].

2.10.1.	SCREEN: To be provided by Authors: Distance being converted [Shots 2.10.1 and 2.10.2 combined]
2.10.2.	SCREEN: To be provided by Authors: Analyze and Set Scale being clicked

2.7. To analyze embryo rolling, first mark the position of one or both tracheae of an embryo in the first frame of the video midway between the posterior and anterior ends and click Analyze, Tools, and Region of Interest Manager [1].

2.7.1. SCREEN: To be provided by Authors: At least one trachea being marked, then Analyze, Tools, and ROI Manager being clicked (Author Comment: 2.7.1 and 2.8.1 were performed simultaneously because trachea is selected by drawing a box and T is clicked after opening the ROI manager.) (Editor: I’m not sure this will effect how the actions are shown, except that they may be in the same screen capture)

2.8. Draw an approximately 30 pixels-wide by 10-pixels high box around the trachea and click the T key on the keyboard to record this position as a slice number-y coordinate-x coordinate [1].

2.8.1. SCREEN: To be provided by Authors: Box being drawn, then T being pressed/ROI being selected, then position being recorded

2.9. Mark the position of the same area of the trachea after each peristaltic contraction and draw a line connecting the centers of each box, clicking M on the keyboard to measure the distance from the pre-contraction position to the post-contraction position [1].

2.9.1. SCREEN: To be provided by Authors: Position of area being parked, then line being drawn and M being clicked/distance being measured

2.10. [1]. [2].
(move 2.10 above 2.7)

2.10.1. SCREEN: To be provided by Authors: Distance being converted
2.10.2. SCREEN: To be provided by Authors: Analyze and Set Scale being clicked

2.11. To analyze embryonic muscle contractions, using embryos expressing fluorescent muscle markers [1-TXT], use the recording of the fluorescent readout to draw a region of interest centered around the fluorescing muscles of a particular body segment of interest [2].

2.11.1. SCREEN: To be provided by Authors: Shot of embryo w/ fluorescent muscle markers TEXT: e.g., transgenic MHC-GFP embryos
2.11.2. SCREEN: To be provided by Authors: ROI being drawn around muscle

2.12. Select the Add t tab in the Region of Interest Manager to record the position of the region of interest and click Region of Interest Manager and Measure to record the average fluorescent intensity of each region of interest selected for each frame of the video [1].

2.12.1. SCREEN: To be provided by Authors: Add t being clicked/ROI position being recorded, then ROI Manager and Measure being clicked (Author Comment: Measuring is done later with “multi-measure”)

2.13. Move the box to the centers of other body segments of interest and click Add t to record their positions to obtain regions of interest of identical size in all of the body segments to be analyzed [1-TXT].

2.13.1. SCREEN: To be provided by Authors: Box being moved, then Add t being clicked TEXT: Select at least one posterior, medial, and anterior segment

2.14. In the Region of Interest Manager, hold the Control key while selecting all of the regions of interest recorded as slice number-y coordinate-x coordinates and click More and Multi measure to measure the mean fluorescent intensity of each region of interest for all of the frames of the video [1].

2.14.1. SCREEN: To be provided by Authors: Control being pressed/ROIs being selected, them More and Multi measure being clicked

2.15. Report each measurement in a table with each region of interest as a column of the table and each frame as a row [1] and transfer the table to a spreadsheet program for further analyses [2].

2.15.1. SCREEN: To be provided by Authors: Table being created [Shots 2.15.1 and 2.15.2 combined]
2.15.2. SCREEN: To be provided by Authors: Table being pasted into spreadsheet program

2.16. Plot a graph with the frame number on the x-axis and the mean fluorescence intensity on the y-axis and convert the frame number to time using the 4 frames/second frame rate [1].

2.16.1. SCREEN: To be provided by Authors: Graph being plotted and/or frame number being converted to time (Author Comment: Frame rate converted into time in 2.16.1 and graph plotted in 2.16.2) (Editor: I’m unsure if the authors want the shots shown in the order the actions are mentioned – which would be 2.16.2 then 2.16.1 – or if the VO should be changed to match the order of the slating/numbering. For now, I’ve left the VO as-is, so please show the actions as they are mentioned)

2.17. The muscle contractions increase the GFP (G-F-P) intensity as they bring more GFP into the vicinity of the focal area as more muscles get pulled in during these contractions [1].

2.17.1. LAB MEDIA: WT Thermo

2.18. To determine the muscle contraction amplitude, estimate the increase in GFP fluorescence intensity relative to the average intensity between the contraction waves at baseline [1]. 

2.18.1. SCREEN: To be provided by Authors: GFP intensity increase being estimated [Shots 2.18.1 and 2.19.1 combined]

2.19. Then divide every region of interest intensity value by the baseline intensity to normalize the GFP intensity to the baseline [1].

2.19.1. SCREEN: To be provided by Authors: GFP intensity being normalized to baseline

2.20. To compare the muscle contractions on the left and right sides of the embryo, analyze the peak intensities on both sides of the embryo for the same segments [1].

2.20.1. SCREEN: To be provided by Authors: Muscle contractions being compared/peak intensities being analyzed [Shots 2.20.1 and 2.21.1 combined]

2.21. Use the contraction amplitude and the time of the peak intensities to examine the differences in the extent and the timing of the peristaltic muscle contraction waves propagating along both sides of the embryo [1].

2.21.1. SCREEN: To be provided by Authors: Differences being examined 

2.22. Then compare the normalized intensity of the GFP at different segments during a muscle contraction wave propagation to examine the changes in the contraction as the wave propagates and to determine the direction of the wave [1].

2.22.1. SCREEN: To be provided by Authors: Normalized intensity being compared/changes in contraction being examined/direction of wave being determined
2.22.2. [bookmark: _GoBack][Added Shot]: Included in 2.20.1. (Editor: I’m not sure what action is being referred to here)



Section – Results
3. Results: Representative Muscle Contraction Analyses in Wild Type and Mutant Drosophila Embryos 

3.1. Here normal peristaltic muscle contractions in a wild type Drosophila embryo are shown [1].

3.1.1. LAB MEDIA: WT Thermo video

3.2. In this video of rolling in a wild type embryo, note that the dorsal appendage does not move [1] while the trachea does, indicating that the embryo has rolled within its shell [2].

3.2.1. LAB MEDIA: Rolling video: JoVE Video Editor please emphasize black arrow and/or outline/emphasize non-moving dorsal appendage
3.2.2. LAB MEDIA: Rolling video: JoVE Video Editor please emphasize white arrow and/or outline/emphasize moving trachea

3.3. In this representative analysis, the muscle contraction peaks during the 165-178-second time period, representing a single, forward wave [1].

3.3.1. LAB MEDIA: Figure 1A
3.3.2. LAB MEDIA: Figure 1A: JoVE Video Editor please emphasize peaks from 165-178 s

3.4. For this embryo, no difference in the amplitude [1] and the time of the muscle contractions was measured on the right and left sides of the embryo [2].

3.4.1. LAB MEDIA: Figure 1B 
3.4.2. LAB MEDIA: Figure 1B: JoVE Video Editor please trace/emphasize no differences in at least one overlapping red and green peak 

3.5. A peristaltic contraction is designated as a type 1 wave if its profile has a peak that arises at the anterior region first [1], followed by peaks at the middle and posterior regions or a profile in which the peak first arises at posterior segments and then propagates toward anterior regions [2].

3.5.1. LAB MEDIA: Figure 2A
3.5.2. LAB MEDIA: Figure 2A: JoVE Video Editor please emphasize wave from about 95-105 s

3.6. Type 2 waves start at one end of the embryo and proceed toward the middle regions before returning to their origin as a sweeping wave re-initiated at the opposite end [1].

3.6.1. LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize wave from about 5-23 s

3.7. Body posture mutant embryos demonstrate an abnormal relative frequency of type 1-type 2 wave generation [1] that results in a body posture abnormality, designated as the body torsion or “rotation” phenotype [2].

3.7.1. LAB MEDIA: Figure 3: JoVE Video Editor please sequentially emphasize blue and red data bars in rt- graph
3.7.2. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize rt- image/ and/or trace/emphasize dotted line in rt- image


Section - Conclusion
4. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
4.1. Ishita Chandel: To use fluorescence as a readout for the muscle contraction parameters, it is essential to use embryos with a reporter in the muscle tissue (Steps: 2.11. and 2.18.) [1].
4.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
4.2. Ishita Chandel: This method can be used for the simultaneous recording of the muscle contractions of many embryos and for the assessment of their responses to various stimuli, drugs, or environmental changes [1].
4.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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