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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Y______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: ___Leica WILD M420 _____________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___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 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.) ____2.5, 3.2, 3.5, 5.7, 6.5_______________________________________

D.  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.) ___2.5, 5.7________________________

E.  Will the filming need to take place in multiple locations? (Y/N) ____N___ If yes, how far apart are the locations? ___________________________________________________
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. Experimental Goal (read by voice talent at JoVE):
Authors: Please complete the following statement to describe the overall goal of your protocol. This should consist of a single statement of no more than 40 words.   
The overall goal of this_procedure_is to image the heart function of Drosophila longitudinally in vivo using optical coherence microscopy technique. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that provide additional information about the significance of your protocol. You may revise the given prompts as necessary to improve the sentence flow.

Please complete the following two statements and indicate the name of the author who will give the statement. If only one author is giving interview statements, the same author may speak both statements. Please restrict the length of each statement to no more than 30 words.
1.1. Jing Men: This method can help answer key questions in the field of Drosophila cardiac structural and functional development by providing a method to quantify metrics such as changes in cardiac diameter, heart rate, and cardiac activity period during Drosophila metamorphosis. 
1.2. Jing Men: The main advantage of this technique is that the optical coherence microscopy is capable of imaging small animal hearts noninvasively with high spatial and temporal resolution.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors: The following statements may be spoken by additional authors if desired. These statements must be completed by different authors than those who gave the required statements, and no more than one statement can be spoken by each additional author. Please restrict the length of each statement to no more than 30 words. You may revise the given prompts as necessary to better fit your protocol, but please remember that the total introduction length cannot exceed 150 words. 
1.3. Jason Jerwick: This technique may help reveal the mechanisms of human cardiac disease and their relation to cardiac development due to the genetic similarities that exist between Drosophila and vertebrates.
1.4. Jason Jerwick: This method can also be applied to other systems, such as optogenetic pacing system for studying or treating weakened pacemaker functioning in animal models.

1.5. Author Name: Generally, individuals new to this method will struggle because ______________.

1.6.  Author Name: I/We first had the idea for this method, when I/we ___________.

1.7. Author Name: Visual demonstration of this method is critical as the ______________ steps 
are difficult to learn, because _______________.   
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
Authors: If any individuals will be doing demonstrations on camera but are not assigned a speaking part in the introduction section, please use statement 1.8 to introduce these individuals (for example, the PI introduces a student not speaking on camera). Please use this statement ONLY if the demonstrator has not given an interview statement and limit the statement to no more than 30 words.
1.8. ** Jason Jerwick: Demonstrating the procedure will be Jing Men, a grad student from Dr. Chao Zhou’s laboratory at Lehigh University. (Add additional mention of demonstrators as necessary).  

1.8.1. Interview style: Author saying the above 

1.8.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

*Note to the Authors: Goal and interview statements will be edited to conform to the specified number and length restrictions. I am happy to help if you have any questions.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at (insert Institutional Name).
OR
Procedures involving human subjects have been approved by the Institutional Review Board (IRB) or equivalent body at (insert Institutional Name).
Drosophila melanogaster are insects and not vertebrate animals. No IACUC approval is needed to work with fruit flies.
Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Mounting Larva for OCM Imaging
2.1. When producing the flies for this experiment, allow reproductive parental flies to mate and lay eggs in a fresh vial for 8 hours.  Thus the clutch of eggs laid will develop into flies of a similar age.  
2.2. To mount a larva for OCM imaging, first prepare a clean slide with a piece of double sided tape. Push out any trapped air bubbles below the tape. 
2.3. Next, use a soft brush to remove a larva at the right size from the vial.  Place the larva on a clean tissue and remove any food stuck to it using a moistened brush, then let it dry on the tissue.
2.4. Now, under a wide field microscope, confirm the developmental stage of the larva.  

2.5. Once confirmed, using a soft brush, position the larva with the dorsal side facing upwards for mounting.  Then, lower the sticky slide onto the larva and use moderate pressure to secure it to the tape. 
3. Imaging Larval Hearts with OCM
3.1. Place the mounted larva on the adjustable sample stage of the OCM system along the y-transverse direction with the dorsal side facing upwards.  A small hole in the stage keeps the larva out of contact with the stage plane.
3.2. A broad lumen of the heart tube is found from segments A5 to A8.  Using the real time images on the computer, find the posterior region of the heart tube and move the stage forward until the A7 segment is visible. 
3.3. Now, set the parameters of the image acquisition. Use 100 A-scans per B-scan and use 100 B-scans.  Then set the scanner voltage to cover about 0.28 mm in the x-transverse direction, and set it to 0 Volts in the y-transverse direction. 
3.4. Next, block the sample beam path with a dark cloth and click the “start” button in the software to acquire background noise data for background subtraction.  

3.5. To collect transverse M-mode images, adjust the parameters to 128 A-scans per B-scan and use 4096 B-scans.  Then, re-adjust the voltage to cover 0.28 mm in the x, and 0 V in the y, as before. 
3.6. Then, acquire images in the transverse M-mode of the A7 segment of the fly heart tube.

3.6.1. TEXT: 0.28 mm x 0.57 mm x 30 seconds
3.7. During the data saving process, block the imaging beam with a dark cloth to minimize light exposure to the sample specimen.

3.8. Image the heart 5 times to get a reliable measurement of the heart function.
3.9. To collect three dimensional images, use 800 A-scans per B-scan, 800 B-scans, use voltage for 0.28 mm on the X- transverse about 2 mm on the y-transverse.  

3.10. To remove the larva, use a wet soft brush. Transfer the larva to a separate tube with fresh food for continued development and longitudinal study. 
4. Imaging at the PD1 Stage
4.1. The broad lumen of the heart tube remains at segments A5 to A8 in pupal stage PD1.  At PD1, endeavor to image the A7 segment, as done with L2 and L3 stage larva.

4.1.1. Fig 1b
4.2. The PD1 pupal stage is identified by the white puparium.  This time window is ideal for performing optical imaging of the early pupa because the high transparency leads to higher light penetration for the OCM imaging.
4.3. Clean the pupa with the brush if there is food stuck to the body.
4.4. Using a wet brush, mount the pupa on a small glass slide and keep the dorsal side facing upward. The slide should fit into a fly tube, to preserve the development of the animal in its own chamber.

4.5. Dry any excess water from the pupae and then place it on the stage with the pupa facing upwards and proceed to image the A7 segment as done with the larva.

4.6. After imaging, transfer the glass slide with the pupa into the tube for continuous culture. 

How do you prevent the pupa from desiccating in an empty tube?  I have the same question for the L2 or L3 larva.
Response: Actually, we put the measured fly into a separate tube with fresh food from L2, and then into the same tube after the measurements at the following developmental stages. The wet food keeps the flies from desiccating and allows the specimens to continuously develop.
5. Imaging at the PD2 to PD5 Stages
5.1. After the PD1 stage, beginning at the PD2, a conical chamber starts to develop between the A1 and A4 segments.  
5.1.1. Fig 1b

5.2. Since pupa become progressively more opaque, the penetration depth of the imaging system gets reduced.   At PD2, the pupa shell becomes yellowish and the body is less transparent than PD1.

5.2.1. Picking pupa

5.3. At PD3, the color of the pupa is yet a little darker than that of the PD2 stage. 

5.4. By the PD4 stage, black stripes can be observed inside the shell.  Some flies will develop into adults the following day, while others will evolve into PD5.

5.5. In the PD5 stage, the black stripes are even more obvious. 

5.6. Mount the pupa to a slide and view it like a PD1 pupa.

5.7. On the OCM system, find the anterior end of the heart tube and, then, move about 50 microns towards the posterior to find the A1 segment of the heart tube.    Note that in the PD2 stage, the conical chamber of the heart is very small and may not be beating yet.
5.8. Proceed with imaging the fly as previously described.

6. Imaging at the Adult Stage
6.1. To begin, transfer the adult fly to an empty vial, that has a volume of about 45 mL.

6.2. Then, dip a cotton applicator into the anesthetic solution and put the wand into the vial with the cotton tip just below the cotton stopper.  Wait 3 minutes. The adult fly will then be anesthetized for 2.5 to 3.5 minutes, depending on its size.

6.3. Prepare a glass slide with a piece of double sided tape.
6.4. Then, using a soft brush, move the anesthetized fly onto the glass slide with dorsal side facing upwards.

6.5. Under a wide field microscope, separate the wings using a tweezers and stick them to the tape.  Thus, expose the heart region for imaging. 
6.6. Now, use the previously described imaging technique to image the A1 segment of the heart and sacrifice the fly at the end of the experiment.

SCREEN CAPTURES:  Authors: if we are going to show how techniques are performed on computers, you will be asked to make movie files of the software in use.  Filming screens from a video camera often results in artifacts due to the screen refresh. When you receive the final script, and a shot is listed a “SCREEN CAPTURE” you will need to make a movie file of the actions required.  Make exactly one file per requested SCREEN CAPTURE containing only the requested actions.  Do not bundle several action sequences into one large file.  Name the file according to the shot number.  Then, upload each of these files to your project folder.

OPTIONAL: Author Protocol Interviews: In this section, please submit a brief statement stressing the required technique for the single most critical step of the procedure.  This will be an interview style shot, interjected into the appropriate point of the protocol section of the video. If there is no single critical step, then there is no need to fill this out.  If there are two critical steps, please fill out two statements, but this is the maximum.  Each statement, should be 40 words or less.  Please specify who will speak these parts and which step(s) in the protocol the statement pertains to.  Use the step numbers given above.
Author name, Step            :     (write your 1st  optional statement here)    

Author name, Step            :     (write your 2nd optional statement here)    

7. Results: ______________ 
This section is currently a little long.  If you could please suggest parts to omit we will be able to get within length limits.

7.1. Longitudinal cardiac imaging was conducted using strain flies with one copy of the 24B-GAL4 driver. 
7.1.1.  Table 1
7.2. At larval stages, the heart tube begins at the posterior abdominal region A8 with a broader lumen [1.LM] and ends at the anterior dorsal segment A1 with a narrower diameter. [2.LM] 
7.2.1. (A5-A8 in Figure 1B
7.2.2. (T3/A1-A5 in Figure 1B)
7.3. Late in PD2, a conical chamber started to develop at the A1 to A4 segment.  
7.3.1.  Figure 2 i, j 
7.4. The fly heart rate was quantified from the transverse M-mode OCM images. 
7.4.1. Figure 3a 
7.5. Curiously, during the pupal stages, the heart stopped beating occasionally.  
7.5.1.  Figure 3b 
7.6. Overall, the heartbeat slowed down significantly from the larval stage to the pupal stage, and then increased substantially from pupa to adult. 
7.6.1. Figure 4a
RESULTS INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors will ensure that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.  The results section is limited to 200 words total. If your results section contains more than 3-4 , please choose the most important figures to illustrate your results. Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image. Each image or movie file supplied for the video results section should be referenced by its specific file name.
Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?status=a3603k
8. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Please choose the statement(s) you wish to conclude the video and indicate the name of the author who will give the statement. Please restrict the length of each statement to no more than 40 words. You may revise the given prompts as necessary to better fit your protocol.

8.1. Author Name: Once mastered, this technique can be done in ____________ (hours/min) if it is performed properly.

8.2. Jing Men: While attempting this procedure, it’s important to carefully track the development of Drosophila in order to acquire images at each developmental stage.
8.3. Author Name: Following this procedure, other methods like _____________ can be performed in order to answer additional questions like _____________.

8.4. Jason Jerwick: Since its development, this technique has given researchers in the field of developmental cardiology a new tool to explore the effects of various genes on heart development in Drosophila models.

8.5. Author Name: After watching this video, you should have a good understanding of how to _____________ (restate overall goal of the procedure mention specific steps).

8.6. Author Name: Don't forget that working with _____________ (reagent, pathogen, instrumentation) can be extremely hazardous and precautions such as ____________ should always be taken while performing this procedure.   

*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
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.

3.6 video 1.mp4 - tracking of heartbeat along temporal dimension and corresponding heart chamber diameter change along the z direction (axial direction) in a WT fly at L2.
4.5 video 2.mp4 - tracking of heartbeat along temporal dimension and corresponding heart chamber diameter change along the z direction (axial direction) in a WT fly at PD1.
5.8 video 3.mp4, video 4.mp4 - tracking of heartbeat along temporal dimension and corresponding heart chamber diameter change along the z direction (axial direction) in a WT fly at PD2 and PD4.
6.6 video 5.mp4 - tracking of heartbeat along temporal dimension and corresponding heart chamber diameter change along the z direction (axial direction) in a WT fly at AD1.
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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