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A. Microscopy: Does your protocol require JoVE to film through your microscope? 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. Please upload all of your requested LAB MEDIA and screen captured files to your submission folder.
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
2.2., 2.3. 
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.6. By properly focusing on the membrane separating the follicle cells and the nurse cell that will be injected, as well as the tip of the needle, frequent success will be ensured.
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 significance of your method to the viewer. 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. Diana Bratu: This method can help answer key questions in the RNA Biology field about the mechanism and function of polarized RNA localization. 

1.2. Diana Bratu: The main advantage of this technique is that it allows for real-time visualization of endogenous RNA trafficking in live tissues.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Omar Omar: The implications of this technique extend toward the therapy of RNA-related diseases, because it has the potential to uncover new therapeutic targets.  
1.4. Livia Bayer: Though this method can provide insight into RNA processes in the fruit fly egg chamber, it can also be applied to other systems, such as in zebrafish or cultured cells.
1.5. Irina Catrina: Generally, individuals new to this method will struggle because of the challenges associated with the design and delivery of the molecular beacon probes.
Protocol: (read by voice talent at JoVE)
2. Molecular Beacon (MB) Nurse Cell Microinjection
2.1. For molecular beacon microinjection, select the 40X oil objective [1-WIDE] and mount a coverslip with a dissected egg chamber onto the microscope stage [2-MED-TXT].
2.1.1. Talent selecting objective

2.1.2. Talent mounting coverslip (TEXT: See text for egg chamber preparation details)
2.2. Locate an egg chamber at the mid-to-late developmental stage that is properly oriented for microinjection [1-LM-TXT] and set up a microinjector with the appropriate injection and compensation pressures [2-MED-TXT].

2.2.1. *To be provided by Authors: Shot of egg chamber at mid-to-late developmental stage (TEXT: i.e., w/ A(P axis perpendicular to needle tip)

2.2.2. Talent setting up microinjector (TEXT: i.e. 500-1000 hPa injection pressure; 100-250 hPa compensation pressure)

2.3. Using the micromanipulator joystick, gently lower a needle loaded with 1 microliter of molecular beacon solution into the oil drop [1-ECU-TXT] and bring the tip into focus toward the periphery of the field of view [2-LM].
2.3.1. Needle being lowered into oil drop (TEXT: See text for MB preparation details)
2.3.2. *To be provided by Authors: Tip coming into focus at FOV periphery
2.4. Perform a ‘clean’ function to remove the air from the needle tip and to ensure that there is flow from the needle [1-LM] and bring the needle to the home position [2-LM].
2.4.1. *To be provided by Authors: Air being removed from tip

2.4.2. *To be provided by Authors: Needle being moved to home position
2.5. Focus on the egg chamber to be microinjected [1-LM] and bring the needle back into focus near the edge of the egg chamber [2-LM].
2.5.1. *To be provided by Authors: Egg chamber being brought into focus

2.5.2. *To be provided by Authors: Needle being brought into focus near edge of egg chamber
2.6. Perform a fine adjustment of the Z-position of the objective such that the membrane separating the follicle cells from the nurse cells is in focus [1-LM] and insert the needle into a nurse cell for injection of the molecular beacons over a period of 2-5-seconds [2-LM]
2.6.1. *To be provided by Authors: Membrane coming into focus

2.6.2. *To be provided by Authors: Needle being inserted/MB being injected (Videographer: Can split action into separate shots as necessary)

2.7. Irina Catrina: To ensure reproducible microinjection success, focus carefully on the membrane separating the follicle cells and the nurse cell that will be injected while bringing the tip of the needle into focus with the micromanipulator [1-MED-interview style]. 
2.7.1. Irina Catrina, speaking the above interview style (looking just off-camera)
2.8. When all of the molecular beacons have been injected, gently remove the needle and retract it to the home position [1-LM] and change the objective to the desired magnification for image acquisition [2-MED].

2.8.1. *To be provided by Authors: Needle being removed/retracted

2.8.2. Talent selecting objective

2.9. Then focus on the egg chamber under the new objective [1-LM] and begin the image acquisition [2-LM].
2.9.1. *To be provided by Authors: Egg coming into focus

2.9.2. *To be provided by Authors: Image(s) being acquired
3. Tracking and Colocalization Analyses and Video File Preparation
3.1. For spot detection of the molecular beacons, open the images in ImageJ [1-WIDE] and use the “Convert to Icy” tool to convert the images back to Icy. A scale bar will be automatically overlaid onto the stack [2-SCREEN].

3.1.1. Talent at monitor, opening images in ImageJ

3.1.2. *To be provided by Authors: Convert to Icy being selected/image being converted, then scale bar appearing

3.2. Edit the scale bar via the “Inspector” window as necessary. Then inactivate the “Eye” icon for the scale bar under the “Layer” tab to remove the scale bar from the original stack [1-SCREEN-TXT].
3.2.1. *To be provided by Authors: Scale bar being edited, then eye icon being inactivated (TEXT: Scale bar can be reactivated on final stack)
3.3. Select “Detection and Tracking”, “Detection”, and “Spot Detector” and confirm “current Sequence Input Detection” and “Channel 0” are selected for the “Input” and “Pre Processing” parameters, respectively [1-SCREEN].
3.3.1. *To be provided by Authors: Detection and Tracking, Detection, and Spot Detector being selected, then Input and Pre Processing parameters being checked
3.4. For “Detector”, select “Detect bright spot over dark background”, using “Force use of 2D Wavelets for 3D” only if there are not enough Z-slices in the stacks to perform the analysis [1-SCREEN].
3.4.1.  *To be provided by Authors: Detect bright spot over dark background being selected, then Force use of 2D Wavelets for 3D being indicated

3.5. Select “Scales” and “Sensitivity” for each scale, adding more scales for larger spots, and confirm that “Region of Interest from Sequence” is set for “Region of Interest” [1-SCREEN].
3.5.1. *To be provided by Authors: Scales and Sensitivity being set for at least one spot, then ROIfromSequence being indicated

3.6. For Filtering, confirm that “No Filtering” has been set and select the appropriate file format under Output [1-SCREEN].
3.6.1. *To be provided by Authors: NoFiltering being indicated, then XLS or XML being selected
3.7. If the spot detector results are to be used for tracking analysis, select “Export to Swimming Pool” [1-SCREEN].
3.7.1. *To be provided by Authors: Export to SwimmingPool being selected (TEXT: Repeat detection w/ various scales/sensitivities until all/most spots are detected)
3.8. For colocalization analysis, repeat the spot detection for the other channel [1-MED-over the shoulder].
3.8.1. Talent detecting spots on other channel, with monitor visible in frame

3.9. To track the molecular beacon spots, select “Detection and Tracking”, “Tracking”, “Spot Tracking”, and “Run the Spot Detector” using the same parameters as for the spot detection [1-SCREEN].

3.9.1.  *To be provided by Authors: Detection and Tracking, Tracking, Spot Tracking, and Run the Spot Detector being selected

3.10. Click “Estimate parameters” and select the desired target motion in the Parameters estimation pop-up window. Then click “Run tracking” [1-SCREEN-TXT].
3.10.1.  *To be provided by Authors: Estimate parameters being clicked, then target motion being selected, then Run tracking being clicked (TEXT: Repeat spot detection/tracking for other channels when tracking spots of multichannel stacks)
3.11. To visualize the tracks, select “Detection and Tracking”, “Tracking”, and “Track Manager” [1-SCREEN].
3.11.1.  *To be provided by Authors: Detection and Tracking, Tracking, and Track Manager being selected

3.12. For “Color Track Processor,” select “Enable” and select a color for the tracks [1-SCREEN].
3.12.1.  *To be provided by Authors: Enable being selected, then color being selected 
3.13. From “add Track processor”, select “Track Processor Time Clip”. In the “Track Clipper” window, enter the number of detections to be shown before and after the current time point [1-SCREEN]. 
3.13.1. *To be provided by Authors: Track processor time clip being selected, then number of detections beint entered
3.14. Save the track information as an XML track file and use the “Camera” icon to obtain a screenshot of the results [1-SCREEN].
3.14.1.  *To be provided by Authors: Track information being saved, then screenshot being captured
3.15. To project the stack along the Z-direction, use the search bar to find the plugin and select “maximum” projection from the dropdown menu [1-SCREEN].
3.15.1. *To be provided by Authors: Plugin being searched, then maxium projection being selected
3.16. In “Inspector” window, select the “Sequence” tab, “Canvas”, and “Rotation” to adjust the image to the desired orientation and obtain a screenshot of the rotated image [1-SCREEN].
3.16.1.  *To be provided by Authors: Sequence tab, Canvas, and Rotation being selected, then screenshot being obtained

3.17. Then select “Region of Interest”, “2D Region of Interest”, “Choose Region of Interest Shape” and select the region of interest on the image for cropping [1-SCREEN].

3.17.1.  *To be provided by Authors: ROI being selected, then 2D ROI being selected, the Choose ROI Shape being selected, the ROI being selected and cropped
3.18. Install the “Time Stamp Overlay” plugin and add a time stamp, following the instructions in the pop-up window for directions on how to place and format the time stamp [1-SCREEN].
3.18.1.  *To be provided by Authors: Plugin being selected/installed, then time stamp being added

3.19. To change or add the time interval, click “Edit” in the “Sequence Properties” window [1-SCREEN]. 
3.19.1.  *To be provided by Authors: Edit being clicked, then Sequence Properties being edited

3.20. Activate the “Eye” icon to add back the scale bar under the “Layer” tab in the “Inspector” window [1-SCREEN].
3.20.1. *To be provided by Authors: Eye icon being activated, then scale Bar being added 
3.21. Then obtain a screenshot of the time-stamped results and save the image in both the .tiff and .avi formats [1-SCREEN-TXT].

3.21.1.  *To be provided by Authors: Screenshot being captured, then file being saved as .tiff, then file being saved as .avi (TEXT: Convert to RGB rendering before saving as .avi file)
4. Results: Representative MB Visualization and Tracking 
4.1. Using this method as demonstrated, it is possible to visualize the transport and localization patterns of endogenous mRNAs via molecular beacons at various stages of oogenesis [1-LM], and in particular at and after mid-oogenesis [2-LM].

4.1.1. Figure2.ai: no animation

4.1.2. Figure2.ai: Video Editor: please emphasize bright white spots in 10’ images

4.2. When individually injected into the same stage egg chambers, different oskar-specific molecular beacons present the same pattern of localization [1-LM].
4.2.1. Figure2.ai: Video Editor: please sequentially emphasize both rows of osk1236 then both rows osk2216 images
4.3. Molecular beacons injected into the cytoplasm of a nurse cell [1-LM] will freely diffuse into adjacent nurse cells, as well as into the oocyte [2-LM]. 
4.3.1. Figure3.ai: Video Editor: Show only nurse cell injection images and emphasize bright spots in 0’ column of images

4.3.2. Figure3.ai: Video Editor: Show only nurse cell injection images and emphasize bottom bright spots in 5’ column of images

4.4. Thus, the beacons are able to hybridize with their targets and generate fluorescence signals at other sites than the microinjection site [1-LM].
4.4.1. Figure3.ai: Video Editor: Show only nurse cell injection images and emphasize top bright spots in 18’ column of images
4.5. In oskar-GFP (Oscar-G-F-P) transgenic egg chambers at mid-oogenesis, analysis of the acquisition data shows extensive colocalization [1-LM] for the fluorescent signal of genetically engineered GFP-tagged oskar mRNA [2-LM] with the fluorescence signal detected using molecular beacons [3-LM].
4.5.1. Figure4.ai: Video Editor: please emphasize Colocalization images

4.5.2. Figure4.ai: Video Editor: please emphasize GFP green circle images
4.5.3. Figure4.ai: Video Editor: please emphasize MB red circle images
4.6. Moreover, 5D-stacks can be further analyzed to determine oskar mRNA trajectories for long-distance transport in both nurse cell and oocyte cytoplasm [1-LM].
4.6.1. Figure5.ai: please emphasize MB Tracks images (or just magnified MB Tracks image)
5. Conclusion (said by authors on camera):
5.1. Diana Bratu: After its development, this technique paved the way for researchers in the field of RNA biology to explore endogenous maternal mRNA transport and localization in the Drosophila egg chamber.  

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. 
4.1.1., 4.1.2., 4.2.1.  Figure2 - Time sequence of oskar mRNA visualization in wild type egg chambers at t = 0, 10, and 30 min time points after initiation of acquisition – with 60X objective

4.3.1., 4.3.2., 4.4.1.  Figure3 - Co-visualization of two mRNA species in live egg chambers – with 40X objective

4.5.1., 4.5.2., 4.5.3. Figure4 - Visualization of oskar mRNA with both MBs and MS2-GFP system - – with 60X objective

4.6.1. Figure5 - Tracking analysis in the oocyte, after nurse cell microinjection with oskar mRNA-specific MBs – with 60X objective

3 (3.1. – 3.21.) 58545-CatrinaBratu_ScreenCaptureVideo.mp4- – Tracking Analyses
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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