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A.  Will you require JoVE to record video microscopy? N

B.   Does your protocol include descriptions of 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? n/a: almost all screenshots 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? SCREEN RECORDINGs OF STEPS 4.1 TO 6.9 WILL BE CRITICAL. 
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 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):

The overall goal of using image analysis software in developmental biology is to obtain quantitative data for mechanistic models of biological processes. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Priyanka Dutta: This method can help answer key questions in the field of developmental biology, such as how can mutant phenotypes be quantitatively analyzed?
1.2. Christian Pohl: The main advantage of this methodology is that it facilitates the acquisition of quantitative images of biological processes, allowing comparison of alterations in these processes or of specific developmental phenomena.   

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

1.3. Deepika Singh: Though this method can provide insight into the development and morphogenesis of the nematode Caenorhabditis elegans, it can also be applied to other model organisms, such as Drosophila.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Christian Pohl: Demonstrating the reconstruction of cell shapes with IMOD will be Christina Lehmann, a grad student from my laboratory. 
1.4.1. Interview style: Author saying the above 

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

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

Protocol (read by voice talent at JoVE):

2. 3D cell shape model reconstruction with IMOD

2.1. After installing the IMOD (Pronounce: eye-mod [like “cod”]) program [2.1.1.-WIDE-TXT], open the Unix shell and type in “imod” [2.1.2.-SCREEN].
2.1.1.  Few seconds Talent at computer, installing IMOD (TEXT: bio3d.colorado.edu/imod)
2.1.2. *To be provided by Authors
2.2. In the IMOD window, select the file with the appropriate raw data from which to generate a 3D model [2.2.1.-SCREEN] and use the information window to locate the bottom and top of the objects in the Zap window [2.2.2.-SCREEN]. 
2.2.1. *To be provided by Authors
2.2.2. *To be provided by Authors
2.3. In the information window again, trace the cell outlines, creating the first contour at the top plane of each cell [2.3.1.-SCREEN] and taking care to create a new object for each cell [2.3.2.-SCREEN].

2.3.1. *To be provided by Authors
2.3.2. *To be provided by Authors
2.4. Then scroll down in z and create a new contour for each z-plane [2.4.1.-SCREEN].
2.4.1. *To be provided by Authors 
2.5. After outlining as many cells as appropriate for the model [2.5.1.-SCREEN], open the “Model View” window to inspect the objects and their contours [2.5.2.-SCREEN].
2.5.1. *To be provided by Authors
2.5.2. *To be provided by Authors
2.6. Then, in the “Model View” toolbar, choose “Edit” and “Objects” [2.6.1.-SCREEN]; the respective editing window will open [2.6.2.-SCREEN].
2.6.1. *To be provided by Authors
2.6.2. *To be provided by Authors
2.7. To model all of the cells as filled and closed objects, choose “Mesh” as the “Draw Data Type” and “Fill” as the “Drawing Style” [2.7.1.-SCREEN]. 
2.7.1. *To be provided by Authors
2.8. Click on “Meshing” and check the option “Cap” [2.8.1.-SCREEN]. Then check as many objects as necessary and click “Mesh All” [2.8.2.-SCREEN]; the program will generate solid objects from the stacks of contours [2.8.3.-SCREEN].
2.8.1. *To be provided by Authors
2.8.2. *To be provided by Authors
2.8.3. *To be provided by Authors
2.9. Change the “Z-scale” in the “View” window to adjust the z-sampling factor as necessary [2.9.1.-SCREEN].

2.9.1. *To be provided by Authors
2.10. Then under the “Edit” menu, select “view” to rotate the 3D objects [2.10.1.-SCREEN], saving snapshots or movies of the cells as appropriate [2.10.2.-SCREEN].

2.10.1. *To be provided by Authors
2.10.2. *To be provided by Authors
3. Fluorescently-labeled structure tracking with Endrov
3.1. To track objects from fluorescent time-lapse recordings using Endrov (Pronounce: end-roff [like “off”]) [3.1.1.-WIDE], first convert the raw data into a tiff file [3.1.2.-SCREEN].
3.1.1. Few seconds Talent at computer, converting raw data into tiff file
3.1.2. *To be provided by Authors
3.2. Then open the file in Endrov, select the “2D viewer” icon and click on the “Fit range” icon to adjust the histogram [3.2.1.-SCREEN].
3.2.1. *To be provided by Authors
3.3. Under the “Data” menu, select “filename”, “Imageset”, “Channel” and “Set XYZ-resolution” and enter the X, Y, and Z values [3.3.1.-SCREEN].

3.3.1. *To be provided by Authors
3.4.  To annotate the nuclei, move to the plane of interest and select the “2D viewer” again [3.4.1.-SCREEN]. Then select “Lineage” from the dropdown menu and choose “New lineage” [3.4.2.-SCREEN].
3.4.1. *To be provided by Authors
3.4.2. *To be provided by Authors 
3.5. Click and drag on the nucleus of interest to mark it [3.5.1.-SCREEN]. Then right click on the nucleus and choose “Rename particle” from the dropdown menu [3.5.2.-SCREEN].
3.5.1. *To be provided by Authors
3.5.2. *To be provided by Authors 
3.6. Enter a name for the particle [3.6.1.-SCREEN] and then drag the arrow icon to change the diameter of the circle [3.6.2.-SCREEN].

3.6.1. *To be provided by Authors
3.6.2. *To be provided by Authors
3.7. Next, click on the right icon to mark the central plane of the nucleus [3.7.1.-SCREEN].
3.7.1. *To be provided by Authors
3.8. Then, to proceed in time and plane, choose the “Frame” and “Z” options at the bottom toolbar [3.8.1.-SCREEN] and adjust the position or size of the circle that marks the nucleus accordingly until the tracked cell divides [3.8.2.-SCREEN].
3.8.1. *To be provided by Authors
3.8.2. *To be provided by Authors
3.9. When a cell division is observed, mark the daughter nuclei [3.9.1.-SCREEN] and click on the “Windows” icon to switch to “Lineage viewer” [3.9.2.-SCREEN].

3.9.1. *To be provided by Authors
3.9.2. *To be provided by Authors
3.10. Mark all three nuclei simultaneously [3.10.1.-SCREEN] and select “Associate parent” under the “Lineage” option [3.10.2.-SCREEN].
3.10.1. *To be provided by Authors
3.10.2. *To be provided by Authors 
3.11. Then, when all of the cells have been tracked, click on the file name [3.11.1.-SCREEN] and switch to the channel marking the cell division remnant [3.11.2.-SCREEN].

3.11.1. *To be provided by Authors
3.11.2. *To be provided by Authors
4. Cortical actomyosin flow analysis with PIVlab
4.1. To quantitatively analyze cortical flow using particle image velocimetry software [4.1.1.-WIDE], load the new image files in PIVlab (Pronounce: piff [like “whiff”]-lab [like “cab”]) [4.1.2.-SCREEN] and select the sequencing style 1-2, 2-3 [4.1.3.-SCREEN].

I wasn’t sure how you wanted this pronounced so I did 2 takes with some options.
4.1.1. Few seconds Talent opening PIVlab

4.1.2. *To be provided by Authors
4.1.3. *To be provided by Authors 
4.2. Next, navigate to the directory containing the sequence of desired images [4.2.1.-SCREEN], select the images [4.2.2.-SCREEN] and click “Add” to import the images [4.2.3.-SCREEN].

4.2.1. *To be provided by Authors
4.2.2. *To be provided by Authors
4.2.3. *To be provided by Authors
4.3. Then under “Analyses settings” select “Exclusions (ROI,Mask)” [4.3.1.-SCREEN] and use the button “Draw mask(s) for current frame” to inactivate the undesired part of the images [4.3.2.-SCREEN]. 
4.3.1. *To be provided by Authors
4.3.2. *To be provided by Authors 
4.4. Under the “Analyses settings” again, select “PIV settings” and choose “Fast Fourier transformation window deformation” as the desired PIV algorithm [4.4.2.-SCREEN].
4.4.1. *To be provided by Authors
4.4.2. *To be provided by Authors 
4.5. For pass 1, enter an interrogation area value of 64 pixels with a step of 32 [4.5.1.-SCREEN].
4.5.1. *To be provided by Authors 
4.6. For pass 2, enter an interrogation area value of 32 pixels with a step of 16 [4.5.2.-SCREEN].
4.6.1. *To be provided by Authors 
4.7. Then select “linear” from the Window deformation drop down menu and choose the Gaussian 2 by 3-point method for sub-pixel displacement estimation [4.7.1.-SCREEN].
4.7.1. *To be provided by Authors
4.8. Now select “Analyze” from the Analysis menu and select “Analyze all frames” [4.8.1.-SCREEN].
4.8.1. *To be provided by Authors
4.9. Post processing, select “Vector validation” from the “Post processing” menu [4.9.1.-SCREEN] and apply a standard deviation filter threshold of 7 to all of the frames [4.9.2.-SCREEN].
4.9.1. *To be provided by Authors
4.9.2. *To be provided by Authors
4.10. From the “Plot” menu, select “Derive parameters/modify data”, followed by “Vectors [pixels/frame]” [4.10.1.-SCREEN] and adjust the smoothness of the vectors and high pass filter [4.10.2.-SCREEN].

4.10.1. *To be provided by Authors
4.10.2. *To be provided by Authors
4.11. After applying these adjustments to all of the frames [4.11.1.-SCREEN], set the “Used frames” to 1 to end [4.11.2.-SCREEN].

4.11.1. *To be provided by Authors
4.11.2. *To be provided by Authors 
4.12. Finally, click on the “Calculate mean vectors” button to measure the mean vectors of all of the frames [4.12.1.-SCREEN].

4.12.1. *To be provided by Authors
5. Results: Representative C. elegans developmental tracking analyses
5.1. Focusing on the turn of the gonad of wild type C. elegans adults imaged as just demonstrated, a 3D model of the germ cells is generated from the microscopy data, allowing analysis of the changes in cell size that occur while the cells transit from the distal to the proximal arm of the rachis [5.1.1.-LM].
5.1.1. movie_3dmod_annotated.mp4 (Video Editor: can take out “without rachis” frames if movie is too long for narrative [i.e. 00:14-00:18 and 00:27-00:33])
5.2. Using two-color time-lapse microscopy, the models obtained by lineaging histone fusion proteins and non-muscle myosin in Endrov [5.2.1.-LM] illustrate the stereotyped pattern of cell division remnant inheritance [5.2.2.-LM].
5.2.1. Endrov_movie_new.mp4: please highlight/indicate top movies
5.2.2. Endrov_movie_new.mp4: please highlight/indicate bottom movies
5.3. Moreover, from the lineaging data, the tracks for each cell [5.3.1.-LM] and cell division remnant [5.3.2.-LM] and the correlation to the cell division timing can be obtained [5.3.3.-LM].
5.3.1. Fig_3.png: please indicate middle column of graphics
5.3.2. Fig_3.png: please indicate right column of graphics
5.3.3. Fig_4.png: please highlight/indicate time line along top of schematic
5.4. In this experiment, short-term time-lapse microscopy with high temporal resolution of cortical non-muscle myosin II was performed to evaluate differences in the dynamics of cortical polarizing flow between wild type [5.4.1.-LM] and embryos depleted for the Rho GTPase-activating protein rga-3 (Pronounce: R-G-A-three) [5.4.2.-LM].
5.4.1. Fig_5.png: please highlight/indicate left column of images
5.4.2. Fig_5.png: please highlight/indicate right column of images
5.5. As expected, the flow in the wild type embryos was predominantly along the long axis of the embryo [5.5.1.-LM], while the flow in the rga-3 RNAi (Pronounce: R-G-A-three R-N-A-interference) embryo was orthogonal to this axis, as easily apparent from the PIV analysis [5.5.2.-LM].
5.5.1. PIV_combined_for_movie_with_PIV_data.mp4: please highlight/indicate left movie 
5.5.2. PIV_combined_for_movie_with_PIV_data.mp4: please highlight/indicate right movie 
6. Conclusion (said by authors on camera)
6.1. Christina Lehmann: Once mastered, manual segmentation of complex objects or cell tracking during embryonic development can be done in a few hours if it is performed properly.
6.2. Priyanka Dutta: While attempting to perform cell and object tracking, it’s important to remember that the temporal resolution has to be appropriate to not lose objects during the analysis.
6.3. Devang Odedra: Using the three tools described here, statistical analysis can also be performed to answer additional questions about the variability of a process or to compare multiple embryos.
6.4. Deepika Singh: Implementing quantitative image analysis software has enabled researchers in the field of developmental biology to explore morphogenetic mechanisms of development, to identify differentiation pathways, and to pursue neuroanatomy at an unprecedented level of complexity in many different model organisms.
6.5. Christian Pohl: After watching this video, you should have a good understanding of how to use a diverse set of software tools to perform quantitative image analysis.
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.  
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movie_3dmod_annotated.mp4

5.2.1 
Endrov_movie_new.mp4 

5.3.1. 
Fig_3.png

5.5.1 Fig_4.png

5.5.1 
Fig_5.png

5.6.1
PIV_combined_for_movie_with_PIV_data.mp4

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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