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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) ____No_____ If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Yes___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___2.1, 3.1, 5.2, 5.4, 6.2,6.7_________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ____Adjustment of the scanning systems. To ensure success only the detection de-scanning system should  be adjusted, beginning from coarse adjustments and ending with finer ones______________
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to reconstruct and visualize an entire mouse brain with micron-scale resolution. (Intro)
This is accomplished by first dehydrating a fixed mouse brain in a graded tetrahydrofuran series. (P1, figure 2: move brain from jar a to jar b)
The second step is to clear the sample in dibenzylether. (P2, figure 2: move brain from jar b to jar c)
Next, the brain is imaged with a confocal light sheet microscope. (P3, figure 3 and 4)
The final step is to use software to align and stitch together the acquired image stacks. (P4, figure 4a turns into figure 5a)
Ultimately, a multi-resolution visualization tool can be used to navigate the reconstructed image volume. (P5, figure 7 and figure 10)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)
1.1. Ludovico Silvestri: The main advantage of this technique over existing methods, like two-photon or confocal microscopy, is that the complete volume of a mouse brain can be imaged in just a few days.   

1.2. Alessandro Bria: This method can help answer key questions in the neuroscience field, such as the distribution of different neuronal types throughout the whole brain.  

1.3. Francesco Saverio Pavone: Though this method can provide insight into fine brain anatomy, it can also be applied to other systems, such as mouse embryos or fruit flies.
1.4. Francesco Saverio Pavone: Demonstrating the procedure will be Irene Costantini, a grad student from my laboratory.  

1.4.1. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. 
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. Dehydration and Clearing
2.1. To begin this protocol, perform standard fixing of mouse brains via transcardial perfusion, and post fix overnight, before performing dehydration and clearing.  Then, since the dehydration solvent THF strongly quenches XFP fluorescence, perform filtration to remove peroxides with basic activated aluminum oxide (text on screen: (activity grade Brockman I, about 250 g per liter of THF) using a chromatography column. Avoid cracking of the column, which would reduce peroxide removal.
2.1.1. TITLE SCREEN: first sentence spoken with title screen. 

2.1.2. WIDE: Researcher at the lab bench/hood, setting up for filtering. 

2.1.3. MED: Show as filtering is performed with a chromatography column.
2.1.4. CU: Balloon getting filled.
2.2. Add a stabilizer (TEXT on screen: butylated hydroxytoluene, 250 mg per liter) to the final solution even if the THF was already stabilized before filtration. The stabilizer will be retained by the aluminum oxide: note that THF without stabilizer may develop large amounts of peroxides and can be explosive and dangerous.  
2.2.1. MED: researcher adds the stabilizer to the final solution.

2.2.2. CU:  show the beaker/ flask containing the THF.
2.2.3. CU: if possible, show the explosive warning on THF label, or use a standard lab safety explosive warning sign graphic such as : [image: image1.png]


  (pasted and minimized here for video editor’s refrence – from web) 
2.3. Next, dehydrate the whole mouse brain in a graded series of THF in pure water (text on screen: 50%, 70%, 80%, 90%, 96%, 100% 1hour each, then 100% overnight). Then place the vial with the sample on a rotating wheel. To avoid light exposure, wrap the vial with an aluminum foil.  
2.3.1. MED: show as the researcher places a mouse brain onto one the first THF solution, the other solutions can be seen lined up in a row on the bench. (Text on screen appears)
2.3.2. MED: Researcher places a vial wrapped in aluminum foil on a rotating wheel. 

2.4. Finally, filter the clearing solvent (TEXT ON SCREEN: dibenzyl ether, DBE) with aluminum oxide using a filtering funnel.  Then clear the sample in 100% DBE, changing the solution after 3 and 6 hours. 
2.4.1. MED: show as researcher filters the clearing solvent with aluminum oxide using filtering funnel. 
2.4.1.1 addd shot CU: close up for filtering
2.4.2. MED: researcher clears the sample in 100% DBE.  

3. Specimen Mounting
3.1. When the brain appears transparent, typically 1 hour after the second DBE change, mount it on a tipped imaging plate by one of the methods seen here: Direct mounting (3a) mounting via Agarose disc(3b), or mounting via an Agarose beaker (3c)
3.1.1. CU: show the brain when it appears transparent

3.1.2. LAB MEDIA: figure 3a appears, then b, then c. (authors, can you submit this figure as 3 different files, for a, b, and c? 
3.2. For direct mounting, gently plunge the sample onto one of the tips. To use the Agarose disc, plunge a disc made of 6% agarose gel onto the tips, then, gently fix the sample on the agarose disc with acrylic glue, and wait about 1 minute for curing. 
3.2.1. CU: show as the brain is plunged onto one of the tips. 
3.2.2. CU: show as a agarose gel  disc is plunged onto the tips, 

3.2.3. This shot was included in 3.2.2 or also slated as 3.2.2 by mistake: CU: show as the sample is gently fixed onto the disk with glue.

3.3. To mount using the Agarose beaker, plunge a beaker made of 3% agarose gel onto the tips, then gently place the sample onto the bottom of the beaker.  
3.3.1. CU: show as a beaker made agarose gel is plunged onto the tips.

3.3.2. CU:  show the sample placed on the bottom of the beaker. 
3.4. After mounting the specimen following one of these methods, position the imaging plate inside the specimen chamber using tweezers. Then, fill the chamber with clearing solution.  
3.4.1. CU: show as the imaging plate is positioned inside the specimen with tweezers. 

3.4.2. CU: show as the chamber is filled with solution.  

4. Tomography preparation
4.1. Next, prepare for tomography. First remove the slit to collect as much fluorescence as possible, and then illuminate the sample with low laser power to prevent photobleaching. 
4.1.1. MED: Show as the researcher removes the slit.
4.1.2. MED: show as sample illuminated with low laser power. 

4.2. Move the sample in the three x, y, and z directions using the software-driven micropositioning system. For each direction, identify the minimum and maximum coordinates for which the sample is illuminated while within the field of view of the camera (Figure 4a).
4.2.1. MED: show as the sample is moved using the software-driven micropositioning system. (show the sample if it can be seen, or show researcher running the software) 
4.2.2. LAB MEDIA: Figure 4a

4.3. Then, insert the determined coordinates as parameters for the ‘Pre-tomography’ subroutine. Also specify the distance between adjacent stacks to be used in the tomography, and the pre-tomography sampling step in the z direction.
4.3.1. MED: researcher enters the determined coordinates.

4.3.2. MED over the shoulder: researcher specifies the distance between adjacent stacks & the pre-tomography sampling step, 

4.4. Finally, start the pre-tomography, which will collect the images in every stack with the z sampling parameters as specified in the previous step.   

4.4.1. MED over the shoulder: researcher starts the pre-tomography (ie presses the start button….  )

4.4.2. MED: show images as acquired if possible; or use a WIDE shot as system is running.   

5. Tomography acquisition

5.1. To begin acquisition, first move the sample outside of the light sheet using the micropositioning system.  Then, increase the laser power and stop motion of all the scanning systems, in order to illuminate only a fixed line at the center of the field of view.

5.1.1. (Slated as 4.5.1.1 by mistake) MED (or CU If possible): sample is moved outside the light sheet using the micropositioning system.

5.1.2. MED over the shoulder: researcher increases the laser power & stop motion of all the scanning systems.

5.1.3. CU: If Possible: show only a fixed line at the center of the field of view illuminated.

5.2. Next, mount the slit and align it using the autofluorescence signal from the clearing solution. You should now clearly see the slit line in the center of the field of view.

5.2.1. MED: researcher mounts the slit. 

5.2.2. CU: show the alignment of the slit line in the center of the field of view.

5.3. Now re-activate the scanning system, reduce laser power, and move the sample inside the light sheet using the micropositioning system. Note that the laser power used with the slit will be higher than that used without it, since the spatial filter blocks a non-negligible fraction of light.

5.3.1. MED over the shoulder researcher re-activates the scanning system, reduces laser power, and moves the sample inside the light sheet 

5.3.2. CU: show the sample inside the light sheet. Author’s note: “or 5.1.1 can be reused in reverse”
5.4. Adjust the amplitude and offset of the scanning and de-scanning systems with the control software, until the images look clear and bright.  Then set the appropriate z step for the experiment, and run the tomography acquisition software. The volume will be imaged in many parallel, partially overlapping stacks (Figure 5a), and the images will be saved in a hierarchical folder structure.
5.4.1. MED over the shoulder: researcher adjusts the settings, until the images look clear and bright. Author’s note: “Use the clip in reverse”
5.4.2. MED over the shoulder: researcher sets the appropriate z step for the experiment, and runs the tomography acquisition software
5.4.3. LAB MEDIA: Figure 5a
6. Stitching and visualization

6.1. In order for the stitching software to work with a complete cubic volume, complete the acquired volume with synthetic black images, meaning images of the same type and dimensions of the collected ones-, but with zero intensity, using automated software (Figure 4). 
6.1.1. Lab media: show FIGURE 4a and 4B, then Figure 4C appears next to the right. (authors, can you resubmit this figure as 3 separate files, (a, b and c) so that  we can have them appear one at  a time?)
6.2. Next, launch the Vaa3D software with the plugins TeraStitcher and TeraFly installed, and load the TeraStitcher plugin. Select the directory containing the imaged volume, and indicate the relative orientations of the axes with respect to a reference right-handed coordinate system, and the voxel size.

6.2.1. Med Over the shoulder: researcher launches the Vaa3D software, then loads the TeraStitcher plugin.

6.2.2. Screencapture: Or, Med Over the shoulder: researcher selects the directory containing the imaged volume, and indicates the relative orientations of the axes, and the voxel size. (authors, it might be best to have this provided as a screen capture of the software being used, (to reduce screen flicker while filming)  can this be provided?) If not please film. 
6.3. Now launch the first part of the stitching. The software will calculate the relative displacement between pairs of stacks, and find an overall optimal placement for all the stacks together (Figure 5b).

6.3.1. LAB MEDIA: Figure 5a, then Figure 5b appears alongside.  (Authors,  you submit this  figure as 3 separate files?)
6.4. Select to save the stitched volume in single-resolution or in multi-resolution format. The latter enables for multi-resolution visualization with the TeraFly plugin. In both cases, if the higher resolution image is larger than a few gigabytes, also select the multi-stack save modality and specify the size of individual substacks. This will enable efficient access to the stored data.

6.4.1. Med Over the shoulder: researcher selects to save the stitched volume in multi-resolution format

6.4.2. SCREEN: show the multi-resolution format   

6.4.3. Med Over the shoulder: researcher selects the multi-stack save modality and specifies the size of individual substacks.

6.5. Now launch the second part of the stitching. The software will merge the aligned stacks, and save them in either single- or multi-stack mode (Figure 5c-d). When completed, close the TeraStitcher plugin.

6.5.1. Med Over the shoulder: briefly, researcher launches the second part of the stitching.

6.5.2. LAB MEDIA: Show all of  Figure 5 c and d

6.6. Next load the TeraFly plugin. Select the folder with the multi-stacked multi-resolution volume, and indicate voxel size and axes orientations. The volume will be loaded at the minimum resolution.

6.6.1. SCREENCAPTURE: (or MED over the shoulder):: with TeraFly plugin, researcher selects the folder with the multi-stacked multi-resolution volume, and indicates voxel size and axes orientations. (Authors, it might be best to have this provided as a screen capture of the software being used, (to reduce screen flicker while filming)  can this be provided?)  If not please film.
6.7. To zoom to a higher resolution, simply use the mouse scroll. Alternatively one can double-click on a specific point of the image, or select to zoom-in around an existing landmark, or directly specify the coordinates of the volume of interest. To zoom back to lower resolution, simply use the mouse scroll.

6.7.1. SCREENCAPTURE: (or MED over the shoulder): researcher uses mouse scroll to zoom to a higher resolutions, and subsequently to zoom back to the lowest resolution. Then ,double-clicks on a specific point of the image to zoom in.  (Authors, it might be best to have this provided as a screen capture of the software being used, (to reduce screen flicker while filming)  can this be provided?)  If not please film.
7. Results: Micron-scale resolution optical tomography 
7.1. The described protocol can be used to reconstruct with micron-scale resolution either entire mouse brains or excised parts, without the need for physical sectioning. As a representative result, the whole cerebellum of an L7-GFP mouse post natal day 10, is shown here. In this animal all Purkinje neurons are labeled with EGFP.
7.1.1. LAB MEDIA: Figure 6

7.2.  After zooming in, the typical lamellar structure of the cerebellar cortex can be seen (Figure 7). Further zooming in allows clearly distinguishing each Purkinje cell soma (Figure 8). The described protocol can thus be used to screen neuronal spatial organization in various neurodevelopment studies.

7.2.1. LAB MEDIA: Figure 7

7.2.2. LAB MEDIA: Figure 8

7.3. As a second representative result, here we can see images from the unsectioned brain of an adult thy1-GFP-M mouse. In this transgenic animal EGFP is expressed in a random sparse neuronal subset. The right half of the brain is shown here. 
7.3.1. LAB MEDIA: Figure 9. 
7.4. As we zoom-in further and further (show Figure 10), neuronal processes become distinguishable. This result demonstrates that the described protocol allows micron-scale resolution imaging (show Figure 11) in entire adult mouse brains, opening the possibility of studying whole-brain anatomy at cellular resolution in mouse models of neurodegenerative disease. 
7.4.1. LAB MEDIA: Figure 10 

7.4.2. LAB MEDIA: Figure 11  
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured 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.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

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?access=ksw0bprj 
8. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
8.1. Irene Costantini: Once mastered, this technique can be done in 3 to 4 days, if it is performed properly.

8.2. Ludovico Silvestri: While attempting this procedure, it’s important to remember to properly filter the dehydration and clearing solution, in order to preserve GFP fluorescence.

8.3. Alessandro Bria: The multi-resolution visualization tool presented here can also be used to explore large datasets obtained with other techniques, like micro-optical sectioning tomography.
8.4. Francesco Saverio Pavone: After watching this video, you should have a good understanding of how to dehydrate and clear fixed mouse brains, image them with confocal light sheet microscopy, and visualize the reconstructed volume with Vaa3D using the TeraFly plugin.
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, 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, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


