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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) 
 No. But, if you want to zoom up slices after sections or staining step. Microscopy will be helpful for you.
Can you record movies/images using your own microscope camera? (Y/N)  Yes. 
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N)  Yes.
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
    I think steps 2.4-2.12 are most important.
4. 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.)
    Step 2.4, 2.9 (+ Step 2.2).   Step 2.2 is important, but is not a special step for this protocol but a common step for many other protocols.

5. Will the filming need to take place in multiple locations? (Y/N)  No.
If yes, how far apart are the locations? 


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. Masanori Shimono: This protocol is the first to introduce 3D scanning technology into the anatomical, and specifically the neuroanatomical, research field, and has achieved highly accurate overlapping performance [1].

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

1.2. Masanori Shimono: The 3D Novel Embedding Overlap, or 3D-NEO, protocol embeds microscale cellular-circuits into macroscale brain images and bridges these different spatial scales, seamlessly [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. Mariko Sozaki: We are also able to apply the 3D-NEO protocol to human MRIs and the post-mortem brain. The overlapping enables us to identify unknown MRI contrast patterns relating to disease [1]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Authors, please include Mariko’s affiliations here so that the video editors can introduce her with on-screen text. Video editors, Mariko is not an author, so please introduce her here with on-screen text.

1.4. Motoki Kajiwara: 3D scan systems are sensitive to water surrounding the extracted bio-organism, so it is critical to wipe the water very carefully. Furthermore, the procedure must be performed as quickly as possible [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Authors, Motoki will be introduced with on-screen text and does not need the introduction statement.

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

1.5. Procedures involving animal subjects have been approved by the Kyoto University Animal Care Committee [1].
1.5.1. Title Card
Section - Protocol
Video editors, please use the zoom bubble to highlight the action being performed in the screen capture movies whenever helpful for viewer clarity.
2. Brain Surface Scan, Slicing, and Multi-electrode Array Recording 
2.1. Begin this procedure with preparation of a mouse, as well as MRI acquisitions and equipment preparations, as described in the text protocol [1].
2.1.1. WIDE: Talent works at the computer to set up the equipment. 
2.2. On day 2, cut the scalp of the anesthetized mouse along the sagittal suture using a surgical knife [1]. Use surgical scissors to cut the skull in diagonal directions from the lambda point to a point a little in front of the bregma [2]. Then, gently peel off the skull from the brain using curved tweezers [3].
2.2.1. CU: Mouse’s scalp as talent cuts along the sagittal suture using a surgical knife. Avoid showing the mouse’s face.
2.2.2. ECU: Skull as talent cuts in a diagonal directions from the lambda point to a point a little in front of the bregma using surgical scissors.
2.2.3. ECU: Skull area as talent gently peels it off from the brain using curved scissors.
2.3. Lift the brain with a spatula and transfer it to a Petri dish with ice-cold cutting solution [1-TXT]. Using an external gas bomb with a controlled rotating pump speed, flow air containing 95% oxygen and 5% carbon dioxide to generate small bubbles in the ice-cold cutting solution [2].
2.3.1. CU: Petri dish as talent uses a spatula to lift the brain and transfer it to a Petri dish with ice-cold solution. TEXT: See text for preparing all buffers and solutions
2.3.2. CU: Petri dish as talent flows air and small bubbles are generated in the ice-cold cutting solution.
2.4. After 1 to 2 minutes, put the brain on a microfiber cloth whose surface is slightly covered by a flour sieve [1]. Gently wipe fluid from the brain surface using the microfiber cloth [2].
2.4.1. CU: Brain as talent places it on a microfiber cloth whose surface is slightly covered by a flour sieve.
2.4.2. ECU: Brain as talent wipes fluid from the brain surface.
2.5. Put the brain with its dorsal aspect up onto the sample stand on the brain-block base [1]. Place the brain-block base at the center of the automatic turntable [2].
2.5.1. CU: Brain as talent puts it with its dorsal aspect up on the sample stand on the BBB and also puts the BBB at the center of the automatic turntable. 
2.5.2. CU: BBB as talent places it at the center of the automatic turntable. 
2.6. Darken the room during the 3D scan and perform a 3D scan on the turntable [1].
2.6.1. CU: Turntable as it turns during the 3D scan. 
2.7. To test whether the 3D scan works well, click 3D scan by selecting the angle between two shots as 22.5, the starting angle as 0, and the final angle as 360 [1].
2.7.1. MED-over the shoulder: Display or screen as talent clicks 3D scan by selecting the angle between two shots as 22.5, the starting angle as 0, and the final angle as 360. 
2.8. Move the brain to a Petri dish, and bubble the brain in the cutting solution for approximately 10 seconds [1].
2.8.1. CU: Petri dish as talent moves the brain to a Petri dish and bubbles the brain in the cutting solution. 
2.9. Cut the brain into two blocks at the middle of the coronal plane using a surgical knife [1]. Then, move the two brain blocks gently to the flat surface using a surgical spatula [2]. 
2.9.1. ECU: Brain as talent cuts it into two bocks at the middle of the coronal plane using a surgical knife.
2.9.2. CU: Surgical spatula as talent uses it to move the two brain blocks gently to the flat surface.
2.10. Attach the brain blocks of the brain-block base using instant glue [1]. Softly and carefully wipe the fluid from the brain surface within 1 to 2 minutes, using the microfiber cloth [2].
2.10.1. MED or CU: Talent attaches the brain blocks of the brain-block base using instant glue.
2.10.2. CU: Brain as talent softly and carefully wipes the fluid using a microfiber cloth. 
2.11. Then, perform a 3D scan again [1].
2.11.1. CU: Turntable as it rotates during 3D scan. 
2.12. Attach a blade to the blade holder of the vibratome [1].
2.12.1. CU: Blade as talent attaches it to the blade holder of the vibratome.
Author comment: This step should be moved from 2.14 to 2.12.
Of course, a blade should be attached before the slicing starts.
I think we did not record this step on video.
2.13. Attach the black tape covering the center of the brain-block base to the center of the cutting stage for a vibratome [1].
2.13.1. CU: BBB as talent attaches the black tape covering the center to the center of the cutting stage for a vibratome.
2.14. Pour cutting solution into the cutting stage and set the cutting stage on the vibratome [1]. Adjust the cutting speed and amplitude [2]. Make 2 to 5 coronal slices of 300 microns thick from the two brain blocks. Keep the solution in the cutting stage bubbling if possible [3].
2.14.1. CU: Stage as talent pours the cutting solution into the cutting stage and sets the cutting stage on the vibratome.
2.14.2. MED: Talent adjusts the cutting speed.
2.14.3. CU or ECU: Brain on stage with bubbling solution as talent makes the coronal slices.
2.15. Optimize the cutting speed, frequency, and vibration amplitude of the system by setting them as 12.7 millimeter per minute for the speed, 87 to 88 Hertz for the frequency, and 0.8 to 1.0 millimeters for the swing width [1-TXT]. 
2.15.1. SCREEN: To be provided by the authors – Screen capture movie as talent sets he speed to 12.7 millimeter per minute, the frequency to 87 to 88 Hertz, and the swing width to 0.8 to 1.0 millimeters. Authors, please upload this screen capture to your project page. TEXT: Slow speed to level 2 to 3 for careful cutting 
2.16. While cutting the brain slices, record the sliced coordinate in the format, including the anterior-posterior coordinate, hemisphere, and other conditions [1].
2.16.1. LAB MEDIA: Figure 2C – Authors, please upload figure 2C as a separate figure without the “C” label to your project page.
2.17. Gently transfer the brain slices to a beaker filled with pre-warmed ACSF using a thick plastic pipette [1-TXT]. Incubate the brain slices in the beaker at approximately 34 degrees Celsius for 1 hour [2]. 
2.17.1. CU: Brain slices as talent gently transfers them to a beaker filled with pre-warmed ACSF. TEXT: See text for preparing artificial cerebrospinal fluid (ACSF)
2.17.2. MED: Talent places the beaker holding the brain slices into the incubator.
2.18. During this time, perform a 3D scan of the remaining brain blocks on the cutting stage [1].
2.18.1. MED: Talent performs a 3D scan of the brain blocks on the cutting stage.
2.19. Now, set a multielectrode array, or MEA, chip on a recording unit [1]. Connect the chip to a peristaltic pump using two tubes. Use one tube to guide the same ACSF into the MEA chip and the other tube to guide ACSF out of the MEA chip [2].
2.19.1. CU: Recording unit as talent sets the MEA chip on a recording unit.
2.19.2. CU: Chip as talent attaches it to the peristaltic pump using two tubes – to the same ACSF using one tube and to guide the ACSF out of the chip using another tube. 
2.20. Attach two needles, connected at the tips of the two tubes, to the top of the wall of the MEA chip [1]. Fix their positions with their tips following the inner wall of the MEA chip [2]. Set the flow rate of the ACSF to 4.1 rpm [3].
2.20.1. CU: Needles/MEA chip as talent attaches the two needles, connected at the tips of the two tubes, to the top of the wall of the MEA chip. Continue action in next shot.
2.20.2. ECU: MEA as talent fixes the needle positions with their tips following the inner wall of the MEA chip.
2.20.3. [bookmark: _GoBack]
3. MRI Image Processing to Stripe Cortical Surfaces
3.1. Perform MRI data processing to extract cortical volumes as described in the text protocol [1]. To perform MRI image processing, download the 3D Slicer free software [2].
3.1.1. WIDE or MED: Talent works at the computer (appearing to perform the MRI data processing).
3.1.2. MED-over the shoulder: Talent opens the 3D Slicer software.
3.2. Open the MR images of the extracted brains that were produced using the Volume Rendering and Editor modules in the 3D Slicer. Change the mode from Editor to Volume rendering, and click a target button to make the image of the brain come to the center of the screen [1].
3.2.1. LAB MEDIA: 3.2.1.mov – Video editors, the first sentence correlates with the video start and the second sentence starts at ~0.11 seconds.
3.3. Select the MR-T2-brain mode and tune the threshold by moving the Shift bar. Then, move back from Volume rendering to Editor and click the Threshold effect button [1].
3.3.1. LAB MEDIA: 3.3.1.mov – Video editors, the first sentence correlates with the video start and the second sentence starts at ~0.15 seconds. 
3.4. Apply the Label 41 Cerebral cortex. Then, save the brain surface data as an stl file by changing the file format from vtk to stl on the form checklist [1].
3.4.1. LAB MEDIA: 3.4.1.mov – Video editors, the first sentence correlates with the video start. This video can be cropped a bit. The second sentence starts at ~0.30 seconds. 
4. Preprocessing for 3D Scan Data and Coregistration of the MRI Surface and the 3D Scan Surface
4.1. Perform an automatic co-registration among 8 or 16 images taken from 8 or 16 different angles within a sequence of a scan to correct small mismatches. To do so, click Global registration included in the Alignment option, and integrate the images. Repeat scans from different angles to obtain the whole-brain surface [1].
4.1.1. LAB MEDIA: 4.1.1.mp4
4.2. If the integration among images scanned from different angles was not successful, click Manual alignment and select a pair of a Fixed image and a Moving image. Start the manual alignment of the images by selecting three or four common points in different images. Then, click OK. The optimization algorithm is the iterative closest point algorithm and does not include a nonlinear deformation [1].
4.2.1. LAB MEDIA: 421_431_renamed.mp4
4.3. Make a mesh of all the aligned images by selecting all images and clicking the Mesh generation button. Then, select the option Small artistic object to get the mesh at the highest resolution. Save the image as stl binary, or in ASCII (as-key) format [1].
4.3.1. LAB MEDIA: 4.4.1.mp4
4.4. Now, open the MRI surface and merge it with the 3D scan surface using the surface processing software. Perform a manual alignment process, as before. Then, save these coregistered surface images again [1].
4.4.1. LAB MEDIA: 4.5.1.mp4
4.5. If necessary, clean the individual surface data, by erasing small noises surrounding the brain region - especially in the case of the MRI data, and by filling any holes - especially in the case of the 3D scan data [1]. 
4.5.1. LAB MEDIA: 4.6.1.mp4
4.6. Finally, open the surface data with data analysis software, such as MATLAB. Generate and evaluate the histograms of the minimum distances between the two surfaces [1]. 
4.6.1. LAB MEDIA: 4.7.1.mp4



Section – Results
5. Results: Overlapping Accuracy Between MRIs and 3D Scans 
5.1. Distances were evaluated between cortical surfaces produced by stripping MRI volume and surfaces obtained from 3D scans of extracted brains [1]. The mode values of the histogram of the distances are only 55 microns [2]. 
5.1.1. LAB MEDIA: Figure 3A 
5.1.2. LAB MEDIA: Figure 3A – Video editors, please emphasize the 6 vertical lines coming off the top of the plot.
5.2. Additionally, when accumulating the histogram from the point where the distance equals zero [1], the accumulated value reaches 90% of total sample numbers at approximately 300 microns [2]. 
5.2.1. LAB MEDIA: Figure 3B 
5.2.2. LAB MEDIA: Figure 3B – Video editors, please emphasize the dashed vertical line coming down to 300 microns on the x-axis.
5.3. The final histogram of the distances between two surfaces showed a typical peak around 50 microns. From a macroscopic viewpoint, this mode value corresponds to the geometrical limitation, which was 100 microns from the voxel size of MRIs [1]. 
5.3.1. LAB MEDIA: Figure 3A – Video editors, please emphasize the solid blue colored peak at about 50 microns.
5.4. This point indirectly suggests that the overlapping algorithm between the MRI and 3D scan worked superbly well and that the noise levels of both the MRI and the 3D scan were suppressed as a low value [1].
5.4.1. LAB MEDIA: Figure 2AB 



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

6.1. Masanori Shimono: This protocol was the first to apply 3D scanning technology to a bio-organism. The technology was originally utilized for purely engineering demands; applying the technology to medicine can answer new questions [1].

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

6.2. Masanori Shimono: Following 3D scanning, we can use calcium imaging or patch clamp recordings to get complementary knowledge in terms of temporal and spatial resolution, and recordable numbers of cells [1].

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

6.3. Masanori Shimono: The highly accurate overlapping that this protocol provides will make a seamless association between the anatomical spatial scale and the cellular spatial scale more realistic than before [1].

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


 2018, Journal of Visualized Experiments	Page 1 of 11
image1.png




