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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
Can you record movies/images using your own microscope camera? Y
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)
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.
Yes. The software is ‘Xsys FP ver2.1’.

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.)
2.3, 2.7, 2.8, 2.9, 3.2, 3.5

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.)
2.8: Adjusting the sample without making bubbles. When using DW as a mounting medium (as X. japonica in the manuscript and filming), make sure that the sample is stable in the tip. When using agarose as a mounting medium (as Harmothoe sp. in the manuscript and filming), make sure that the sample does not look unnatural/crooked in the agarose.
3.2: Fine adjusting the orientation of the sample while looking at the X-ray transmission image on the screen, so that the body axis is vertical.

5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

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


1.1. Hiroaki Nakano: MicroCT has not been widely applied to marine invertebrates, due to their diversity in morphology. Our method enables easy mounting of samples at any angle suited for its morphology [1].
1.1.1. INTERVIEW

1.2. Hiroaki Nakano: It can be performed with common material such as tubes, water, and clay, and is applicable to samples with a variety of shapes, from a long worm to a round ball [1]. 
1.2.1. INTERVIEW


Introduction of Demonstrator: (Said by you on camera)

1.3. Hiroaki Nakano: Demonstrating the procedure will be Akiteru Maeno, a technician at the National Institute of Genetics, Japan [1] [2].
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.




Section - Protocol
2. Stage Mounting
2.1. To begin, prepare 0.5% agarose by dissolving 500 milligrams of agarose in 100 milliliters of distilled water in a 250-milliliter conical flask [1], and place the flask in a microwave at the power of 800 Watts to heat about 1 to 3 minutes [2-TXT]. Cool the flask at room temperature [3].
2.1.1. MED: Talent adds powder into water in a flask.
2.1.2. MED: Talent places the flask in a microwave and starts. TEXT: CAUTION: Do not overheat or completely seal to prevent boiling over.
2.1.3. MED: Talent takes out the flask from the microwave.
2.2. To mount large samples that does not fit in a 1000 microliter micropipette ‘blue’ tip such as A. equina (pronounce as A. e-qu-I-na), first place the stained sample in a 60-millimeter dish with distilled water to wash off excessive staining solution from the surface [1].
2.2.1. CU: Talent places the large sample in DI water in a dish.
2.3. In a 50-milliliter tube, gently pour 5 milliliters of 0.5% agarose without making bubbles [1]. Place the tube on ice to harden the agarose [2]. Then, add 20 milliliters of 0.5% agarose to the tube, place on ice until the agarose begins to harden, and use forceps to place the specimen within the agarose. Adjust the position of the specimen so that its body axis is vertical [3].
2.3.1. CU: Talent pours agarose into a 50-mL tube. Close up of the agarose showing no bubbles. Author comment: Take 3.
2.3.2. MED: Talent places the tube on ice.
2.3.3. MED: Talent adds agarose to the hardened agarose, place on ice until the agarose begins to harden, and places the specimen in it. Author comment: Take 2.
A: CU: Talent adjusts the position of the specimen. Important step. Video editor: Place a vertical straight line on the specimen’s body to show the body axis is vertical.
2.4. Harden the agarose on ice [1]. Place clay on the microCT (pronounce as micro-C-T) mounting stage [2-TXT] and set the 50-milliliter tube on the clay [3].
2.4.1. MED: Talent places the tube on ice.
2.4.2. MED: Talent places clay on the mounting stage. TEXT: microCT: microfocus X-ray computed tomography
2.4.3. CU: Talent places the tube on the clay.
2.5. To mount small samples that fit in a 1000 microliter micropipette ‘blue’ tip such as Harmothoe sp. (pronounce as Har-mo-THO-e s-p) and X. japonica (pronounce as X. - japonica) [1], decant the stained sample into a 60-millimeter dish without using forceps [2].
2.5.1. CU: Talent shows two tubes with samples.
2.5.2. MED: Talent decants the sample into a dish.
2.6. With ring tweezers, gently transfer the samples into another 60-millimeter dish filled with distilled water to wash off excessive staining solution from the surface [1].
2.6.1. CU: Talent uses tweezers to transfer samples into another dish with distilled water. 
2.7. Next, draw up 100 microliters of 0.5% agarose into a 1000 microliter micropipette ‘blue’ tip and place it on ice to harden [1]. When handling Harmothoe sp., add 1000 microliters of 0.5% agarose onto the agarose plug in the tip [2]. Use ring tweezers to gently transfer Harmothoe sp. from the 60-millimeter dish into the agarose solution in the tip [3].
2.7.1. MED: Talent draws agarose into a tip.
A: CU: Talent holds the tip over ice so that the agarose inside hardens, to prevent the agarose from going out of the tip when the tip is removed.
2.7.2. ECU: Talent adds 1000 microliters of agarose into the tip. Close up of the agarose and solution in the tip.   Author comment: 2.7.2-2.8.1 were shot in a single shot.
2.7.3. CU: Talent transfers Harmothoe sp. into the tip. Close up of the Harmothoe sp. in the tip. Important step.
2.8. With a petiolate needle or precision tweezers, adjust the position and orientation of the Harmothoe sp. so that the chaetae are not bent unnaturally [1]. Make sure no bubbles are present and then place the tip on ice to harden the agarose [2].
2.8.1. ECU: Talent adjusts the position of Harmothoe sp. in the tip. Videographer: Take multiple shots, as this will be used later. Important step.  Video editor: emphasize the bristle, showing they are not bent.
2.8.2. MED: Talent shows the tip with no bubbles and places it on ice.
2.9. When handling fragile samples like X. japonica, use a micropipette to add 1000 microliters of distilled water into the ‘blue’ tip with hardened agarose plug [1].  Position the X. japonica in the distilled water so that it is stable between the walls of the tip [2]. For smaller samples, 200 microliter micropipette ‘yellow’ tip can be used. In this case, use 30 microliters of agarose for the plug and add 200 microliters of agarose or distilled water.
2.9.1. ECU: Talent adds DI water into the tip. Close up of the tip.
2.9.2. ECU: Talent adjusts the position of X. japonica. Important step.
2.10. Next, cut the tip off a new 1000 microliter micropipette ‘blue’ tip and insert the tip of the plugged tip into the new tip [1]. Place clay on the microCT mounting stage and set the tips with the sample inside on the clay [2].
2.10.1. MED: Talent cuts the tip off of a new tip. 
A: CU: Talent inserts the plugged tip into the new tip.
2.10.2. MED: Talent places clay on the mounting stage and places the tips inside the clay.
3. MicroCT Scanning
Videographer comment: For the screen shots, the screen captures have been uploaded but we shot these with the talent working on the computer as well. There are some times that the sample moves inside the device.
3.1. Promptly after mounting the samples, turn on the X-ray beam at 80 kilovolts and 100 microAmps [1]. While observing the X-ray transmission image, move the stage so that the whole sample can be seen by clicking on the X and Z axis buttons and by manually adjusting the Y axis knob on the mounting stage [2] [3]. 
3.1.1. MED: Talent turns on the X-ray beam.
3.1.2. SCREEN: Talent shows the X-ray image, and clicks X and Z axis buttons.
3.1.3. MED: Talent adjusts the stage. Focus on the mounting stage and the hand. Video editor: Use the shot as an inset.
3.2. Adjust the contrast conditions of the image so that the internal structures can be observed [1]. Adjust the orientation of the sample by changing the angle of the tube in the clay [2]. Rotate the stage 90° by setting the rotation axis to 90 and clicking on the relative movement button [3].
3.2.1. SCREEN: Talent adjusts the contrast.
3.2.2. CU: Talent adjusts the orientation of the sample. Important step.
3.2.3. SCREEN: Talent sets the rotation axis to 90 and clicks on movement button.
3.3. Perform the same maneuver four times to complete a full rotation [1]. Manually turn off the X-ray beam each time the sample door is opened, unless the system turns it off automatically [2].
3.3.1. SCREEN: Talent completes a full rotation by rotating 3 more times.
3.3.2. MED: Talent turns off the X-ray beam when the door opens.
3.4. Now click on the Z axis button and manually adjust the Y axis knob to move the mounting stage so that the sample is at the center of the view [1] [2]. Turn the stage by 90° and adjust the sample to the center again [3]. Turn the stage 90° three more times and adjust as needed to be sure that the sample is at the center of the view from all directions [4].
3.4.1. SCREEN: Talent clicks on Z axis button to adjust the view.
3.4.2. MED: Talent adjusts the Y axis knob on the mounting stage. Focus on the mounting stage and the hand. Video editor: Use the shot as an inset.
3.4.3. SCREEN: Talent turns the stage 90 degrees and adjusts the view to the center.
3.4.4. SCREEN: Talent turns the stage 90 degrees 3 more times and adjusts as needed.
Author comment: Since these three steps (3.4.1-3.4.3) cannot be separated, they were screen-captured in a single file ‘59161_3.4.1to3_t1.mp4’.
0-8 sec.: step 3.4.1
9-40 sec.: step 3.4.2
40sec.-1min. 38 sec.: step 3.4.3 (including the same actions as step 3.4.1 and step 3.4.2)
3.5. Next, click on the X axis button to move the stage along the x-axis toward the X-ray beam source to enlarge the sample and adjust as needed so that it just fits in the view [1]. Turn the stage and adjust as needed to be sure that the sample fits within view from all directions [2].
3.5.1. SCREEN: Talent clicks on the X axis and adjust as needed using the Y axis knob.
3.5.2. SCREEN: Talent turns the stage to check the sample fits within view from all directions and adjusts as needed. Important step.
Author comment: 3.5.1-3.5.2 were shot in a single shot.
Concerning the screen capture file 59161_3.5.1_t1.mp4:
0-15 sec.: Talent clicks on the X axis.
15-40 sec.: Talent adjusting as needed (same actions as step 3.4.2)
Concerning the screen capture file 59161_3.5.2_t1.mp4:
0-15 sec.: Talent turning the stage and adjusting as needed (same actions as step 3.4.2)
15-51 sec.: Talent turning the stage to check that the sample fits in view from all directions, and making final adjustments using the X axis button.
3.6. Adjust the scanning conditions and then start scanning [1].
3.6.1. SCREEN: Talent adjusts scanning conditions, and starts.
3.6.1 A Shot of screen because the pop-up menus do not show up in the screen captures.



Section – Results
4. Results: Scanned and Reconstructed Images of Marine Invertebrates
4.1. In this experiment, microCT imaging was performed on A. equina (pronounce as Ac-TI-nia e-qu-I-na) [1], Harmothoe sp. (pronounce as Har-mo-THO-e s-p) [2], and X. japonica (pronounce as Xeno-tur-BE-lla japonica) after staining with 25% Lugol solution [3].
4.1.1. Figure 6 – Video editor: emphasize A&B
4.1.2. Figure 6 – Video editor: emphasize C-E
4.1.3. Figure 6 – Video editor: emphasize F&G
4.2. The staining successfully enhanced the contrast of the internal structures in all specimens, enabling observations of internal soft tissues [1]. This method is applicable to fragile specimens even with external damage as can be seen from the X. japonica specimen with badly damaged epidermis [2].
4.2.1. Figure 6
4.2.2. Figure 6 – Video editor: emphasize F&G
4.3. A single high-resolution dataset of a whole specimen was reconstructed for Harmothoe sp. and X. japonica from multiple scans performed on different but overlapping parts of the specimen [1].
4.3.1. Figure 6 – Video editor: emphasize C&F




Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Hiroaki Nakano: Make sure to set the sample in the tube or tip and mount the tube or tip in the microCT so that it does not move during scanning [1] [2].
5.1.1. Use 2.8.1.
5.1.2. INTERVIEW
5.2. Hiroaki Nakano: The data obtained from this procedure can be used for 3D image reconstructions, enabling the researcher to fully understand both the internal and external morphology of the sample [1].
5.2.1. [bookmark: _GoBack]INTERVIEW
5.3. Hiroaki Nakano: All microCT systems use X-rays, but specifics may be different from one system to another, so please make sure to closely follow the instructions of each system [1].
5.3.1. INTERVIEW
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