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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y  
Can you record movies/images using your own microscope camera? Y, images 

2. Does your protocol include software usage? Y all set
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. 
2.6, 2.7, 3.1, 3.2, 3.3, and 3.4
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. 
2.3.1: The talent will wash the fixed cells quickly by pouring the washing solution instead of pipetting to prevent the sample from drying.
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. Atsushi Matsuda: Multicolor microscopy images contain chromatic shifts in three dimensions that impair colocalization analyses of high-resolution images. 

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


1.2. Atsushi Matsuda: It is generally difficult to remove chromatic shifts originated from a biological sample itself. Our method can correct chromatic shifts in the biological sample using separately acquired reference images.

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


Introduction of Demonstrator: (Said by you on camera)


1.3. Atsushi Matsuda: Demonstrating the procedure will be Takako Koujin, a technician from my group. 

1.3.1. INTERVIEW: 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. Sample Preparation for Imaging
2.1. Begin by seeding 2.5 X 105 HeLa cells on a 35-millimeter glass bottom dish [1] and growing them in a carbon dioxide incubator [2]. 
2.1.1. WIDE: Establishing shot of talent seeding the cells. 
2.1.2. Talent putting the dish with cells in the incubator and closing the door. 
2.2. After 24 hours of incubation, replace the medium with 2 milliliters of 3.7% formaldehyde in PBS, mix gently [1], and fix the cells for 15 minutes at room temperature on a rotating platform [2]. 
2.2.1. Talent removing culture medium and adding formaldehyde to the cells and gently mixing them, with the formaldehyde container in the shot. Videographer: Obtain multiple, reusable takes of this shot because it will be reused in 2.5.3.
2.2.2. Cells on the rotating platform. 
2.3. Wash the cells 3 times with 2 milliliters of PBS for 5 to 10 minutes [1], permeabilize them with 2 milliliters of 0.1% Triton X-100 in PBS while rotating [2-TXT], and repeat the washes with PBS [3]. Then, stain the cells using a standard antibody staining protocol as described in the text manuscript [4].  
2.3.1. Talent removing the formaldehyde waste and adding PBS to the cells, with the solution container in the shot and placing them on the rotating platform. 
2.3.2. Talent removing PBS and adding Triton X-100 to the cells and placing them on the rotating platform. TEXT: Rotate for 5 minutes    
2.3.3. Cells on the rotating platform.
2.3.4. Talent removing solution and adding primary and/or secondary antibodies to cells. 

2.4. To obtain a reference image of crosstalk reference for wide-field microscopy [1], add 2 milliliters of 0.5 micrograms per milliliter DAPI to stain the DNA [2]. Leave the cells on the rotating platform for 30 minutes [3], then replace the solution with 100 microliters of mounting medium [4]. Videographer: This step is important!

2.4.1. A shot of a wide-field microscope.
2.4.2. Talent removing PBS and adding DAPI to cells. 
2.4.3. Talent placing the cells on the platform and putting a light shade. 
2.4.4. Talent removing the DAPI and adding mounting medium. 

2.5. To obtain a reference image of biological calibration reference for any kind of microscopy, including confocal [1] and super-resolution microscopy [2], fix the cells as previously described [3] and prepare the stock solution of fluorescent dye-conjugated phalloidin in 1.5 milliliters of methanol [4]. Videographer: This step is important!

2.5.1. A shot of a confocal microscope.
2.5.2. A shot of a super-resolution microscope.
2.5.3. Use 2.2.1.
2.5.4. Talent pretends to prepare the stock solution of phalloidin, with the methanol container in the shot. 

2.6. Add the phalloidin to PBS at a dilution of 1 to 100 for Alexa Fluor 405, 1 to 1,000 for Alexa Fluor 488, and 1 to 200 for Alexa Fluor 594 [1]. Add 1 milliliter of the solution to the cells [2] and incubate them for 30 minutes while rotating [3]. 

2.6.1. Talent adding the phalloidin solution to PBS.
2.6.2. Talent removing PBS and adding the phalloidin solution to the cells. 
2.6.3. Cells on the rotator with a light shade.

2.7. Wash the cells 3 to 5 times with 2 milliliters of PBS [1-TXT], then replace the PBS with 100 microliters of mounting medium [2]. 

2.7.1. Talent removing PBS and adding PBS to cells and put a light shade. TEXT: 10 minutes per wash
2.7.2. Talent adding mounting medium to cells.  

3. Acquisition of Reference Images
3.1. To acquire fluorescence images using wide-field microscopy, place the target sample on the microscope [1]. In the imaging software, open the design and run experiment window, set the appropriate Z-step [2], and select the blue, green, and red channels [3]. In the Run tab, add the image file name and begin imaging [4]. Videographer: This step is difficult and important!
3.1.1. Talent placing the target sample on the microscope and turning on blue excitation light.
3.1.2. SCREEN: P2.1.2_2_Screen Recording 2020-01-10 at 12.10.34.mov. 0:02 - 0:11.  
3.1.3. SCREEN: P2.1.2_2_Screen Recording 2020-01-10 at 12.10.34.mov. 0:11 - 0:24.
3.1.4. SCREEN: P2.1.2_2_Screen Recording 2020-01-10 at 12.10.34.mov. 0:25 - 0:45. Video Editor: You can speed this up as needed, especially after 0:33.
3.2. To acquire crosstalk reference images for measuring chromatic shifts in the sample, select the excitation light only for DAPI and make sure to use the exact same stage position and Z height as for the target sample [1]. 
3.2.1. SCREEN: P2.1.3_2_Screen Recording 2020-01-10 at 12.16.19.mov. 0:31 – 0:45. Video Editor: Speed up after 0:36.  

3.3. Alternatively, to use a bright-field image as a reference, place the target sample on the wide-field microscope [1] and acquire a fluorescence image of the target in blue, green, and red channels [2]. Then, acquire bright field images of the target in blue, green, and red channels at the exact same stage position and using the same Z height [3].

3.3.1. Talent placing the target sample on the microscope and turning on transmission (white) light.
3.3.2. SCREEN: P2.2.2_Screen Recording 2020-01-10 at 11.53.07.mov. 0:07 – 0:22. Video Editor: Speed this up. 
3.3.3. SCREEN: P2.2.3_Screen Recording 2020-01-10 at 11.57.28.mov. 0:34 – 0:50. 
3.4. To acquire fluorescence images using super-resolution microscopy, such as 3D-SIM, place the target sample on the microscope [1] and acquire a fluorescence SIM image of the target in blue, green, and red channels [2]. Then, reconstruct the super-resolved image [3]. Videographer: This step is important!
3.4.1. Talent putting the sample on the 3D-SIM microscope. 
3.4.2. SCREEN: P2.3.2_Screen Recording 2020-01-10 at 14.42.07.mov. 0:00 – 0:08. 
3.4.3. SCREEN: P2.3.2b_recon_Screen Recording 2020-01-10 at 15.20.06.mov. Video Editor: Start from 0:19, speed it up, and use as much as needed to cover VO.  
3.5. Next, place the sample stained with multicolor phalloidin on a 3D-SIM microscope [1] and acquire multiple fluorescence SIM images as the biological calibration reference images at different stage positions, then reconstruct the super-resolved images [2].
3.5.1. Talent placing the sample on the 3D-SIM microscope. 
3.5.2. SCREEN: P2.3.3_Screen Recording 2020-01-10 at 15.11.53.mov. 0:35 – 0:45. Video Editor: Speed this up to match VO. 

4. Correction of Chromatic Shift Using Chromagnon Software 
4.1. Use a web browser to download the newest binary release of Chromagnon [1-TXT], extract the program, and put the executable file in a convenient location [2]. 
4.1.1. SCREEN: P3.1_Screen Recording 2020-01-07 at 16.41.46.mov. TEXT: https://github.com/macronucleus/Chromagnon/releases
4.1.2. SCREEN: P3.2.mac_Screen Recording 2020-01-08 at 13.31.25.mov. 0:03 – 0:11. 
4.2. Drag and drop the reference files of either crosstalk, bright-field or biological calibration references to the “Reference box” or click Reference files to open a file selector dialog [1]. 
4.2.1. SCREEN: P3.3_Screen Recording 2020-01-10 at 17.41.18.mov. 0:00 – 0:14.
4.3. If the program asks to install a Java Development Kit, press yes and navigate to the download page, then download and install the JDK for the operating system as instructed [1].
4.3.1. SCREEN: P3.3_Screen Recording 2020-01-10 at 17.41.18.mov. 0:14 – end.
4.4. Drag and drop the target files of antibody staining in the target box, choose an output image format, and specify the suffix for the output filename. For crosstalk reference images with high signal-to-noise ratio, choose Projection from the choice list of Local align and use a minimum window size of 60 [1]. 
4.4.1. SCREEN: P3.4_3.8_Screen Recording 2020-01-10 at 17.47.14.mov. 0:06 – 0:20.

4.5. For multiple biological calibration reference images, check the average references option and choose None for Local align, then click Run all to start measurements [1]. 

4.5.1. SCREEN: P3.9_3.10_Screen Recording 2020-01-10 at 17.50.23.mov. 0:13 – 0:23.

4.6. To make sure that the measurement was performed correctly, drag and drop the reference images into the “Reference box” and “Target box”, then run the program and verify that the images are perfectly overlapped.

4.6.1. SCREEN: P3.12_Screen Recording 2020-01-10 at 17.53.28.mov. 0:00 – 0:11, then 0:29 – 0:40. Video Editor: Skip or significantly speed up from 0:12 – 0:28.





Section – Results
5. Results: Chromatic Shift Correction with Chromagnon
5.1. Chromatic shift correction in wide-field microscopy can be performed using a crosstalk reference image. This image was obtained with a wide-field microscope equipped with a single camera [1]. 
5.1.1. LAB MEDIA: Figure 5.
5.2. Fluorescence emission from DAPI was used as a reference to correct the blue, green, and red channels [1]. After alignment with Chromagnon, the chromatic shift in the reference image was corrected. [2]
5.2.1. LAB MEDIA: Figure 5. Video Editor: Zoom in on A and B.  
5.2.2. LAB MEDIA: Figure 5 A and B. Video Editor: Emphasize the structures to which the arrowheads are pointing in A and B.
5.3. When the alignment parameter was applied to the target image by Chromagnon [1], the DNA in the anaphase bridge, which is seen incorrectly outside of the nuclear envelope before alignment [2], appears as expected inside the envelope [3].
5.3.1. LAB MEDIA: Figure 5 C and D.
5.3.2. LAB MEDIA: Figure 5 C and D. Video Editor: Emphasize the structures to which the arrowheads are pointing in C.  
5.3.3. LAB MEDIA: Figure 5 C and D. Video Editor: Emphasize the structures to which the arrowheads are pointing in D.
5.4. Chromatic shift correction of a 3D-SIM image can be performed using a biological calibration reference image [1]. Three 3D-SIM images of HeLa cells stained with phalloidins conjugated to blue, green, and red dyes were averaged and the chromatic shift was measured by Chromagnon. After alignment, the chromatic shift in the reference image was corrected. [2]
5.4.1. LAB MEDIA: Figure 6.
5.4.2. LAB MEDIA: Figure 6 A and B. 
5.5. The alignment parameter was applied to a target image [1]. The XZ view shows incorrect channel position along the Z, and slightly along the X directions [2], which was corrected after alignment [3].
5.5.1. LAB MEDIA: Figure 6 C and D. 
5.5.2. LAB MEDIA: Figure 6. Video Editor: Emphasize A and C. 
5.5.3. LAB MEDIA: Figure 6. Video Editor: Emphasize B and D. 



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Atsushi Matsuda: For best performance, it is important to obtain reference images under the same conditions and timing as the target images. 

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B. roll: 3.4.1.  
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