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A. Microscopy: Does your protocol require JoVE to film through your microscope? N
B. Does your protocol include 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 from the protocol section below will viewers benefit most from having filmed? 
2.4., 3.4., 3.7.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.6.
E. Will the filming need to take place in multiple locations? Y, 2 buildings 400 m apart:
1) Room 8102, 8th Floor, Graduate School of Medical Science & Engineering, KAIST, 291 Daehak-ro, Guseong-dong, Yuseong-gu, Daejeon 

2) Room C501, KI Building (E4), KAIST, 291 Daehak-ro, Guseong-dong, Yuseong-gu, Daejeon 

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the significance of your method to the viewer. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Young Seo Kim: This method provides an alternative to conventional fluorescence labeling and flow cytometry analysis procedures, which are time-consuming, costly, and incur the risk of altering the cellular function of the samples.
1.2. Young Seo Kim: The main advantage of this technique is that three-dimensional refractive index tomography and machine-learning are label-free and quantitative methods that enable a rapid and accurate lymphocyte identification.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Sumin Lee: The implications of this technique extend toward the therapy of blood cancers and autoimmune diseases, as identification of the lymphocytes can be crucial for disease diagnosis and appropriate treatment application.  

1.4. Jiyeon Park: Though this method can provide insight into lymphocyte populations, it can also be applied to the analysis of other single cells of interest, including bacteria.

1.5. Yeongjin Yu: Visual demonstration of this 3D quantitative phase imaging technology is critical, as it facilitates a clear instruction of how to perform the technique and can provide insight into its applications.   

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.6. All animal experimental procedures were performed in accordance with the Animal Protection Act of the Ministry of Agriculture, Food and Rural Affairs and the Laboratory Animal Act of the Ministry of Health and Welfare/Ministry of Food and Drug Safety, and approved by the Institutional Animal Care and Use Committee of the Korea Advanced Institute of Science and Technology (KAIST).
Protocol: (read by voice talent at JoVE)
2. 3D Quantitative Phase Imaging
2.1. Begin by collecting each lymphocyte subset by fluorescence-activated cell sorting [1-WIDE-TXT].
2.1.1. Talent at flow cytometer sorting cells, with flow cytometer monitor visible in frame (TEXT: See text for FACS details)

2.2. For optimal imaging, dilute each cell sample to a concentration of 180 cells/microliter of RPMI medium [1-MED] and slowly inject 120 microliters of the first diluted sample into an imaging chamber [2-CU].

2.2.1. Talent adding solution to cells

2.2.2. Cells being loaded into chamber

2.3. After confirming a lack of bubbles within the chamber [1-CU], place a drop of distilled water onto the objective lens of a 3D quantitative phase microscope [2-ECU] and place the imaging chamber onto the translation stage of the microscope [3-MED].

2.3.1. Shot of chamber without bubbles

2.3.2. Droplet being added to objective

2.3.3. Talent placing chamber onto translation stage

2.4. Adjust the stage so that the sample aligns with the objective lens [1-CU] and click “Focus” and “Surface” in the “Calibration” tab of the “Microscope” perspective of the imaging software [2-MED-over the shoulder] to adjust the axial positions of the objective and condenser lenses, respectively [3-CU].
2.4.1. Stage being adjusted

2.4.2. Talent at computer, clicking Focus and Surface, with monitor visible in frame

2.4.3. Objective and condenser lens positions being adjusted
2.5. Click “Auto Mode” to align the objective and condenser lenses [1-SCREEN]. 
2.5.1. *To be provided by Authors: Auto Mode being clicked 
2.6. To optimize the alignment, open “Scanning Mode” [1-SCREEN] and manually adjust the lenses to align the digital micromirror device pattern to the center [2-MED]. 

2.6.1. *To be provided by Authors: Scanning mode being opened 
2.6.2. Talent adjusting lens(es), with monitor visible in frame as possible

2.7. Then, return to “Normal Mode” and adjust the translation stage to locate a cell in the field-of-view [1-SCREEN].
2.7.1. *To be provided by Authors: Normal Mode being clicked, then cell being located 

2.8. Adjust the axial position of the objective lens to find the focal plane until the sample boundary visualized in the screen is almost invisible [1-SCREEN].
2.8.1. *To be provided by Authors: Axial position being adjusted/sample boundary appearing almost invisible

2.9. Young Seo Kim: “It is important to perfectly adjust the focus of the cell to generate an optimal 3D RI tomogram. If the image is not taken properly, the 3D reconstruction will be impaired, resulting in noisy tomograms.” [1-MED-interview style]
2.9.1. Young Seo Kim, speaking the above interview style (looking just off-camera)
2.10. Adjust the translation stage to find a location without a cell and click “Calibrate” to measure multiple 2D holograms with varying illumination angles [1-SCREEN].
2.10.1.  *To be provided by Authors: Location being shifted to region w/o cell and calibrate being clicked
2.11. Adjust the translation stage to locate a cell at the center of the field-of-view and, under the “Acquisition” tab, name the sample being imaged [1-SCREEN].

2.11.1. *To be provided by Authors: Cell being located at center of FOV. Acquisition tab being clicked, naming the sample being imaged
2.12. Click 3D Snapshot to measure the holograms of the cell using the same illumination angles as for the 2D holograms just measured [1-SCREEN].

2.12.1.  *To be provided by Authors: 3D Snapshot being clicked/holograms being measured
2.13. When the acquired data appears in the “Data Management” panel, right-click the data and click Process to reconstruct a 3D refractive index tomogram from the 2D holograms using the diffraction tomography algorithm implemented in the imaging software [1-SCREEN-TXT].
2.13.1.  *To be provided by Authors: Shot of data in Data Management panel, then data being right clicked, and Process being clicked/3D RI tomogram being reconstructed (TEXT: Repeat measurements for ≥100 cells/lymphocyte subset)

2.14. After imaging, in the “Data Management” panel, right-click on the data and click Open to visualize the data. Click the center of the cell to reposition it and click RI Tomogram on the “Data Manager” panel. On the “Preset” tab, click Load and double click “lymphocyte.xml”, which is a predefined transfer function provided by the imaging software to visualize the tomogram according to the 3D RI distributions. Scroll the mouse to zoom-in and drag the cell to rotate it in any direction.
2.14.1. Added shot and VO *To be provided by Authors: Shot of data in Data Management panel, then data being right clicked, and Open being clicked. Change of display, which visualizes the cell. Click the center of the cell, which repositions the cell. Click RI tomogram and click Load on the Preset tab. When Preset window opens, double click “lymphocyte.xml” file which loads the preset. Scroll the mouse to zoom-in and drag the cell to rotate it in any direction.
3. Quantitative Morphological and Biochemical Feature Extraction and Supervised Learning and Identification
3.1. For quantitative morphological and biochemical feature extraction, place all of the tomographic data in a single folder [1-WIDE] and split the cell types within individual subfolders in the main folder [2-SCREEN].
3.1.1. Talent adding data to folder, with monitor visible in frame

3.1.2. *To be provided by Authors: Data being added to subfolder 

3.2. Next, open the Supplementary Feature Extraction File in the appropriate imaging software and edit line 14 to designate the tomogram folder from which the data is to be extracted [1-SCREEN-TXT].

3.2.1. *To be provided by Authors: Feature Extraction Supplementary File being opened (TEXT: <Supplementary Feature Extraction File link>), then line 14 being edited

3.3. Edit line 15 to designate the folder to which the extracted feature data is to be saved and execute the code [1-SCREEN-TXT].
3.3.1. *To be provided by Authors: Line 15 being edited (TEXT: Optional: Edit line 17 to adjust RI threshold parameters for feature extraction), then code being executed
3.4. For every tomogram in the dataset, the code will calculate the surface area cellular volume, sphericity, protein density, and dry mass per refractive index threshold [1-SCREEN].
3.4.1. *To be provided by Authors: Shot of SA, CV, SI, PD, and DM for one tomogram 
3.5. For supervised learning and identification, use the simple random splitting algorithm in Matlab to randomly split the extracted feature data into separate training and test set folders [1-MED-over the shoulder].
3.5.1. Talent separating data into folders with simple random splitting algorithm in Matlab, with monitor visible in frame
3.6. Open the Supplementary Training File and edit line 14 to designate the training set folder, line 16 to designate the folder for saving the trained classifier, and line 17 to set a file name for the classifier [1-SCREEN-TXT].
3.6.1. *To be provided by Authors: File being opened (TEXT: <Supplementary Training File link>), then line 14 being edited, then line 16 being edited, then line 17 being edited (TEXT: Optional: Edit line 19 to select features for training)
3.7. Then execute the code. Using the selected features of the training set, the code will train a classifier with the k-nearest neighbor algorithm and save the classifier in the designated folder [1-SCREEN-TXT].
3.7.1. *To be provided by Authors: Code being executed, classifier being trained, classifier being saved (TEXT: Monitor classifier performance/cross-validation accuracy)
3.8. Next, open the Supplementary Testing File 3 and edit lines 14-15 to designate the trained classifier to be tested and line 17 to designate the trained test set [1-SCREEN-TXT].
3.8.1. *To be provided by Authors: Supplementary file being opened (TEXT: <Supplementary Testing File link>), then lines 14-15 being edited, then line 17 being edited
3.9. Then execute the code. The classifier will identify the cell types of the individual lymphocytes in the test set [1-SCREEN-TXT].
3.9.1.  *To be provided by Authors: Code being executed, then cell types being identified (TEXT: Monitor identification performance/test accuracy)
4. Results: Representative Label-Free Lymphocyte Subtype 3D Phase Imaging Identification 
4.1. Here representative 3D-rendered refractive index tomograms of B lymphocytes [1-LM], CD4+ T lymphocytes, and CD8+ T lymphocytes with different color schemes [2-LM] allocated according to the refractive index values assigned via the imaging software are shown [3-LM].
4.1.1. 4.1.1. fig2_revised.ai: Video Editor: please emphasize B cell tomogram

4.1.2. 4.1.1. fig2_revised.ai: Video Editor: please emphasize CD4+ T cell tomogram

4.1.3. 4.1.1. fig2_revised.ai: Video Editor: please emphasize CD8+ T cell tomogram
4.2. From the refractive index values, quantitative morphological [1-LM] and biochemical features can be calculated [2-LM].
4.2.1. 4.1.1. fig2_revised.ai: Video Editor: please emphasize SA, CV, and SI data all 3 tomograms
4.2.2. 4.1.1. fig2_revised.ai: Video Editor: please emphasize PD and DM data for all 3 tomograms
4.3. In this experiment, the accuracy of the T and B lymphocyte classification was 93.15% [1-LM] and 89.81% for the training and test cases, respectively [2-LM].
4.3.1. 4.3.1. fig3_A_revised.ai: Video Editor: please outline/emphasize Training data bars
4.3.2. 4.3.1. fig3_A_revised.ai: Video Editor: please outline/emphasize Test data bars

4.4. The CD4+ and CD8+ T lymphocytes were statistically classified [1-LM] and the accuracy was 87.41% and 84.38% for the training and test sets, respectively [2-LM]. 
4.4.1. 4.4.1. fig3_B_revised.ai: Video Editor: please outline/emphasize Training data bars

4.4.2. 4.4.1. fig3_B_revised.ai: Video Editor: please outline/emphasize Test data bars

4.5. Lastly, the accuracy of the multiclass cell type classifier was 80.65% [1-LM] and 75.93% for the training and test stages, respectively [2-LM].
4.5.1. 4.5.1. fig3_C_revised.ai: Video Editor: please outline/emphasize Training data bars

4.5.2. 4.5.1. fig3_C_revised.ai: Video Editor: please outline/emphasize Test data bars
5. Conclusion (said by authors on camera):
5.1. Young Seo Kim: The quality and number of images are essential to the success of the technique. The better the image quality and the higher the volume of data, the better the accuracy of the identification. 
5.2. Young Seo Kim: Deep learning can be used to more completely analyze the complex data of the tomograms, highly enhancing the identification performance. Further, fluorescence and 3D quantitative phase imaging can be used to investigate the pathophysiological roles of the identified lymphocytes.
5.3. Young Seo Kim: After its development, this technique paved the way for researchers in the fields of cell biology and biomedicine to explore specific diseases of interest within different organisms.
5.4. Wei Sun Park: Indeed, immunologists in particular may benefit from using this new technology for identifying specific white blood cell populations of interest.
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
2.5.1. AutoMode.mp4
2.6.1. ScanningMode.mp4
2.7.1. NormalMode.mp4

2.8.1. AxialPositioning.mp4

2.10.1. Calibration.mp4

2.11.1. AcquistionTab.mp4

2.12.1. ImageAcquisition.mp4

2.13.1. Process.mp4

2.14.1. Visualization.mp4
3.1.2. DataAddition.mp4

3.2.1. FeatureExtractionSuppl.Opening.mp4

3.3.1. FeatureExtractionDestination.mp4

3.4.1. Calculations.mp4

3.6.1. Suppl.TrainingOpen.mp4

3.7.1. Training.mp4

3.8.1. Suppl.TestingOpen.mp4

3.9.1. Identification.mp4

4.1.1. fig2_revised.ai
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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 in the email accompanying the finalized script.
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