[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 65615
Scriptwriter Name: Nilesh Kolhe
Project Page Link: https://review.jove.com/account/file-uploader?src=20012623


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Title: Rapid Setup of Tissue Microarray and Tiled Area Imaging on the Multiplexed Ion Beam Imaging Microscope Using the Tile/SED/Array Interface 


Landing Page Title (not for video use): Accelerating MIBI Run Setup Using TSAI

☒   The Landing Page Title is correct. (Character limit with spaces: 80)


Authors and Affiliations: Hadeesha Piyadasa1*, Benjamin Oberlton1,2*, Alex Kong1*, Christine Camacho Fullaway1, Sricharan Reddy Varra1, Cameron Sowers1, Albert G Tsai1

[bookmark: OLE_LINK50][bookmark: OLE_LINK51]1Department of Pathology, Stanford University
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]2Immunology Graduate Program, Stanford University

*These authors contributed equally to this work.


☒   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]Albert G Tsai	agt@stanford.edu

Email Addresses for All Authors: 
agt@stanford.edu
piyadasa@stanford.edu
boberlto@stanford.edu
alkong@stanford.edu
cccamach@stanford.edu
srivarra@stanford.edu
csowers@stanford.edu

Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Not applicable.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

[bookmark: Text5]3. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: MM/DD/YYYY

DO NOT use this draft script for filming. Please wait until your script is finalized to begin the filming process. 

When you are ready to submit your video files, please contact our Content Assistant, Utkarsh Khare. 

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps: 22
Number of Shots: 45 

Interviews 
1. [bookmark: _Hlk138956231]Video 1: Author Spotlight: 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer at least 3 of the questions below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud.
· Limit the length of each statement to 50 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

What is the scope of your research? What questions are you trying to answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What technologies are currently used to advance research in your field?
1.3. A. Tsai: Multiplexed ion beam imaging, or MIBI, is a technique to image protein expression in histologic tissues across dozens of proteins simultaneously. Using MIBI, researchers can identify, locate, and characterize cells in their native tissue environments.
What are the current experimental challenges?
1.4. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.

What significant findings have you established in your field?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.

What research gap are you addressing with your protocol?
1.6. A. Tsai: A key bottleneck in MIBI instrument operation is setting up fields of view, or FOVs, for imaging. FOVs are 200 x 200 μm2 to 800 x 800 μm2 areas on the slide which users position to cover tissue regions of interest. Positioning FOVs for large, contiguous areas of tissue and large tissue microarrays is unwieldy for the manufacturer’s interface.

What advantage does your protocol offer compared to other techniques?
1.7. A. Tsai: We developed the tile/SED/array Interface (TSAI) to help users rapidly position large numbers of FOVs using an intuitive, interactive graphical interface.
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What research questions will your laboratory focus on in the future?
1.10. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.



Protocol Videos 
Each video will include a section of your protocol and accompanying results, if applicable. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration. Professional voiceover artists will narrate the video. 
· Red and italics are pronunciation guides (how the word will be spoken).
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product from that step in advance.
Protocol:
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that you/your videographer will capture. 
Representative Results: 
· The three-digit numbers (e.g., 2.3.1., 2.3.2.) are the figures/tables from your manuscript. These will not be recorded by the videographer.
· Please review the result section to make sure it logically follows the video.
· Please note that the video cannot include voiceover without an accompanying visual.

2. Video 2: Optical Image-Stage Motor Coregistration and Tiled SED Scan Setup for Tile/SED/Array Interface (TSAI)
Demonstrator: Tsai, Albert
Protocol
2.1. To begin, open the TSAI web user interface in the web browser [1-TXT]. Open the Optical Coregistration menu and click Copy Automatic Registration Code to Clipboard [2].	Comment by Nilesh Kolhe: Authors: How should JoVE voiceover talent pronounce TSAI? Kindly confirm.	Comment by Albert Tsai: https://www.howtopronounce.com/tsai
The TS sound is like the TZ in seltzer. The AI sound is like “aye” in aye aye, captain.
2.1.1. WIDE: Establishing shot of talent opening the TSAI web user interface with monitor/screen visible in the frame. TXT: TSAI: Tile/SED/Array Interface
2.1.2. SCREEN: Opening the Optical Coregistration menu and clicking Copy Automatic Registration Code to Clipboard.
JoVE65615_2_coregistration.mov: 0:05

Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://review.jove.com/account/file-uploader?src=20012623

2.2. Open the MIBI (M-I-B-I) user control interface in the web browser. Press Ctrl+Shift+J (control-plus-shift-plus-J) to open the browser console, or right-click on the page and click Inspect. Then, open the Console tab [1-TXT].	Comment by Nilesh Kolhe: Authors: Please confirm that the pronunciation guides (red italics fonts) for MIBI and Ctrl+Shift+J are correct. Also, which method (PressingCtrl+Shift+J or via clicking Inspect, then navigating to the Console tab) will be used for accessing console tab. We can mention both the methods in the manuscript but can show only one in the video. 	Comment by Albert Tsai: MIBI is pronounced in a way that rhymes with Quibi, the defunct streaming service. Ctrl+Shift+J is what is shown in the video.
2.2.1. SCREEN: Opening the MIBI user control interface in the web browser and pressing Ctrl+Shift+J to open the browser console OR right-clicking on the browser page, then clicking Inspect, and navigating to the Console tab. TXT: MIBI: Multiplexed Ion Beam Imaging
JoVE65615_2_coregistration.mov: 0:07-0:09

2.3. Paste the code into the console and click Enter [1]. Click the link generated in the console to load the coregistration into the TSAI web user interface. Save the coregistration as a cookie [2].
2.3.1. SCREEN: Pasting the code into the console and click Enter.
JoVE65615_2_coregistration.mov: 0:09-0:11
2.3.2. SCREEN: Clicking the link generated in the console and shot of coregistration. Then, saving the coregistration.
JoVE65615_2_coregistration.mov: 0:18-0:19

Tiled SED Scan
2.4. Drag and drop the optical image .png (dot-p-n-g) and .json(dot-J-S-O-N)  files onto the TSAI web user interface [1-TXT]. Open the SED (S-E-D) Tiler menu and click on a text box in the top row [2-TXT].	Comment by Nilesh Kolhe: Authors: Please confirm that the pronunciation guides (red italics fonts) for .png, .json, and SED are correct. 	Comment by Albert Tsai: Yes, dot P-N-G is fine. JSON is usually pronounced like “jay sawn.” 
2.4.1. SCREEN: Dragging and dropping the .png and .json files onto the TSAI web. TXT: Images are tiled SED scans of tonsil sections
JoVE65615_3_tiled_sed_tma.mov: 0:05-0:06
or JoVE65615_5a_tile_sed_tonsil.mov: 0:03-0:06
2.4.2. SCREEN: Opening the SED Tiler menu and clicking on a text box in the top row. TXT: SED: Secondary Electron Detector
JoVE65615_3_tiled_sed_tma.mov: 0:08-0:11
or JoVE65615_5a_tile_sed_tonsil.mov: 0:08-0:13

2.5. [bookmark: OLE_LINK24][bookmark: OLE_LINK25]Click ( drag) on the optical image to select the top left corner for the SED scan [1]. Press the D key or click on a text box in the second row of the SED Tiler menu [2]. Click ( drag) on the optical image to select the bottom right corner for the SED scan [3].	Comment by Nilesh Kolhe: Authors: How should JoVE voiceover talent pronounce (± drag) ? Please confirm.	Comment by Albert Tsai: “And drag” should be fine.	Comment by Nilesh Kolhe: Authors: Which action ( Pressing D key or clicking on a text box) will be performed? We can mention both the methods in the manuscript but can show only one in the video. 	Comment by Albert Tsai: Pressing D is what is shown in the video.
2.5.1. SCREEN: Clicking + or – on the image to select the top left corner for the SED scan.
JoVE65615_3_tiled_sed_tma.mov: 0:16
or JoVE65615_5a_tile_sed_tonsil.mov: 0:20
2.5.2. SCREEN: Pressing the D key or clicking on a text box in the second row of the SED Tiler menu.
JoVE65615_3_tiled_sed_tma.mov: 0:17
or JoVE65615_5a_tile_sed_tonsil.mov: 0:21
2.5.3. SCREEN: Clicking + or – on the image to select the bottom right corner for the SED scan.
JoVE65615_3_tiled_sed_tma.mov: 0:18-0:21
or JoVE65615_5a_tile_sed_tonsil.mov: 0:22-0:30

2.6. In the SED Tiler menu, click Copy SED scan and Shift Correction Code to Clipboard [1].
2.6.1. SCREEN: In the SED Tiler menu, clicking Copy SED scan and Shift Correction Code to Clipboard
JoVE65615_3_tiled_sed_tma.mov: 0:26
or JoVE65615_5a_tile_sed_tonsil.mov: 0:36

2.7. Next, open the MIBI user control interface in the web browser [1]. Paste the code into the console and click Enter [2].
2.7.1. SCREEN: Opening the MIBI user control interface in the web browser.
JoVE65615_3_tiled_sed_tma.mov: 0:28
or JoVE65615_5a_tile_sed_tonsil.mov: 0:41 – note blooper, wrong tab was opened from 0:38-0:41 
2.7.2. SCREEN: Pasting code into the console and clicking Enter.
JoVE65615_3_tiled_sed_tma.mov: 0:31-0:41
or JoVE65615_5a_tile_sed_tonsil.mov: 0:43-0:59

2.8. Adjust the MIBI into SED mode on the QC (Q-C) – 300-micrometer setting and move to an area that will not be acquired [1]. Then, adjust the gain, focus, and stigmation [2]. Press Shift+T (shift plus T) to start the tiled SED scan [3].	Comment by Nilesh Kolhe: Authors: This sign '–' corresponds to a Hyphen or Minus? Kindly confirm. Also, do you want JoVE voiceover talent to pronounce '–' in VO narration?	Comment by Albert Tsai: The ‘-‘ is a hyphen and is not pronounced. We usually pronounce this setting like “kew see three hundred” and do not say micrometer.	Comment by Nilesh Kolhe: Authors: How will you adjust the gain, focus, and stigmation? Will any specific keys from the keyboard be pressed to adjust these parameters? Kindly confirm. 	Comment by Albert Tsai: These are not shown in the video, but in the manufacturer interface there are buttons for the machine to detect and set them by itself. Under the “Gain” menu, click “Auto.” Then under the “Focus” menu, click “Auto.” Then under the “Stigmation” menu click “Auto.”
2.8.1. SCREEN: MIBI is adjusted into SED mode on the QC– 300 μm setting, and the area that will not be acquired is focused.
JoVE65615_3_tiled_sed_tma.mov: 0:43-0:55
or JoVE65615_5a_tile_sed_tonsil.mov: 1:00-1:13
2.8.2. SCREEN: Adjusting the gain, focus, and stigmation of the SED image.
JoVE65615_3_tiled_sed_tma.mov: 0:56-1:10
or JoVE65615_5a_tile_sed_tonsil.mov: 1:23-1:35
2.8.3. SCREEN: Pressing Shift+T to start the SED scan.
JoVE65615_3_tiled_sed_tma.mov: 1:11-1:12
or JoVE65615_5a_tile_sed_tonsil.mov: 1:41-0:44

2.9. Upon completion, the system automatically saves a new .png file of the tiled SED image [1]. 
2.9.1. SCREEN: Showing the saved.png file from the folder. 
JoVE65615_3_tiled_sed_tma.mov: 3:41-3:45
or JoVE65615_5a_tile_sed_tonsil.mov: 8:23-8:28

2.10. Next, inspect the tiled SED scan for large misalignments [1]. When titled SED is adequate, press Escape and return to the TSAI web user interface [2].
2.10.1. SCREEN: Inspecting the tiled SED scan for misalignments. 
JoVE65615_3_tiled_sed_tma.mov: 3:46-3:52
or JoVE65615_5a_tile_sed_tonsil.mov: 8:28-8:37
2.10.2. SCREEN: Escape is pressed, and a shot of the screen showing the TSAI web UI page.
JoVE65615_3_tiled_sed_tma.mov: 3:53-4:08
or JoVE65615_5a_tile_sed_tonsil.mov: not shown

2.11. Drag and drop the tiled SED .png file onto the TSAI web user interface [1]. Click on the SED tab and adjust the zoom [2]. Use the slide options menu above the SED image to adjust brightness and contrast [3] or line thickness and cursor size [4].
2.11.1. SCREEN: Dragging and dropping the tiled SED .png file onto the TSAI web UI.
JoVE65615_4_tma.mov: 0:07-0:08
2.11.2. SCREEN: Clicking on the SED tab and adjusting the zoom.
JoVE65615_3_tiled_sed_tma.mov: 0:13-0:24
2.11.3. SCREEN: Adjusting SED image brightness and contrast.
JoVE65615_3_tiled_sed_tma.mov: 0:31-0:33
2.11.4. SCREEN: Adjusting SED image line thickness and cursor size.
JoVE65615_3_tiled_sed_tma.mov: 0:28-0:30 

Representative Results
2.12. A properly tiled SED image shows minimal misalignments between SED tiles [1]. In contrast, the suboptimal setup results in large misalignments between SED tiles [2].
2.12.1. LAB MEDIA: Figures 3A and B
2.12.2. LAB MEDIA: Figures 3C and D

3. Video 3: Optimizing Tissue Microarrays and Area/Polygon Tiles for Efficient Large-Scale Imaging
Demonstrator: Click here to enter name of demonstrator(s)
Protocol
3.1. For setting field of views or FOVs (F-O-vees) for a grid of Tissue Microarray or TMA (T-M-A) spots, open a tiled SED image [1]. In the relevant tile of the Tiles column, adjust the columns and rows [2]. Then, check or uncheck the boxes in the map [3-TXT].	Comment by Nilesh Kolhe: Authors: Please confirm that the pronunciation guides (red italics fonts) for FOVs and TMA are correct. 	Comment by Albert Tsai: Yes, both are correct.	Comment by Nilesh Kolhe: Authors: How should JoVE voiceover talent pronounce check/uncheck? Check or uncheck or check and uncheck? Kindly confirm.	Comment by Albert Tsai: Check or uncheck is good.
3.1.1. WIDE: Talent opening a tiled SED image with monitor/screen visible in the frame. 
3.1.2. SCREEN: In the relevant tile of the Tiles column, adjusting the columns and rows.
JoVE65615_3_tiled_sed_tma.mov: 0:45-0:46
3.1.3. SCREEN: Checking or unchecking the boxes in the map. TXT: Adjust the other FOV settings as necessary
JoVE65615_3_tiled_sed_tma.mov: 0:47-0:48

3.2. In the relevant tile, click TMA to open the TMA options menu [1]. Set the number of rows and columns of TMA spots [2]. If necessary, add a naming prefix and edit the starting row and column numbering [3].
3.2.1. SCREEN: In the relevant tile, clicking on TMA and a shot of the TMA options menu.
JoVE65615_3_tiled_sed_tma.mov: 0:49
3.2.2. SCREEN: Setting the number of rows and columns of TMA spots.
JoVE65615_3_tiled_sed_tma.mov: 0:50-0:51
3.2.3. SCREEN: Adding a naming prefix and editing/setting the starting row and column numbering.
JoVE65615_3_tiled_sed_tma.mov: not adjusted but options are shown in menu

3.3. On the slide image, click on the four corners of the TMA [1]. Then, click and drag the circled corners to adjust the positioning of the crosshairs to best match the TMA spots [2]. 
3.3.1. SCREEN: On the slide image, clicking on the four corners of the TMA.
JoVE65615_3_tiled_sed_tma.mov: 0:52-1:00
3.3.2. SCREEN: Clicking and dragging the circled corners of the image and matching them with the TMA spots.
JoVE65615_3_tiled_sed_tma.mov: 1:05-1:12

3.4. Next, from the TMA options menu, click Build TMA [1]. 
3.4.1. SCREEN: From the TMA options menu, clicking Build TMA.
JoVE65615_3_tiled_sed_tma.mov: 1:14

3.5. To check the tile’s positioning, hover over each tile in the tile's column [1]. Click Move to adjust the tile’s positioning. Then, click and drag on the slide image [2-TXT].
3.5.1. SCREEN: Hovering over tiles in the tile's column.
JoVE65615_3_tiled_sed_tma.mov: 1:15-1:16
3.5.2.  SCREEN: Clicking Move and adjusting the tile’s positioning. Then, clicking and dragging on the slide image. TXT: Alternatively, press the keyboard arrow keys
JoVE65615_3_tiled_sed_tma.mov: 1:31-1:36 click and drag
JoVE65615_3_tiled_sed_tma.mov: 1:42-1:49 keyboard arrow keys

Area/Polygon Tile
3.6. For setting FOVs to cover a contiguous area of tissue, first adjust FOV settings in the relevant tile of the tile’s column [1].	Comment by Nilesh Kolhe: Authors: Please confirm that voiceover narration and shot description for this step is correct. 	Comment by Albert Tsai: In the video the settings are not adjusted as they are already correct. The video can be paused to show the settings for FOV (μm), Raster size (pixels), Spot size, Dwell (ms), and Depth.
3.6.1. SCREEN: Opening FOV adjusted tiled TMA image. 
JoVE65615_5b_polygon.mov: 0:17, settings not adjusted but shown in top right shaded box

3.7. In the relevant tile, click Polygon to cover a contiguous area of tissue [1]. Then, click on the slide image to set the vertices and corners of the area to be tiled [2]. Double-click to close the Polygon and cover the area with FOVs [3].	Comment by Nilesh Kolhe: Authors: How should JoVE voiceover talent pronounce vertices/corners? Vertices and corners or vertices or corners? Kindly confirm.	Comment by Albert Tsai: Vertices or corners is good.
3.7.1. SCREEN: Clicking Polygon to cover a contiguous area of tissue.
JoVE65615_5b_polygon.mov: 0:21
3.7.2. SCREEN: Clicking on the slide image and setting the vertices and corners of the area to be tiled.
JoVE65615_5b_polygon.mov: 0:23-0:33
3.7.3. SCREEN: Double-clicking on the slide image and shot of the area covered with FOVs.
JoVE65615_5b_polygon.mov: 0:34

3.8. Scroll to the bottom of the tile column and click the ≡ button in the new polygon tile to see the tile map [1]. To toggle individual tiles ON or OFF, click on the tile map or click Clicker, then click on the tiled FOVs in the slide image [2].	Comment by Nilesh Kolhe: Authors: How should JoVE voiceover talent pronounce '≡'? Please confirm. 	Comment by Albert Tsai: In computer parlance they call it “hamburger.” If that seems too confusing then “three stacked lines” might be clearer.	Comment by Nilesh Kolhe: Authors: Which method (by clicking on the tile map or clicking Clicker ) will be used to toggle individual tiles. We can mention both the method in the manuscript but can show only one in the video.	Comment by Albert Tsai: Clicking “Clicker” and clicking on the tired FOVs is what is shown in the video.
3.8.1. SCREEN: Scrolling to the bottom of the tile's column, then clicking the ≡ button and screen showing a tile map.
JoVE65615_5b_polygon.mov: 0:37 
3.8.2. SCREEN: Toggling individual tiles ON or OFF by clicking on the tile map OR clicking Clicker and then clicking on the tiled FOVs in the slide image.
JoVE65615_5b_polygon.mov: clicker is shown later

3.9. Click on Eraser to toggle off multiple FOVs. Then click and drag on the tiled FOVs in the slide image [1]. To toggle on multiple FOVs, click on Clicker. Then click and drag on the empty areas in the slide image covered by the tile map [2].
3.9.1. SCREEN: Clicking Eraser to toggle off multiple FOVs, then clicking and dragging on the tiled FOVs in the slide image.
JoVE65615_5b_polygon.mov: 0:38-1:02
JoVE65615_5b_polygon.mov: 1:13-1:19
3.9.2. SCREEN: Clicking Clicker to toggle on multiple FOVs, then clicking and dragging on the empty areas in the slide image.
JoVE65615_5b_polygon.mov: 1:03-1:11
JoVE65615_5b_polygon.mov: 1:20-1:30

3.10. To insert the rows above, click the ▲ button [1]. Click the ◄ button to insert columns to the left [2]. 	Comment by Nilesh Kolhe: Authors: How should JoVE voiceover talent pronounce ▲and ◄ these symbols. Kindly confirm. 	Comment by Albert Tsai: Up arrow and left arrow should be good.
3.10.1. SCREEN: Clicking ▲ button to insert rows.
JoVE65615_5b_polygon.mov: not shown but button is present in the lower right shaded box
3.10.2. SCREEN: Clicking ◄ button to insert columns to the left.
JoVE65615_5b_polygon.mov: not shown but button is present in the lower right shaded box

3.11. To adjust tile positioning, click Move. Then, using the keyboard Arrow keys, click and drag on the slide image [1].
3.11.1. SCREEN: Clicking Move to adjust tile positioning. Then, clicking and dragging on the slide image using the keyboard Arrow keys.
JoVE65615_5b_polygon.mov: 1:32-1:38
[bookmark: _Hlk137037461]
Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://review.jove.com/account/file-uploader?src=20012623
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