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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
2. 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.
3. Which steps from the protocol section below are the most important for viewers to see? 3.3, 4.2, 4.3, 4.4, 4.5
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Step 4.2 would be the most difficult step. The position of the tube lens is totally dependent upon the placement of the objective lens. A perfect Airy disk on the ceiling would ensure the correctness. 
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.

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

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Jialei Tang: Our method allows us to visualize single molecules with a 40 times larger imaging area than conventional methods, and has a greatly suppressed background signal.
1.1.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera.


What is the main advantage of this technique?

1.2. Chun-Hung Weng: Unlike other techniques, our approach uses a single objective lens, does not require a special sample chamber, and it is easily compatible with commercial microscope systems.
1.2.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera.


OPTIONAL Interview Statements: N/A

Introduction of Demonstrator: N/A

Ethics title card: N/A


Section - Protocol
Videographer: The shots for this video should be done in reverse order, starting with the completed setup in section 6 to demonstrate its use before dismantling it to show its assembly.
Note: In shots in which optical elements are placed, ideally the viewer would be able to have an understanding of the elements’ positions relative to that of at least some others in the setup.
2. Preliminary Setup
2.1. After gathering the necessary components, start building the system. [1] Here, several elements are already in position on the bench. [2] Mounted on an aluminum block is a microscope body with an objective holder and piezo stage. [3] 
2.1.1. WIDE: Talent at bench with microscope block and multiple laser setup
2.1.2. MED: Overview of initial setup on bench
2.1.3. MED: The microscope body
2.2. Also on the bench are three lasers and optical elements to combine the beams.  [1-TXT] The combined beams are coupled to a single mode fiber as efficiently as possible. [2] As a final preliminary step, assemble a collimated light source in a cage system. [3] This has a temporally coherent light source connected to a single mode fiber, a fiber adapter, achromatic lens, and iris. [4]
2.2.1. MED: The three lasers and optical elements to couple their beams [TEXT: Laser wavelengths: 405 nm, 561 nm, 638 nm]
2.2.2. CU: The output coupler and single mode fiber in the previous setup
2.2.3. MED: Talent picking up and/or inspecting the collimated light source
2.2.4. CU: Detail of the collimated light source in a cage system

3. Setting up the Detection Path
3.1. Begin work with the detection path. [1] First, place the collimated light source in the microscope body’s objective port. [2] Adjust the mirror beneath the objective so the output beam is roughly horizontal and aligned with the bench’s holes. [3]
3.1.1. WIDE: Talent at bench, near the microscope body
3.1.2. MED: Talent placing light source in microscope body
3.1.3. MED: Talent adjusting mirror. If possible, demonstrate some aspect of the alignment, maybe using a beam card
3.2. Insert a dichroic mirror in the beam path and reflect the beam by 90 degrees. [1] Add mirrors to allow adjustment of the transmitted beam’s path to an sCMOS (Voice talent: This is said ‘s-c-mos’) camera. [2] Use the mirrors to ensure the beam hits the center of the chip. [3]
3.2.1. MED: Talent inserting a dichroic mirror
3.2.2. MED: Camera in place as talent adds/adjusts mirrors  
3.2.3. CU: Demonstrate beam is centered on camera lens
3.3. Next, insert a 300 millimeter focal length tube lens about a focal length from the camera. [1] Remove the collimated light source from the microscope body. [2] Then, adjust the position of the tube lens in order to set its focal plane. [3] Stop the adjustments when the camera clearly resolves the pattern on the ceiling. [4]
3.3.1. MED: Talent putting tube lens in place 
3.3.2. MED: Talent removing collimated light source
3.3.3. MED: Talent adjusting the tube lens position
3.3.4. LAB MEDIA: (Authors: Please provide video from your camera of the ceiling pattern coming into focus. The video format can be mov, avi or mp4. An easy way is to focus the camera, then defocus it in a known way before recording the video. During the video, simulate the focusing over a short time interval, 5-10 seconds. Upload this to your project site.)
3.4. The detection path is depicted in this schematic. [1] Note the addition of a multi-band pass filter before the tube lens for multi-color fluorescence imaging. [2]
3.4.1. LAB MEDIA: “Figure2_detection path.ai” 
3.4.2. LAB MEDIA: “Figure2_detection path.ai” Video editor: Please call attention to the blue rectangle labeled “BF”

4. Setting up the Excitation Path and the Cylindrical Lenses
4.1. Return to the microscope body. [1] There, reinstall the collimated light source in the objective holder. [2] After the dichroic mirror, place a fold mirror in the path of the reflected beam to redirect it by 90 degrees. [3] Remove the collimated light source from the microscope body and place it nearby. [4]
4.1.1. WIDE: Talent at bench, near microscope body
4.1.2. MED: The microscope body at the light source is put in place 
4.1.3. MED: Fold mirror being added to the beam path.
4.1.4. MED: Talent removing the light source
4.2. Next, insert a 400 millimeter focal length lens at about a focal length from the mirror. [1] At the microscope body, install the objective lens. [2] Then, adjust the position of the mirror along the optical axis. [3] Observe the ceiling above the objective and stop when a perfect Airy disk pattern is formed there. [4][5]
4.2.1. MED: Lens as it is being put in position
4.2.2. MED: Objective as it is being installed
4.2.3. MED: Talent adjusting the lens 
4.2.4. MED: (may be CU) The pattern on the ceiling as it forms into a perfect Airy disk pattern
4.2.5. WIDE: Talent adjusting the mirror and observing the ceiling Video editor: This is an optional shot that might be of use
4.3. Now remove the objective and reinstall the collimated light source with an open iris. [1] Determine where along the beam path the beam is smallest and about 400 millimeters away from the mirror. [2] Once the point is identified, mount a mirror there, a conjugated image plane. [3] The state of the setup at this point appears in this schematic. The mirror just added is labeled M5. [4]
4.3.1. MED: Talent reinstalling the collimated light source
4.3.2. MED: Talent determining position for the mirror
4.3.3. MED: Mirror being placed in identified position 
4.3.4. LAB MEDIA: Figure2.ai Video editor: Use panel B of the image. Please remove all of the symbols and labels along the red “beam” after (below) the symbol labeled ‘M5 (cIP)’. In addition, remove the red line after the symbol labeled “M5 (cIP)”. If possible, have it fade out as it goes from “M5 (cIP)” to the point where the symbol labeled “M6” used to be. During the second sentence, call attention to the symbol labeled ‘M5 (cIP)’
4.4. Insert another mirror to reflect the beam 90 degrees and mount a 150 millimeter focal length lens beyond it. [1] The lens should be 150 millimeters from the conjugated image plane. [2] Next, temporarily take away the first lens in the excitation beam path. [3][4] With this configuration, find the focal position of the second lens. [5] 
4.4.1. MED: Mirror being added
4.4.2. MED: Talent checking the distance is correct
4.4.3. MED: Talent taking away lens 
4.4.4. LAB MEDIA: Figure2.ai Video editor: Starting with the image in 4.3.4, add the symbols and labels ‘M6’ and ‘L3’. For this shot, call attention to the symbol labeled ‘L4’ before removing it. Show this along with 4.4.3
4.4.5. MED: Talent finding focal position 
4.5. Place a single axis galvo mirror at this focal point as a conjugated back focal plane. [1] Supply zero volts to the galvo mirror and rotate its holder so that it reflects the beam 90 degrees. [2] Next along the beam path, place a fold mirror that reflects the beam at 90 degrees to a 100 millimeter focal length lens. [3] 
4.5.1. MED: Galvo mirror being put in position
4.5.2. MED: Galvo mirror being rotated
4.5.3. MED: The fold mirror and lens in the beam path 
4.6. Place the lens 100 millimeters along the beam path from the conjugated back focal plane. [1] Once again remove the collimated light source from the microscope mount. [2]
4.6.1. MED: Talent checking the position of the lens 
4.6.2. MED: Talent removing the light source
4.7. Add another 100 millimeter collimation lens with a fiber adapter and single mode fiber along with an iris. [1] Then, use the iris, fiber, and lens to send a collimated beam through the imaging system. [2] Before continuing, reinsert the lens that was temporarily removed and fine tune the system. [3][4]
4.7.1. MED: The fiber adapter with a fiber and iris being put in position 
4.7.2. MED: Talent inserting the lens and making arrangement for creating the collimated beam and checking the collimation
4.7.3. LAB MEDIA: Figure2.ai Video editor: Starting with the original image of panel B, please remove the symbols and labels ‘CL1’, ‘CL2’, and ‘Lasers’. Have the red line in the image, but maintain its width as it goes to the right from the symbol labeled ‘L2’ until it gets to the symbol labeled ‘L1’. From there, have the width of the line converge to a point at the symbol labeled ‘SMF’. During the shot, call attention to the symbol labeled ‘L4’
4.8. Next, insert a cylindrical lens of focal length 400 millimeters just before the last collimation lens in the beam path. Use it to focus the beam. [1] Insert a 50 millimeter cylindrical lens 450 millimeters in front of the first. [2] This is a schematic representation of the final setup with both the detection and excitation paths. [3] The output of the three lasers is coupled into the path by the single mode fiber. [4]
4.8.1. MED: The first cylindrical lens as it is added
4.8.2. MED: The second cylindrical lens
4.8.2.1. [Split Shot] MED: Oval shaped Airy disk pattern formed on the ceiling
4.8.3. LAB MEDIA: Figure2.ai Video editor: This should be the complete image of panel B
4.8.4. LAB MEDIA: continued Video editor: Please call attention to the symbols labeled ‘SMF’ and ‘Lasers’
5. Testing Tile Imaging
5.1. For testing, prepare a 3D hydrogel sample. [1] This one consists of 20 nanometer crimson beads mixed with hydrogel. [2-TXT] At the setup, place the hydrogel sample in the sample holder. [3]
5.1.1. WIDE: Talent near experiment setup, holding hydrogel sample
5.1.2. CU: The hydrogel sample as held by talent [TEXT: See text protocol for details on preparation.]
5.1.3. MED: Talent putting hydrogel sample on sample holder
5.2. For sample excitation, turn on the 638 nanometer laser and adjust its power to less than 1 milliwatt. [1] Set up the camera control software in internal trigger mode and capture video. [2] At this point, the galvo motor has zero volts applied. [3] Position the camera so the image is at the center of the lens. [4][5]
5.2.1. MED: Talent working with the laser
5.2.2. MED: Talent working at the computer
5.2.3. LAB MEDIA: Figure2.ai Video editor: Use panel B. Please call attention to the symbol labeled “GM (cBFP)”
5.2.4. MED: Talent adjusting the camera
5.2.5. LAB MEDIA: Figure2.ai Video editor: Use panel B. Please call attention to the symbol labeled “Camera”. Show this along with 5.2.4
5.3. Next, adjust the mirror that is the conjugate image plane. [1][2] Rotate the horizontal knob on the mirror in order to achieve a highly inclined illumination. [3] Record the tile image as in this sample fluorescence image of 3D hydrogel with 20 nanometer beads. The scale bar is 20 micrometers.  [4]
5.3.1. MED: Talent getting into position to adjust the mirror 
5.3.2. LAB MEDIA: Figure2.ai Video editor: Use panel B. Please call attention to the symbol labeled “M5 (cIP)”. Show this along with 5.3.1.
5.3.3. LAB MEDIA: nonideal_incline, ideal_incline (Authors: Please provide an image to demonstrate illumination with a non-ideal incline. Use the file name “nonideal_incline. This will be contrasted with an image that demonstrates illumination with a more ideal incline, which I believe is shown in Figure 3A. If this is not the case, please provide an image ‘ideal_incline’.  You could also provide a short video in which the first frame is non-ideal and the last frame is ideal. Name the file appropriately and replace the file names above, next to “LAB MEDIA”, with the new file name. Upload the file(s) to your project site.) Video editor: Please see the note to the authors. If there is no file ‘ideal_incline’, please use Figure3.ai, panel A. Display nonideal_incline and ideal_incline together, either left to right or top to bottom, with nonideal_incline first. Label the image of ‘nonideal_incline’ with “Before” and the image of ‘ideal_incline’ with “After”. If there is a video, use it, if possible. Otherwise, use the first and last frames as nonideal_incline and ideal_incline, respectively.
5.3.4. CU: Detail of mirror as it is adjusted Video editor: This is an optional shot that might be used in association with the narration of shot 3.
5.3.5. LAB MEDIA: Figure3.ai Video editor: Please use panel A 
6. Highly Inclined Swept Tile (HIST) Imaging
6.1. Proceed after setting up hardware and software to sweep the galvo mirror. [1-TXT] This is the galvo mirror sweep software for this setup. Arrange for full field of view imaging by setting V-min to -800 milliVolts. Then, set V-max to 800 milliVolts. Next, switch to the camera acquisition software.  [2]
6.1.1. WIDE: Talent at computer [TEXT: See text protocol for details] Videographer: Please take MED shots of talent at the computer as well. It would be best to not show the screen.
6.1.2. SCREEN: (Authors: Start with the software open. After a pause, begin inputting the voltages. When done, pause before switching to the camera acquisition software. Upload this to your project site.) Video editor: The transition to the other software does not have to be shown. One of the additional shots from 6.1.1 might work.
6.2. In Trigger Mode, select External. Under the LightScan Plus drop-down menu, select Down (Sequential). Next, click Scan Speed Control. Certain control parameters can now be set. Under Window Height, enter 185 rows. Under Exposure, enter 32 milliseconds. When done, return to the mirror control software. [1]
6.2.1. SCREEN: (Authors: Please start with the software open and ready for use. After a pause, go through the described actions at a pace that will allow others to follow what you are doing. When you are done with the camera software, return to the mirror control software. Upload this to your project site.) Video editor: The transition back to the first software does not have to be shown. Shots from 6.1.1 may work.
6.3. In the mirror control software, switch on 3D stacks ON. Specify the number of stacks and the step size. Click Take video to start recording images. [1]
6.3.1. SCREEN: (Authors: Please start with the software in the state it should be in after the preceding steps. After a pause, go through the actions described at a pace that will allow other to follow along. Upload this to your project site.) 






Section – Results 
7. Results: Highly Inclined Swept Tile Microscopy of Labeled DNA and RNA
7.1. This is an example of Epi (Voice talent: Pronounce to rhyme with “peppy”) imaging of single stranded, labeled DNA. [1-TXT]  By contrast, the highly inclined swept tile technique produced this image. The HIST (Voice talent: Pronounce list ‘hist’ in ‘history’) image shows much less background compared with the Epi image. [2] The DNA is in a 3D hydrogel and the excitation wavelength is 638 nanometers. [3]
7.1.1. LAB MEDIA: Figure5a.ai [TEXT: DNA labeled with Atto647N] Video editor: Please use the left image, labeled “Epi”
7.1.2. LAB MEDIA: Figure5a.ai Video editor: Please add the second image from the file and arrange the two images as they are in the file
7.1.3. LAB MEDIA: continued
7.2. Here is an Epi image of labeled eukaryotic translation elongation factor 2. [1-TXT] The HIST image has improved signal-to-background ratio. It also has more uniform illumination. [2] Both had the same illumination power of 7.5 milliWatts. The imaging speeds were both 2.5 frames per second. [3]
7.2.1. LAB MEDIA: Figure5b.ai [TEXT: EEF2 labeled with AlexaFluor 647 on A549 cells] Video editor: Please use the left image, labeled “Epi”
7.2.2. [bookmark: __DdeLink__3505_1950209097]LAB MEDIA: Figure5b.ai Video editor: Please add the second image from the file and arrange the two images as they are in the file
7.2.3. LAB MEDIA: continued



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
8.1. Jialei Tang: It is important to constantly keep a high inclined angle and synchronize the sweeping mirror with the camera readout. This guarantees a high signal to background ratio during image acquisition.  (Steps: 5.5, 6.4)
8.1.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera. 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
8.2. Chun-Hung Weng:  We expect that HIST microscopy will benefit several applications including super-resolution imaging at deeper imaging depths and high-throughput gene expression profiling in thick tissue slices.
8.2.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera.
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