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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  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes

3. Filming location: Will the filming need to take place in multiple locations? No



Current Protocol Length

Number of Steps:  18
Number of Shots:  39

Introduction
1. Introductory Interview Statements

REQUIRED: 
1.1. Linyu Zuo: We provide a single-molecule assay to observe the phase separation of transcription factors on DNA.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

1.2. Linyu Zuo: This technique allows real-time visualization of the dynamic process of transcription factors assembling as a liquid droplet on DNA [1].
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.2.

OPTIONAL: 
1.3. Linyu Zuo: EWS-FLI1 is one of the most frequently involved fusion genes in Ewing sarcoma tumorigenesis; our method could identify the relationship between DNA motif number and EWS-FLI1 condensate formation, which is associated with aberrant gene transcription in tumor cells and may be helpful for the prognosis [1].
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.3.1., 4.3. 

1.4. Linyu Zuo: This method could be applied to study any transcription condensates or complexes in vitro, like p53 and MED1 [1]. Videographer: This statement is optional. If you don’t have time, skip it.	Comment by Shehnaz Lokhandwala: The Introduction of Demonstrator on Camera statement by Zhi Qi was deleted because Linyu Zuo will be introduced using text overlay while delivering interview statements.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 





Protocol
2. Preparation of a DNA Curtain Flowcell
2.1. To prepare a flowcell with zig-zag nanofabricated barriers for a DNA Curtain experiment, connect the input and output tubes in the correct direction [1]. Then, wash the flowcell with 2.5 milliliters of lipid buffer using two 3-milliliter syringes, ensuring there is no bubble in the flowcell [2]. Videographer: This step is important!
2.1.1. WIDE: Establishing shot of talent connecting the input and output tubes.
2.1.2. Talent washing the flowcell with lipid buffer.

2.2. Remove the syringe from the output [1] and inject 1 milliliter of the liposome solution three times with a 5-minute incubation between each injection [2-TXT]. Videographer: This step is important!
2.2.1. Talent removing the syringe from the output tube.
2.2.2. Talent injecting the liposome solution. TXT: 40 μL liposome stock + 960 μL of lipid buffer.

2.3. For healing, rewash the flowcell with 2.5 milliliters of lipid buffer slowly [1] and incubate at room temperature for 30 minutes [2].
2.3.1. Talent washing the flowcell with lipid buffer.
2.3.2. Shot of flowcell incubating.

2.4. During the incubation, prepare the BSA buffer as mentioned in the text manuscript [1-TXT]. Then, after 30 minutes of healing, wash the flowcell with 2.5 milliliters of BSA buffer from the output side [2].
2.4.1. Shot of prepared BSA solution. TXT: BSA: Bovine serum albumin
2.4.2. Talent washing the flowcell with BSA buffer. 

2.5. Next, inject 800 microliters of streptavidin buffer into the flowcell from the input side in two steps with a 10-minute incubation after each step [1-TXT]. Then, wash the flowcell with 2.5 milliliters of BSA buffer to remove all free streptavidin molecules [2]
2.5.1. Talent injecting the streptavidin buffer. TXT: 10 μL of 1 mg/mL streptavidin stock; 790 μL of BSA buffer
2.5.2. Talent washing flowcell with BSA buffer.

2.6. Next, dilute the Biotin-Lambda DNA with cloned motifs using BSA buffer [1-TXT], then inject it 4 times slowly at 5-minute intervals [2].
2.6.1. Talent diluting DNA with motifs. TXT: 2.5 μL of DNA + 998 μL of BSA buffer	Comment by Linyu Zuo: We deleted this step, because the volume and the component of the solution could be adjusted. It’s just a common pipetting operation. 
2.6.2. Talent injecting the diluted DNA.
[bookmark: _GoBack]
2.7. During the injection, turn on the microscope and the scientific Complementary Metal Oxide Semiconductor system [1]. Then, wash the tubing with 10 milliliters of double distilled water [2] and rinse the prism and the tubing connector with water, 2% liquid cuvette cleaner, and 99% ethanol [3].
2.7.1. Talent turning on the microscope and the sCMOS system.
2.7.2. Talent washing the tubing with water.
2.7.3. Talent rinsing the prism and tubing connector.

2.8. Next, draw up at least 20 milliliters of the imaging buffer into a 30-milliliter syringe [1-TXT]. Set up the flowcell on the microscope stage [2] and connect it to the microfluidic system [3]. Videographer: This step is important!
2.8.1. Talent drawing up the buffer in the syringe. TXT: See text for imaging buffer preparation
2.8.2. Talent setting up the flowcell on the microscope stage.
2.8.3. Talent connecting the flowcell to the microfluidic system.

2.9. Using a flow rate of 0.03 milliliters per minute, flush the DNA molecules to the barrier for 10 minutes [1]. Then, switch off the microfluidic system [2] and incubate for 30 minutes with the flow stopped, allowing the DNA to diffuse laterally [3].
2.9.1. Talent setting the flow rate to 0.03 mL/min.
2.9.2. Talent switching off the microfluidic system.
2.9.3. Shot of the flowcell incubating. 
3. Imaging of EWS-FLI1 Condensation Formation on DNA Curtains
3.1. To image the EWS-FLI1 (E-W-S-F-L-I-one) condensation formation on DNA curtains, open the imaging software [1] and find and mark the positions of the 3 zig-zag patterns under bright-field [2].
3.1.1. WIDE: Talent at the computer, opening software, monitor visible in frame.
3.1.2. SCREEN: 3-1-2.mp4. 00:07-00:15, then LAB MEDIA: 3-1-2.png

3.2. Then, turn on the flow at 0.2 milliliters per minute to stain the DNA with the double-stranded DNA dye for 10 minutes [1].
3.2.1. Talent setting the flow rate to 0.2 mL/min.

3.3. Next, dilute the mCherry-EWS-FLI1 protein with the imaging buffer at a concentration of 100 nanomoles in 100 microliters [1], then load the protein sample through the valve with a 100-microliter glass syringe [2] and change the flow rate to 0.4 milliliters per minute [3].
3.3.1. Talent diluting mCherry-EWS-FLl1 with imaging buffer.
3.3.2. Talent loading the protein sample with a glass syringe.
3.3.3. Talent setting the flow rate to 0.4 mL/min.

3.4. After turning on the 488-nanometer laser [1], pre-scan each region to check the DNA distribution state [2-TXT] and select the region in which the DNA molecules distribute evenly [3]. 
3.4.1. Talent turning on the 488-nm laser.
3.4.2. [bookmark: _Hlk113624607]SCREEN: 3-4-2&3.mp4: 00:15-00:30. TXT: Laser power 10% for 488 nm and 20% for 561 nm laser.
3.4.3. SCREEN: 3-4-2&3.mp4: 01:25-01:33.

3.5. Then, set the laser power to 10% for the 488 nm laser and 20% for the 561 nm laser [1], and using the power meter, measure the real laser power near the prism [2-TXT]. 
3.5.1. LAB MEDIA: 3-5-1.png.	Comment by Shehnaz Lokhandwala: Authors: Could you please provide this image without the blue outline highlighting the laser powers for the 488 and 561-nm lasers?

Also, the text says the power is 10% for the 488 nm laser; however, in the figure, the power is set to 20%. Please check if that is correct.  
3.5.2. Talent measuring the real laser power. TXT: 4.5 mW for the 488 nm and 16.0 mW for the 561 nm laser

3.6. Start acquiring images at 2-second intervals with both 488 and 561-nanometer lasers simultaneously [1]. 
3.6.1. LAB MEDIA: 3-6-1.png, then 3-6-1.mp4 03:15-03:30 

3.7. Then, change the valve from the manual mode to injection mode to let the imaging buffer flush the protein sample into the flowcell after 60 seconds [1].
3.7.1. Talent changing the valve mode. 

3.8. To remove the free EWS-FLI1, keep washing the flowcell with the imaging buffer for 5 minutes with only the 561-nanometer laser switched on [1], then stop the flow [2] and incubate at 37 degrees Celsius for 10 minutes [3].
3.8.1. Talent washing of flowcell with imaging buffer.
3.8.2. Talent stopping the flow.
3.8.3. Talent incubating the flowcell at 37 °C.

3.9. After 10 minutes, turn on the flow at 0.4 milliliters per minute to let the DNA extend [1] and acquire images at 2-second intervals between different frames to obtain high-throughput data of EWS-FLI1 condensate formation [2]. Videographer: This step is important!
3.9.1. Talent turning on the flow rate, setting at 0.4 mL/min.
3.9.2. SCREEN: 3-9-2.mp4. 00:25-00:40



Results
4. EWS-FLI1 Condensate Formation on Lambda DNA and Binding Events of the Detached Domain of mCherry-EWS-FLI1 on 25× GGAA Domain Repeats
4.1. EWS-FLI1 molecules were visualized by detecting the mCherry-labeled EWS-FLI1 signals obtained with a 561-nanometer laser [1].
4.1.1. LAB MEDIA: Figure 1C and 1E. 

4.2. [bookmark: _Hlk79667887]The in vitro formation of EWS-FLI1 condensates at the site of the 25 GGAA (G-G-A-A) repeats in the DNA substrate could be directly visualized [1].
4.2.1. LAB MEDIA: Figure 1B-1E.

4.3. The specificity of the mCherry-EWS-FLI1 used in DNA Curtains was confirmed by an electrophoretic mobility shift assay using a DNA template with and without the 25 GGAA repeats separately [1].
4.3.1. LAB MEDIA: Figure 2A.

4.4. When the EWS-FLI1 concentration was titrated from 20 to 500 nanomoles [1], the EWS-FLI1 intensity increased dramatically [2], whereas the change in the FLI1DBD (F-L-I-one-D-B-D) intensity was negligible when the proteins were saturated to cover the GGAA repeats, suggesting that EWS-FLI1 formed condensates on DNA [3]. 
4.4.1. [bookmark: _Hlk68693034][bookmark: _Hlk68098449]LAB MEDIA: Figure 2B-2E. Video Editor: Please emphasize the x-axis in Figure 2E
4.4.2. LAB MEDIA: Figure 2B-2E. Video Editor: Please emphasize the cyan dotted curve in Figure 2E
4.4.3. LAB MEDIA: Figure 2B-2E. Video Editor: Please emphasize the black dotted curve in Figure 2E


Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. Linyu Zuo: The injection should be very slow and soft so that the liposome and DNA distribute evenly on the flowcell [1].

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.2.2, 2.6.2

5.2. Linyu Zuo: It is important to perform EMSA to confirm that the purified transcription factor specifically binds to its target sequence in vitro [1].

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

5.3. Linyu Zuo: This technique allows people to explore whether the condensate will facilitate the target search of transcription factors and its effect on transcription [1].

5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.9.2.
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