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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N

2. Does your protocol include software usage? (Y/N) 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? 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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.4, 2.5, 2.6., 3.3, 3.4, 5.2 and 5.3

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. (Please do not list entire sections.)
2.6.

5. Will the filming need to take place in multiple locations? (Y/N) Y
Step 5.4 need to be shot at a different building within ~5 min walking. 



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.


1.1. Dr. John Hammond: This video will provide detailed protocols for in vitro SHAPE experiments to determine the secondary structure of RNA sequence of interest in the presence of an RNA-targeting small molecule [1].
1.1.1. INTERVIEW


1.2. Dr. Jingxin Wang: In vitro SHAPE is a cost-effective method to understand the dynamics of each nucleotide on a middle-sized RNA element, which is usually less than 200 nucleotides [1].
1.2.1. INTERVIEW


























Section - Protocol
2. 32P-labeled Primer Labeling for In Vitro Selective 2'-hydroxyl Acylation Analyzed by Primer Extension (SHAPE)
2.1. After preparing RNA template as described in the manuscript, radiolabel reverse transcription primers by adding Gamma-32P-ATP (pronounce gamma-P-32-A-T-P), reverse transcription primer, PNK reaction buffer, polynucleotide kinase and RNase-free water to a 1.7 milliliter microcentrifuge tube in a total volume of 20 microliters [1-TXT]. Incubate at 37 ºC for 1 h [2].  
2.1.1. MED: Establishing shot, talent adding Gamma-32P-ATP, reverse transcription primer, reaction buffer, polynucleotide kinase and RNase-free water to a tube.  TEXT: For exact amounts and concentrations see manuscript; Proper protection is needed in an authorized workplace for radioactive materials!
2.1.2. MED: Talent placing the tube for incubation.
2.2. Heat-inactivate the samples for 20 min at 65 °C... [1] and then filter the samples in a desalting column and centrifuge at 1,000 x g [2]. Add 25 microliters of 2x TBE-urea sample buffer and mix. [3] 
2.2.1. MED: Talent placing the tube in the incubator.
2.2.2. MED: Talent add the samples onto desalting column and centrifuges
2.2.3. CU: Talent adding sample buffer and starts mixing.
2.3. Load these labelled products onto a 10% acrylamide gel and make sure to avoid bleeding the radioactivity into the top reservoirs. [1] Run the gel at 20 Watts for 1 h. [2-TXT]. 
2.3.1. CU: Talent loading the gel.
2.3.2. MED: Talent starts the run. TEXT: The liquid in the bottom reservoir can be highly radioactive!
2.4. After the run, remove the glass plates of the gel cassette... lay the gel on a piece of plastic wrap... fold the plastic wrap onto the top of the gel to make an air-tight sandwich [1]. 
2.4.1. MED: Talent removing the plates, laying the gel on plastic wrap and covering the gel with plastic wrap.
2.5. Place the gel sandwich on a calcium tungstate phosphor screen and expose with an imaging instrument [1]. Image the gel again with regular light to know where the edges of the gel are [2]. 
2.5.1. MED: Talent exposing the gel
2.5.2. MED: Talent imaging the gel. 
2.6. Use an image processing software to overlay the two images. Make sure the printed image has the same size as the actual gel [1]. Align the gel on to the printed image, use a fresh razor blade to cut the desired bands out of the gel [2] and place each piece of gel in a separate 1.7- milliliter microcentrifuge tube [3]. 
2.6.1. SCREEN – to be provided by the authors: Talent adjusting the image with software. (Author Comment: The text already incorporated in the video. TEXT: Overlay the light and dark images. Then make the top image slightly opaque to see both images simultaneously.)
2.6.2. CU: Talent cutting out the band of interest.
2.6.3. [bookmark: _Hlk528243393]CU: Talent placing the piece of gel in a tube. TEXT: Expose the leftover gel again to make sure the radioactive bands are recovered!
2.7. To recover the DNA from the gel slice by passive elution add 0.3 milliliters of elution-precipitation mix to each 1.7 milliliter tube [1]. Incubate the tubes in a radioactive-safe container on a rotator at 4 °C for 16 h [2-TXT]. 
2.7.1. MED: Talent adding buffer. TEXT: For elution/precipitation mix see manuscript.
2.7.2. [bookmark: _Hlk528607651]MED: Talent placing the tube on a rotator at 4 °C. 
2.8. After incubation, transfer the liquid into a new 1.7 milliliter tube. Add 2.5x ice-cold 200 proof ethanol and invert the tubes six times to mix the liquid [1]. Incubate the tubes at -80 °C for a minimum of 1 hour [2]. 
2.8.1. CU: Talent starts to transfer the liquid, adding ethanol and starts mixing.
2.8.2. MED: Talent placing the tube in -80 °C freezer. 
2.9. After centrifuging at 10,000 x g and 4 °C for 10 min [1], remove the supernatant carefully by pipetting [2]. Add 1 mL 80% ethanol to wash the pellet, vortex for 15 s, and centrifuge again under same conditions [3]. 
2.9.1. MED: Talent putting the tubes in centrifuge
2.9.2. CU: Talent removing the liquid
2.9.3. MED: Talent adding ethanol and vortexing.
2.10. After removing the supernatant by pipetting, air-dry the DNA pellet for 5 min [1]. Add 50 microliters of RNase-free water and mix by pipetting up and down 10 times [2]. Normalize the DNA concentration to about 100,000 counts per minute per microliter in a scintillation counter [3]. 
2.10.1. CU: Talent finishes removing liquid and leaves the tube for air drying. TEXT: Do not over-dry the pellet!
2.10.2. CU: Talent adding water and mixing
2.10.3. MED: Talent measuring scintillation count

3. Small Molecule Binding and RNA 2’-OH Modification 
3.1. To prepare four samples for chemical modification, add 8 picomoles of RNA in 32 microliters of 0.5x TE buffer to a 1.7- milliliter microcentrifuge tube [1]. Heat at 80 °C for 2 min and snap-cool on ice for at least 1 min [2].
3.1.1. CU: Talent adding RNA to a tube. Videographer take multiple usable shots please.
3.1.2. MED: Talent removing the tube from the heat block and placing the tube on ice.
3.2. Then add 8 microliters of 5x folding mix, mix... [1-TXT] and aliquot 9 microliters of this RNA mixture into each of the four PCR tubes labeled from 1 to 4 [2]. 
3.2.1. CU: Talent adding folding mix and starts mixing. TEXT: folding mix: 500 mM HEPES (pH 8.0), 20 mM MgCl2, and 500 mM NaCl
3.2.2. CU: Talent dividing the mixture into 4 tubes.
3.3. Add 1 microliters of 10% DMSO (D-M-S-O) into the tube marked as 1, 1 microliter of concentrated small molecule solution into tube “2”, 1 microliter of diluted small molecule solution into tube “3”, and 1 microliter of water into tube “4” [1-TXT]. Incubate all PCR tubes at 37 °C in a thermal cycler for 30 min [2].
3.3.1. CU: Talent adding DMSO into #1 tube, adding concentrated small molecule solution into #2 tube, adding diluted small molecule solution into #3 tube, adding water into #4 tube. Video editor show this text when the VO mentions small molecule solution TEXT: small molecules in 10% DMSO
3.3.2. MED: Talent placing the tubes in thermal cycler.
3.4. Directly before the 2’-OH (2-prime-O-H) modification reaction, dilute 1 microliter of 2-molar NAI (N-A-I) stock solution with 3 microliters of DEPC-treated (D-E-P-C treated) water to yield a 0.5-molar working solution [1-TXT]. 
3.4.1. CU: Talent diluting NAI with water. Video editor show this text when the VO mentions NAI. TEXT: NAI: 2-methylnicotinic acid imidazolide
3.5. Immediately add 1 microliters of this solution into tubes 1, 2, and 3, and 1 microliter of 25% DMSO into tube 4 and incubate in a thermal cycler at 37 °C for 15 min [1].
3.5.1. MED: Talent adding solution to tubes 1, 2, 3, and adding DMSO into tube 4
3.6. Prepare four fresh 1.7 milliliter microcentrifuge tubes and add 100 microliters of elution/precipitation mix and 2 microliters of glycogen to each tube [1-TXT]. And then, into each of these tubes, transfer all the liquid from the corresponding PCR tubes [2]. 
3.6.1. CU: Talent adding the mix and then glycogen to one of 4 tubes. TEXT: Glycogen: 15 mg/mL
3.6.2. CU: Talent transferring from PCR tube to these tubes.
3.7. Add 0.34 milliliters of ice-cold 200 proof ethanol into each tube and mix by vortexing for 5 seconds [1-TXT]. Place the tubes in a -80 °C freezer for at least 1 h [2]. 
3.7.1. CU: Talent adding ethanol to one tube and starts vortexing. EDITOR: Show this text when the VO says ice cold ethanol. TEXT: 3x volume
3.7.2. MED: Placing the tubes in the freezer.
3.8. Then centrifuge the tubes for 15 min at 14,000 x g at 4 °C [1]. Without disturbing the RNA pellet remove the supernatant from each tube [2]. Add 0.5 milliliters of 80% ethanol per tube to wash the RNA pellet and vortex for 15 s [3]. 
3.8.1. MED: Talent placing the tubes in the centrifuge.
3.8.2. CU: Talent starts removing the supernatant from one tube.
3.8.3. CU: Talent adding ethanol to one tube and starts vortexing
3.9. After centrifuging at same conditions again, remove the supernatant and air-dry the RNA pellet for 5 min [1]. Add 9 microliters of RNase-free water and pipette up and down 10 times to mix [2].
3.9.1. CU: Talent finishes removing the supernatant and placing the tube on side to dry
3.9.2. CU: Talent adds water to one tube and starts pipetting up and down.

4. Marker Preparation and Primer Extension
4.1. Transfer the modified RNA into 4 new PCR tubes and label them 1 to 4 as in the previous step [1]. Add 2 picomoles of RNA in 7 microliters of DEPC-treated water to each of four additional PCR tube and label them with numbers 5 to 8 [2]. 
4.1.1. CU: Talent starts adding RNA to the tubes 1-4. 
4.1.2. CU: Talent starts adding RNA in DEPC-treated water to four tubes labeled 5-8.
4.2. Add 2 microliters of the recovered radiolabeled primer to each of the eight PCR tubes marked 1 to 8 [1]. After heating to anneal at 65 °C for 5 min, immediately cool down to 4 °C in the thermal cycler [2].
4.2.1. CU: Talent starts adding primers to the tubes.
4.2.2. MED: Talent moves the tubes from the heating block to ice.
4.3. Add 4 microliters of 5x RT (pronounce R-T) buffer, 1 microliter of 0.1 molar DTT (D-T-T), and 1 microliter of dNTP (D-N-T-P) mix to each of the tubes [1]. 
4.3.1. CU: Talent adds RT buffer, then DTT and then dNTP mix to one of the tubes.
4.4. Then, add 2 microliters of DEPC-treated water to tubes 1–4 [1]. Add 4 microliters of 5 millimolar ddATP (D-D-A-T-P) to tube 5, 4 microliters of 5 mM ddTTP (D-D-T-T-P) to tube 6, and 4 microliters of 5 millimolar ddCTP (D-D-C-T-P) to tube 7, 1 microliter of 5 millimolar ddGTP (D-D-G-T-P) and 3 microliters of DEPC-treated water to tube 8 and pipette four times to mix [2].
4.4.1. CU: Talent starts adding water to tubes 1-4
4.4.2. CU: Talent adds ddATP to tube 5, ddTTP to tube 6, ddCTP to tube 7. Talent adds ddGTP and DEPC-treated water to tube 8 and starts mixing.
4.5. After heating all the PCR tubes at 52 °C for 1 min in a thermal cycler, add 1 microliter of reverse transcriptase to each tube and pipette up and down four times to mix [1]. Incubate the reactions at 52 °C for 20 min in the thermal cycler [2].
4.5.1. MED: Talent removing the tubes from a thermal cycler and starts adding reverse transcriptase.
4.5.2. MED: Talent placing the tubes for incubation.
4.6. To hydrolyze the RNA, add 1 microliter of 5-molar sodium hydroxide into each of the tubes [1], and heat them at 95 °C for 5 min [2]. Then add 5 microliters of 1-molar hydrochloric acid to neutralize the reaction and repeat the ethanol precipitation as previously [3].
4.6.1. CU: Talent starts adding NaOH to the tubes.
4.6.2. MED: Talent placing the tubes for incubation closes the lids of the tubes and closes the thermal cycler
4.6.3. CU: Talent adds HCl to one of the tubes.
4.7. After air-drying the DNA pellet for 5 min, add 10 microliters of water and 10 microliters of 2x TBE-urea sample loading buffer in 1.7 milliliter tubes and pipette up and down 10 times to re-dissolve [1]. Heat the samples at 70 °C for 5 min and then place the tubes on ice before loading onto the gel [2].
4.7.1. CU: Talent adds water and loading buffer to the dried pellet in one tube and starts pipetting up and down.
4.7.2. MED: Talent takes the tubes from the heat block and places them on ice.
5. PAGE analysis
5.1. Load 10 microliters of the sample that has been placed on ice onto 8% polyacrylamide sequencing gel [1] and run the gel at 65 watts for 2 hours or until the bottom dye reaches 3/4 of the gel [2].
5.1.1. CU: Talent loading the sample.
5.1.2. MED: Talent starts running the gel.
5.2. Remove the spacer and gently insert a spatula to remove the top siliconized glass plate [1]. Cover the gel with a piece of large filter paper and press gently to allow the gel to adhere to the filter paper. Starting from the bottom end, lift the filter paper and remove the gel from the glass plate together with the paper [2].
5.2.1. MED: Talent removes the spacer and gently inserts a specular spatula and removes the top siliconized glass plate.
5.2.2. MED: Talent covers the gel with the paper, and then starts lifting the paper to remove the gel.
5.3. After transferring the gel to a wrapping paper as previously done, dry it at 70 °C for 1 h with a vacuum making sure to use several filter papers between the gel and the dryer [1]. Transfer the gel sandwich onto a photo-bleached phosphor storage screen cassette and expose the radioactivity of the gel to the screen for 4–16 h [2].
5.3.1. MED: Talent placing the gel in the dryer and adding filter papers and starts the drying.
5.3.2. MED: Talent transferring the gel sandwich onto a photo-bleached phosphor storage screen cassette.
5.4. Finally, place the phosphor storage screen on an imaging device and scan with medium resolution for approximately 30 minutes [1].
5.4.1. MED: Talent placing the phosphor storage screen on an imaging device and starts the scan.














Section – Results

6. Results of In Vitro and In-cell SHAPE for Analyzing Small Molecule Induced Pre-mRNA Structural Changes
6.1. After exposing polyacrylamide sequencing gel to phosphor storage screen, a successful SHAPE (pronounce as one word “shape”) experiment showed a single and most-intense band at the top of the gel and bands throughout the gel at single-nucleotide resolution without smear [1]. 
6.1.1. Figure 1D Video editor, emphasize the most-intense band at the top of the gel when the VO mentions it and zoom onto some parts of the gel during the second part of the sentence.
6.2. The gel also showed that the intensity of some bands changed in the presence of small molecules, indicating changes of base-pairing strength [1]. 
6.2.1. Figure 1D Video editor, emphasize lane 2, starred position. 
6.3. A common problem in PAGE (pronounce as one word “page”) analysis is that a smear region known as the “salt front” may appear in the middle of the gel, probably due to high concentration of salt, DMSO, or other unwanted substance in the loading sample. That can be avoided by removing the unwanted substance by ethanol precipitation.
6.3.1. Figure 1E Video editor, emphasize the area surrounded by a red square when the VO says “that a smear region known as the “salt front” may appear in the middle of the gel”.




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

7.1. Dr. Jingxin Wang: A homogenous RNA template is preferable for in vitro SHAPE [1]. We used ribozymes at both 5’- and 3’- ends to obtain such an RNA [2]. 
7.1.1. Reuse Step: 3.1.1.

7.1.2. INTERVIEW
7.2. Dr. Jingxin Wang: In-cell SHAPE can also be performed to obtain RNA secondary structure in a cellular context. Remember, in vitro SHAPE may NOT recapitulate in vivo with RNA-binding protein interactions [1].
7.2.1. INTERVIEW
7.3. Dr. John Hammond: In vitro SHAPE is a powerful method for detecting changes in RNA structure due to the presence of a small molecule. This is done by quantifying changes in the pattern and strength of reverse transcriptase stops [1].
7.3.1. INTERVIEW
7.4. Dr. John Hammond: Be cautious that all the experiments described in this video should be performed in an authorized radioactive workplace with appropriate personal protection and plexiglass shielding [1]. 
7.4.1. INTERVIEW

Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.
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