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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
Authors: Please upload all screen-captured video files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=19770148
Videographer: Please film the screens for all the shots labeled 'SCREEN' as a backup

3. Filming location: Will the filming need to take place in multiple locations?
If Yes, how far apart are the locations?
Authors: If you are planning to shoot in multiple locations, please inform the videographer, Adam Perri, about the details well in advance.

Current Protocol Length

Number of Steps:  25
Number of Shots:  52


Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors.

REQUIRED: 
1.1. Sarah-Luisa Dülk: DMS-MaP is a sequencing based method that allows us to get a snapshot of RNA structure and learn how it changes under different conditions.
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.2. Sarah-Luisa Dülk: In contrast to conventional structure determination methods like crystallography and electron microscopy, DMS-MaP can be used in cells and deconvolute RNA structure ensembles.
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 3.2.1
OPTIONAL:	Comment by Mithila B: Authors: One of the optional statement has been removed. Per journal's guidelines, each author can deliver two interview statements in a section. An additional introductory statement is retained.
1.3. Sarah-Luisa Dülk: As RNA structure has implications in a plethora of biological phenomena, our method could provide mechanistic insights into almost any field of biomedical biological research.
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 4.4.2



Protocol
1. Gene-Specific In vitro DMS Modification	Comment by Sritama  Bose: Authors: Per your requirement, this section was added to the protocol.
Begin by transferring 89 microliters of the refolding buffer into a designated 1.5-milliliter tube, for each reaction having a final volume of 100 microliters [1]. Prewarm the tube at 37 degrees Celsius in a thermoshaker placed underneath a chemical hood [2].
WIDE: Talent transferring the required amount of refolding buffer into a designated tube.
Talent placing the tube in the thermoshaker placed under the hood.
Elute 1 to 10 picomoles of RNA (R-N-A) in 10 microliters of nuclease-free water [1] and transfer it to a polymerase chain reaction or  in a PCR (P-C-R) tube [2]. Incubate it in a thermocycler at 95 degrees Celsius for 1 minute to denature the RNA [3], and then immediately place the tube on an ice block to avoid RNA misfolding [4].
Talent eluting RNA in nuclease-free water transferring water into PCR tube.
Talent transferring eluted RNA into a PCR tube. Transferring RNA into PCR tube
Talent placing the tube in a thermocycler.
Talent removing the tube from the thermocycler and immediately placing it on an ice block.
Now, to refold the RNA, add the sample to the designated tube containing the refolding buffer at 37 degrees Celsius [1], and mix it well before incubating it for 10 to 20 minutes [2].
Talent transferring the RNA from the PCR tube into the tube containing refolding buffer.
Talent mixing the content in the tube.
Next, add 1 microliter of 100% dimethyl sulfate or DMS (D-M-S), having a concentration of 10.5 molar, into the tube containing the RNA sample [1-TXT], and incubate the reaction mixture for 5 minutes while shaking it at 800 to 1,400 rotations per minute [2-TXT]. Videographer: This step is important!
Talent adding DMS into the tube containing RNA sample. TXT: Final DMS concentration: 105 mM
Shot of sample being shaken. TXT: Shaking is crucial! Maintain reaction time for reproducibility!
After the 5-minute reaction, quench it with 60 microliters of 100% β-mercaptoethanol and mix it well [1] before immediately placing the RNA on ice [2].
Talent quenching reaction by adding BME and mixing the content.
Talent vortexing and placing the RNA on ice.
Then, clean up the RNA and elute it in 10 microliters of nuclease-free water [1-TXT]. Quantify the RNA using a spectrophotometer [2]. Finally, store the modified RNA at minus 80 degrees Celsius [3-TXT].
Talent eluting RNA in water. TXT: Refer to manuscript for RNA clean-up
Talent placing the sample in a spectrophotometer.
Talent storing the sample at -80 degrees Celsius. TXT: Avoid long-term storage!
1. Gene-Specific RT-PCR of Modified RNA
After eluting at least 100 nanograms of the modified RNA in 10 microliters of nuclease-free water, transfer it into a PCR tube [2] before adding the reaction mixture into the tube [3].
Talent transferring eluted RNA into PCR tube. (switch 3.1.1 and 3.1.2)
Talent adding FSB into the tube containing RNA.
Incubate the mixture at 57 degrees Celsius for 30 minutes to 1.5 hours in a thermocycler. 30 minutes is sufficient to make a product containing 500 nucleotides [1].
Talent keeping the mixture in a thermocycler for incubation.
Next, add 1 microliter of 4 molar sodium hydroxide to it, mix well by a pipette [1-TXT], and incubate at 95 degrees Celsius for 3 minutes to degrade the RNA and release TGIRT (tigert) from the complementary DNA (D-N-A) [2].
Talent adding sodium hydroxide to the mixture and mixing solution by pipette. TXT- This step is crucial!
Talent walking to the incubator and placing the tube in the incubator.
After cleaning up the complementary DNA using a column-based approach to remove the primers [1-TXT], perform PCR to amplify the complementary DNA [2-TXT]. Verify the PCR success by running 2 microliters of the PCR product on an agarose gel before proceeding to the cleanup library prep [3].	Comment by Sritama  Bose: Authors: As per your feedback, the steps till the NaOH treatment were shown as it is, while the following steps related to clean-up and PCR were combined in a way that maintains the flow of the protocol without showing those steps in detail. 
Talent adding cDNA solution to spin column. TXT-Refer manuscript for details
Talent-keeping sample for PCR. Transferring elutant to tube labelled cDNA
(added 3.4.2B) Talent transferring 1ul of cDNA to PCR tube TXT: 1 µL of reverse transcription product/ 25 microliters of reaction
Talent loading PCR product on the agarose gel.
Then, quantify the extracted fragments using a spectrophotometer before indexing the fragments for sequencing [1].
WIDE: Talent using a spectrophotometer to quantify DNA.
Whole-Genome DMS-MaP Using Virus-Infected Cells
Transfer the virus-infected cells grown to the desired stage of infection into a dedicated and appropriate fume hood having the required biosafety level [1].
Talent carrying the cell container and placing it inside the fume hood.
Add 2.5% volume of DMS to the culture medium containing the cells and seal the container with parafilm [1]. Immediately incubate the container at 37 degrees Celsius for 5 minutes [2]. Videographer: This step is important!
Talent adding DMS to the culture medium and sealing container.
Talent placing container in the incubator. 
After incubation, carefully pipette out and discard the DMS-containing medium into appropriate chemical waste [1]. Then, gently add 10 milliliters of stop buffer into the cells [2-TXT], scrape the cells, and transfer them to a 15-milliliter conical tube [3].
Talent pipetting out DMS-containing medium. 
Talent adding stop buffer into cells. TXT: Stop buffer: PBS with 30% β-mercaptoethanol
Talent scraping cells and transferring cells to the conical tube.
Pellet down the cells by centrifuging the tube for 3 minutes at 3,000 g [1]. Remove the supernatant [2] and wash the cell pellet 2 times with 10 milliliters of PBS [3]. Carefully remove residual PBS as much as possible after the wash [4].
Talent keeping the tube in a centrifuge and closing the centrifuge lid.
Talent removing the supernatant from the tube.
Talent adding PBS to the pellet.
Talent removing residual PBS from the tube.
Dissolve the pellet in an appropriate amount of RNA isolation reagent to perform RNA extraction [1-TXT].
Talent adding RNA isolation reagent and dissolving the pellet. TXT: 1 mL RNA isolation reagent for a 10-cm plate
Next, add 200 microliters of chloroform to 1 milliliter of homogenized cells in the RNA isolation reagent [1] and vortex it for 15 to 20 seconds until the cell solution turns bright pink [2]. Then incubate it for up to 3 minutes or until phase separation is indicated by the pink lipid phase settling at the bottom [3].
Talent adding chloroform to homogenized cells in RNA isolation reagent.
Talent vortexing cell solution which turns pink. Videographer: Please ensure to capture the shot until the solution turns pink.
Talent removing the sample from the incubator after waiting until phase separation has occurred. Videographer: Please ensure the phase separation inside the tube is visible.
Added, Talent holding phase separated tube in camera
Spin the tube at a speed of around 20,000 g for 15 minutes at 4 degrees Celsius [1] before transferring the upper aqueous phase to a new tube [2]. Clean up the RNA and elute in a sufficient volume of nuclease-free water [3].	Comment by Sritama  Bose: Authors: The separate clean-up step was combined with the elution step to maintain the protocol flow without showing the two steps separately.
Talent keeping the tube in a centrifuge and closing the centrifuge lid.
Talent transferring the upper aqueous phase to a new tube.
Talent eluting RNA in nuclease-free water.
Check the RNA integrity on an agarose gel which is confirmed by the appearance of two bands corresponding to the two ribosomal subunits [1].	Comment by Sritama  Bose: Authors: Two steps were combined, and only the final gel is being shown, as per the feedback.
Shot of gel showing the two bands corresponding to the two ribosomal subunits. Use screen to show gel with bands
Then, after performing ribosomal RNA depletion using the preferred approach, elute the RNA in an adequate volume of nuclease-free water [1] and quantify it using a spectrophotometer [2]. Purified RNA can be again used in RT-PCR
Talent eluting RNA in nuclease-free water.
Talent placing the sample in a spectrophotometer for quantification. (Maybe add text about using RNA in RT-PCR?)
Analysis of the Sequencing Data
Videographer: Please film the screens for all the shots labeled 'SCREEN' as a backup.
To begin the analysis of the RNA sequencing data [1], trim the adaptor sequences with TrimGalore or Cutadapt [2]. To analyze DMS-MaP data, reads are mapped to a reference and the per-base mutations are counted. This can be conveniently done by using the webserver http://rnadreem.org/.
WIDE: Talent sitting in front of the computer and performing data analysis.
SCREEN: To be provided by authors: Adaptor sequence being trimmed.  Files are uploaded to rnadreem.org Videographer: Please film the screens for all the shots labeled 'SCREEN' as a backup.	Comment by Sritama  Bose: Authors: Please upload all screen-captured video files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=19770148
SCREEN: Download files from webserver
Then, map the reads to the reference sequences in fasta format using Bowtie2 (bow-tie-2) [1]. Count the reads with specialized RNA structure software like DREEM (dreem), RNA-Framework17 (R-N-A-framework), or similar, and create reactivity profiles [2].
SCREEN: To be provided by authors: Reads being mapped to reference sequences.
SCREEN: To be provided by authors: Reactivity profile being created after counting the reads.
To find alternative RNA conformations, cluster the reads using the software DREEM [1-TXT].
SCREEN: To be provided by authors: Reads being clustered to find alternative RNA conformations. 
Finally, predict the minimum free energy structure based on the reactivity profiles The resulting population average files can be used as constraints in well-known RNA structure prediction software [1] and the resulting minimum free energy structures can be  visualized the RNA structure using software like VARNA [2].
SCREEN: To be provided by authors: Minimum free energy structure being predicted. Uploading pop_avg_reacts.txt to RNAStructure webserver
SCREEN: To be provided by authors: RNA structure being visualized using VARNA.
SCREEN: To be provided by authors: Control metrics like coverage, AUROC and mFMI (move to 5.5.1)	Comment by Sarah Dülk: Maybe enter the picture with AUROC in the conclusion part. I don’t have enough data to conduct all control metrics	Comment by Sritama  Bose: Authors: Please elaborate on this step to help script an appropriate voiceover narration.
(add) To verify how well the predicted structure model fits to the data, a ROC (ROC) curve can be plotted. The closer the Area under the ROC curve is to 1, the better the model fits the data. [1] To compare two structures base-wise, metrics like a modified Fowlkes–Mallows index can be used. [2]
Move 5.4.3 here
SCREEN: Show sliding window mFMI
(add) As of now, only the stable version of DREEM is able to deconvolute RNA structure ensembles. However, we are currently working on making this feature more accessible to the whole community as well!
SCREEN: Entering Cluster command to terminal


Results
Results: Probing RNA Structure with Dimethyl Sulfate Mutational Profiling and Sequencing
3.1. In-vitro transcription of the gBlock (g-block) fragment elongated by attachment of a T7 polymerase promoter generated the RNA of interest [1] appearing as a single band at 300 nucleotides, on a 1% agarose gel [2].
3.1.1. LAB MEDIA: Figure 2 A
3.1.2. LAB MEDIA: Figure 2 B
3.2. Success of the gene-specific RT-PCR performed on the DMS-modified RNA was indicated [1] by a single band at 300 base pairs on a 2% agarose gel [2]. The indexed fragment appeared approximately 150 bp base pairs higher, as expected [3].
LAB MEDIA: Figure 2 C.
LAB MEDIA: Figure 2 C. Video Editor: Please emphasize the bright band appearing at level 300, in the middle lane beside the ladder (first lane from left).
LAB MEDIA: Figure 2 C. Video Editor: Please emphasize the bright band appearing in the third lane (first lane from right) at level ~400.
DMS treatment was performed on HCT-8 (H-C-T-8) cells displaying cytopathic effect 4 days post-infection with the virus [1]. The extracted total RNA appeared on the agarose gel as two bright bands, accounting for the 40S and 60S subunits [2-TXT].
LAB MEDIA: Figure 3 A.
LAB MEDIA: Figure 3 B. TXT: 6 samples of 1 µg of total RNA
After rRNA (ribosomal-RNA) depletion, the two bright bands disappeared, leaving a smear in the corresponding lane [1].
LAB MEDIA: Figure 3 C. Video Editor: Please emphasize the third lane (first lane from right).
After library preparation, samples had varying size distributions and appeared as a smear. The band was excised between 200 and 500 nucleotides and the adaptor dimers were separated out [1].
LAB MEDIA: Figure 3 D.
The structure model of the SARS-CoV2 genome showed bases with open conformation have higher reactivity as compared to those engaged in base-pairing [1]. The reactivity profile of the bases indicated that uracil and guanine had low reactivity values and were not modified by DMS [2-TXT].
LAB MEDIA: Figure 4 B.
 LAB MEDIA: Figure 4 A. TXT: A: red, C: blue, U: green, G: yellow


Conclusion
4. [bookmark: _Hlk27388131]Conclusion Interview Statements

4.1. Sarah-Luisa Dülk: Control metrics are very important because they provide insight into the accuracy of the structure predictions.
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 4.4.3 (maybe insert picture of AUROC)
4.2. Sarah-Luisa Dülk: To further verify the accuracy of the prediction, more experiments that disturb or alter the structure can be conducted.
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
4.3. Sarah-Luisa Dülk: With our method, we are now able to predict structures in cells for the first time in a high-throughput manner without size constraints.
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
2
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