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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? No
2. Does your protocol include software usage? No. One screen capture provided as Lab Meida.
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.
3.3.2, 3.8, 4.4.3 and 5.6.3
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. 
3.8 and 5.6.3
5. Will the filming need to take place in multiple locations? (Y/N) Yes 
If yes, how far apart are the locations? 30 C Room (maybe) and lab next door, about 10 meters


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. David Barrass: This method is significant because no other protocol allows newly synthesized RNA to be analyzed in such a short time scale and allow pulse chase experiments with such a short pulse. This protocol works well with protein depletion such as the “Best aid four you” protocol [1].

1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.2. David Barrass: The main advantage is that the background is low; this allows the short labelling times by removing almost all the non-thiolated RNA. The written protocol also details many different types of experiment that can be performed and how to integrate them into this technique [1].

1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.








Section - Protocol
Videographer: Several shots in this section will not be filmed, as previously filmed shots will be used instead. The shot descriptions are still present to help our Video Editors match an action to the shot being used.
Video Editor: Several shots in this section will use shots filmed from project 59874. The information for these shots has been highlighted in light blue. It appears that the shots being used here were independently numbered/slated just for this use.
2. Growth and Thio-labeling
2.1. To begin this procedure, grow yeast in YMM medium to an OD600 between 0.6 and 0.8 [1-TXT].
2.1.1. Talent then sets up a culture a yeast culture. TEXT: See text for details on strain preparation; See text for medium recommendations. Videographer: This shot does not need to be filmed. A shot filmed previously will be used. [Video Editor: Use shot 2.1.1.1 from 59874 here]
2.2. In a fume hood, add a methanol equivalent to 30 to 50 percent of the intended sample volume to a 50 milliliter tube [1]. Close the tubes tightly [2], label them [3], and place them on dry ice to chill [4-TXT].
2.2.1. Talent prepares a yeast culture for growth. TEXT: See text for additional details on yeast growth. Videographer: This shot does not need to be filmed. A shot filmed previously will be used. [Video Editor: Use shot 2.1.1.1 from 59874 here]
2.2.2. Talent, in a fume hood, adds methanol to a 50 mL tube. Videographer: This shot does not need to be filmed. A shot filmed previously will be used. [Video Editor: Use shot 2.2.1.2 from 59874 here]
2.2.3. Talent closes the tubes (Author Comment: I have a recollection of doing this, but the videographer says this shot was not taken, if not I think from shot 2.2.1.2 shows that I am closing the tubes tightly). Videographer: This shot does not need to be filmed. A shot filmed previously will be used. [Video Editor: Use shot 2.2.3.3 from 59874 here]
2.2.4. Talent labels the tubes. Videographer: This shot does not need to be filmed. A shot filmed previously will be used. [Video Editor: Use shot 2.2.4.4 from 59874 here]
2.2.5. Talent place the tubes on dry ice. TEXT: Alternatively, store tube at -80 °C to chill. Videographer: This shot does not need to be filmed. A shot filmed previously will be used. (Author Comment: NOTE This is slated as Take 3 not take 1) [Video Editor: Use shot 2.2.5.5 from 59874 here]
2.3. Next, label 2 milliliter tubes for long term storage of the samples and place on ice to cool [1]. Add Zirconia beads to the 2 milliliter tubes [2]. Cool at least 1 milliliter of water per sample on ice [3].
2.3.1. Talent labels 2 mL tubes and places on ice (Author Comment: it’s natural to label them and put them onto ice straight away). Videographer: This shot does not need to be filmed. A shot filmed previously will be used. [Video Editor: Use shot 2.3.2 from 59874 here]
2.3.2. Talent adds Zirconia beads to the 2 mL tubes. Videographer: This shot does not need to be filmed. A shot filmed previously will be used. [Video Editor: Use shot 2.3.3 from 59874 here]
2.3.3. Talent places a vessel of water on ice. Videographer: This shot does not need to be filmed. A shot filmed previously will be used. [Video Editor: Use shot 2.3.5.1 from 59874 here]
2.4. If an S. pombe spike is to be added to the culture, place an aliquot of thiolated S. pombe cells on ice to thaw [1-TXT]. Vortex the thawed aliquot [2], and add it to the culture [3]. 
2.4.1. Talent places an aliquot of thiolated S. pombe cells on ice to thaw. TEXT: See text for details on preparing thiolated S. pombe cells. Videographer: This shot does not need to be filmed. A shot filmed previously will be used. [Video Editor: Use shot 2.7.1 from 59874 here]
2.4.2. Talent vortexes the aliquot. Videographer: This shot does not need to be filmed. A shot filmed previously will be used. [Video Editor: Use shot 2.7.2 from 59874 here]
2.4.3. Talent adds the aliquot to the culture. Videographer: This shot does not need to be filmed. A shot filmed previously will be used. [Video Editor: Use shot 2.7.3 from 59874 here]
2.5. Then, add 4tU (four-T-U) to the culture to a concentration of 10 micromolar, and mix vigorously [1]. Thio-label for a length of time between 15 seconds and 5 minutes [3].
2.5.1. Talent adds 4tU to the culture and mixes vigorously. Videographer: This shot does not need to be filmed. A shot filmed previously will be used. [Video Editor: Use shot 2.8.3 from 59874 here]
2.5.2. Talent sets a timer. Videographer: This shot does not need to be filmed. A shot filmed previously will be used. [Video Editor: Use shot 2.8.5 from 59874 here]
2.6. Take samples of the culture at regular intervals to the end of the time course [1]. Add each sample to one of the prepared centrifuge tubes containing methanol. Seal each tube, shake to mix thoroughly, and place on dry ice [2].
2.6.1. Talent takes a sample of the culture. Videographer: This shot does not need to be filmed. A shot filmed previously will be used. [Video Editor: Use shot 2.4.1 from 59874 here]
2.6.2. Talent adds a sample to one of the tubes containing methanol, seals the tube, inverts the tube, and then places the tube on dry ice. Videographer: This shot does not need to be filmed. A shot filmed previously will be used. [Video Editor: Use shot 2.4.2 from 59874 here. Shots 2.4.2 – 2.4.4 were combined in 59874, and contain all of these actions.]

(Author Comment: This shot was filmed as the volume of the tube is 50 mL, rather than 15 mL in 59874, and this is noticeable)
2.7. Once all the samples have been taken, place them all on ice. Ensure that none of the samples have frozen. If any have frozen, warm them gently in the hand while inverting constantly [1].
2.7.1. Talent checks to ensure that the samples are not frozen while placing them on ice. Talent then warms a frozen sample in their hand, while inverting constantly.  Videographer: This shot does not need to be filmed. A shot filmed previously will be used. [Video Editor: Use shot 2.9.2 from 59874 here. Shots 2.9.2 – 2.9.4 were combined in 59874, and contain all of these actions.]
2.8. Centrifuge the cells at 3,000 x g and at 4 degrees Celsius for 2 minutes to pellet the cells [1]. Pour off the liquid [2] and re-suspend the pellet in at least 1 milliliter of ice-cold water by vigorously pipetting up and down [3]. Transfer this suspension to the prepared screw-cap tube [4] and place the tube on ice [5].
2.8.1. Talent places the 50 mL tube into a centrifuge, closes the centrifuge lid, and turns the centrifuge on. The tube will contain yeast cells with an S. pombe spike.
2.8.2. Talent pours off the liquid from the 50 mL tube. (Author Comment: 2.8.2 – 2.8.5 filmed as one shot as this should be done quickly) [Shots 2.8.2 – 2.8.5 combined]
2.8.3. Talent re-suspends the pellet in ice-cold water.
2.8.4. Talent transfers the re-suspended samples to the prepared screw-cap tubes.
2.8.5. Talent places the samples on ice.
2.9. Centrifuge the samples briefly at a speed greater than 13,000 x g to re-pellet the cells [1]. Then, place them back on ice [2] and remove the liquid [3].
2.9.1. Talent places the tube into a centrifuge, closes the centrifuge lid, and turns the centrifuge on. Videographer: Please capture several takes. Do not show the contents of the tube or the centrifuge settings clearly. This is a representative shot and takes of this shot will be used whenever centrifuging is used.
Videographer: The author has also identified some of the steps where these takes will be used as some of the most important for viewers to see.
2.9.2. Talent places the samples on ice.
2.9.3. Talent removes the liquid from the samples.

3. Preparation of Total RNA
3.1. First, add in 400 microliters of AE buffer [1], 40 microliters of SDS [2], and 800 microliters of phenol at a low pH [3]. Resuspend by vortexing for 10 seconds [3].
3.1.1. Talent adds AE buffer, SDS, and phenol to the sample.
3.1.2. [Added Shot]: Talent adds SDS to the sample
3.1.3. [Added Shot]: Talent adds phenol to the sample
3.1.4. Talent vortexes the samples.
3.2. Then, lyse the cells in a homogenizer for three 2-minute bursts at the lowest power setting [1]. Leave the samples on ice for 2 minutes between homogenization pulses [2].
3.2.1. Talent, at a homogenizer, starts a burst on the lowest power setting.
3.2.2. Talent places the samples on ice between homogenization pulses.
3.3. Place the lysed cells on dry ice for 5 minutes, until it solidifies [1]. Next, use a microcentrifuge to spin the cells at a speed over 13,000 x g for 5 minutes at room temperature [2-TXT].
3.3.1. Talent places the lysed cells on dry ice.
3.3.2. Use a take from shot 2.9.1. TEXT: See text if sample is still frozen after centrifugation.
3.4. After this, perform phenol/chloroform extraction and chloroform extraction as outlined in the text protocol [1]. 
3.4.1. Talent begins an extraction by transferring the sample to a tube already containing phenol/chloroform
3.5. Add between a third to a half of the volume of 10 molar lithium chloride and mix to precipitate the RNA [1].
3.5.1. Talent adds lithium chloride to the samples and mixes the samples to precipitate the RNA.
3.6. Centrifuge at a speed over 13,000 x g for 5 minutes [1]. Remove the fluid [2], and briefly respin the sample to remove the dregs [3]. Then, wash the pellet with 300 – 500 microliters of 70 percent ethanol [4].
3.6.1. Use a take from shot 2.9.1.
3.6.2. Talent removes the fluid from the centrifuged samples. Videographer: This shot will be reused once. Please film an additional take.
3.6.3. Use a take from shot 2.9.1.
3.6.4. Talent adds ethanol to the pellet. Videographer: Shots 3.6.4, 3.7.3, and 5.1.3 can be takes from a single shot or 3 similar shots done all at the same time with 3 differently labelled containers. Whichever is easiest. Please just note what is done during filming.
3.7. Centrifuge the washed pellet briefly [1], and remove any remaining ethanol [2]. Re-dissolve the RNA pellet in 90 microliters of TE at pH 7.0 [3] by heating at 65 degrees Celsius while shaking [4]. 
3.7.1. Use a take from shot 2.9.1.
3.7.2. Use a take from shot 3.6.2.
3.7.3. Talent adds TE to the RNA pellet.
3.7.4. Talent places the sample tube into a water bath or heat block.
3.8. After checking for full RNA solubilization [1], transfer the suspension to a 0.2 milliliter tube [2].
Videographer: The authors have identified 3.8 as one of the most important steps for viewers to see, as well as one of the most difficult in the procedure.
3.8.1. Talent pipettes up and down checking for smooth travel of the fluid. This shot should be smooth.
3.8.2. Talent transfers the suspension to a 0.2 mL tube.

4. Biotinylation
4.1. To begin, biotinylate by adding 10 microliters of HPDP-biotin solution to the RNA and mix thoroughly [1]. Incubate in the dark at 65 degrees Celsius for 15 to 30 minutes [2-TXT].
4.1.1. Talent adds and HPDP-biotin solution to the RNA and mixes.
4.1.2. Talent places the sample into a PCR block with a heated lid. TEXT: 30 min is the maximum incubation time.
4.2. Next, prepare a small resin volume, size exclusion column to exclude the unincorporated biotin. Remove the bottom tag of the column, loosen the cap, and place the column into a 2 milliliter centrifuge tube [1].
4.2.1. Talent removes the bottom tag of the column and loosens the cap of the column then places the column into a 2 mL centrifuge tube.
4.2.2. [Added Shot]: Close-up of preparing the column. (Editor: I’m not sure what this shot shows exactly, but if it appears clear, it can be used during any matching VO)
4.3. Centrifuge at 1,500 x g for 1 minute to flush out the buffer and discard the flow-through [1-TXT]. Then, gently add 0.3 milliliters of TE to the top of the column [2] and spin again using the same conditions [3].
4.3.1. Use a take from shot 2.9.1 Talent centrifuges the tube. (Author Comment: This was filmed as tubes are noticeably different. TEXT: Repeat entire wash 3 times total.
4.3.2. Talent adds TE to the top of the column.
4.3.3. Use a take from shot 2.9.1 4.3.1. (Author Comment: It's possible that this was filmed, I don't think it was, the videographer thinks it was.)
4.4. Transfer the washed column to a fresh 1.5 milliliter tube [1]. When the sample incubation is complete, add the sample to the top of the column [2]. Centrifuge at 1,500 x g for 2 minutes, leaving the biotinylated RNA sample at the bottom of the tube [3-TXT].
4.4.1. Talent transfers the washed column to a fresh 1.5 mL tube.
4.4.2. Talent adds the sample to the top of the column.
4.4.3. Use a take from shot 2.9.1 4.3.1. TEXT: Ensure centrifuge is set to 2 min.
4.5. Discard the column and add a third to half volume of 10 molar lithium chloride to the tube containing the sample. Mix to re-precipitate the RNA [1].
4.5.1. Talent discards the column and adds lithium chloride to the sample in the tube and mixes.
5. Purification of the Newly Synthesized RNA
5.1. First, re-dissolve the RNA in 200 microliters of DEPC-treated water [1]. Measure the RNA concentration and calculate volumes for each sample that will give equal amounts of RNA for all samples [2]. Add this amount of RNA to a fresh tube, and add DEPC-treated water back up to a total volume of 200 microliters [3].
5.1.1. Talent dissolves the RNA in DEPC-treated water.
5.1.2. LAB MEDIA: Spreadsheet use 190514.mp4 
5.1.3. Talent adds RNA and DEPC-treated water to a fresh tube.
5.2. When a sample is at room temperature, add 25 microliters of 10x NaTM (“N-A-T-M”) buffer, 25 microliters of 1 molar sodium phosphate, and 2.5 microliters of 10 percent SDS [1-TXT]. Mix thoroughly and centrifuge gently at approximately 100 x g for less than 30 seconds [2]. 
5.2.1. Talent adds 10x NaTM buffer, sodium phosphate, and SDS to the tube. TEXT: See text for buffer composition.
5.2.2. Use a take from shot 2.9.1.
5.3. Prepare 2 milliliters of bead buffer for each sample with 1x NaTM buffer, 0.1 molar sodium phosphate, and 0.1 percent SDS [1-TXT]. 
5.3.1. Talent prepares bead buffer. Any action in this process can be filmed for this shot. TEXT: See text for details on preparing bead buffer.
5.4. Add 50 microliters of streptavidin beads to a low retention 1.5 milliliter tube [1]. Place the tube on the magnetic rack, and wait for the beads to settle [2].
5.4.1. Talent adds streptavidin beads to a low retention tube.
5.4.2. Talent places the tube on the magnetic rack. Videographer: This shot will be reused once. Please film an additional take.
5.4.3. [Added Shot]: Close up of beads attracted to the magnet (Author Comment: it's cool!) (Editor: If it’s possible to use this shot here, please do. Perhaps during “…and wait for the beads to settle”)
5.5. Then, remove the fluid by aspiration [1]. To wash the beads, add 200 microliters of bead buffer [2] and vortex until the bead pellet is fully re-suspended [3].
5.5.1. Talent aspirates the fluid. Videographer: This shot will be reused once. Please film an additional take.
5.5.2. Talent adds bead buffer to the tube. (Author Comment: There is no slate. This was done with extreme close up so the focus was tight so the slate didn't fit the shot)
5.5.3. Talent vortexes the tube.
5.6. Centrifuge the tube at approximately 100 x g for a maximum of 5 seconds [1]. Place the tube in the magnetic rack to allow the beads to be captured by the magnet [2]. Remove the fluid by aspiration if there are a small number of samples [3] and pour off the liquid if there are many samples [4].
5.6.1. Use a take from shot 2.9.1.
5.6.2. Use a take from 5.4.2.
5.6.3. Talent pours off the liquid from a tube. Videographer: The authors have identified 5.6.3 as one of the most important steps for viewers to see, as well as one of the most difficult in the procedure.
5.6.4. Use a take from 5.5.1.
5.7. Block with 200 microliters of bead buffer, 10 microliters of glycogen, and 2.5 microliters of tRNA [1-TXT]. Incubate at room temperature for 20 minutes while rotating end-over-end at moderate speed [2].
5.7.1. Talent adds bead buffer, glycogen, and tRNA to the tube. TEXT: Glycogen: 20 mg/mL; tRNA: 5 mg/mL.
5.7.2. Talent sets the tubes on a rotator and turns it on.
5.8. After this, remove the fluid and wash again, as outlined in the text protocol [1]. Re-suspend the beads in the sample [2] and incubate at room temperature for 30 minutes while rotating [3].
5.8.1. Use shots 5.5.2 and 5.5.3 to show the wash.
5.8.2. Talent re-suspends the beads in the sample.
5.8.3. Use a take from 5.7.3. 5.7.2
5.9. During this incubation, prepare a fresh 1.5 milliliter tube for each sample [1]. Add one-tenth volume of 3 molar sodium acetate at pH 5.3 [2] and 20 micrograms of glycogen [3]. Centrifuge at approximately 100 x g for 3 seconds [4].
5.9.1. Talent sets out fresh 1.5 mL tubes [Shots 5.9.1 – 5.9.3 combined]
5.9.2. Talent adds sodium acetate to the tubes.
5.9.3. Talent adds glycogen to the tubes.
5.9.4. Use a take from shot 2.9.1.
5.10. Remove the unbound RNA from the beads and wash them as outlined in the text protocol [1]. To elute the RNA, add 50 microliters of freshly prepared 0.7 molar β-mercaptoethanol to the beads [2]. After vortexing and centrifugation, place the slurry in the magnetic rack [3-TXT].
5.10.1. Talent washes the beads. Any action in this process can be filmed for this shot.
5.10.2. Talent adds β-mercaptoethanol to the beads [Shots 5.10.2 and 5.10.3 combined]
5.10.3. Talent places the tube, containing the slurry, into the magnetic rack. TEXT: See text for details on vortex/centrifugation steps.
5.11. Pipet the RNA containing solution into the prepared 1.5 milliliter centrifuge tubes [1]. Elute once more as previously described. Then, place the sample back in the magnetic rack to remove residual beads from the eluted RNA [5.11.1.1], and transfer the fluid to a fresh, low binding 0.5 milliliter centrifuge tube [4].
5.11.1. Talent pipets the RNA containing solution into the 1.5 mL centrifuge tubes. 
5.11.1.1. [Added Shot]: Talent adds β-mercaptoethanol to the beads. Talent places the tube, containing the slurry, into the magnetic rack. TEXT: See text for details on vortex/centrifugation steps
5.11.2. Use a take from 5.10.2.
5.11.3. Use a take from 5.10.3.
5.11.4. Use a take from 5.11.1. Talent pipets the RNA containing solution into the 1.5 mL centrifuge tubes.
5.12. Mix the sample [1] and then add 2.5 volumes of ethanol to precipitate the nsRNA [2]. After mixing and incubating, centrifuge at a speed of at least 13,000 x g and at 4 degrees Celsius for 20 minutes [3-TXT].
5.12.1. Talent mixes the sample.
5.12.2. Talent adds ethanol to the sample.
5.12.3. Use a take from shot 2.9.1 Talent centrifuges the tube. TEXT: See text for details on mixing/incubating samples.


Section – Results
6. Results: In Vivo Labelling of RNA with 4-Thiouracil
6.1. Typical yields for snRNA recovered using this protocol are shown here [1]. Note that RNA recovery at time point zero is a very small portion of that recovered from longer time points [2], with only 0.3 micrograms of RNA being recovered from approximately 30 billion cells [3].
6.1.1. LAB MEDIA: Figure 1. Video Editor: Show only Figure 1B.
6.1.2. LAB MEDIA: Figure 1. Video Editor: Still show only Figure 1B. Emphasize time point 0 in the inset graph. Emphasize the red data set, which represents 0 s, in the larger bioanalyzer trace.
6.1.3. LAB MEDIA: Figure 1. Video Editor: Still show only Figure 1B. Hold the emphasis from 6.1.2.
6.2. After just 30 seconds of labelling, however, over twice as much RNA is collected from the same number of cells [1]. In the bioanalyzer trace, rRNA precursors can be seen as a peak near 1000 nucleotides [2] and a doublet of peaks at 1700−1800 nucleotides [3]. The abundance of these intermediates increases as thiolation continues [4].
6.2.1. LAB MEDIA: Figure 1. Video Editor: Still show only Figure 1B. Emphasize time point 30 in the inset graph. Emphasize the pink data set, which represents 30 s, in the larger bioanalyzer trace.
6.2.2. LAB MEDIA: Figure 1. Video Editor: Still show only Figure 1B. In the larger bioanalyzer trace, emphasize the peak that is at about 1000 nt (there are two peaks close to 1000 nt, but the peak to be emphasized is the slightly smaller peak on the right, which is more closely aligned with 1000 nt).
6.2.3. LAB MEDIA: Figure 1. Video Editor: Still show only Figure 1B. In the larger bioanalyzer trace, emphasize the peaks around 1700 – 1800 nt. Continue to hold the emphasis from 6.2.2 as well.
6.2.4. LAB MEDIA: Figure 1. Video Editor: Still show only Figure 1B. Hold the emphasis on all the peaks (those emphasized in 6.2.2 and 6.2.3) for the remaining voiceover narration.
6.3. Thiolation is then performed, with samples being taken at 15 second intervals from the start of thio-labelling, and the processing of ACT1 RNA transcript is monitored [1]. As can be seen, pre-mRNA and lariats are generated even after just 15 seconds of labelling [2]. 
6.3.1. LAB MEDIA: Figure 3. Video Editor: Show only Figure 3B.
6.3.2. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3B. Emphasize the pre-mRNA (red) and Lariat (purple) data points at 15 seconds.
6.4. After about 45 seconds to 1 minute, the amounts of lariats and pre-mRNA reach equilibrium, with as much of these RNA species being created by transcription as are processed away by splicing [1].
6.4.1. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3B. Emphasize the pre-mRNA (red) and Lariat (purple) data sets from 45 seconds to 60 seconds.


Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. David Barrass: The most difficult steps are those involving the beads, washing and blocking. Be careful to not to lose beads or to let them dry out [1].
7.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.1.2. Use shots from step 5.4 (5.4.1 show the tubes being transferred).
7.2. David Barrass: Once you have purified newly synthesized RNA you can use any traditional RNA analysis procedure. It is recommended that you run the RNA on a bioanalyser or similar. After that we normally use qPCR and RNA seq to analyze the RNA [1].
7.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.3. David Barrass: This method proved ideal for analyzing the kinetics of RNA processing [1].
7.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.4. David Barrass: The most hazardous steps are those using phenol and chloroform in the RNA extraction. Any time you use these chemicals in an unsealed container do so in a fume hood and wear appropriate protective clothing - a lab coat and gloves. Take particular care that there are no zirconia beads in the thread of the screw cap tube as that will lead to a leak [1].
7.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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