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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  
2. Does your protocol include software usage? N
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.)
2.2, 2.3, 3.1, 3.2, 4.3, 4.4
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.)
Using the rRNA removal or cleanup beads during purification steps is one of the most difficult aspects of this procedure (e.g. 4.3-4.4) since not following the protocol (e.g. not vortexing the beads prior to use, disturbing the beads when removing the supernatant, etc) can impact rRNA removal or could result in loss of material, and ultimately impact the success of the prep. 
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. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


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

1.1. Annalee Boyle: This protocol is the result of evaluating key aspects of circRNA library preparation, such as kit type, RNase R treatment, and input amounts, and their impact on circRNA detection.

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

1.2. Annalee Boyle: It enables optimal circRNA detection and provides data on adjustable parameters depending on the needs of the user.

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


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

1.3. Annalee Boyle: Identifying circRNAs in different sample types will help us to better understand the distribution of their expression and sets the stage for delineating the functional role of these molecules. This method can be applied to any total RNA sample.

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

1.4. Annalee Boyle: It is important to keep RNA samples on ice prior to beginning the protocol, assess the RIN/DV200 on the Agilent Bioanalyzer/TapeStation before the prep, and follow appropriate procedures when working with RNA.

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



Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving human subjects have been approved by the Western Institutional Review Board (WIRB).


Section - Protocol
2. RNase R Treatment
2.1. Begin by diluting total RNA to 4 micrograms in 39 microliters of RNase-free water and pipetting it up and down to mix [1]. In a separate tube, use 1 X RNase R buffer to dilute the RNase R to a working concentration of 2 units per microliter [2-TXT]. 
2.1.1. WIDE: Establishing shot of talent at the bench diluting the RNA. 
2.1.2. Talent diluting RNase R. TEXT: Only dilute enough for immediate use

2.2. Pipette 39 microliters of total RNA and 5 microliters of 10 X RNase R Reaction Buffer into a 1.5 microliter reaction tube and mix [1]. Add 6 microliters of the diluted RNase R [2], then adjust the pipette to full reaction volume and mix the solution by pipetting up and down 10 times [3]. Videographer: This step is important!

2.2.1. Talent adding RNA and reaction buffer to tube and mixing.
2.2.2. Talent adding the RNase R.
2.2.3. Talent adjusting pipette and mixing solution.
2.3. Place the tube in a 37 C water bath for 10 minutes [1], making sure that the full reaction volume is immersed in the water bath [2]. Then, place the tube on ice and immediately proceed with RNA cleanup and concentration [3]. Videographer: This step is important!
2.3.1. Talent putting tube in water bath. 
2.3.2. Properly placed tube. 
2.3.3. Talent putting tube on ice. 

3. RNA Purification
3.1. Prior to starting, prepare the RNA Wash Buffer by mixing the concentrate with 48 milliliters of 100% ethanol [1] and place purification columns into collection tubes [2]. Videographer: This step is important!
3.1.1. Talent adding ethanol to wash buffer and mixing it. 
3.1.2. Talent putting purification columns in tubes.
3.2. When ready, add 2 volumes of RNA Binding Buffer to the RNase R treated sample and mix well [1]. Add 150 microliters of 100% ethanol to the mixture for a total of 300 microliters [2], transfer the entire volume to the column [3], and centrifuge for 30 seconds [4-TXT]. Videographer: This step is important!
3.2.1. Talent adding RNA binding buffer to sample with buffer label visible in shot. 
3.2.1 B – Added shot: mixing shot
3.2.2. Talent adding ethanol to sample. 
3.2.3. Talent transferring mixture to columns.
3.2.4. Talent putting column in centrifuge and starting it. TEXT: All centrifugation steps at 10,000 – 16,000 x g Videographer: Obtain multiple reusable takes of this shot because it will be reused. 
Obtained four different shots of 3.2.4. that could be used later in the protocol
3.3. [bookmark: _GoBack]Remove the flow through [1] and add 400 microliters of RNA Prep Buffer directly to the column [2]. Centrifuge for 30 seconds and discard the flow through [3]. 
3.3.1. Talent taking column out of centrifuge and discarding flow through. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
3.3.2. Talent adding Prep Buffer to column, with buffer label visible in shot. 
3.3.3. Use 3.2.4.
Use 3.2.4 for taking column out of centrifuge. Use 3.3.1. for discarding the flow through. 

3.4. Then, add 700 microliters of RNA Wash Buffer to the column [1], centrifuge for 30 seconds, and discard the flow through [2]. Add another 400 microliters of the wash buffer [3], centrifuge for 2 minutes [4], and transfer the column to a fresh, RNase-free 1.5-milliliter tube [5]. 

3.4.1. Talent adding wash buffer to column with buffer label visible in shot.
3.4.2. Use 3.3.1.
3.4.3. Talent adding more wash buffer. 
3.4.4. Use 3.2.4.
3.4.5. Talent transferring column to fresh tube.

3.5. Carefully add 11 microliters of RNase-free water directly to the column by holding the pipette tip right above the column filter [1-TXT]. Let the sample sit for 1 minute at room temperature [2] and then centrifuge it for 1 minute [3]. 

3.5.1. Talent adding water to column. TEXT: Ensure water lands ONLY on filter
3.5.2. Sample incubating at room temperature. 
3.5.3. Talent putting the sample in centrifuge. 

3.6. Make sure there is flow through in the 1.5-milliliter tube [1] and discard the column [2]. The purified RNA sample can be stored at -80 C or used immediately for library preparation [3].

3.6.1. Flow through in tube. 
3.6.2. Talent discarding column. 
3.6.3. Talent putting RNA sample in freezer. 

4. Total RNA Library Preparation 
4.1. Transfer 10 microliters of the purified total RNA to a clean well in a 96-well PCR plate [1]. Add 5 microliters of rRNA Binding Buffer followed by 5 microliters of rRNA Removal Mix, then gently pipette up and down to mix the reagents [2]. 
4.1.1. Talent transferring RNA to well. 
4.1.2. Talent adding buffer and removal mix to well, then pipetting up and down. 
4.1.3. B Added shot: mixing shot for 4.1.2
4.2. Seal the plate [1] and incubate it for 5 minutes at 68 C on a pre-programmed and pre-heated thermocycler block [2]. After the incubation, let the plate sit at room temperature for 1 minute [3].
4.2.1. Talent sealing the plate.
4.2.2. Talent putting plate in thermocycler.
4.2.3. Talent setting the plate on the lab bench.

4.3. Remove the seal from plate and add 35 microliters of vortexed, room temperature rRNA removal beads to the sample [1]. Adjust the pipette to 45 microliters and pipette up and down 10 to 20 times to thoroughly mix [2]. Let the plate sit at room temperature for 1 minute [3]. Videographer: This step is difficult and important!

4.3.1. Talent removing seal and adding beads to the sample. 
4.3.2. Talent adjusting pipette and mixing the sample. 
4.3.3. Talent leaving plate on lab bench to incubate.
4.4. Transfer the plate to a magnetic stand and incubate it there for 1 minute or until the solution clears [1]. Transfer the supernatant to a new well on the plate [2]. Videographer: This step is difficult and important!
4.4.1. Talent putting plate on stand and solution clearing. 
4.4.2. Talent transferring supernatant to a new well.
4.4.3. Add dialogue if necessary: Transfer the plate from the magnetic stand to a plate stand on the benchtop. 
4.5. Vortex RNA cleanup beads until they are well dispersed [1] and add 99 microliters of beads to the sample. Pipette up and down to mix [2] and incubate the plate at room temperature for 10 minutes [3].
4.5.1. ECU: Talent vortexing beads until well dispersed, demonstrating what beads should look like. 
4.5.2. Talent adding beads to sample and pipetting up and down. 
Added shot: Scratch first clip and use 4.5.2. B
4.5.3. Plate incubating at room temperature. 

4.6. Transfer the plate to the magnetic stand and leave it there for 5 minutes or until the solution clears [1], then remove and discard all supernatant from the well [2]. 

4.6.1. Talent putting plate on magnetic stand. 
4.6.2. Talent removing supernatant from well.

4.7. With the plate still on the magnetic stand, add 200 microliters of freshly prepared 80% ethanol to the well without disrupting the beads [1]. Leave the ethanol in the well for 30 seconds, then remove and discard it [2-TXT].

4.7.1. Talent adding ethanol to well. 
4.7.2. Talent removing ethanol. TEXT: Repeat EtOH wash once

4.8. Add 11 microliters of elution buffer to the well and pipette it up and down to mix [1]. Incubate the plate at room temperature for 2 minutes, then transfer it back to the magnetic stand [2] and keep it there until the solution clears [3-TXT].

4.8.1. Talent adding elution buffer to well. 
4.8.2. Talent putting the plate on magnetic stand. 
Reuse shot: Re-use shot 4.6.1.
4.8.3. Clear solution in well. TEXT: 1 – 5 minutes

4.9. Transfer 8.5 microliters of the supernatant to a new well on the same plate [1] and add 8.5 microliters of Elute-Primer-Fragment High mix to each well containing a sample. Pipette up and down 10 times to mix thoroughly [2], seal the plate, and incubate it for 8 minutes in a thermocycler pre-heated to 94 C [3].

4.9.1. Talent transferring sample to new well. 
4.9.2. Talent adding reagent mix to sample and pipetting up and down. 
4.9.3. Talent sealing the plate and putting it in the thermocycler. 

4.10. Cool the sample to 4 C, remove the plate from the thermocycler [1], and centrifuge it briefly [2].

4.10.1. Talent taking plate out of thermocycler. 
4.10.2. Talent putting plate in centrifuge and starting it. 




Section – Results
5. Results: Circular RNA Detection 
5.1. Two library preparation kits, TruSeq and Kapa, were assessed for this protocol [1]. Overall, a higher number of circular RNAs and lower percentage of ribosomal RNA was detected when using the TruSeq kit, so TruSeq was selected for further experiments [2]. 
5.1.1. Figure 1. 
5.1.2. Figure 1. Video Editor: Emphasize the TruSeq kit dataset.
5.2. The significance of RNase R pre-treatment was evaluated by comparing the data generated from pre-treated and non-pre-treated libraries [1]. As expected, a higher number of circular RNAs was consistently identified in the pre-treated libraries compared to non-pre-treated ones [2].
5.2.1. Figure 2.
5.2.2. Figure 2. Video Editor: Emphasize the orange (RNase R+) bars in the three datasets. 
5.3. The amount of input RNA was optimized for detecting a higher diversity of circular RNAs [1]. Libraries were prepared using 1, 2, and 4 micrograms of input RNA and the highest diversity of circular RNA species was observed when using 4 micrograms of total RNA [2].
5.3.1. Figure 3. 
5.3.2. Figure 3. Video Editor: Emphasize the yellow (4µg) bars in the four datasets when VO says “when using 4 micrograms”.

5.4. The optimized protocol was used to compare circular RNA abundances in five brain regions from 4 healthy donors [1] and four other tissue types from 6 healthy donors [2]. Overall, a higher abundance of circular RNAs was observed in the brain compared to other tissue types [3]. 

5.4.1. Figure 4. Video Editor: Emphasize the left half of graph with the brain regions (BC, MG, OC, IP, and SF regions).
5.4.2. Figure 4. Video Editor: Emphasize the right half of graph with the other tissues (LN, LU, LV and PA).
5.4.3. Figure 4.





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

6.1. Annalee Boyle: It is important to remember to follow appropriate procedures when working with RNA, including wearing gloves, thoroughly cleaning the bench/pipettes with RNase wipes/spray before beginning the protocol, and keeping RNA on ice beforehand. 

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.2. Annalee Boyle: Following this procedure, orthogonal validations such as Sanger sequencing of identified circRNA junctions can be performed.  

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Annalee Boyle: The discovery of new circRNAs and further evidence of their presence carves out a new area of research for exploring their biological functions. 

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