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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
2.1., 2.2., 2.4., 2.6., 4.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.2.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


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. Erwin van Dijk: Small RNAs regulate many biological processes. It is therefore important to develop sensitive and unbiased methods to detect them. Our protocol provides a step forward toward this goal [1].

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

1.2. Erwin van Dijk: Our protocol suffers from fewer bias issues than classical sRNA library preparation methods and importantly, it allows a more sensitive detection of 2’ OMe RNAs, such as plant miRNAs [1]. 

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





Section - Protocol
2. Small RNA Isolation
2.1. After extracting total RNA according to standard protocols, pre-run a 15% TBE (T-B-E)-urea gel for 15 minutes at 200 volts [1-TXT] and mix 5-20 micrograms of total RNA in a 5-15-microliter volume with an equal volume of formamide loading dye in a 200-microliter tube [2-3].
2.1.1. WIDE: Talent turning on voltage TEXT: See text for all reagent preparation details 
2.1.2. Talent mixing RNA with dye, with RNA and dye containers visible in frame Videographer: Important step Videographer NOTE: (take 2)
2.1.3. Added shot: add marker plus dye
2.2. After 5 minutes at 65-degrees Celsius in a thermocycler with a heated lid [1], immediately place the tubes on ice [2] and load the ladder and sample on the gel with at least one lane between them [3].
2.2.1. Talent removing tube from thermocycler Videographer: Important step
2.2.2. Talent placing tube(s) on ice Videographer: Important step
2.2.3. Sample and/or ladder being added to gel, with sample and ladder containers visible in frame Videographer: Important step Videographer NOTE: rince + ladder + sample

2.3. Then run the gel at 200 volts until the bromophenol has migrated about two-thirds of the length of the gel [1].

2.3.1. Shot of bromophenol at 2/3 length of gel  

2.4. To elute the RNA, first puncture the bottom of a nuclease-free 0.5-milliliter microcentrifuge tube with a 21-gauge needle [1] and place the punctured tube in a nuclease-free, round-bottom 2-milliliter microcentrifuge tube [2].

2.4.1. Talent puncturing tube Videographer: Important step
2.4.2. Tube being placed into tube Videographer: Important step

2.5. Next, incubate the gel at room temperature with nucleic acid gel stain in water for 10-15 minutes [1] before viewing the gel on a transilluminator [2].

2.5.1. Talent placing gel into stain, with stain container visible in frame Videographer NOTE: CV the end
2.5.2. Talent placing gel onto transilluminator 
[bookmark: _GoBack]
2.6. Cut out the sample RNA between the 17 and 29 nucleotide ladder bands [1] and transfer the gel piece into the punctured tube [2].

2.6.1. Shot of bands on transilluminator, then gel being cut Videographer: Important step
2.6.2. Gel being placed into tube Videographer: Important step

2.7. Spin down the gel in a microcentrifuge at maximum speed for 2 minutes [1] and remove the 0.5-milliliter tube, which should now be empty [2].

2.7.1. Talent placing tube(s) into centrifuge
2.7.2. Tube being removed, then shot of inside of tube to show emptiness Videographer NOTE: 2sd part

2.8. Add 300 microliters of nuclease-free, 0.3-molar sodium chloride to the crushed gel [1] and place the tube on a rotator for at least 2 hours at room temperature [2-TXT].

2.8.1. NaCl being added to tube, with NaCl container visible in frame
2.8.2. Talent placing tube onto rotator TEXT: Alternative: Rotate O/N at 4 °C

2.9. [bookmark: _Hlk9293448]At the end of the incubation, transfer the crushed gel pieces suspension to a spin column [1] and centrifuge for 2 minutes at maximum speed in the microcentrifuge [2-TXT].

2.9.1. Talent adding gel pieces to column
2.9.2. Tube(s) being placed into centrifuge TEXT: Optional Check quantity and quality of recovered sRNA

3. Unligated 3’ Adapter Elimination 

3.1. For unligated three-prime adapter elimination, thoroughly mix 10 microliters of nuclease-free water with the extracted RNA sample [1] and add 6 microliters of 3-molar sodium acetate with mixing [2-TXT].

3.1.1. WIDE: Talent mixing sample, with nuclease-free water container visible in frame
3.1.2. NaOAc being mixed, with NaOAc container visible in frame TEXT: Alternative: Mix w/ 6 microliters of Adapter Depletion Solution from Nf kit Videographer NOTE: 2sd part


3.2. [bookmark: _Hlk9293687]Add 40 microliters of magnetic purification beads [1] and 60 microliters of isopropanol to the sample with thorough mixing [2] and incubate the suspension for 5 minutes at room temperature [3].

3.2.1. Beads being added, with bead container visible in frame
3.2.2. Isopropanol being added, with isopropanol container visible in frame
3.2.3. Talent setting timer, with sample tube visible in frame

3.3. At the end of the incubation, place the sample onto a magnetic rack [1] until the solution becomes clear [2].

3.3.1. Sample being placed onto rack
3.3.2. Shot of clear sample

3.4. Remove the clear supernatant [1] and add 180 microliters of freshly-prepared 80% ethanol to the beads [2].

3.4.1. Supernatant being removed Videographer NOTE: take 2
3.4.2. Ethanol being added to tube, with ethanol container visible in frame

3.5. After 30 seconds, remove the ethanol [1] and briefly spin the tube [2].

3.5.1. Ethanol being removed
3.5.2. Talent placing tube into centrifuge

3.6. Remove any residual liquid that may have collected at the bottom of the tube [1] and allow the beads to dry for 2 minutes [2] before resuspending the sample in 22 microliters of 10-millimolar Tris (triss) [3-TXT].

3.6.1. Liquid being removed
3.6.2. Talent setting time, with tube visible in frame
3.6.3. Tris being added to tube, with tris container visible in frame TEXT: Alternative: Mix w/ 22 microliters of resuspension buffer from Nf kit

3.7.  After 2 minutes, magnetize the sample [1] until the solution appears clear [2].

3.7.1. Sample being placed onto magnet
3.7.2. Solution becoming clear
	
3.8. Next, mix 20 microliters of clear supernatant with 6 microliters of 3-molar sodium acetate in a new tube [1] and add 40 microliters of magnetic beads [2] and 60 microliters of 100% isopropanol [3].

3.8.1. Supernatant being mixed, with sample tube and sodium acetate containers visible in frame
3.8.2. Beads being added to tube, with bead container visible in frame
3.8.3. Isopropanol being added to tube, with isopropanol container visible in frame

3.9. After 5 minutes at room temperature, magnetize the sample until the solution appears clear [1] before removing the supernatant [2].

3.9.1. Talent placing tube onto magnet
3.9.2. Supernatant being removed

3.10. Treat the sample with 180 microliters of freshly-prepared 80% ethanol for 30 seconds [1] before removing the ethanol [2], spinning down the sample [3], and removing any residual liquid that has accumulated at the bottom of the tube [4].

3.10.1. Talent adding ethanol to tube, with ethanol container visible in frame
3.10.2. Ethanol being removed
3.10.3. Talent adding tube(s) to centrifuge Videographer NOTE: use 3.5.2
3.10.4. Liquid being removed from tube

3.11. After allowing the beads to dry for 2 minutes, resuspend them in 10 microliters of nuclease-free water for 2 minutes [1] before magnetizing the sample until the solution becomes clear [2].

3.11.1. Nuclease-free water being added to tube, with nuclease-free container visible in frame
3.11.2. Talent placing sample onto tube magnet

3.12. Then transfer 9 microliters of supernatant to a new tube [1] and add 1 microliter of T4 RNA ligase buffer and 1 microliter of water to the sample [2-TXT].

3.12.1. Talent adding sample to tube Videographer NOTE: take 4
3.12.2. Ligase buffer being added to tube, with ligase buffer container visible in frame TEXT: Alternative add 2 microliters TS kit ligase buffer

4. Gel Purification

4.1. For gel purification, run 5, 10, and 20 microliters of PCR product on a native 6% TBE gel for about 1 hour [1].

4.1.1. WIDE: Talent adding sample to gel Videographer NOTE: take 2, CU at the end

4.2. Incubate the completed gel with nucleic acid gel stain in water for 10-15 minutes [1] and view the gel on a transilluminator [2] to allow extraction of the 150-base pair library band [2].

4.2.1. Talent placing gel into stain, with stain container visible in frame Videographer: Important/difficult step
4.2.2. Gel being placed onto transilluminator Videographer: Important/difficult step
4.2.3. Band being cut Videographer: Important/difficult step

4.3. Erwin van Dijk: As it is difficult to isolate the 150-base pair-band representing the desired library due to the presence of closely migrating side-products, you will need to cut the gel very carefully [1].

4.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Videographer NOTE: last one

4.4. Then isolate the RNA as just demonstrated [1].

4.4.1. Gel piece being added to tube inside tube

5. Raw Sequence File Treatment 

5.1. For raw sequence file modification, download the FASTQ (fast-Q) sequence files generated during the sequencing run [1] and perform demultiplexing with bcl-2-fastq-2 (B-C-L-two-fast-Q-two) as necessary [2-TXT].

5.1.1. WIDE: Talent downloading sequence files, with monitor visible in frame Videographer NOTE: CU at the end
5.1.2. SCREEN: 60056_screenshots: 4.1.1.: JoVE Video Editor please add/emphasize commands TEXT: http://emea.support.illumina.com/sequencing/sequencing_software/bcl2fastq-conversion-software/documentation.html

5.2. Remove adapter sequences using Cut-adapt and use the command as demonstrated [1-TXT].

5.2.1. SCREEN: SCREEN: 60056_screenshots: 4.1.2.: JoVE Video Editor please add/emphasize commands TEXT: https://cutadapt.readthedocs.io/

5.3. Use seqtk (seek-T-K-K) as indicated to remove the terminal random nucleotides in the sequencing reads [1-TXT].

5.3.1. SCREEN: 60056_screenshots: 4.1.3.: JoVE Video Editor please add/emphasize commands TEXT: https://github.com/lh3/seqtk

5.4. Then use the awk command as indicated to discard the sequences shorter than 10 nucleotides [1].

5.4.1. SCREEN: 60056_screenshots: 4.1.4.: JoVE Video Editor please add/emphasize commands

6. Trimmed Sequence Mapping 

6.1. To map the trimmed sequences, open Micro RNA Base [1-TXT] and download the mature.fa file [2].

6.1.1. WIDE: Talent opening miRBase, with monitor visible in frame TEXT: http://www.mirbase.org/ftp.shtml
SCREEN: 60056_screenshots: 4.2.1.: JoVE Video Editor please emphasize red oval/screen capture from website

6.2. Use the command as indicated to replace the U residues with T residues to yield a complete list of all of the microRNAs in the database originating from a variety of organisms [1].

6.2.1. SCREEN: 60056_screenshots: 4.2.2.: JoVE Video Editor please emphasize command and/or T residues/screen capture from website

6.3. Select the micro RNA sequences of the organism of interest with the command as inidcated [1] and map the reads to the file using Bowtie2, allowing no mismatches [2-TXT].

6.3.1. SCREEN: 60056_screenshots: 4.2.3.: JoVE Video Editor please add/emphasize command SCREEN: 
6.3.2. SCREEN: 60056_screenshots: 4.2.4.: JoVE Video Editor please add/emphasize commands TEXT: http://bowtie-bio.sourceforge.net/bowtie2/index.shtml  

6.4. Use the tool to align the sequencing reads to the database, requiring that a read maps entirely to a micro RNA of the database without any mismatches as indicated [2].

6.4.1. SCREEN: 60056_screenshots: 4.2.4.: JoVE Video Editor please add aligned reads

6.5. Then use the command to discard the reads that did not align [1].

6.5.1. SCREEN: 60056_screenshots: 4.2.5.: JoVE Video Editor please add/emphasize command

 


Section – Results
7. Results: Representative 2’-OMe RNA detection 

7.1. After loading increasing amounts of a PCR-amplified library onto a gel as demonstrated, the product corresponding to the expected size can be extracted [1].

7.1.1. LAB MEDIA: Figure 4A: JoVE Video Editor please outline red box/emphasize band within red box

7.2. After elution, the purified library can be checked on a capillary gel electrophoresis chip [1]. 

7.2.1. LAB MEDIA: Figures 4B and 4C

7.3. In addition to the expected 150-base pair product [1], an increasing proportion of a 130-base pair species, corresponding to adapter dimers [2], are typically observed as increasing amounts of PCR product are loaded [3].

7.3.1. LAB MEDIA: Figures 4B and 4C: JoVE Video Editor please emphasize bands and peaks at about 150 bp
7.3.2. LAB MEDIA: Figures 4B and 4C: JoVE Video Editor please emphasize bands and peaks at about 130 bp
7.3.3. LAB MEDIA: Figures 4B and 4C

7.4. Similar results are obtained from libraries prepared from a mix of synthetic small RNAs [1] compared to libraries prepared from kits [2] or other supplies [3].

7.4.1. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize grey data bars 
7.4.2. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize blue data bars 
7.4.3. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize orange data bars 

7.5. Here a comparison of the performance of protocol TS5 (T-S-five) [1] with the standard TS protocol for the detection of human unmodified [3] and 2-prime-O-methyl-modified plant microRNAs is shown [4].

7.5.1. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize TS5 data bars
7.5.2. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize TS data bars
7.5.3. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize A. thaliana and B. napus graphs
7.5.4. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize H. sapiens miRNAs graphs

7.6. The detection of 2-prime-O-methyl-modified-picoRNAs in human samples was also tested [1].

7.6.1. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize H. sapiens piRNAs graphs

7.7. As observed, TS5 performed significantly better than TS for the detection of 2-prime- O-methyl RNAs [1] but not for unmodified RNAs [2].

7.7.1. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize TS5 data bars in A. thaliana and B. napus graphs
7.7.2. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize TS5 data bars in H. sapiens miRNAs graphs



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Erwin van Dijk: Prepare replicate libraries for each sample at different dates. Usually there is little variation among replicates prepared simultaneously, but there can be substantial variation among libraries prepared at different dates [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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