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Authors, please check the answers to the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__No_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No_____ 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. 2.8,- 2.12, 3.4 – 3.5
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. 3.4 -3 5.  include sufficient controls (a no enzyme control and a large amount of synthetic miRNA that also is subject to 3’ ligation for ready visualization on the gel)
E.  Will the filming need to take place in multiple locations? (Y/N) __No_____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:

Video editor: graphics are in 52095fig1highres.jpg; 52095_P4 graphic.jpg; 52095_P5 graphic.jpg

The overall goal of this procedure is to unbiasedly prepare micro RNAs for high-throughput sequencing. (Intro)

This is accomplished by first preparing or purchasing DNA oligonucleotides that are competent for ligation to the 3’ end of the micro RNA. (Video editor: Figure 1 – show the second from the top cartoon of the DNA oligo – App-NN-3’ Linker-3’ddC) (P1)

The second step is to ligate the 3’ DNA oligonucleotide to the 3’ end of the micro RNA. (Video editor: animate the black ‘App-NN-3’ Linker-3’ddC’ joining with the green microRNA) (P2)

Next, the ligation product is gel purified, (Video editor: show the cartoon of the blue gel and highlight the small red box around the band of interest.  Then animate the band of interest becoming the green/black product) and the 5’ RNA oligonucleotide linker is ligated to the 5’ end of the micro RNA. (Video editor: animate the blue 5’OH-5’ Linker-NN-3’OH segment joining with the green/black product) (P3)

The final step is to convert the hybrid molecules to cDNA (Video editor: 52095_P4 graphic.jpg – show cDNA synthesis cartoon) and then amplify the cDNA by polymerase chain reaction. (Video editor: 52095_P4 graphic.jpg – show PCR cartoon) (P4)

Ultimately, micro RNA cloning and high-throughput sequencing is used to show the transcriptome-wide profile of micro RNAs in a quantitative fashion at individual nucleotide resolution. (Video editor: show52095_P5 graphic.jpg) (P5)



B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Rui Yi: The main advantage of this technique over existing methods, like pre-existing miRNA-seq, qPCR, microarray, or northern blot, is that our method is reflective of actual levels of miRNA on a transcriptome-wide scale at single nucleotide resolution.   
1.2. Jerome Lee: Though this method can provide insight into miRNA biology, it can also be applied to other systems, such as RNA-Seq, CLIP-Seq, etc.






Protocol (read by voice talent at JoVE):

2. Adenylation of 3’ Linker

2.1. The DNA oligonucleotides for this procedure are designed for 3’ ligation reactions and should have a 5’ phosphate group, (Video editor: highlight the 5’PO4) a randomized dinucleotide at the 5’ end, (Video editor: highlight the NN-3’) and a 3’dideoxycytosine.  (Video editor: highlight the 3’ddC) Dilute the DNA oligonucleotides to 100 μM in nuclease-free H2O. 

Shots:
2.1.1. LAB MEDIA: topmost cartoon only of ‘52095fig1highres.jpg’
2.1.2. MED: Talent diluting the oligos with water.

2.2. Assemble the adenylation reaction by combining these reagents: 200 pmol of the 3’ linker oligonucleotide, 4 μl of 5’ DNA adenylation buffer, 4 μl of ATP, 4 μl of Mth RNA ligase, and nuclease-free H2O to a final volume of 40 μl. [TEXT: 200 pmol 3’ linker oligonucleotide + 4 μl  5’DNA adenylation buffer (10X) + 4 μl ATP (1 mM) + 4 μl Mth RNA ligase + nuclease-free H2O to 40 μl]

Shots:
2.2.1. CU: First reagent being added to a tube. (Video editor:  you can freeze this shot and have the voiceover continue naming the reagents.  Please add overlay text of each reagent as it is mentioned)

2.3. Incubate the reaction at 65 °C for 1 hour. (TEXT: 65 °C; 1 hr)

Shots:
2.3.1. MED: Talent putting the tube into the thermal cycler.

2.4. Terminate the reaction by heating to 85 °C for 5 minutes. (TEXT: 85 °C; 5 min)

Shots:
2.4.1. MED: Talent putting the tube into 85 °C.  

2.5. Precipitate the adenylated linker by adding 2.5 volumes of 100% ethanol and 1/3 volume of 10 M ammonium acetate to remove residual ATP and to prevent unanticipated ligations in future reactions.

Shots:
2.5.1. CU: 100% ethanol and 10 M ammonium acetate being added to the tube.

2.6. Mix the alcohol, salt, and oligonucleotide solution to homogeneity by spinning at full speed in a microcentrifuge at 4 °C for 20 minutes. (TEXT: ~15,000 x g; 4 °C; 20 min)

Shots:
2.6.1. MED: Multiple takes from different angles of talent putting the tube into the centrifuge and starting the spin.  Shot will be repeated later.

2.7. Wash the pellet in 70% ethanol.  Air dry and resuspend the pellet in the appropriate volume of nuclease-free H2O to yield 50-100 μM of adenylated oligonucleotide.

Shots:
2.7.1. MED: Multiple takes from different angles of talent discarding the supernatant and then adding 70% ethanol to the tube. Shot will be repeated later.
2.7.2. MED: Talent returning the tube to the centrifuge for a quick spin.  
2.7.3. CU: Multiple takes from different angles of supernatant being removed and pellet is air-dried. Shot will be repeated later.
2.7.4. CU: Nuclease-free H2O being added to pellet and pellet is resuspended.

2.8. Confirm adenylation of the oligonucleotide by electrophoresis on an 18% polyacrylamide gel. Pre-run the gel for 30 minutes at 24 V/cm of gel width with 1X TBE running buffer at room temperature.

Shots:
2.8.1. MED: Talent starting the pre-run of a gel (previously set up).

2.9. Once the 30 minutes are up, flush the wells with running buffer. 

Shots:
2.9.1. CU: Wells of gel being flushed with running buffer.

2.10. Mix 5 pmol of adenylated oligonucleotide with an equal volume of 2X denaturing RNA loading buffer, heat briefly to 75 °C, and snap cool on ice. Dispense the entire sample into the well of the gel. Include an identical amount of non-adenylated control, and low molecular weight size standards.

Shots:
2.10.1. MED: Talent mixing adenylated oligonucleotide with RNA loading buffer.
2.10.2. CU: Tube being placed at 75 °C for 2 minutes. 
2.10.3. CU: Tube being placed on ice.
2.10.4. MED: Talent loading the sample into the well of the gel.
2.10.5. MED: Talent loading control and then standards.

2.11. Run the gel at 24 V/cm until the bromophenol blue is ¾ of the way to the bottom of the gel.

Shots:
2.11.1. MED: Talent starting the gel run.
2.11.2. CU: A shot of the gel (when run is almost done) to show that the bromophenol blue xylene cyanol is ¾ of the way to the bottom.

2.12. Post-stain the gel with 1X sybr-gold solution in 1X TBE and visualize on a UV-transilluminator box. There should be a single nucleotide shift in the size of the DNA oligonucleotide that was subject to adenylation by Mth RNA ligase. (Video editor: highlight the band in the + lane)

Shots:
2.12.1. LAB MEDIA: 52095fig2highres.jpg

3. Linker Ligation to 3’ end of miRNA

3.1. For the 3’ Ligation reaction, assemble the following components on ice in this order: 1 μl of 50% PEG 8000, 0.5 μl of 10X RNA ligase buffer, 1 μl of adenylated 3’ Linker, 0.5 μl of RNase inhibitor, 0.5-8 μg of total RNA, 0.5 μl of T4 RNA ligase 2, and nuclease-free H2O to a final volume of 5 μl. [TEXT: 1.0 μl 50% (w/v) PEG 8000, 0.5 μl 10X RNA ligase buffer, 1.0 μl adenylated 3’ Linker (100 μM), 0.5 μl RNase inhibitor, 0.5-8.0 μg total RNA, 0.5 μl T4 RNA ligase 2, H2O to 5 μl]

Shots:
3.1.1. MED: Talent starting to add reagents to a tube. (Video editor:  you can freeze this shot and have the voiceover continue naming the reagents.  Please add overlay text of each reagent as it is mentioned)

3.2. Mix the reaction by pipetting. Once thoroughly mixed, place the reaction in a thermal cycler with a heated lid. Set the block to 16 °C, and incubate for 4 hours.  (TEXT: 16 °C; 4 hr)  Note that the reaction may be scaled up to a final volume of 20 μl without any loss in ligation efficiency. 

Shots:
3.2.1. CU: Talent pipetting the reaction in the tube to mix it.
3.2.2. Added a shot of aliquoting into a 0.2ml PCR tube.
3.2.2 3.2.3	MED: Talent placing the reaction in a thermal cycler, closes the lid and started the program.

3.3. Following the 3’ ligation, mix the reaction with an equal volume of 2X RNA loading buffer. Heat to 70 °C for 5 minutes, and snap cool on ice.

Shots:
3.3.1. CU: 2X RNA loading buffer being added to the reaction tube.
3.3.2. MED: Talent putting the tube at 70 °C.
3.3.3. CU: Tube being placed on ice.

3.4. Next, gel-purify the sample on a 15% polyacrylamide gel.  Pre-run the gel at 24 V/cm of gel width for at least 30 minutes.

Shots:
3.4.1. MED: Talent starting the pre-run of the gel.  

3.5. Turn off the power supply and flush the wells with running buffer.  Load the sample and run the gel at the same voltage as the pre-run until the bromophenol blue has just exited the gel. The desired product will migrate close to the xylene cyanol.

Shots:
3.5.1. MED: Talent turning off the power supply.
3.5.2. CU: Wells of gel being flushed with running buffer.
3.5.3. CU: Sample being loaded into well.
3.5.4. CU: A shot of the gel (when run is almost done) with bromophenol blue just exiting the gel.

3.6. When the polyacrylamide gel electrophoresis is complete, place the gel in a clean tray with 1X running buffer and 1X sybr-gold, and rock for 15 minutes.

Shots:
3.6.1. MED: Talent placing gel in a tray and then adding 1X running buffer and 1X sybr-gold.
3.6.2. MED: Talent placing tray with gel on a rocker.

3.7. Remove the gel from the staining dish and visualize on a UV transilluminator box covered with clean plastic wrap. The ligation product should be around 45 nucleotides in length.  Since this ligation product is usually not visible, it is important to include a positive control synthetic RNA sample in the adjacent lane.

Shots:
3.7.1. MED: Talent placing gel on a UV transilluminator box.
3.7.2. LAB MEDIA:  panel A of ‘52095fig3highres.jpg’ (Video editor: draw a rectangular box encompassing the visible 45 bp band in the synthetic RNA lane as well as the region where the non-visible bands should be in the two total RNA lanes)

3.8. Using a clean razor blade, excise the region containing the ligation product, guided by the positions of the synthetic RNA sample and the size standards. Place the excised gel fragment in a 0.5-ml microcentrifuge tube.

Shots:
3.8.1. CU: Region containing the ligation product being excised with a razor blade.
3.8.2. CU: Gel piece being placed in a 0.5-ml microcentrifuge tube.

3.9. Pierce the bottom of the 0.5-ml microcentrifuge tube with a 30 gauge needle and place the pierced tube in a second clean, low-retention, 1.5-ml microcentrifuge tube. Centrifuge for 5 minutes at ~15,000 x g. (TEXT: 5 min; ~15,000 x g)

Shots:
3.9.1. CU: Bottom of the 0.5-ml centrifuge tube being pierced and then the tube placed in a 1.5-ml microcentrifuge tube.
3.9.2. MED: Talent putting the tube into the centrifuge.

3.10. Visually confirm that the entire gel slice has moved through the hole in the inner tube. If necessary, use a clean pipette tip to push some gel fragments closer to the hole.

Shots:
3.10.1. ECU: A shot of the tube after centrifugation to show that gel slice has moved through the hole in the inner tube.
3.10.2. CU: A clean pipette tip being used to push some gel fragments closer to the hole.

3.11. Discard the empty 0.5-ml tube and add 400 μl of high-salt column buffer to the acrylamide slurry. Rock the tube at 4 °C overnight.

Shots:
3.11.1. MED: Talent discarding the 0.5-ml tube and then adding 400 μl of high-salt column buffer to the acrylamide slurry.
3.11.2. MED: Talent putting the tube on the rocker at 4 °C.

3.12. On the following day, transfer the slurry to a 0.22-micron cellulose acetate spin column using a wide-bore pipette tip. Centrifuge for 3 minutes at room temperature at ~15,000 x g to collect all liquid away from the acrylamide gel matrix.

Shots:
3.12.1. CU: Slurry being transferred to a 0.22-micron cellulose acetate spin column.
3.12.2. MED: Talent putting the spin column into the centrifuge.

3.13. Transfer the liquid to a clean, low-retention, 1.5-ml tube containing 1 μl of a 20 mg/ml glycogen solution. Add an equal volume of isopropanol and a 1/10th volume of sodium acetate, and mix the solution by inverting the tube several times. Precipitate in a -80 °C freezer for 20 minutes. (TEXT: -80 °C; 20 min)

Shots:
3.13.1. CU: Liquid being transferred to a clean, low-retention, 1.5-ml tube containing glycogen.
3.13.2. MED: Talent adding isopropanol and sodium acetate to the solution and inverts the tube a few times.
3.13.3. MED: Talent putting the tube into the -80 °C freezer.

3.14. Centrifuge at full speed at 4 °C for 20 minutes to pellet the nucleic acid. Remove the supernatant and wash in 70% ethanol. Air-dry the pellet for 10 minutes at room temperature and proceed directly to the 5’ ligation step.

Shots:
3.14.1. Use shot from 2.6.1.
3.14.2. Use shot from 2.7.1.
3.14.3. Use shot from 2.6.1.
3.14.4. Use shot from 2.7.3.

4. Linker ligation to 5’ end of miRNA-3’ Linker Hybrid

4.1. To begin this procedure, add the following components to the nucleic acid pelleted earlier: 2 µl of PEG 8000, 0.5 µl of RNA Ligase Buffer, 0.5 µl of ATP, 0.5 µl of linker RNA oligonucleotide, and H2O to a final volume of 4 µl. [TEXT: 2 µl PEG 8000 (50% w/v), 0.5 µl RNA Ligase Buffer (10X), 0.5 µl ATP (10 mM), 0.5 µl RNA oligo (100 µM), H2O to a final volume of 4 µl]

Shots:
4.1.1. MED: Talent adding the first reagent to a tube. (Video editor:  you can freeze this shot and have the voiceover continue naming the reagents.  Please add overlay text of each reagent as it is mentioned)

4.2. Mix this sample by pipetting up and down repeatedly for up to 5 minutes to ensure that the pellet has been completely re-solubilized. 

Shots:
4.2.1. CU: Sample being pipetted up and down repeatedly. 

4.3. Once the pellet is in solution, transfer the contents to a clean PCR tube containing 1 μl of a 1:1 mixture of RNase inhibitor and T4 RNA Ligase 1. Mix by pipetting up and down. 

Shots:
4.3.1. MED: Talent transferring solution to PCR tube containing RNase inhibitor and T4 RNA Ligase 1 and pipetting up and down.

4.4. Incubate the reaction in a thermal cycler at 37 °C for 4 hours. (TEXT: 37 °C; 4 hr)    When the reaction is complete, proceed immediately to cDNA synthesis, as described in the protocol text.

Shots:
4.4.1. MED: Talent putting the tube into a thermal cycler, closes the lid, and starts the program.

5. Results: ligation of small RNA molecules by this method is highly efficient

5.1. Following linker ligation to the 3’ end of RNA and PAGE analysis of the reactions, sharp high molecular weight bands are evident in the 100-300 nucleotide region of the gel, which indicates that the total RNA sample being used is of high quality. (Video editor: highlight the 2 and 1 μg total RNA lanes)

Shots:
5.1.1. LAB MEDIA: panel A of ‘52095fig3highres.jpg’

5.2. The very bright signal at the 25 nucleotide region of the gel is excess, unligated 3’ linker. (Video editor: highlight the asterisk) ‘Synthetic RNA’ indicates a ligation performed with 5 pmol of synthetic microRNA and a 3’ linker which was gel-purified.

Shots:
5.2.1. LAB MEDIA: panel A of ‘52095fig3highres.jpg’

5.3. Shown here is an autoradiogram of 3’ ligation reactions performed with P32 5’ end-labeled synthetic microRNA. The number of hours that the reaction was allowed to proceed is indicated at the top, and the numbers at the bottom indicate the amounts ligated as a percentage of the sum of unligated and ligated.

Shots:
5.3.1. LAB MEDIA: panel B of ‘52095fig3highres.jpg’

5.4. This autoradiogram is of 5’ ligation reactions performed with P32 5’ end labeled synthetic microRNA-3’ linker hybrids. The numbers at the bottom indicate the amounts ligated as a percentage of the sum of unligated and ligated, and reveal the importance of using a high concentration of PEG8000. 

Shots:
5.4.1. LAB MEDIA: 52095fig4highres.jpg

5.5. Small-RNA DNA libraries compatible for high-throughput sequencing are subsequently generated by PCR. The proper number of PCR cycles is determined empirically. In this example, the size of the expected DNA product is 146 base pairs.

Shots:
5.5.1. LAB MEDIA: 52095fig5highres.jpg

6. Conclusion (said by authors on camera)
6.1. Jerome Lee: Once mastered, this technique can be done in 2 days if it is performed properly.
6.2. Jerome Lee: While attempting this procedure, it’s important to remember to keep all tubes and tips free of nucleases especially RNase.
       

Provided Media

1A. 52095fig1highres.jpg; 52095_P4 graphic.jpg; 52095_P5 graphic.jpg
2.1. topmost cartoon only of ‘52095fig1highres.jpg’
2.12. 52095fig2highres.jpg
3.7. panel A of ‘52095fig3highres.jpg’
5.1 – 5.2. panel A of ‘52095fig3highres.jpg’
5.3. panel B of ‘52095fig3highres.jpg’
5.4. 52095fig4highres.jpg
5.5. 52095fig5highres.jpg


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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