Submission ID #: 57471
Editor Name: Renee Choi
Videographer Name: M. Lenz
Film Date: 2/22/18
Link: http://www.jove.com/files_upload.php?src=17528703 

Authors and Affiliations: Olivier Loudig1,2,3, Christina Liu1.2, Thomas Rohan3, and Iddo Z. Ben-Dov4
1Department of Research, Hackensack University Medical Center, Hackensack, NJ, USA; 2Department of Medical Sciences, Seton Hall University, South Orange, NJ, USA; 3Department of Epidemiology and Population Health, Albert Einstein College of Medicine, Bronx, NY USA; 4Department of Nephrology and Hypertension, Hadassah - Hebrew University Medical Center, Jerusalem, Israel



Title: Retrospective MicroRNA Sequencing: Complementary DNA Library Preparation Protocol Using Formalin-fixed Paraffin-embedded RNA Specimens



Corresponding Author: 
Olivier Loudig: olivier.loudig@hackensackmeridian.org 

Co-authors:
Olivier Loudig: olivier.loudig@hackensackmeridian.org 
Christina Liu: christina.liu@einstein.yu.edu 
Thomas Rohan: thomas.rohan@einstein.yu.edu 
Iddo Ben-Dov: iddobe@ekmd.huji.ac.il 

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  
Can you record movies/images using your own microscope camera? (Y/N)____N_____  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: 
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) The steps that will be the most useful for the viewers are:
Step 2.1- Setting up the samples for initial ligation, Step 3.6- Loading the pooled samples and running them on gel, Step 3.8- Cutting the samples out of the gel and purifying them, Step 4.5- Setting up the Reverse transcription, Step 5.3- Setting up and collecting pilot PCR reaction, Step 5.8- Pooling and precipitating the amplified libraries
D.  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.) _____
Step 3.4- Dry pellet without touching it, Step 3.5- Identify optimal PCR amplification cycle for library amplification
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? ____________Within walking distance in lab or on floor of research building_______________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this cDNA library preparation is to enable successful sequencing of small RNAs that have been stored in formalin-fixed paraffin-embedded tissues. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Olivier Loudig: This method can help answer key questions in the MicroRNA field, such as changes in the expression of particular miRNAs.  
1.2. Olivier Loudig: The main advantage of this technique is that it allows simultaneous sequencing of 18 RNA samples and provides information on all microRNAs expressed in a specific archived specimen.   

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

1.9. Procedures involving human subjects have been approved by the Institutional Review Board (IRB).


Protocol: (read by voice talent at JoVE)
2. 3’ Barcoded Adapter Ligations with 18 Individual RNA Samples
2.1. To begin the protocol, add 8.5 µL of previously prepared ligation master mix to each of the 18 individually aliquoted FFPE RNA samples…gently flick the tubes…and centrifuge for 2 s [1-MED-TXT]. After centrifuging, store the tubes on ice [2-MED]. 
2.1.1. Talent finishes adding ligation master mix to all tubes, then flicks all tubes, and places them in the centrifuge. TEXT: See accompanying text protocol for detailed guidance 
2.1.2. Talent stores tubes on ice 
2.2. Use a 3 µL pipette to transfer 1 µL of each adapter to the corresponding FFPE RNA samples containing RNA and Ligation Master Mix [1-CU]. Do not pipette up and down, and change tips between FFPE RNA samples [2-MED-TXT].
2.2.1. Follow the pipette tip as talent transfers adapter to 1-2 FFPE RNA samples
2.2.2. Talent continues to transfer adapter to tubes. TEXT: Use this pipetting technique throughout protocol
2.3. Close each tube…flick them to mix…and centrifuge them for 2 s. Set the tubes on ice [2-MED]. Denature the reactions by placing the tubes on a heat block at 90 °C for 1 min and then immediately place them on ice.
2.3.1. Over the shoulder, talent closes the tubes, flicks them, and places them in the centrifuge 
2.3.2. Over the shoulder, talent removes tubes from centrifuge and places them on ice 
2.4. Next, use a 3 µL pipette to transfer 1 µL of the diluted ligation enzyme into each of the 18 RNA samples [1-MED]. Set the ligations on ice and place them in a 4 °C cold room for an overnight incubation of 18 h [2-MED].
2.4.1. Talent transfers ligation enzyme to tubes, capture the pipette in the shot 
2.4.2. Talent finishes placing the tubes on ice and places them in cold room and leaves the room 
3. Ligated Small RNA Purification
3.1. Place the tubes on a heat block for 1 min at 90 °C to deactivate the ligation reaction…and then return them to ice for at least 2 min to cool down [1-MED]. Transfer 1.2 µL of the precipitation master mix into each tube [2-MED]. 
3.1.1. Samples are in heat block and timer goes off, it says 1 min, then talent places the tubes on ice and sets timer for 2 min  
3.1.2. Over the shoulder, talent transfers master mix to tubes
3.2. Add 63 µL of 100% ethanol…close each tube…flick the tubes to mix…centrifuge them for 2 s [1-MED]. Place the tubes on ice [2-MED]. Combine the contents of all 18 tubes into a single 1.5 mL siliconized tube, and invert three times to mix [3-MED]. 
3.2.1. Side view, talent finishes adding ethanol, closes the tubes, flicks them, and places them on centrifuge 
3.2.2. Side view, talent places the tube on ice 
3.2.3. Talent combines all tubes into one tube, and inverts the tube three times
3.3. Centrifuge the tubes for 2 s…and place them on ice for 60 min to precipitate [1-MED]. After precipitation, centrifuge the 1.5 mL tube with the pooled ligations [2-MED-TXT]. 
3.3.1. Talent centrifuges tubes then places them on ice and sets timer for 60 min. TEXT: 16,000 x g, 4 °C, 60 min
3.3.2. Talent centrifuges with the 1.5 mL tube 
3.4. Next, remove the supernatant with a 1 mL pipette tip but leave some liquid at the bottom [1-CU]. Tilt the tube and use a 20 mL pipette to remove the remaining supernatant [2-CU-TXT]. Vacuum suction the supernatant with a Pasteur pipette with a 10 µL tip [3-CU-TXT]. (note from VO talent: changed this to µL)
3.4.1. Focus on the tube as talent removes the supernatant, and show how much liquid remains at the bottom 
3.4.2. Focus on the tube, talent tilts the tube and removes remaining supernatant. TEXT: Do not touch the pellet 
3.4.3. Talent sets up vacuum suction on tube. TEXT: Do not touch the pellet 
3.5. Then resuspend the RNA pellet in 20 µL of RNase-free water by flicking the tube [1-CU]. Add 20 µL of PAA gel loading solution to resuspend the RNA…flick the tube…centrifuge the tube for 2 s at room temperature…and set the tube on ice [2-MED].
3.5.1. Talent adds RNase-free water and flicks the tube, and shows the tube to the camera for a beat to show that the gel has been resuspended  
3.5.2. Talent adds PAA gel loading solution (capture the label if it is generic, in the shot, if possible). Talent flicks the tube and places it in the centrifuge for 2 s, then sets the tube on ice. 
3.6. Replace the previously prepared 0.5x TBE of the gel apparatus with fresh 0.5x TBE, and load the ladder, size markers, and ligated miRNAs in the center of the gel, leaving 2 empty wells on both sides [1-CU-TXT]. Then run the gel [2-MED]. 
3.6.1. Focus on the gel and the lanes being filled. Talent adds TBE and loads the gel, filling the wells, and leaving 2 wells on either side. Talent points out the empty wells on either side. TEXT: See accompanying text protocol for details
3.6.2. Over the shoulder, talent turns on voltage 
3.7. After running the gel, uncast the 15% PAGE by removing one of the glass plates [1-MED]. Lightly spray the gel sitting on the glass plate with 10 µL of fluorescent dye solution in 25 mL of 0.5x TBE, and let it sit flat for 5 min in the dark [2-MED].
3.7.1. Over the shoulder, talent removes one of the plates
3.7.2. Over the shoulder, talent sprays the gel, then sets aside in dark and sets timer for 5 min
3.8. Lay the glass with the gel on a blue light transilluminator, and align both 19 nt and 24 nt size markers with a ruler to direct the excision of the ligated small RNAs [1-CU]. Then excise the gel [2-CU].
3.8.1. Focus on gel on blue light transilluminator. Talent aligns 19 nt and 24 nt with ruler. 
3.8.2. Talent cuts out pieces of the gel 
3.9. Place the excised gel in a 0.5 mL tube, designed to fragment gel slices, securely positioned into a 1.5 mL siliconized microcentrifuge tube [1-CU]. Centrifuge the gel at 16,000 x g for 3 min at RT [2-MED]. 
3.9.1. Gel piece is placed into 0.5 mL tube that is in a 1.5 mL tube 
3.9.2. Side view, talent places the tube in the centfifuge and enters settings 
3.10. Resuspend the fragmented gel with 300 µL of 400 mM NaCl solution…close the tube…and seal it with the paraffin film [1-CU]. Agitate the contents on a thermomixer at 1,100 rpm in a 4 °C cold room for an overnight incubation [2-MED].
3.10.1. Focus on tube and contents, talent holds up tube to camera, then adds NaCL and resuspends the gel, then closes the tube and wraps it with paraffin film. Show the wrapped tube for a beat. 
3.10.2. Talent places tube on thermomixer and enters settings, then turns it on, and leaves cold room. Keep shot on tube in thermomixer. 
4. 5’ Ligated and 3’ Barcoded Purified Small RNAs Reverse Transcription
4.1. The next day, retrieve the tube from the thermomixer and use a 1 mL pipette to transfer the solution onto a 5 µM filter tube inserted into a 1.5 mL siliconized RNase-free collection tube [1-MED]. Centrifuge the tube for 3 min at 2,300 x g and RT [2-MED]. (note from VO talent: changed this to µm)
4.1.1. Talent has tube and reagents prepared and transfers the solution to the top portion of a filter tube 
4.1.2. Talent places the tube in the centrifuge 
4.2. Discard the filter tube…add 950 µL of 100% ethanol to the collection tube containing the filtered solution and invert the tube to mix [1-MED]. Centrifuge the tube for 2 s…and place it on ice for 60 min [2-MED]. Then precipitate the RNA pellet [3-MED-TXT]. 
4.2.1. Talent discards tube, adds ethanol (capture label in shot, if possible), then inverts tube to mix
4.2.2. Side view, talent briefly centrifuges tube, places it on ice and sets timer for 60 min 
4.2.3. Talent places tube in centrifuge and enters settings. If possible, capture the settings entered in the shot. TEXT: 16,000 x g, 4 °C,1 h
4.3. Next, dry the RNA pellet by opening the cap and carefully removing the supernatant with a 1 mL pipette, leaving some liquid at the bottom [1-CU]. Use a 20 µL pipette to remove all the remaining supernatant without touching the pellet [2-CU].
4.3.1. Focus on the tube and keep the pellet in focus, if possible. Talent opens cap and removes supernatant with pipette, and leaves some liquid at the bottom. Once supernatant is removed show the pellet with some liquid at the bottom for a beat 
4.3.2. Keep the pellet in focus, if possible. Talent holds up tube to camera and removes the remaining supernatant. Show the pellet with no supernatant for a beat.
4.4. Tilt the tube so any remaining solution moves to the opposite side of the pellet [1-CU]. Use a Pasteur pipette to aspirate the supernatant and dry the pellet using a vacuum [2-CU-TXT]. Resuspend the RNA pellet in 5.6 µL of RNase-free water [3-CU].
4.4.1. Talent tilts tube, capture the orientation of the tube, and where it is resting 
4.4.2. Talent aspirates the supernatant and dries the pellet with a vacuum. Show how close the tip gets to the pellet. TEXT: Use a 10 mL unfiltered pipette tip 
4.4.3. Talent adds RNase-free water and resuspends the pellet 
4.5. Defrost the reverse transcription reagents on the ice for 15 min [1-MED]. Set up a reverse transcription reaction by adding 3 µL of 5x Buffer, 4.2 µL of 10x deoxynucleotide triphosphate, or dNTPs, and 1.5 µL of dithiothreitol, or DTT [2-MED].
4.5.1. Talent places reagents on ice and sets timer for 15 min 
4.5.2. Talent adds buffer, dNTPs, and DTT 
4.6. Gently flick the tube to mix the reaction…and centrifuge for 2 s to collect the solution [1-CU]. After the reaction is on a heat block at 90 °C for exactly 30 s…transfer it directly to a thermomixer at 50 °C for 2 min to equalize the temperature [2-MED].
4.6.1. Follow the tube as talent flicks it. Then focus on the centrifuge as talent spins the tube. 
4.6.2. Tube on a heat block, if possible, show the temperature setting of the heat block, and 30 s has finished, so talent transfers it to thermomixer (capture temperature in shot, if possible) and sets timer for 2 min then turns on thermomixer 
4.7. Add 0.75 µL of the reverse transcription enzyme directly into the solution, flick gently to mix, and set the tube back on the thermomixer at 50 °C for 30 min immediately [1-MED].
4.7.1. Talent adds enzyme directly to solution, if possible, capture the level and care of the talent with the pipette tip. Talent flicks tube and sets it back on the thermomixer, then sets timer for 30 min 
4.8. After 30 min, transfer the tube to a heat block at 95 °C for 1 min to stop the reverse transcription [1-MED]. Add 95 µL of RNase free water directly to the reverse transcription…flick the tube to mix…and set it directly on ice for 2 min [2-CU-TXT].
4.8.1. Side view, talent moves tube from thermomixer to heat block and sets timer for 1 min 
4.8.2. Focus on the tube contents, talent adds RNase free water, show how close the pipette gets to the contents, then talent flicks thetube, and sets the tube on ice, then sets timer for 2 min. TEXT: Label tube with cDNA Stock Library and ID
5. Pilot PCR and Large-scale PCR Amplification
5.1. Assemble the pilot PCR reaction…and set up two PCR cycles on the thermocycler [1-MED-TXT]. Set up the Pilot PCR reaction in the thermocycler and start File 1 [2-MED].
5.1.1. Talent combines sample contents and reagents, TEXT: See accompanying text protocol for reaction details 
5.1.2. Over the shoulder, talent programs the pilot PCR reaction and starts File 1 
5.2. At the end of File 1, use a 20 µL pipette to transfer 12 µL from the pilot PCR reaction into a 1.5 mL microcentrifuge tube containing 3 µL of 5x gel loading dye…mix by pipetting up and down…close the tube, and label it 10 cycles [1-CU-TXT].
5.2.1. Talent transfers DNA to tube that visibly has gel loading dye, then mixes it by pipetting up and down and labels it 10 cycles. TEXT: Label tube “10 cycles” 
5.3. [bookmark: _GoBack]Close the Pilot PCR tube and start File 2 on the thermocycler [1-MED]. At the end of File 2, use a 20 mL pipette to transfer 12 µL of solution into 1.5 mL microcentrifuge tube with 3 µL of 5X gel Loading dye, and label it “12 cycles” [2-MED-TXT]. (note from VO talent: changed this to µL)
5.3.1. Talent inserts tube into thermocycler and starts File 2
5.3.2. Over the shoulder, talent repeats actions from 5.2.1, but labels the tube “12 cycles.” TEXT: Label tube “12 cycles”
5.4. Repeat the steps above to collect 12 µL of PCR products from the pilot PCR reaction at PCR cycles 14, 16, 18, and 20 [1-MED]. Then add 3 µL of 5x gel loading dye to each of the 12 µL PCR aliquots, and to the 20 nt ladder containing 3 µL of ladder and 9 µL of RNase-free water [2-MED].
5.4.1. Talent goes through motions of 5.3.1 and 5.3.2 
5.4.2. Talent adds loadsing dye to PCR aliquots, and creates a separate ladder tube 
5.5. After running the samples on an agarose gel with 0.5X TBE, evaluate the gel on a UV box to identify the optimal PCR cycle [1-MED]. Then set up the large-scale PCR reactions for agarose gel library purification [2-MED-TXT].
5.5.1. Over the shoulder, the agarose gel is on the UV box, TEXT: See accompanying text protocol for PCR details
5.5.2. Talent sets up tubes for PCR, adding reagents, etc. 
5.6. After PCR amplification, transfer 9 µL from each PCR tube into six 1.5 mL microcentrifuge tubes containing 3 µL of 5x gel loading dye [1-MED]. Prepare a 20 nt ladder [2-MED].
5.6.1. Talent transfers aliquot from PCR tube into PCR tubes that already have loading dye
5.6.2. Side view, talent combines items listed in on screen text. TEXT: 3 mL of ladder, 9 µL of RNase-free water, 3 µL gel loading dye, 1.5 mL tube 
5.7. Load the ladder, negative PCR control, and 6 PCR products onto the agarose gel, and run the gel for 30 min at 120 V [1-MED-TXT]. Verify the uniformity of the PCR amplifications between lanes on a UV box and take an image [2-MED]. 
5.7.1. Over the shoulder, talent loads the wells with ladder, and the PCR products
5.7.2. Over the shoulder, talent observes gel on UV box and takes a photo 
5.8. Combine 3 PCR reactions into two 1.5 mL siliconized microcentrifuge tube, add 27 µL of 5 M NaCl and 950 µL of 100% ethanol [1-MED]. Invert the tubes to mix…and set them at -20 °C overnight to precipitate the PCR products [2-MED/WIDE].
5.8.1. Talent combines PCR reactions into two tubes, and adds NaCl and ethanol 
5.8.2. Talent inverts tube and places in cold storage
6. Results: Protocol Robust Whether Fresh, Frozen, or Aged 
6.1. Using the protocol the miRNA expression correlation between the two fresh frozen tumor RNAs and their specific FFPE RNA specimen counterparts were ascertained [1-LM]. The plots between matched fresh frozen and FFPE miRNAs indicate that the cDNA library preparation provides a good reproducibility as there is high correlation between the miRNAs detected in specimens processed differently [2-LM]. 
6.1.1. Figure 6B two top panels. Show the two top panels of the figure with the text for each of the graphs, but not the longer text to the right and above. When “fresh frozen” is said box the text “Fr…” on the graphs in yellow. When “FFPE” is said box the text “Ff…” in purple. 
6.1.2. Figure 6B. Keep the image from 6.1.1 on the screen, but without the boxes. Add the text on the top and left “Log2…” when “provides a good reproducibility” is said. 
6.2. To determine if the optimized cDNA library preparation protocol was applicable and reproducible with increasingly older FFPE specimens, miRNA expression profiles from FFPE tissues archived for 18, 20, 22, 27, 30, and 35 years were obtained [1-LM]. The correlation coefficient remained above 0.96 regardless of the age of the specimen or the library preparation week, therefore, the optimized cDNA library preparation protocol provides a robust tool for reproducible analysis of FFPE specimens regardless of their archival time [2-LM].
6.2.1. Figure 7. As soon as the voiceover begins reveal fade in the entire figure with all text. As each number is said flash the corresponding graph “18, 20, 22, 27, 30, 35.” 
6.2.2. Figure 7. Keep the figure on the screen from 6.2.1 and add arrows pointing at the r-value charts when “0.96” is said. When “age of the specimen” is said, highlight all of the ages in the graphs in yellow for a beat. When “library preparation week” is said, highlight all of the text that starts for “W…” in yellow.” 

7. Conclusion (said by authors on camera)
7.1. After watching this video, you should have a good understanding of how to prepare your equipment and small RNA libraries to access the microRNA content of your precious formalin-fixed paraffin embedded specimens, regardless of their archival time.

Provided Media  

Insert your media filenames here.


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 are included in the email accompanying the finalized script.
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