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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
Can you record movies/images using your own microscope camera? 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.

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.)
Steps: 3.2 , 3.5, 3.6, 3.8, 3.9 4.3 and 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.)
Excising cDNA from the gel (4.4) is a very critical step and should be done very carefully by avoiding the adapter dimers that run very close to the 145bp marker. 
5. Will the filming need to take place in multiple locations? (Y/N) 
If yes, how far apart are the locations? 
It will be filmed at multiple locations that are within walking distance often 0.2 - 0.4 miles or less.


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. Sharanjot Saini: With the use of this protocol, researchers can identify novel exosome/extracellular vesicles-based and tissue-based microRNA markers for advanced prostate cancer [1].
1.1.1. INTERVIEW

1.2. Divya Bhagirath: Isolating RNA from both FFPE and EVs is often challenging as most of it is either degraded or is in limited quantity. This protocol will elaborate on different methods to optimize the RNA inputs and cDNA libraries to yield most specific reads and high quality data for next generation sequencing. Next Gen sequencing offers the most comprehensive platform for understanding molecular alterations in tumors that underlie tumor progression [1].
1.2.1. INTERVIEW

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

1.3. Divya Bhagirath: This protocol is optimized with prostate cancer clinical samples and can provide novel insights into underlying biology of advanced, aggressive prostate cancer [1]. 
1.3.1. INTERVIEW

1.4. Divya Bhagirath: Optimizing the cDNA libraries from low input materials is a crucial step for a successful sequencing run. It is therefore, very important to generate high quality cDNA libraries to get accurate results [1].
1.4.1. INTERVIEW



Section - Protocol
This study was conducted in accordance with the ethical guidelines of US Common Rule and was approved by the University of California San Francisco (UCSF) Committee on Human Research.
2. Isolating Serum-derived EVs (Extracellular Vesicles) 
2.1. After performing microdissection of tissues as previously done, proceed to isolating serum-derived EV (pronounce as E-V) [1-LM-TXT]. Thaw frozen patient serum samples at 4 degrees Celsius [2]. Transfer 110 microliters of thawed serum sample to a tube [3], and spin at 2,000 times g for 30 minutes [4].
2.1.1. JoVE article 2015; (103): 53123. (03:37-03:38) TEXT: jove.com/53123 
2.1.2. Talent transfers the samples from the freezer to ice.
2.1.3. Talent transfers serum to a tube.
2.1.4. Talent places the tube in a spinner.
2.2. Collect the supernatant for subsequent EV or exosome isolation and discard the debris pellet. Add 30 microliters of serum exosome isolation reagent to the supernatant [1] and incubate at 4 degrees Celsius for 30 minutes [2].
2.2.1. [Split Shot] 2.2.1A. Talent transfers supernatant into a tube.
[Split Shot] 2.2.1B. Talent adds reagent.
2.2.2. Talent places the tube on ice.
2.3. Spin at 10,000 x g for 10 minutes [1]. Collect the EV-depleted supernatant carefully without disturbing the pellet in a separate 1.5-milliliter tube [2] and store at -80 degrees Celsius for future analysis [3]. 
2.3.1. Talent places the tube in a spinner.
2.3.2. CU: Talent transfers the supernatant into another tube.
2.3.3. Talent places the tube into a freezer.
2.4. Then, resuspend the EV pellet in 70 microliters of PBS prepared in nuclease-free water [1]. 
2.4.1. CU: Talent adds buffer into the tube to resuspend the pellet.
3. Library Preparation for Small RNA Sequencing: Generate Adapter-Ligated cDNA.
3.1. After isolating total RNA from microdissected tissues and purified EVs using commercial kits, perform library preparation [1]. Into 5 microliters of a normalized 40-nanogram per microliter RNA sample, add 1 microliter of 3’ (pronounce as three prime) adaptor [2-TXT].
3.1.1. Talent shows two isolated RNA.
3.1.2. CU: Talent adds solution into a tube with RNA. TEXT: This protocol is optimized for RNA concentrations as low as 100 ng. 
Author comment: 3.1.1 AND 3.1.2 ARE combined
3.2. Preheat the thermal cycler to 70 degrees Celsius [1], and incubate the sample for 2 minutes [2-TXT]. Immediately transfer the samples on ice [3].
3.2.1. Shot of the thermal cycler at temperature of 70 degrees Celsius
3.2.2. Talent places the tube in the thermal cycler, and starts a timer. TEXT: 70 °C, 2 min Important Step
3.2.3. Talent transfers the samples on ice.
Author comment: 3.2.1. -3.2.3 USE THE SECOND TAKE. ALSO, 3.2.3 AND 3.5.3 ARE THE SAME (INTERCHANGEABLE)
3.3. In a separate tube, mix 2 microliters of ligation buffer, 1 microliter of RNase (pronounce as R-N-ase) inhibitor, and 1 microliter of T4 (pronounce as T-4) RNA Ligase 2, a deletion mutant. Mix by pipetting up and down [1].
3.3.1. Talent adds three reagents into a tube and pipets to mix.
3.4. Then, add 4 microliters of the mix to the tube with the RNA 3’ adaptor on ice [1]. Preheated the thermal cycler to 28 degrees Celsius [2], and place the tube in the thermal cycler to incubate for 1 hour [3-TXT].
3.4.1. Talent transfers the mix into the tube on ice.
3.4.2. Shot of the thermal cycler at 28 degrees Celslius.
3.4.3. Talent places the tube in the thermal cycler. TEXT: 28 °C, 1 h
Author comment: 3.4.2 AND 3.4.3 ARE combined
3.5. After that, add 1 microliter of stop solution into the tube while keeping the sample on the thermal cycler [1]. Incubate at 28 degrees Celsius for another 15 minutes [2-TXT]. Then, immediately remove the tube and keep on ice [3].
3.5.1. Talent adds solution into the tube on the thermal block. Important Step
3.5.2. Talent starts a timer of 15 min. TEXT: 28 °C, 15 min
3.5.3. Talent places the tube on ice.
3.6. In a separate tube, add 1 microliter of 5’ (pronounce as five-prime) adaptor [1]. Transfer to a thermal cycler that has been preheated to 70 degrees Celsius and incubate for 2 minutes [2-TXT]. Immediately place the tube on ice to prevent re-annealing of the adaptors [3].
3.6.1. Talent adds solution into a tube.
3.6.2. Talent places the tube into a thermal cycler, and starts a timer. TEXT: 70 °C, 2 min Important Step
3.6.3. Talent places the tube on ice.
3.7. Add 1 microliter of 10 millimolar ATP to the tube of denatured 5’ adaptor. Mix by pipetting and add 1 microliter of T4 RNA ligase to the mix. Mix by pipetting [1]. Transfer 3 microliters of this mix to the tube containing the 3’ adaptor-ligated RNA [2]. 
3.7.1. CU: Talent adds two solutions into the tube and mixes after each addition.
3.7.2. Talent transfers liquid from the mix to the tube on ice.
3.8. Place the tube on the thermal cycler that has been preheated to 28 degrees Celsius and incubate for 1 h [1-TXT]. After that, immediately transfer the tube onto ice and either proceed further with the samples [2] or store at -80 degrees Celsius for future use [3].
3.8.1. Talent places the tube on the thermal cycler. TEXT: 28 °C, 1 h Important Step
3.8.2. Talent places the tube onto ice.
3.8.3. Talent places the tube from the ice to the freezer.
Author comment: 3.8.2, 3.9.3, 3.11.3 AND 3.13.2 ARE ALL INTERCHANGEABLE. WE FILMED COUPLE OF ANGLES
3.9. To perform RT-PCR (pronounce as R-T-P-C-R), use 6 microliters of each adaptor-ligated RNA and add 1 microliter of RNA RT primer to it [1]. Transfer the tube to the thermal cycler preheated to 70 degrees Celsius, and incubate for 2 minutes [2-TXT]. Transfer the tube on ice [3].
3.9.1. Talent transfers solution into a new tube and adds another solution into it.
3.9.2. Talent places the tube in the thermal cycler. TEXT: 70 °C, 2 min Important Step
3.9.3. Talent places the tube on ice.
3.10. In a separate tube, mix 2 microliters of 5x strand buffer, 0.5 microliters of 12.5 millimolar dNTPs (pronounce as D-N-T-Ps), 1 microliter of 100 millimolar DTT (pronounce as D-T-T), 1 microliter of RNase inhibitor, and 1 microliter of reverse transcriptase [1].
3.10.1. Talent mixes 5 solutions in a tube.
3.11. Add 5.5 microliters of this mix to the adaptor-ligated RNA [1] and transfer it to the thermal cycler that has been preheated to 50 degrees Celsius to incubate for 1 hour [2-TXT]. After 1 hour, transfer the adaptor-ligated cDNA (pronounce as Complementary DNA) immediately to ice [3].
3.11.1. CU: Talent adds the mix into the tube on ice.
3.11.2. Talent places the tube into a thermal cycler. TEXT: 50 °C, 1 h
3.11.3. Talent transfers the tube from the thermal cycler to ice. Videographer: Take multiple shots, as this will be used later.
3.12. In a separate tube, mix 25 microliters of PCR mix, 2 microliters of RNA PCR primer, 2 microliters of RNA PCR primer index, and 8.5 microliters of RNase-free water [1]. Add 37.5 microliters of this mix to 12.5 microliters of the adaptor-ligated cDNA [2]. 
3.12.1. Talent adds four solutions into a tube.
3.12.2. Talent adds the mix into the previous tube on ice.
3.13. Transfer the tube to the thermal cycler that has been preheated to 98 degrees Celsius. Program the thermal cycler as suggested in the manufacturer’s protocol with the cycle number modified to 15 [1]. After completions, keep the sample at 4 degrees Celsius. Proceed or store at -80 degrees Celsius for future use [2].
3.13.1. Talent places the tube in the thermal cycler, and adjusts settings.
3.13.2. Talent places the tube on ice.
4. Library Preparation for Small RNA Sequencing: Purify and Perform Quality Control for the Ligated cDNA.
4.1. To purify the ligated cDNA, add 10 microliters of the DNA loading dye to each cDNA sample and to 10 microliters of the high-resolution ladder and custom RNA ladder [1]. 
4.1.1. Talent adds dye into samples in a tube.
Author comment: 4.1.1 IS BROKEN INTO TWO CLIPS
4.2. Run 30 microliters of each sample in two separate lanes adjacent to each other in the 6% TBE (pronounce as T-B-E) polyacrylamide gel, with custom RNA ladder and high-resolution ladder in the intermediate space between the two different samples [1]. Run the gel in 1x TBE buffer at 145 volts for approximately 30−40 minutes [2].
4.2.1. CU: Talent adds solution into a gel. 
4.2.2. Talent turns on the power supply and adjusts the voltage.
4.3. Keep track of the lower blue front of the loading dye [1]. Stop the electrophoresis when it approaches the bottom of gel [2]. Transfer the gel in 1x TBE buffer with 0.5-microgram per milliliter Ethidium Bromide [3-TXT].
4.3.1. CU: Shot of the front of the loading dye reaching the bottom of the gel. Important Step
4.3.2. Talent turns off the power supply.
4.3.3. Talent places the gel into a solution. TEXT: CAUTION: EtBr (Ethidium Bromide) is a known carcinogen!
Author comment: 4.3.1 - 4.3.3 are combined
4.4. Visualize the gel in a transilluminator and cut the gel precisely between the 145-base pair and 160-base pair markers, and slightly above the 145-base pair marker to avoid contamination with adaptor dimer [1].
4.4.1. CU: Talent places the gel in a transilluminator and cuts the gel. Videographer: Take multiple shots, as this will be used later. Important Step
Author comment: 4.4.1A IS PLACING GEL IN TRANSILLUMINATOR 
4.4.1B IS THE CUTTING
4.5. Divya Bhagirath: A critical step is purification of ligated cDNA by cutting the gel precisely as adapter dimers run very close to the desired band [1].
4.5.1. INTERVIEW
4.6. Transfer the gel pieces to DNA breaking tubes kept in 2 milliliter collecting tubes [1]. Spin at 20,000 times g for 2 minutes [2], add 300 microliters of RNase-free water and allow it to rotate gently on a rocker overnight at room temperature [3]. 
4.6.1. Talent places gel pieces into tubes.
4.6.2. Talent places the tubes into a spinner.
4.6.3. Talent adds water into the tubes, and places them on a rotator.
4.7. To perform the DNA precipitation, on the following day, transfer the contents of the tube to 5-micron filter tubes [1]. Spin at 600 times g for strictly 10 seconds [2].
4.7.1. CU: Talent transfers the contents from the tubes into filter tubes.
4.7.2. Talent places the filter tubes into a spinner. Videographer: Take multiple shots, as this will be used later.
4.8. Then, add 2 microliters of glycogen, 30 microliters of 3 molar sodium acetate, 2 microliters of 0.1x pellet paint, and 975 microliters of 100% ethanol to the eluted DNA [1]. Spin at 17,000 times g at 4 degrees Celsius for 20 minutes [2]. Discard the supernatant and add 75% ethanol to wash the pellet [3].
4.8.1. CU: Talent adds four solutions into one filter tube.
4.8.2. Use 4.7.2. 
4.8.3. CU: Talent removes supernatant and adds ethanol.
4.9. After spinning at 17,000 times g at 4 degrees Celsius for 5 minutes, discard the supernatant and incubate the tubes at 37 degrees Celsius on a thermal block to completely evaporate the ethanol [1]. Resuspend the pellet with 12 microliters of 10 millimolar Tris-hydrochloride at pH 8.5 [2].
4.9.1. Talent takes out the tube, removes supernatant, and places into a thermal block.
4.9.2. CU: Talent takes out the tube from the thermal block and adds solution into the tube to resuspend.
4.10. Next, perform a library quality check by diluting the purified cDNA 10 times and using 1 microliter of the diluted cDNA to run on a bio-analyzer [1].
4.10.1. Talent dilutes the sample, and operates on a bio-analyzer.
4.11. Make sure the cDNA product size corresponds to the range of small RNA in the electropherogram between 136 to 160 base pairs [1]. Calculate the total molarity for each sample [2]. Normalize each sample to 2 nanomolar using Tris-hydrochloride at pH 8.5 [3].
4.11.1. Talent shows the product size with the range.
4.11.2. Talent does calculation on paper.
4.11.3. Talent adds solution into tubes.
4.12. Pool the libraries by mixing equal volumes of each 2 nanomolar sample in a single 200-microliter PCR tube, denature and sequence following the steps as described in the manuscript [1].
4.12.1. Talent combines two solutions in a tube.  


Section – Results
5. Results: Library Preparation, Quality Check, and Run Metrics for Sequencing Small Non-coding RNA
5.1. In this study, the library was prepared after RNA isolation and a quality check was performed. The product size for adaptor-ligated miRNAs (pronounce as micro-RNAs) corresponded to about 136−160 base pairs for each sample [1].
5.1.1. Figure 1
5.2. The highlighted sections show the range of the gel that was precisely excised for small RNA library preparation [1].
5.2.1. Figure 1 – Video editor: Emphasize the yellow squares.
5.3. This figure shows the gel electrophoresis and electropherograms for the purified cDNA library [1] for microdissected FFPE tissue [2] and serum-derived EVs [3]. 
5.3.1. Figure 2
5.3.2. Figure 2 – Video editor: Emphasize Figure 2A.
5.3.3. Figure 2 – Video editor: Emphasize Figure 2B.
5.4. The representative metrics from a small RNA sequencing run demonstrate the expected cluster density, Q score, cluster passing filter percentage, and the estimated yield and error rates [1] for microdissected FFPE tissue [2] and serum-derived EVs [3]. 
5.4.1. Figure 3
5.4.2. Figure 3 – Video editor: Emphasize Figure 3A&B.
5.4.3. Figure 3 – Video editor: Emphasize Figure 3C&D.
5.5. The Q score in both samples showed a value above 30, indicating 99.9% of base call accuracy [1], and the error rates were all below 1 [2]. 
5.5.1. Figure 3 – Video editor: Emphasize the green bars of Q score in both Figure 3A&C.
5.5.2. Figure 3 – Video editor: Emphasize Figure 3B&D.



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Divya Bhagirath: Each step in library preparation should be carefully executed and tubes should be immediately transferred to ice after each incubation [1]. A critical step in the protocol is cutting the gel precisely to ensure you have an adapter dimer free and pure cDNA library [2].
6.1.1. INTERVIEW – Video editor: B-roll suggestion: Shot 3.11.3
6.1.2. INTERVIEW – Video editor: B-roll suggestion: Shot 4.4.1
6.2. Divya Bhagirath: Generating cDNA libraries require optimization for a high quality sequencing run. Understanding this protocol will help the viewers in extrapolating these minute details to other sequencing library preparations from limited source samples such as serum and extracellular vesicles [1].
6.2.1. INTERVIEW
6.3. Sharanjot Saini: This technique has helped us in identifying novel miRNAs that are associated with tumor aggressiveness and therapy resistance in metastatic prostate cancer patients. These techniques can be extrapolated to other disease types that can aid in novel biomarker discovery [1].
6.3.1. INTERVIEW
6.4. Sharanjot Saini: As this technique uses biological materials such as patient derived serum and tissues samples one should take appropriate precautions. Further, EtBr is a known carcinogen and should be carefully handled while using this protocol [1].
6.4.1. INTERVIEW
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