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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  (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)___N_____ 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __ Steps 2.5 (Selective depletion), 2.6-2.7 (DNase treatment), 2.8 (Reaction cleanup), 3.3 (cDNA synthesis), 4.6 (Pooling 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.) _ Steps 2.5
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? __We can film all steps in the same lab space.
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 procedure is to prepare sequencing libraries of RNA viruses directly from clinical samples to enable viral surveillance and evolutionary studies. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Christian Matranga: This method can help answer key questions in the viral genomics and evolution fields, such as how are RNA viruses mutating and how do they spread within a population. 
1.2. Christian Matranga: The main advantage of this technique is that it is unbiased, it requires no prior knowledge of the viral sequence for library preparation and can be used to sequence any virus.   
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Pardis Sabeti: The implications of this technique extend toward therapy and diagnosis of viral diseases such as Lassa fever, because therapeutics and diagnostics that combat or detect the disease rely on the genomic sequence of the virus.  

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Christian Matranga: Demonstrating selective depletion will be Adrianne Gladden-Young [1.4.2], demonstrating cDNA synthesis will be Sarah Winnicki [1.4.3] and demonstrating library construction will be Dolo Nosamiefan [1.4.4] from our laboratory. 

1.4.1. Interview style: Author saying the above 
1.4.2. Adrianne Gladden-Young looks up from workbench or desk or microscope and acknowledges the camera.
1.4.3. Sarah Winnicki looks up from workbench or desk or microscope and acknowledges the camera.
1.4.4. Dolo Nosamiefan looks up from workbench or desk or microscope and acknowledges the camera.
E.  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 human subjects committees at Tulane University, Harvard University, Broad Institute, Irrua Specialist Teaching Hospital (ISTH), Kenema Government Hospital (KGH), Oyo State Ministry of Health, Ibadan, Nigeria and Sierra Leone Ministry of Health.
Protocol (read by voice talent at JoVE):

2. Selective Depletion of Ribosomal and Carrier RNA from Viral RNA Sample
2.1. To begin, prepare 5x hybridization and 10X RNase H reaction buffers [1-WIDE] and nuclease-free water with linear acrylamide carrier as described in Table 1 of the text protocol [2-MED/CU].
2.1.1. Talent at bench preparing one of the first two buffers

2.1.2. Talent adds acrylamide to nuclease-free water in labeled container with hyb and RNase H buffers labeled and in the frame
2.2. In a 96-well PCR plate in a metal block on ice, set up a hybridization reaction [1-MED] by combining previously extracted and DNase-treated viral RNA with rRNA depletion oligos and oligo(dTs) [2-CU-TXT]. Note, all reactions in this protocol are prepared and distributed into strip tubes for use with a multichannel pipet.
2.2.1. Talent places 96-well plate in metal block on ice; B need another version for 2.5.3 below; C need another version for 3.4.2 below; D need another version for 3.6.1 below
2.2.2. Talent adds viral RNA to plate with rRNA oligos and oligo(dT) labeled and visible on ice (TEXT: see Table 1)  
2.3. Vortex the reaction gently and thoroughly [1-MED/CU], then centrifuge at 280 x g and room temperature for 1 minute [2-MED].  Incubate at 95(C for 2 minutes [3-MED/CU], slowly ramping down to 45(C at -0.1(C per second [4-CU].  Then pause the thermocycler at 45(C [5-CU].
2.3.1. Film as written

2.3.2. Talent places plate into centrifuge and spins; B need another example for 2.6.4 below; C need another version for 2.7.3 below; D need another version for 3.3.2 below of talent removing plate from centrifuge; E need another version for 4.3.2 of talent removing plate from centrifuge and placing it down on bench
2.3.3. Talent places plate into thermocycler set at 95(C
2.3.4. Talent sets thermocycler to ramp down

2.3.5. Thermocycler reaches 45(C and talent pauses it

2.4. Set up an RNase H reaction mix in a metal block on ice [1-CU-TXT], then preheat the solution at 45(C for 2 minutes [2-CU].
2.4.1. Talent sets up RNase H reaction in metal block on ice (TEXT: see Table 1)
2.4.2. Talent places reaction mix in thermocycler or water bath/heating block at 45(C

2.5. With the 96-well plate still in the thermocycler at 45(C, add the preheated RNase H mix to the hybridization reaction.  Mix well by gently pipetting 6 – 8 times [1-CU].  Then incubate at 45(C for another 30 minutes [2-MED/CU] before placing on ice [3-CU].
2.5.1. Talent adds RNase H to plate in thermocycler and gently pipettes 6 – 8 times while mixing
2.5.1.1. Place strip caps on wells of the plate

2.5.2. Talent closes lid of thermocycler and sets to 30 minutes

2.5.3. Use 2.2.1B here
2.6. Next, set up the DNase reaction mix in a metal block on ice as described in Table 1 of the text protocol [1-CU TXT].  Add the mix to the RNase H reaction in the plate [2-CU], vortex gently and thoroughly [3-MED/CU], then centrifuge at 280 x g and room temperature for 1 minute [4-MED].
2.6.1. Talent sets up DNase reaction in metal block on ice 
2.6.2. Talent adds DNase reaction mix to RNase H reaction in 96-well plate
2.6.3. Talent vortexes plate
2.6.4. Use 2.3.2B here  

2.7. Incubate the plate at 37(C for 30 minutes [1-MED/CU], then add 5 ul of 0.5M EDTA to stop the reaction [2-CU].  After gently and thoroughly vortexing the plate, centrifuge at 280 x g and room temperature for 1 minute [3-MED].
2.7.1. Talent places plate in thermocycler set to 37(C and closes lid

2.7.2. Film as written

2.7.3. Use 2.3.2C here

2.8. Use a 1.8x volume of RNA beads to clean up the reaction per the manufacturer’s suggestion [1-CU] and elute in 11 ul of nuclease-free water [2-CU].  Store depleted RNA sample at -80(C overnight [3-WIDE].
2.8.1. Talent adds RNA beads to plate; Videographer, see shot 3.7.1 for additional shots like this 

2.8.2. Talent adds 11 ul of nuclease-free water to plate and places plate on magnet; B need another version for 3.7.2 below adding 9 ul of buffer; C need another version for 4.5.3 below using 15 ul of buffer; D need another version for 4.7.2 below using 15 ul of buffer
2.8.3. Talent places depleted RNA in -80(C freezer

2.9. Christian Matranga Adrianne Gladden-Young, Step 2.8:  Special care should be taken at this step as sample loss or degradation could occur [1-INTERVIEW].
2.9.1. Talent reciting the above statement looking off camera

3. cDNA Synthesis 

3.1. To carry out cDNA synthesis, in a 96-well PCR plate in a metal block on ice, mix rRNA/carrier-depleted RNA with random primers according to the text protocol [1-CU-TXT]. 

3.1.1. Talent mixes rRNA or carrier depleted RNA with random primers in 96-well plate in metal block on ice (TEXT: see Table 1)  
3.2. After gently vortexing and spinning the plate, in a thermocycler, heat the mixture to 70(C for 10 minutes [1-CU].  Immediately after heat denaturation, place the RNA in a metal block on ice for 1 – 5 minutes [2-CU].
3.2.1. Talent places plate in thermocycler set at 70(C (TEXT: 280 x g, RT, 1 min); Editor, use the text note for the vortexing and spinning.

3.2.2. Talent removes plate from thermocycler and places in metal block on ice
3.3. Next, after preparing the first-strand synthesis reaction mix, add it to the RNA/random primer mix in the plate [1-CU].  Then, following a vortex and centrifuge [2-MED/CU-TXT], incubate at 22 – 25(C for 10 minutes [3-MED/CU].
3.3.1. Talent finishes preparing first-strand synthesis reaction mix and adds to plate

3.3.2. Use 2.3.2D here (TEXT: 280 x g, RT, 1 min)

3.3.3. Talent places plate at 22 - 25(C in thermocycler set for 10 minutes or leaves at room temperature on bench and starts 10 minute timer)

3.4. Incubate the plate at 55(C in an air incubator for 60 minutes [1-MED].  Then place the plate in a metal block on ice to terminate the reaction [2-MED/CU]. 
3.4.1. Talent places plate into air incubator

3.4.2. Use 2.2.1C here 

3.5. Now, set up the second-strand synthesis reaction mix and add it to the first-strand synthesis reaction in the plate [1-CU].  After vortexing and spinning as before, incubate the reaction at 16(C for 2 hours [2-MED/CU].
3.5.1. Talent finishes setting up second strand synthesis reaction mix and adds to first strand reaction in plate in metal block on ice
3.5.2. Talent places plate in thermocycler set at 16(C for 2 hours (TEXT: 280 x g, RT, 1 min), Editor, add in the text note when vortexing and spinning are mentioned.

3.6. Place the plate in a metal block on ice [1-CU], then inactivate the reaction by adding 5 ul of 0.5M EDTA before mixing and spinning as before [2-CU].

3.6.1. Use 2.2.1D here
3.6.2. Talent adds 0.5M EDTA to plate in metal block on ice
3.7. With a 1.8X volume of DNA beads, clean up the reaction [1-CU] and use 9 ul of elution buffer, or EB to elute the samples [2-CU].  Save 1 ul for quantification [3-CU/ECU-TXT].  
3.7.1. Talent adds DNA beads to reaction plate for cleanup; B need another version for 4.5.2 below; C need another version for 4.7.1 below  Use action from 2.8.1 here, specifying that DNA beads were used
3.7.2. Use 2.8.2B here, specifying that 9 ul of elution buffer was used
3.7.3. Talent places 1 ul of eluted cDNA into another plate for quantification (TEXT: use 1 ng (if possible) or 4 ul of cDNA for subsequent steps)  

3.8. For safe cold storage, store double-stranded cDNA at 4(C overnight [1-WIDE] or      -20(C for long-term storage [2-WIDE].
3.8.1. Talent places cDNA samples in fridge

3.8.2. Talent places samples in -20(C freezer

4. DNA Library Construction
4.1. To construct a DNA library, transfer 4 ul of cDNA to a 96-well plate [1-CU] and save the remaining cDNA for a second attempt at detection if needed [2-CU].
4.1.1. Talent adds 4 ul of cDNA to 96-well plate

4.1.2. Talent places rest of cDNA in metal block on ice
4.2. While working in a metal block on ice, set up the tagmentation reaction as described in Table 1 of the text protocol [1-CU].  Then add the mix to the cDNA in the 96-well plate [2-CU].  After vortexing and spinning, incubate the plate at 55(C for 5 minutes, then hold it at 10(C [3-CU].
4.2.1. Talent sets up tagmentation reaction in metal block on ice
4.2.2. Film as written 4.2.1 and 4.2.2 were switched in order during the shoot.  Please switch back during the edit.
4.2.3. Talent places plate in thermocycler and sets program for 55(C for 5 minutes and then a hold at 10(C Do not use take 1
4.3. Once at 10(C, immediately add 2.5 ul of Neutralize Tagment Buffer to end the reaction [1-CU-TXT].  After centrifuging the plate at 280 x g and room temperature for 1 minute, incubate at room temperature for 5 minutes [2-MED].
4.3.1. Thermocycler shows 10(C and talent adds 2.5 ul of Tagment Buffer to plate and pipettes up and down (TEXT: pipette up and down to mix)

4.3.2. Use 2.3.2E here
4.4. Now, set up the PCR amplification reaction in a metal block on ice as described in the text protocol [1-CU-TXT].  After vortexing and spinning the plate, carry out PCR [2-MED/CU].  

4.4.1. Talent setting up PCR reaction in metal block on ice (TEXT: refer to Table 1 for reaction mix and PCR program)

4.4.2. Talent places plate into thermocycler and programs PCR according to table 1
4.5. To prepare the library, use EB to bring up the samples to 50 ul [1-CU].  Using a 0.6X volume of DNA beads, clean up the reaction [2-CU] and elute in 15 ul of EB [3-CU].  

4.5.1. Talent adds EB to sample to bring up to 50 ul

4.5.2. Use 3.7.1B here
4.5.3. Use 2.8.2C here
4.6. Pool the libraries at the lowest molar concentration of 1 nM or greater [1-CU].  If the library is below 1 nM, add a small volume of library to the pool [2-CU-TXT].
4.6.1. Talent pools the libraries

4.6.2. Talent transfers small volume from another library to library pool just prepared (TEXT: ~1X volume from other libraries)   

4.7. Finally, use a 0.7X volume of DNA beads to clean up the pool as outlined earlier in the video [1-CU], then use 15 ul of EB to elute the samples.  Analyze according to the text protocol [2-CU].
4.7.1. Use 3.7.1C here
4.7.2. Use 2.8.2D here
5. Results: RNA Virus Sequencing Results
5.1. As shown here, the protocol described in this video enriched unique Lassa virus content at least five-fold in all samples, with at least one million copies of 18S rRNA [1-LM].
5.1.1. LAB MEDIA Figure 1, Editor, for ‘at least one million copies of 18S rRNA, point out the dots in the top RNA input panel that are over the dashed line.
5.2. This graph illustrates that depletion of poly(rA) carrier reduced homopolymer sequences of A and T in libraries, results in cleaner preparations and ensures better quality sequencing reads [1-LM].
5.2.1. LAB MEDIA Figure 2, Editor, for depletion of poly(rA) carrier, point out the black line that says poly(rA) depleted.
5.3. Finally, this figure demonstrates that final libraries from low input viral clinical samples often have a broad fragment length from 150 to 1000 bp [1-LM].
5.3.1. LAB MEDIA Figure 3, Editor, add in the bracket and the text ‘cDNA library (150 to 1000 bp) on the right of the figure when mentioned.
6. Conclusion (said by authors on camera)
6.1. Adrianne Gladden-Young: Once mastered, this technique can be done in 3 days if it is performed properly.

6.2. Sarah Winnicki: While attempting this procedure, it’s important to remember that most clinical samples have very little nucleic acid material and therefore contamination, sample loss and RNA degradation are common.

6.3. Pardis Sabeti: Following this procedure, other methods like RNA-seq can be performed in order to answer additional questions like how does the host respond to viral infection.
6.4. Pardis Sabeti: After its development, this technique paved the way for researchers in the field of viral surveillance to explore transmission paths of Lassa and Ebola virus and circulating pathogens in West Africa.

6.5. Christian Matranga: After watching this video, you should have a good understanding of how to prepare sequencing libraries of RNA viruses directly from clinical samples to enable viral surveillance and evolutionary studies. 
6.6. Dolo Nosamiefan: Don't forget that working with viral pathogens can be extremely hazardous and precautions such as using the appropriate personal protective equipment and biosafety level regulations should always be taken while performing this procedure.   

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

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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