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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? No  
Can you record movies/images using your own microscope camera? NA
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? Yes
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.

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.)
2.2.1.  MED: Talent spinning down tube, transferring sample to plate and sealing it.
3.1.2.  CU: Talent labeling a tube. TEXT: Proper numbering is critical!
3.2.1.  CU: Talent pipetting 40 microliters of sample without disturbing beads.
4.1.2.  CU: Talent adding ligation 2 cleanup product to PCR tube and mixing.
5.2.2.  MED: Talent loading plate into qPCR machine.
5.6.2.  WIDE: Talent loading cartridge into the sequencer. TEXT: Run 2 x 151bp reads with 2 x 8 index reads

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.)
6.3.1.  SCREEN: Highlight 30 bp of read that align to the fusion partner.
6.3.2.  SCREEN: Highlight the sequences adjacent to the breakpoint between the genes and primer binding sites.
The manual inspection of metrics and sequencing reads to determine which called fusions are artifacts versus which are real is the most difficult aspect of this procedure.  To ensure success, it is very important to carefully visualize the fusion, ensure lack of mis-alignment, ensure absence of insertions or deletions near breakpoints or primer binding sequences, and ensure an in-frame event.  

5. Will the filming need to take place in multiple locations? No
If yes, how far apart are the locations? 


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. Kurtis Davies: This protocol is used for the detection of clinically informative gene fusions from patient tumor samples. The fusion status of dozens of genes is assessed simultaneously in a single assay.  

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

1.2. Kurtis Davies: The advantage of this technique is that it can identify gene fusions, regardless of the identity of the fusion partner, from tumor samples that have been processed by formalin fixation.

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


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

1.3. Michael Seager: The detection of certain gene fusions in clinical tumor samples directly informs diagnosis, prognosis, and/or therapy selection in many cancer types.

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

1.4. Michael Seager: It is critical to understand that many fusions called by the analysis algorithm are artifacts. The most difficult task when analyzing data is distinguishing between artifacts and real fusion calls.

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




Section - Protocol
2. Random Priming and First Strand cDNA Synthesis
2.1. Begin by diluting total nucleic acid to achieve the desired concentration of RNA [1-TXT]. For each sample, transfer 20 microliters of the dilution into the random priming reagent strip tubes on a pre-chilled aluminum block [2] and mix by pipetting up and down 6 to 8 times [3]. 
2.1.1. WIDE: Establishing shot of talent at the lab bench diluting RNA. TEXT: Dilute RNA in 10mM Tris HCl pH 8.0
2.1.2. MED: Talent transferring RNA. 
2.1.3. CU: Talent pipetting sample.

2.2. Briefly spin down the samples, transfer the entire volume to a 96-well PCR plate and seal with plate sealer film [1]. Insert the plate into the thermocycler, cover with compression pad, and close the lid. Incubate at 65 C for 5 minutes [2]. Videographer: This step is important!

2.2.1. MED: Talent spinning down tube, transferring sample to plate and sealing it. 
2.2.2. MED: Talent placing the plate into the thermocycler and closing the lid.
2.3. After the incubation, transfer the entire volume of the random priming product into the first strand reagent strip tubes [1]. Mix by pipetting up and down and briefly spin down [2]. Transfer the entire volume to a 96 well PCR plate and seal with RT film [3]. 
2.3.1. MED: Talent transferring sample into first strand reagent strip tubes.
2.3.2. MED: Talent mixing the sample and placing it in centrifuge. 
2.3.3. MED: Talent adding a few samples into wells of the plate.

2.4. Insert the plate into the thermocycler and run the reaction according to manuscript directions [1].

2.4.1. MED: Talent placing plate into thermocycler and programming it.

3. Ligation Step 2 and Bead Purification 
3.1. Perform second strand cDNA synthesis, end-repair, and ligation step 1 according to manuscript directions and proceed with the 2nd ligation step [1]. To number the molecular barcode, or MBC, adapter strip tubes, position the tubes horizontally with hinges to the back and use a permanent marker [2-TXT]. Videographer: This step is important!
3.1.1. MED: Talent taking the MBC adapter strip out of the fridge.
3.1.2. CU: Talent labeling tubes. TEXT: Proper numbering is critical! 
3.2. Take the bead purification plate from the first ligation step and transfer 40 microliters of each sample into the MBC adapter strip tubes, taking care not to disturb the bead pellet [1]. Mix reagents by pipetting, spin down the tubes and transfer the entire volume to the ligation step 2 reagent strip tubes [2]. Videographer: This step is important!
3.2.1. CU: Talent pipetting 40 microliters of sample without disturbing beads.
3.2.2. MED: Talent centrifuging tube and transferring sample into ligation 2 reagent strip tube.
3.3. Mix the sample, spin them down [1], and place in thermocycler block. Leave the heated lid off and run the thermocycler at 22 C for 5 minutes followed by a 4 C hold [2].
3.3.1. MED: Talent pipetting sample and placing it in centrifuge.
3.3.2. MED: Talent placing sample into thermocycler block and programming thermocycler.

3.4. Next, prepare the ligation cleanup beads by vortexing them and adding 50 microliters to a new set of PCR strip tubes [1]. Incubate on the magnet for 1 minute and discard supernatant [2]. Remove the strip tubes from the magnet and resuspend the beads in 50 microliters of ligation cleanup buffer by pipetting up and down [3].

3.4.1. MED: Talent vortexing the beads and then adding them to strip tubes.
3.4.2. CU: Talent removing supernatant.
3.4.3. MED: Talent adding buffer and pipetting beads up and down.

3.5. Transfer the entire sample volume from the second ligation step into the ligation cleanup bead strip. Vortex the samples to mix and leave them at room temperature for 10 minutes. Vortex the sample once halfway through the incubation [1]. 

3.5.1. MED: Talent transferring sample into ligation cleanup strip, vortexing sample, and leaving it on the lab bench. 

3.6. Afterwards, vortex the samples, spin them down [1], and incubate on the magnet for 1 minute [2].

3.6.1. MED: Talent vortexing sample and placing it into the centrifuge. 
3.6.2. MED: Talent placing samples onto magnet.

3.7. Discard the supernatant and add 200 microliters of fresh ligation cleanup buffer [1]. Vortex to resuspend, spin down, and place on the magnet for 1 minute [2-TXT].

3.7.1. MED: Talent removing supernatant and adding fresh buffer. 
3.7.2. MED: Talent vortexing sample, spinning it down, and placing it on the magnet. TEXT: Repeat wash 2 X

3.8. After the two washes, perform a third wash using ultrapure water instead of buffer [1]. Resuspend the beads in 20 microliters of 5 millimolar sodium hydroxide [2] and transfer samples to a 96-well PCR plate [3]. 

3.8.1. WIDE: Talent at the bench adding water to the beads. 
3.8.2. CU: Talent resuspending the beads. 
3.8.3. MED: Talent transferring beads into a PCR plate. 


3.9. Place the plate into a thermocycler with a compression pad and run it at 75 C for 10 minutes followed by a 4 C hold [1].Once the samples have cooled to 4 C, place the plate on a magnet for at least 3 minutes and proceed with the first PCR [2]. 

3.9.1. MED: Talent placing plate into thermocycler and programming it.
3.9.2. MED: Talent placing plate on magnet.

4. First PCR and Bead Purification
4.1. Prepare the PCR reactions by adding 2 microliters of the GSP1 primers to each well of the first PCR reagent strip [1]. Transfer 18 microliters of the second ligation cleanup product to the first PCR reagent strip tubes and mix by pipetting up and down [2]. Videographer: This step is important!
4.1.1. MED: Talent adding primer to first PCR reagent strip.
4.1.2. CU: Talent adding ligation 2 cleanup product to PCR tube and mixing.
4.2. Spin down the samples and transfer them to a 96-well PCR plate [1]. Place them into the thermocycler and run PCR according to manuscript directions [2]. 
4.2.1. MED: Talent transferring samples to PCR plate. 
4.2.2. MED: Talent placing plate into thermocycler and programming it.
4.3. Proceed with bead purification by adding 20 microliters of the PCR product to a U-bottom plate filled with 24 microliters of purification beads per well [1]. Pipet up and down to mix [2] and leave the plate at room temperature for 5 minutes [3]. Then, incubate the plate on the magnet for 2 minutes [4]. 
4.3.1. MED: Talent transferring PCR product to plate. 
4.3.2. CU: Talent pipetting up and down the contents of one well.
4.3.3. MED: Talent placing plate on lab bench. 
4.3.4. MED: Talent placing plate on magnet.

4.4. Discard the supernatant from the beads [1] and wash them twice with 200 microliters of 70% ethanol [2-TXT]. After the final wash, remove all of the ethanol and let the sample air dry for 2 minutes [3].

4.4.1. MED: Talent discarding supernatant. 
4.4.2. MED: Talent resuspending the beads in ethanol and setting the plate on the bench. TEXT: 30 second incubations 
4.4.3. CU: Talent removing the ethanol and plate sitting on the bench.

4.5. Remove the plate from magnet and resuspend beads in 24 microliters of 10 millimolar Tris HCl at pH 8.0 [1]. Incubate off the magnet for 3 minutes and then place the plate on the magnet for 2 minutes [2-TXT].

4.5.1. MED: Talent taking plate off magnet and adding Tris HCl to a few wells. 
4.5.2. Talent taking plate of bench and putting it back on magnet. TEXT: Proceed with second PCR according to manuscript instructions

5. Library Quantitation and Sequencing 

5.1. Begin library quantitation by preparing 1:5 dilutions of the second PCR product in 10 millimolar Tris HCl [1-TXT]. Follow this by a serial dilution of 1 to 199, 1 to 199, and 20 to 80 in 10 millimolar Tris HCl with 0.05% polysorbate [2-TXT]. 

5.1.1. MED: Talent diluting PCR product. TEXT: Tris HCl pH 8.0
5.1.2. CU: Talent preparing serial dilutions (pipetting from one tube to another). TEXT: Run final 2 dilutions in triplicates 

5.2. Set up qPCR by adding 6 microliters of master mix to each well of an optical 96-well plate followed by 4 microliters of the appropriate dilution or standard [1]. Spin down the plate and load it into the qPCR instrument [2]. Perform qPCR according to manuscript directions [3]. Videographer: This step is important!

5.2.1. MED: Talent adding master mix and sample to plate.
5.2.2. MED: Talent loading plate into qPCR machine.
5.2.3. WIDE: Talent programming machine.

5.3. After library quantification is complete, dilute all libraries to 2 nanomolar with 10 millimolar Tris HCl [1] and make a library pool by combining 10 microliters of each normalized library into one 1.5 milliliter microcentrifuge tube [2].

5.3.1. MED: Talent diluting library.
5.3.2. CU: Talent adding a few libraries to the library pool in the 1.5mL tube. 

5.4. Next, prepare the denatured amplicon library, or DAL (pronounce ‘dal’), pool by combining 10 microliters of the library pool with 10 microliters of 0.2 N sodium hydroxide [1] and incubating the mixture for 5 minutes at room temperature [2]. 

5.4.1. CU: Talent combining library pool with sodium hydroxide.
5.4.2. MED: Mixture incubating at room temperature.

5.5. After the incubation, add 10 microliters of 200 millimolar Tris HCl at pH 7 followed by 970 microliters of HT1 hybridization buffer. Make the final load tube by combining 300 microliters of HT1, 25 microliters of 20 picomolar PhiX (pronounce ‘fi X’) and 675 microliters of the DAL pool [1].

5.5.1. MED: Talent adding reagents to tube and mixing final load tube. 

5.6. Add entire volume of the load tube to the sample well of the sequencer reagent cartridge [1] and load cartridge into the sequencer [2-TXT]. Videographer: This step is important!

5.6.1. MED: Talent adding load to sequencer reagent cartridge. 
5.6.2. WIDE: Talent loading cartridge into the sequencer. TEXT: Run 2 x 151bp reads with 2 x 8 index reads

6. Assay Data Interpretation 

6.1. [1]. Start by selecting the positive control sample [2] and ensuring that all expected fusions and oncogenic isoforms have been detected and are listed in the Strong Evidence tab [3].

6.1.1. 
6.1.2. SCREEN: Positive control sample selected. 
6.1.3. [bookmark: _GoBack]SCREEN: Open Strong Evidence tab.

6.2. For each sample, inspect the Average Unique Start Sites per GSP2 Control value [1]. Then, visualize the supporting reads for each potential fusion by clicking the Visualize link, which takes the user to a web-based JBrowse view of pileups of individual fusion-supporting reads [2]. 

6.2.1. SCREEN: Average Unique Start Sites per GSP2 Control value.
6.2.2. SCREEN: Clicking the Visualize link.

6.3. Confirm that the reads are mostly free of mismatch, that more than 30 bases of the reads align to the fusion partner [1], and that sequences adjacent to the breakpoint between the genes and primer binding sites are free of insertions or deletions [2].

6.3.1. SCREEN: Highlight 30 bp of read that align to the fusion partner. 
6.3.2. SCREEN: Highlight the sequences adjacent to the breakpoint between the genes and primer binding sites.  

6.4. Kurtis Davies: It is critical to ensure that every called fusion is generally free of misalignment and that a significant portion of the reads aligns to the fusion partner.    

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





Section – Results
7. Results: Sample Summary and Fusion Calls  
7.1. This protocol has been used to investigate gene fusion status in a lung adenocarcinoma sample [1]. The summary shows called strong evidence fusions [2] and the read statistics page shows metrics of the sample [3]. This sample exhibits good RNA quality so negative results would be reported if no fusions were found [4].
7.1.1. Figure 3. 
7.1.2. Figure 3. Video Editor: Emphasize the top panel.
7.1.3. Figure 3. Video Editor: Emphasize the bottom panel.
7.1.4. Figure 3. 
7.2. A legitimate fusion call has a high number of supporting reads, a high percent of reads from the primer supporting the fusion, and a high number of start sites [1].  Visualization of the reads demonstrates good alignment to large regions of the fusion partner [2].   
7.2.1. Figure 4. Video Editor: Emphasize the reads and start sites values.
7.2.2. Figure 4.  Video Editor: Emphasize the bottom panel.

7.3. Conversely, an artifactual fusion call has lower supporting metrics [1] and a high error rate when mapping to the partner [2].

7.3.1. Figure 5. Video Editor: Emphasize the reads and start sites values.
7.3.2. Figure 5. Video Editor: Emphasize the bottom panel.
2.1.1. 

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

8.1. Kurtis Davies: Artifactual fusion calls made by the analysis algorithm are common [1].  It is critical to manually inspect each call to determine whether it represents a real gene fusion in the sample [2].
8.1.1. Use 6.3.2. Video Editor: Emphasize the sequences adjacent to the breakpoint between the genes and primer binding sites.
8.1.2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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