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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)___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.) 2.5, 3.2, 3.5, 3.6, 6.2, 6.3.
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.) _ The single most difficult and delicate aspect in the procedure is generation of a well-balanced, pooled library [Section 6 – Library Normalization and Sample Pooling].  While the procedure involves transferring small volumes of samples, calibration of pipettes and sample mixing is essential. 
Asuragen possesses a simplified analysis module that easily describes and facilitates the necessary computations described in Step 6.2 and Step 6.3. 
E.  Will the filming need to take place in multiple locations? (Y/N) _Y______ If yes, how far apart are the locations? _Filming will be in two buildings that are separated by a parking lot.  It will take 2 minutes by foot to get from one building to the other._ 


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 describe a comprehensive system for sequencing challenging cancer specimens that combines wet-lab reagents, standardized controls, and a stand-alone bioinformatics suite. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Gary Latham: This method can help answer key questions in the cancer field, such as how to sequence low-quantity and low-quality tumor biopsies to generate accurate DNA variant analyses and interpretations.  
1.2. Gary Latham: The main advantage of this technique is that difficult-to-sequence samples or those with limiting DNA available can be quickly and reliably analyzed using single-source reagents and controls, and fully-integrated bioinformatics software.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Jeff Houghton: Generally, individuals new to this method will struggle because of the complexity of targeted NGS, which this method simplifies.  
1.4. Jeff Houghton: However, the procedures for library quantification and sample pooling require special attention to achieve uniform coverage across all sample libraries.

















Protocol (read by voice talent at JoVE):

2. DNA Functional Quantification and Quality Control  

2.0	This protocol integrates wet and dry bench processes for the sequencing of challenging cancer specimens. [2.0.1 – LM] The first step is quantification and qualification of DNA to determine the number of DNA template copies that can be amplified by real-time PCR. [2.0.2 – LM]

2.0.1.  Figure 2.pdf.  Show only the top right panel (FFPE or FNA Tumor Biopsy).
2.0.2. Figure 2.pdf.  Add the top left panel (Sample Quantification and QC).

2.1. Begin the procedure for sample quantification and quality control by preparing a sufficient amount of a master mix in a microcentrifuge tube.  [2.1.1 – MED] Use the following volumes per sample: 5 µL of 2x Master Mix, 0.5 µL of Primer Probe Mix, 0.5 µL of Inhibition Primer Probe Mix, 0.05 µL of ROX and 2.95 µL of Diluent.  [2.1.2 – CU] 

2.1.1. Talent setting out thawed reagents and the microfuge tube.
2.1.2. Talent adding appropriate volumes of each of the 5 reagents to the microfuge tube. Retain visual of different colored tubes in final cut

2.2. Add 9 µL of the master mix into each well of a 96-well plate.  [2.2.1 – MED] Add 1 µL of the DNA Standards in duplicate and mix by pipetting up-and-down 5 times. [2.2.2 – CU]

2.2.1. *film as written. Very repetitive, can be trimmed if necessary
2.2.2. *film as written.

2.3. After ensuring that the nucleic acid sample is well mixed, add 1 µL of the sample to the master mix and mix by pipetting up-and-down 5 times. [2.3.1 – MED]

2.3.1. Talent adding sample to master mix and pipetting up and down 5 times.

2.4. Place the sealed plate into the PCR System. [2.4.1 – MED- multiple takes] Perform PCR cycles of 10 minutes at 95°C, followed by 40 cycles of 15 seconds at 95°C, and 1 minute at 60°C.  [2.4.2 – LM] 

2.4.1. Multiple takes from different angles of talent putting sealed plate into PCR 7500 system. 2 takes/2 angles
2.4.2. Graphic from page 1 of ‘Images for JoVE Video_LATHAM_010416010716.pdf’

2.5. Analyze the qPCR data [2.5.1 – MED] by generating a linear regression plot for each of the duplicate DNA standards. [2.5.2 – LM] The concentration of the unknown DNA in “functional” or amplifiable copy number per µL is then calculated as described in the protocol text. [2.5.3 – LM]

2.5.1. Talent at the computer analyzing the data. 
2.5.2. Page 2 of ‘Images for JoVE Video_LATHAM_010416010716.pdf’
2.5.3. Page 3 of ‘Images for JoVE Video_LATHAM_010416010716.pdf’ Highlight the last column on the right – the Functional Conc column.

3. Library Preparation

3.0.      The next step after sample quantification and quality control is the enrichment of cancer hotspot sequences by single-tube multiplex PCR. [3.0.1 – LM]

	3.0.1. Figure 2.pdf.  Show the graphic from 2.0.2 and add the ‘Gene-specific PCR’ graphic.

3.1. Gene-specific or GS PCR will be performed to enrich for 46 loci in 21 cancer genes. [3.1.1 – MED] Prepare a sufficient amount of a GS PCR master mix in a microcentrifuge tube using the following volumes per sample: 5 µL of 2X Amplification Master Mix and 1 µL of Pan Cancer Primer Panel. [3.1.2 – CU]

3.1.1. Talent setting out reagents. Use take 2
3.1.2. Appropriate volumes of Amplification Master Mix and Pan Cancer Primer Panel being added to a microcentrifuge tube.

3.2. Aliquot 6 µL of the GS PCR master mix into each well of a 96-well plate. [3.2.1 – MED] Add 4 µL of each nucleic acid sample into individual wells. Mix by pipetting up-and-down 5 times. [3.2.2 – CU] Include the appropriate controls.  [3.2.3 – CU] 

3.2.1. *film as written. Use take 2
3.2.2. *film as written.
3.2.3. FFPE Control, Multi-Variant control, and nuclease-free water being added to control wells.

3.3. Place the sealed plate in the thermocycler [3.3.1 – MED-multiple takes] for the following PCR cycles: 5 minutes at 95°C, 15 seconds at 95°C followed by 4 minutes at 60°C for 2 cycles, 15 seconds at 95°C followed by 4 minutes at 72°C for 23 cycles, and a final extension of 10 minutes at 72°C. [3.3.2 – LM]

3.3.1. Multiple takes from different angles of talent putting sealed plate into thermocycler. 3 angles/takes
3.3.2. Graphic from Page 4 of ‘Images for JoVE Video_LATHAM_010416010716.pdf’

3.4. After gene-specific PCR, perform ten cycles of Tag PCR to incorporate platform-specific adapters for compatibility with Next Generation Sequencing. [3.4.1 – MED] [3.4.1 – LM]

3.4.1. Talent setting out 2X Index Master Mix and Index Codes to thaw. 3.4.1. Instead of recorded footage, show Figure 2.pdf from 3.0.1 and add the ‘Tag PCR’ graphic.

3.5. Add 7.5 µL of the 2X Index Master Mix [3.5.1 – CU] and 5.5 µL of an Index Code to a specified well in a 96-well plate [3.5.2 – CU], and mix by pipetting up-and-down 5 times. 

3.5.1. *film as written.
3.5.2. [split shot]
 
3.6. Carefully open the GS PCR plate [3.6.1 – CU] and add 2 µL of GS PCR product to the new plate with the master mix. [3.6.2 – MED]

3.6.1. GS plate (from 3.3) being carefully opened.
3.6.2. Talent adding GS PCR product to plate with master mix (from 3.5) and pipetting up-and-down 5 times.

3.7. Place the sealed plate in the thermocycler [3.7.1 – reuse shot] for the following PCR cycles: 5 minutes at 95°C; 30 seconds at 95°C, 30 seconds at 55°C and 1 minute at 72°C for 10 cycles; and a final extension of 10 minutes at 72°C followed by holding at 4°C. [3.7.2 – LM]

3.7.1. Reuse shot from 3.3.1
3.7.2. Graphic from Page 5 of ‘Images for JoVE Video_LATHAM_010416010716.pdf’

4. Library Purification and Size Selection 

4.0.      Following Tag PCR, library purification and size selection is accomplished using magnetic bead chemistry. [4.0.1 – LM]

4.0.1. Figure 2.pdf. Show graphic from 3.4.1 and add the ‘Library Purification & Size Selection’ graphic.

4.1. Begin this procedure by adding 11 µL of Library Pure Prep magnetic beads into separate wells of a 96-well plate. [4.1.1 – MED]

4.1.1. Talent vortexing magnetic beads and then adding them into wells of a 96-well plate.

4.2. Open the Tag PCR plate [4.2.1 – MED] and add 10 µL of Tag PCR product to the beads and mix by pipetting up-and-down 5 times. [4.2.2 – CU] Incubate the mixture for 4 minutes at room temperature. [4.2.3 – MED-multiple takes-TXT]

4.2.1. Talent carefully opening Tag PCR plate (from 3.7).
4.2.2. *film as written. Note: solution is viscous so pipetting is very slow
4.2.3. Multiple takes from different angles of talent setting plate aside at room temperature. TEXT: 4 min; room temperature

4.3. Place the 96-well plate on a magnetic stand for 4 minutes. [4.3.1 – MED] With the 96-well plate still on the stand, remove and discard the supernatant with a pipette.  [4.3.2 – CU]

4.3.1. *film as written.
4.3.2. *film as written. 2 angles, First take tried to show beads + supernatant in CU shot from directly above

4.4. After washing the beads twice with ethanol-containing Wash Buffer as described in the protocol text, dry the beads for 2 minutes at room temperature, [4.4.1 – CU] and then remove the plate from the stand.  [4.4.2 – CU] 

4.4.1. Wash buffer being removed from wells after 2nd wash while 96-well plate is on the magnetic stand, and then plate is left for beads to dry.
4.4.2. *film as written.

4.5. Resuspend the beads by adding 20 µL of Elution Buffer to each well and pipetting up-and-down 5 times. [4.5.1 – CU] Incubate for 2 minutes at room temperature. [4.5.2 – reuse shot]

4.5.1. *film as written.
4.5.2. Reuse shot from 4.2.3. *film as written. TEXT: 2 min; room temperature  

4.6. Place the 96-well plate back on the magnetic stand for 4 minutes, [4.6.1 – CU] and carefully remove and transfer 18 µL of the clear supernatant to a well in a new 96-well plate. [4.6.2 – MED]

4.6.1. *film as written. Note: First take of 4.6.2 is actually 4.6.1
4.6.2. *film as written. 

5. Library Quantification

5.0.      The next step in this protocol is the quantification of each purified sample library by relative competitive real-time PCR. [5.0.1 – LM]

      5.0.1. Figure 2.pdf.  Show graphic from 4.0.1 and add ‘Library Quantification’ graphic.

5.1. To begin this procedure, prepare a sufficient amount of the LQ Master Mix in a microcentrifuge tube [5.1.1 – MED] using the following volumes per sample: 5 µL of 2X LQ Master Mix, 2 µL of LQ Primer/Probe Mix, 0.5 µL of LQ Standard and 0.5 µL of LQ ROX. [5.1.2 – MED]

5.1.1. Talent setting out reagents and a microcentrifuge tube.
5.1.2. Talent adding the appropriate volume of each of the 4 reagents to the microcentrifuge tube.

5.2. Add 8 µL of the LQ master mix to a well of an optical 96-well plate. [5.2.1 – CU]

5.2.1. *film as written.

5.3. In separate wells, add 2 µL of a serial dilution of the library, [5.3.1 – CU] 2 µL of LQ Positive Control [5.3.2 – CU] and 2 µL of LQ Diluent, and mix by pipetting up-and-down 5 times. [5.3.3 – CU]

5.3.1. Serial dilutions being added to wells and mixed by pipetting up-and-down 5 times.
5.3.2. Positive controls being added to wells and mixed by pipetting up-and-down 5 times.
5.3.3. NTC being added to well and mixed by pipetting up-and-down 5 times.

5.4. Place the sealed plate into the PCR System and assign both FAM and VIC detectors for each sample. [5.4.1 –reuse shot] Perform PCR amplification using the following cycling conditions: 5 minutes at 95°C, and 15 seconds at 95°C followed by 1 minute at 60°C for 40 cycles. [5.4.2 – LM] 

5.4.1. Use shot from 2.4.1.
5.4.2. Graphic from Page 6 of ‘Images for JoVE Video_LATHAM_010416010716.pdf’

5.5. The concentration of each sample is then calculated as described in the protocol text. [5.5.1 – MED] 

5.5.1. General shot of talent making calculations on the computer. Please preserve multiple screen views on computer in final cut since 5.5.1 combined 6.1.1

6. Library Normalization and Sample Pooling

6.0.     Following library quantification, each sample library is normalized based on its measured concentration and pooled into a single tube for sequencing. [6.0.1 – LM]

     6.0.1. Figure 2.pdf. Show graphic from 5.0.1 and add the ‘Normalization & Pooling, Dilution, Loading’ graphic.

6.1. A simplified analysis module is used to facilitate the computations for library normalization and sample pooling. [6.1.1 – MED]

6.1.1. [combined with 5.5.1] Talent at the computer opening the software for making computations.

6.2. To normalize the library, first determine the median concentration in nM across all samples, each containing a unique pairwise index, to be pooled. [6.2.1 – LM]

6.2.1. Page 7 of ‘Images for JoVE Video_LATHAM_010416010716.pdf’ Highlight the last column on the right: ‘Library Stock Conc.’

6.3. Next determine the individual sample volume in µL to pool, by multiplying the median concentration across all samples by 5, then dividing by its individual concentration.  [6.3.1 – LM] 

6.3.1. Page 8 of ‘Images for JoVE Video_LATHAM_010716120715.pdf.’  Highlight the 5th column from the left: ‘Library Volume to Pool.’

6.4. [bookmark: _GoBack]Add the normalized volume for each sample to a single microcentrifuge tube to create the sample pool. [6.4.1 – MED]

6.4.1. Talent carefully pipetting the correct volume of each sample into a microfuge tube. Note: Talent “dials” in different volumes for different samples to normalize their input.  Adjustments to the pipetting between samples should be preserved in the final cut (at least for a few representative samples)

6.5. Dilute the sample pool to 1.25 nM using Sequencing Diluent. [6.5.1. – CU]

6.5.1. Sequencing Diluent being added to the sample pool. Erroneously slated as 7.1.1, Note: Talent transfers a portion of the pool to a new microfuge tube and dilutes this portion with the sequencing diluent.

7. Sequencing

7.1. Prepare the sample pool for sequencing by denaturing it in the presence of PhiX Control v3. [7.1.1 – MED] Combine the following: 15 µL of 1.25 nM Sample Pool, 3 µL of 0.5 nM PhiX and 2 µL of 1 N Sodium Hydroxide.  [7.1.2 – CU] After a brief vortex and centrifugation, [7.1.3 – MED] incubate for 5 minutes at room temperature. [7.1.4 – MED]

7.1.1. General shot of talent setting out sample pool and reagents.
7.1.2. The 3 reagents being added to a microcentrifuge tube.
7.1.3. Talent vortexing the tube and then putting it into the centrifuge for a quick spin.
7.1.4. [combined with 7.1.3] Talent setting the tube aside at room temperature. 

7.2. Add 8 µL of the denatured library to 992 µL of pre-chilled HT1-Hyb buffer in a microcentrifuge tube. [7.2.1 – CU]

7.2.1. *film as written.

7.3. Add 600 µL of the denatured and diluted library to position #17 of the reagent cartridge. [7.3.1 – CU]

7.3.1. *film as written.

7.4. In microcentrifuge tubes, separately dilute 4 µL of each Sequencing Primer with 636 µL of HT1-Hyb buffer. [7.4.1 – MED][7.4.2 – CU]

7.4.1. Talent diluting one of the sequencing primers in a microcentrifuge tube.
7.4.2. A shot of all the tubes of diluted sequencing primers, clearly labeled. 

7.5. Add 600 µL of diluted Read 1 Sequencing Primers to position #18 of the sequencing reagent cartridge, [7.5.1 – CU] 600 µL of diluted Index Read Primers to position #19, [7.5.2 – CU] and 600 µL of diluted Read 2 Sequencing Primers to position #20. [7.5.3 – CU]

7.5.1. *film as written.
7.5.2. *film as written.
7.5.3. *film as written.

7.6. Load the reagents on the Next Generation Sequencing instrument [7.6.1 – MED] and perform a paired-end 2 x 150 cycle sequencing run according to the manufacturer’s instructions. [7.6.2 – MED]

7.6.1. Talent loading the reagents into the instrument
7.6.2. Talent starting sequencing run.

7.7. Finally, analyze the sequencing data using the companion bioinformatics software. [7.7.1 – LM] [7.7.2 – LM]

7.7.1. Figure 2.pdf.  Show graphics from 6.0.1 and add the ‘Pan Cancer Detection Panel’ graphic.  Don’t add Cancer Gene Panel table.
7.7.2. Bioinformatics screenshot.pdf. 

8. Results: high-depth, multiplexed sequencing and sensitive analysis of challenging cancer specimens by targeted NGS

8.1. A total of 90 samples could be processed in a single NGS run using a benchtop sequencer.  [8.1.1 – LM] For the dataset shown, samples included cell-line, [8.1.2 – LM] residual clinical formalin-fixed, paraffin-embedded or FFPE [8.1.3 – LM] and synthetic template DNA, [8.1.4 – LM] and resulted in high depth sequencing [8.1.5 – LM] and uniform coverage. [8.1.6 – LM]

8.1.1. Figure 3_300dpi_Legend.pdf
8.1.2. Figure 3_300dpi_Legend.pdf.  Highlight ‘Cell line’ on x axis.  
8.1.3. Figure 3_300dpi_Legend.pdf.  Highlight ‘FFPE’ on x axis.
8.1.4. Figure 3_300dpi_Legend.pdf.  Highlight ‘Synthetic Control’ on x axis.
8.1.5. Figure 3_300dpi_Legend.pdf.  Highlight ‘Median: 3692’ in bottom graph.
8.1.6. Figure 3_300dpi_Legend.pdf.  Highlight ‘Median: 97.8’ in top graph.

8.2. Outliers were comprised of no-template controls, [8.2.1 – LM] a dilution series of one cell-line DNA with a large copy number amplification, [8.2.2 – LM] and one FFPE DNA that was flagged for PCR inhibition by the pre-analytical qPCR-based QC assay. [8.2.3 – LM]

8.2.1. Figure 3_300dpi_Legend.pdf.  Point to or draw a circle around the red crosses above the NTC in the bottom graph.
8.2.2. Figure 3_300dpi_Legend.pdf.  Highlight the big red circle in the top graph.
8.2.3. Figure 3_300dpi_Legend.pdf.  Highlight the small red circle in the bottom graph.

8.3. Coverage uniformity across the 46 amplicons was maintained using three different operators, [8.3.1 – LM] and for different low-quality FFPE DNA samples. [8.3.2 – LM]

8.3.1. Panel A only of ‘Figure 4_300dpi.pdf’
8.3.2. Add panel B of ‘Figure 4_300dpi.pdf’

8.4. An FFPE tumor DNA control mixture comprised of a known 5% BRAF V600E (Voiceover:  BRAF V600E is pronounced “B Raf V six hundred E.” Short “a” sound in Raf) mutation was reported to have the target BRAF mutation at an average abundance of 5.2 plus or minus 1.3% by three operators using an input of 400 amplifiable copies. [8.4.1 – LM] 

8.4.1. Panel B only of ‘Figure 4_300dpi.pdf’.  Highlight the ‘FFPE3 5.2 +/- 1.3%’ in the inset.

8.5. Dilutions of cell-line and FFPE DNA samples with copy number amplifications demonstrated dose-dependence for amplification events in EGFR (Voiceover:  pronounced “E.G.F.R.”) and KRAS, (Voiceover:  pronounced “K Ras.” Short “a” sound in Ras) respectively. [8.5.1 – LM]

8.5.1. Figure 5_300 dpi_grayscale.pdf

8.6. Importantly, FFPE DNA input could be reduced to as few as 50 amplifiable copies, or 1.2 ng of bulk DNA, while preserving the detection of known mutations without any false-positive calls. [8.6.1 – LM]

8.6.1. Figure 6_300dpi.pdf
[bookmark: OLE_LINK1]

9. Conclusion (said by authors on camera)
9.1. Jeff Houghton: Once mastered, this technique can be done in 11 hours with about 3.5 hours of hands-on time for a batch size of 24 samples at a time, if it is performed properly.

   
Provided Media
2.0, 3.0, 3.4, 4.0, 5.0, 6.0, 7.7.  Figure 2.pdf.
2.4. Page 1 of ‘Images for JoVE Video_LATHAM_010416010716.pdf’
2.5. Page 2 and page 3 of ‘Images for JoVE Video_LATHAM_010416010716.pdf’
3.3. Page 4 of ‘Images for JoVE Video_LATHAM_010416010716.pdf’
3.7. Page 5 of ‘Images for JoVE Video_LATHAM_010416010716.pdf’
5.4. Page 6 of ‘Images for JoVE Video_LATHAM_010416010716.pdf’
6.2. Page 7 of ‘Images for JoVE Video_LATHAM_010416010716.pdf’ 
6.3. Page 8 of ‘Images for JoVE Video_LATHAM_010416010716.pdf’ 
7.7. Bioinformatics screenshot.pdf
8.1 – 8.2. Figure 3_300dpi_Legend.pdf
8.3 – 8.4.  Figure 4_300dpi.pdf’
8.5. Figure 5_300 dpi_grayscale.pdf
8.6. Figure 6_300dpi.pdf



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.
 2013, Journal of Visualized Experiments

