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A. What is the single most difficult aspect of this procedure and what do you do to ensure success?  Bead clean-up; Be very careful when pipetting and washing the beads to minimize loss of DNA. Maintain hybridization temperature during capture and post-capture wash; Keep the thermocycler lid heated 10°C above incubation temperature and cover heat block and sample with aluminum foil.

Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to identify somatic mutations in cancer-associated genes of cells from tumor tissue by using bar-coded, multiplexed DNA libraries followed by massive parallel sequencing. (Intro)  This is accomplished by first ligating bar-coded sequencing adaptors to DNA fragments isolated from preserved tumors. (P1) The second step of the procedure is hybridization to custom biotinylated oligonucleotides complementary to all the protein-coding exons of 279 oncogenes and tumor suppressor genes. (P2)  The third step is to perform massively parallel sequencing of the bar-coded pools from the captured libraries. (P3)  The final step is to search the sequence data for cancer-associated alterations. (P4)  For the 279 targeted genes, this procedure can reveal sequence mutations, small insertions, small deletions, copy number alterations and select structural alterations. (P5)

[image: ]
Video editor:
Use the provided images for P1 – P4, keeping the titles, as follows:
P1 – Look at the top of P1, think of the black lines meeting the colored lines and then sorting themselves out into one of the 16 groups ion the ordered arrangement.  Animate the a bunch of black lines floating around, add a bunch of blue-colored lines floating around, then have them all randomly pair up one color to one black.  Then shrink/fade to them into the upper-left organized arrangement quickly add the next 15 groups, left to right, top to bottom.
P2 - Now, show the “B-line” group from the bottom, then shrink them to the side and have the P1 one graphic show up.  Then, the shrunk down six B-lines randomly weave into the collection of lines and attach themselves to six different colored-tip lines, so they overlap (the B-line must be shorter).  Fade out everything but the attached pairs, and fade on three of those blue spheres with 4 pedestals on them.  Have all the B of the B-lines attach to the pedestals on the balls.
P3 – Have the balls fall into test tube (stock footage), then shrink down the test tube and animate it entering the machine for P3.  The screen on the machine could blink so it doesn’t look too static.
P4 – Now the machine spits out all the rows of data, which you can animate sort of coming off the machine like a print out comes off a printer.  Then animate the sheet flipping up to give us the full provided graphic for P4 filling the screen.
P5 – Show Fig3a and then Fig3b.
1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  
1.1. Helen Won: The main advantages of this technique over existing methods, are that it allows one to investigate entire exons for both common and rare mutations, identify additional classes of genomic alterations such as copy number gains and losses, and attain greater detection sensitivity in heterogeneous samples.   
1.2. Rose Brannon: This method can help answer key questions in the cancer genomics field, such as: “What are the key driver mutations in various types of cancer?” and “Do mutations detected in clinical specimens correlate with outcomes or responses to targeted therapies?”
1.3. Nancy Bouvier: The implications of this technique extend toward diagnosis and treatment of cancer because mutations may be identified prospectively and used to guide patients to appropriate therapies and clinical trials. 
1.4. Sasinya Scott: Visual demonstration of this method is critical, as the bead clean-up steps are difficult to learn because of the caution and technique needed when washing and eluting the DNA from the beads.   

Protocol Chapters (read by a voice talent at JoVE):
[bookmark: _GoBack]Please see the videographer’s notes – the author said the minor changes were mostly combining steps and that the videographer will send in the notes with the footage.
2. Library Preparation: End Repair
2.1. Prepare the end repair master mix.  Mix the appropriate volumes to have 50 µL per sample. (TEXT: Per sample: 10 µl 10X NEBNext End Repair Reaction Buffer, 5 µl NEBNext End Repair Enzyme Mix, 35 µl sterile nuclease free H2O)
2.1.1. WID: talent with reagents for end repair master mix, taking aliquot of component, adding to master mix (sheared DNA must be on bench and ready too)
2.2. Aliquot the 50 µl of each sheared DNA into separate wells of a 96-well plate.  (TEXT:  See the text protocol for sheared DNA generation.)
2.2.1. MED: transferring DNA samples to separate wells in 96-well plate
2.3. Then, add 50 µl of the prepared end repair master mix to each reaction and incubate the plate in a thermocycler for 30 minutes at 20 °C.
2.3.1. MED: taking an aliquot of master mix and adding to one of wells in plate and repeating
2.3.2. MED: loading plate into thermocycler, closing lid 
2.4. To clean-up the reaction, first add 200 µL of AMPure XP Beads to each sample and gently pipette the entire volume up and down 10 times using a multichannel pipettor. Follow this by incubating the plate at room temperature for 15 minutes.
2.4.1. CU: vial/bottle of AMPure XP Beads, pipette takes aliquot
2.4.2. MED: adding beads to one of the wells (last of row), then loading the multichannel pipettor and using it to mix the row of reactions
2.4.3. MED: talent finishes the mixing, ejects tips, covers plate and sets it aside to incubate it at room temp
2.5. Next, move the plates to the magnetic stand and allow them to clear for 15 minutes, at room temperature.
2.5.1. MED: placing the plate on the magnetic stand
2.5.2. CU: turning on the magnetic stand, and wait a little
2.6. Once cleared, gently remove and discard most of the supernatant, taking care not to disturb the beads.  Some liquid may remain in the wells.
2.6.1. CU: wells are cleared of supernatant one by one
2.6.2. ECU: the remaining liquid in one of the wells, try a side view 
2.7. Then, gently add 200 µl of freshly prepared 80% ethanol to each sample and incubate the plate at room temperature for 30 seconds.
2.7.1. MED: (the tube are on the stand) talent adding 80% ethanol to the samples
2.7.2. MED: finishes adding ethanol and discards pipette tips, then waits
2.8. Carefully pipette away the ethanol and repeat the wash once more.  (TEXT: Wash 2X, 80% EtOH)
2.8.1. CU: the wells as ethanol is removed from the well
2.9. Next, let the plate dry at room temperature until all the alcohol escapes. (TEXT: 5 min, RT)
2.9.1. MED: talent removes the plate from the stand and set it out to dry, show precautions used, position of plate, hand, relative to local traffic or movement in the area
2.10. Now, resuspend the dried beads in 44.5 µL of sterile water.  Gently, flow each sample through the pipette ten times.
2.10.1. MED: adding pipette with water to samples, then proceeding to pipette up/down 10X
2.11. With the last ejection, rinse down any beads attached to the side of the well.
2.11.1. ECU: tips in well, showing how to eject the wash as a last rinse
2.12. Now, incubate the water-suspended beads at room temperature for two minutes and, then, move them to the magnetic stand for five minutes - until the wells are clear.
2.12.1. MED: talent picks up plate from room temperature incubation location and places the plate on the stand
2.12.2. ECU: well of plate from time its placed on the stand to the time the beads have been pulled down to the bottom of the well
2.13. Lastly, gently transfer 42 µl of the clear supernatant in each well, which contains the sample, to a new well. The samples can now be stored at -20 °C for up to a week.
2.13.1. ECU: pipette sucks up samples from well, focus on one well so the volume of solution removed is visible
2.13.2. MED: ejecting the samples into a new row of wells, then ejecting tips into waste
3. Library Preparation: dA-Tailing & Adapter Ligation
3.1. Begin by preparing the dA-Tailing master mix in a sterile microcentrifuge tube.  (TEXT: 5 parts 10X NEBNext dA-Tailing Reaction Buffer: 3 parts Klenow Fragment).
3.1.1. WID: talent with two reagents, adding each individually by pipette to the master mix tube
3.2. Add 8 µl of the prepared dA-Tailing master mix to each well of end-repaired DNA. 
3.2.1. MED: talent is adding aliquots from the mast mix to each of the wells in the plate 
3.3. Then, incubate the plate in a thermocycler for 30 minutes at 37 °C.
3.3.1. MED: talent covers plate and transfers it to the thermocycler
3.4. To clean up the reaction, use the same process outlined in the previous section at twice the volume and finish by re-suspending the beads in 33.75 µl of sterile water.
3.4.1. Reuse the main actions from 2.4.1, 2.5.1, 2.7.1 and 2.10.1
3.5. At this point, the samples can then be stored at -20 °C, for up to a week.
3.5.1. WID: talent loading a plate into the freezer
3.6. To continue, prepare a ligation master mix for 15 µL per reaction. (TEXT: 2 parts 5X NEBNext Quick Ligation Reaction Buffer: 1 part Quick T4 DNA Ligase)
3.6.1. WID: talent adding components of ligation master mix to the plate
3.7. Add 15 µl of the Ligation master mix to each well containing the dA-Tailed DNA.
3.7.1. MED: talent takes aliquots from ligation master mix and adds them to the well of the plate
3.8. Next, add 1.25 µl of the appropriate 25 µM NEXTflex bar-coded adapter to each well. Each sample should receive a separate bar-coded adapter.
3.8.1. CU: vial of a NEXTflex adaptor (one of several), showing label, is opened up and an aliquot is taken out by pipette
3.8.2. MED: talent caps the adaptor vial and adds aliquot to a well, then proceeds to get a new aliquot of a different adaptor vial
3.9. Once the adaptors are loaded, incubate the plate for 15 minutes at 20 °C.
3.9.1. Reuse 3.3.1
3.10. Now, using 50 µL of beads, perform a post-adapter ligation clean-up and resuspend in the sample in sterile water to 50 µL.  
3.10.1. Reuse the main actions from 2.4.1 and 2.10.1
3.11. Then, do the clean up process a second time finishing with 23 µL of water.  (TEXT: Bead clean-up 2X)
3.11.1. Reuse the main actions from 2.4.1 and 2.10.1 (just as 3.10.1)
3.12. At this point, the samples can then be stored at -20 °C for up to a week.
3.12.1. Reuse 3.5.1
3.13. The next step is to library amplify each sample, which is detailed in the text protocol.
3.13.1. WID: representative early step of library amplification, talent’s choice
4. Roche Nimblegen SeqCAP EZ Library Hybridization, Wash, and Amplification 
4.1. On ice, thaw the universal and index oligonucleotide blockers, the SeqCap EZ Library and the Nimblegen capture components, which include the COT DNA, 2X hybridization buffer, and hybridization component A. 
4.1.1. WID: Talent unloading vials from freezer into an ice bucket
4.1.2. CU: setting the blockers next to each other in the ice, followed by adding the SeqCap EZ library
4.1.3. CU: setting the Nimblegen capture component tubes into another part of the ice bucket  (at least the 3 listed in the narrative)
4.2. Now, prepare a 1 mM pool of index oligonucleotide blockers corresponding to the specific barcoded adaptor sequences used in the library preparation.  Combine 1 µl of each blocker and vortex them together for 10 seconds.
4.2.1. WID: talent at bench working with components in ice bucket, adding various blockers to a tube
4.2.2. MED: continuing to add the blockers to the tube then finishing and capping tube and lifting it to place on the vortex
4.2.3. CU: tube placed onto vortex and spinning on the vortex, 10 sec, then removed
4.3. In a new 1.5 mL tube, prepare the capture mix, consisting of 5 µl of COT-DNA at 1 mg per mL, 2 µl of universal blocker and 2 µL of the blocker pool.
4.3.1. MED: talent takes a new tube from bag and places it where it can be loaded
4.3.2. CU: adding reagents to the new tube
4.4. Pool 24 barcoded libraries into a single reaction. 
4.4.1. MED: uncapping library tubes and loading aliquots into reaction mix tube
4.5. Add a total of 1 to 3 µg of pooled, barcoded sequence library to the capture mix. (TEXT: for 24 samples add 100 ng per sample) 
4.5.1. CU: taking an aliquot of tube from 4.4.1 and adding it to tube from 4.3.2
4.6. Punch 15 to 20 holes in the cap using a 20 gauge, or smaller, needle.
4.6.1. CU: closes cap of tube and begins puncturing cap with a needle until 15-20 are made
4.7. Speed Vac the mixture in a DNA vacuum concentrator at 60 °C until it is completely dry.
4.7.1. WID: talent loads hole-punched tube into a Speed Vac and starts dry cycle
4.8. Next, rehydrate the mix in hybridization buffer and hybridization component A.  (TEXT: 7.5 µl 2X hyb buffer + 3 µl hyb comp A)
4.8.1. WID: talent arrives back at bench with tube
4.8.2. MED: taking aliquot of hyb component A stock tube and adding to reaction tube, 2X hyb buffer stock visible in background
4.9. Cover the holes in the cap with tape and vortex the sample for 10 seconds.  
4.9.1. MED: applying tape over holes in cap and vortexing the tube for 10 sec
4.10. Then, centrifuge the mix at maximum speed for 10 seconds.
4.10.1. MED: loading the tube and balancer tube into centrifuge and starting operation
4.11. Now, briefly incubate the mix at 95 °C to denature the DNA. (TEXT: 10 sec, 95 ºC)  Follow this with 10 second of centrifugation at maximum speed at room temperature.
4.11.1. MED: transferring tube from centrifuge to the 95 ºC bath or heater, waiting 10 sec, then transferring the tube back in reverse direction
4.12. In a 0.2 mL PCR strip tube mix 2.25 µl of SeqCap EZ Library capture probes to the same volume of sterile, nuclease-free water.
4.12.1. MED: talent sets up a 0.2 ml tube to add reagents to
4.12.2. CU: taking aliquot of SeqCap EZ library from clearly labeled tube, then adding to 0.2 ml tube, followed by adding an aliquot of water to the 0.2 ml tube
4.13. Then, add the centrifuged reaction mix to the tube and gently flow the total volume through a pipette tip ten times.
4.13.1. MED: removing tube from centrifuge and taking aliquot of its content
4.13.2. CU: adding aliquot to the 0.2 ml tube and flowing solution through pipette tip
4.14. Now, incubate the 0.2 ml tube in a thermal cycler at 47 °C for 48-96 hours.  Maintain the thermal cycler’s lid temperature at 57 °C to prevent evaporation and stabilize the reaction temperature.
4.14.1. WID: arriving at PCR machine and loading it in
4.14.2. CU: setting the tray for 47 C and the lid for 57 C, using the keypad/screen on machine – be sure values are legible
4.15. Days later, use the steps to wash and recovery of the captured DNA. (TEXT: NimbleGen SeqCap EX Library SR User’s Guide v3.0)
4.15.1. WID: talent with components of NimbleGen SeqCap EX Library on bench
4.16. Then, use a modified Roche NimbleGen protocol to amplify the captured DNA. (TEXT: Consult the text protocol for details.)
4.16.1. MED: talent setting up a PCR reaction using Roch NimbleGen protocol, open on bench with components at ready – performing a representative step
4.17. Finish by quantifying the amplified captured DNA using the Qubit High Sensitivity Assay.
4.17.1. MED: talent unloading components of Qubit High Sensitivity Assay to the bench
5. Tumor-normal Pair Analysis 
Authors, please provide all referenced figure panels and all referenced figure region, (seen below as LAB MEDIA: xxx) as their own images.  Upload them to your project folder and list their file names at the end of this document under provided media.  Thanks.
5.1. One pool of 24 bar-coded sequence libraries that contained12 tumor-normal pairs, was captured using probes of 279 cancer genes and sequenced as 2x75 base pair reads on a single lane of a HiSeq 2000 flow cell.  Tumor and normal libraries were pooled in a 2:1 ratio.
5.1.1. LAB MEDIA: Fig1a - cluster density and alignment rate
5.1.2. LAB MEDIA: Fig1b - mean target coverage
5.1.3. LAB MEDIA: Fig1c - insert size distribution
5.1.4. LAB MEDIA: Fig1d - capture specificity
Video editor: the images are all sequence data, show them one by one flowing with the narrative
5.2. The IGV image shows specificity of sequence coverage at exons of EGFR in a lung cancer.  Gray bars represent unique sequence reads.  The heterozygous T to G mutation on the right was present in 24% of the reads, indicating that it is a somatic L858R amino acid substitution.
5.2.1. LAB MEDIA: Fig2top
5.3. None of the reads of normal lung tissue showed this T to G mutation
5.3.1. LAB MEDIA: Fig2bottom
5.4. Some indels in a colorectal cancer tumor-normal pair showed a somatic frameshift insertion in APC …
5.4.1. LAB MEDIA: Fig3a
5.5. … or a somatic frameshift deletion of 7 base pairs in TP53.
5.5.1. LAB MEDIA: Fig3b
5.6. Copy number alterations were also seen between tumor-normal pairs. Each data point represents a single exon from 279 target genes. Copy number gains and losses are inferred from increases and decreases in tumor sequence coverage.
5.6.1. LAB MEDIA: Fig4

6. Conclusion Interview (spoken by you on camera)
6.1. Sasinya Scott: Once mastered, this technique can be done in 6.5 hours for shearing and library preparation and 48-96 hours for capture hybridization if it is performed properly.
6.2. Nancy Bouvier: While attempting this procedure, it’s important to remember to be extremely cautious in avoiding contaminants during library preparation as it may confound the data analysis.
6.3. Helen Won: Following this procedure, other methods like Sanger sequencing, fragment analysis can be performed in order to answer additional questions like, “How do I validate a questionable alteration?”
6.4. Rose Brannon: After watching this video, you should have a good understanding of how to prepare barcoded DNA libraries and perform exon capture on the pooled DNA libraries.


List of Provided Media Filenames and Descriptions (fill this in)

Lab still needs to provide required single panel image files.


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.
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