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Authors, please fill out 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.) 2.2, 2.8, 3.5, 4.5, 4.6_
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.) _3.5 _
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________


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 characterize the clonal composition of lymphoma samples for the identification of clonal evolution patterns of lymphoma relapse. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Kui Nie: Yanwen Jiang: This method can help answer key questions in the lymphoma field, such as how relapsed lymphomas arise from the original tumors. 
1.2. Yanwen Jiang: The main advantage of this technique is that it adopts the latest high-throughput sequencing technology to allow a more comprehensive mapping of the lymphoma clonality.   


Protocol (read by voice talent at JoVE):

2. DNA extraction from tumor samples

2.1. In this protocol, DNA will be extracted from thin sections of frozen O.C.T.-embedded as well as formalin-fixed, paraffin-embedded normal or malignant tissue. [2.1.1 – MED] 

2.1.1. Talent setting out the thin sections.

2.2. To extract DNA from frozen O.C.T.-embedded tissues, first digest 10-30 thin sections in 4 mL of Nucleic Lysis Buffer with Proteinase K and 0.625% SDS [2.2.1 – MED] in a 37○C water bath overnight. [2.2.2 – MED-TXT]

2.2.1. Talent putting thin sections into a 15-mL centrifuge tube and then adding Nucleic Lysis Buffer with Proteinase K and SDS.
2.2.2. Talent putting 15-ml tube into water bath. TEXT: 37○C; overnight

2.3. On the following day, add 1 mL of saturated 5 M sodium chloride to the digestion mixture and shake vigorously for 15 seconds. [2.3.1 – CU] Centrifuge at 1100 x g for 15 minutes at room temperature. [2.3.2 – MED-multiple takes-TXT]

2.3.1. *film as written.
2.3.2. Multiple takes from different angles of talent putting 15-ml tube into the centrifuge. TEXT: 1100 x g; 15 min; room temperature

2.4. Transfer the supernatant to a new 15-mL centrifuge tube, add two volumes of 100% Ethanol and mix by inverting the tube 6-8 times. [2.4.1 – MED]

2.4.1. *film as written.


2.5. Centrifuge at 5000 x g for 60 minutes at 4 C to collect the precipitated DNA. [2.5.1 – reuse shot-TXT]

2.5.1. Use shot from 2.3.2.  TEXT: 5000 x g; 60 min;  4C

2.6. Wash the DNA pellet twice with 70% ethanol. [2.6.1 – CU] Centrifuge at 5000 x g for 15 minutes each time to collect the pellet. [2.6.2 – reuse shot-TXT]

2.6.1. 100% EtOH is removed and 70% EtOH added to the tube with the DNA pellet.
2.6.2. Use shot from 2.3.2.  TEXT: Wash 2X with 70% EtOH

2.7. Dissolve the DNA pellet in 100-400 µL of TE buffer [2.7.1 – CU] at room temperature on a shaker overnight. [2.7.2 – MED-TXT]

2.7.1. 70% EtOH from second wash is removed and then TE buffer added to DNA pellet.
2.7.2. Talent putting the 15-ml tube on a shaker at room temperature. TEXT: room temperature; overnight

2.8. To extract DNA from thin sections of formalin-fixed, paraffin-embedded tissue, first de-paraffinize by incubating the paraffin sections in 1 mL of xylene twice [2.8.1 – MED] at room temperature for 10 minutes each time. [2.8.2 – MED-TXT]

2.8.1. Talent putting paraffin sections in a 1.5-mL microcentrifuge tube and then adding xylene.
2.8.2. Talent setting tube aside at room temperature. TEXT: Deparaffinize with xylene 2X

2.9. Collect the tissue sections by spinning at 13,000 x g for 5 minutes at room temperature. [2.9.1 – MED-multiple takes-TXT]

2.9.1. Multiple takes from different angles of talent putting 1.5-mL microcentrifuge tube into the microcentrifuge.  TEXT: 13,000 x g; 5 min; room temperature

2.10. Next remove residue xylenes by incubating the sections in 1 mL of 100% ethanol twice at room temperature, for 10 minutes each time. [2.10.1 – CU] Collect the tissue sections by spinning at 13,000 x g for 5 minutes at room temperature. [2.10.2 – reuse shot – TXT] 

2.10.1. 100% ethanol is added to the microcentrifuge tube and tube is set aside at room temperature.
2.10.2. Use shot from 2.9.1. TEXT: Wash 2X with 100% EtOH

2.11. Air-dry the sections at room temperature for 10-15 minutes. [2.11.1 – CU]

2.11.1. *film as written.

2.12. Add a freshly prepared Proteinase K solution to the samples in a final volume of 50-100 µL [2.12.1 – CU-TXT] and incubate overnight at 37○C. [2.12.2 – MED] 

2.12.1. *film as written. TEXT: 0.5 mg/mL Proteinase K solution with 1x PCR buffer
2.12.2. Talent putting tube at 37○C.

2.13. On the following day, heat the samples at 95○C for 10 minutes to inactivate the Proteinase K. [2.13.1 – CU-TXT]

2.13.1. Tube being placed in a heat block. TEXT: 95○C; 10 min

3. DNA quality assessment

3.1. The DNA yield from the extractions demonstrated in the previous segment is 5 to 200 µg depending on the size of the tissue. The next step is to assess the quality of each DNA sample. [3.1.1 – MED] 

3.1.1. Talent setting out the DNA samples. (8 samples)

3.2. In a PCR tube, mix 0.25 μL of Taq DNA polymerase with 45 μL of master mix from a commercial ladder kit. [3.2.1 – CU] Add 5 μL of DNA into the PCR tube and mix well by pipetting up and down at least 5 times. [3.2.2. CU]

3.2.1. *film as written.
3.2.2. *film as written.

3.3. Amplify the DNA following the conditions detailed in the protocol text. [3.3.1 - MED- multiple takes] 

3.3.1. Multiple takes from different angles of talent putting PCR tubes (8-well strip) into thermocycler.

3.4. Next, mix 20 μL of the PCR reaction with 4 μL of 6X loading dye, [3.4.1 – CU] and load onto a 2% agarose gel. [3.4.2 – MED-multiple takes]

3.4.1. *film as written.
3.4.2. Multiple takes from different angles of talent loading samples into an agarose gel.

3.5. When electrophoresis is complete, stain the agarose gel with ethidium bromide and detect the PCR products with a gel imaging system. [3.5.1 – MED] The samples that yield 5 PCR products at sizes of 100, 200, 300, 400, and 600 bp will be used to generate VDJ amplicons. [3.5.2 – LM]  

3.5.1. Multiple takes from different angles of talent checking gel with imaging system.
3.5.2. Example gel photo that shows samples with the 5 PCR products. (to be provided by author)

4. VDJ PCR

4.1. Only the amplification of recombined IgH VDJ (Pronounce as “I-G-H-V-D-J”) segment from framework region 1, or IgVHFR1 (Pronounce as “I-G-V-H-F-R-one”), will be demonstrated in this video.  The amplification of recombined IgH VDJ segment from framework region 2 follows a similar procedure and is described in the protocol text. [4.1.1 – MED] 

4.1.1. Talent setting out reagents for VDJ PCR.

4.2. In a PCR tube, mix 45 μL of master mix from the tube labeled “Mix 2” of a commercial somatic IGH Hypermutation Assay for Gel Detection kit, 0.25 μL of Taq DNA polymerase, and 5 μL of sample DNA. [4.2.1 – CU] 

4.2.1. *film as written.

4.3. Amplify the DNA following the conditions described in the protocol text. [4.3.1 – reuse shot] 

4.3.1. Use shot from 3.3.1. 

4.4. Kui Nie Yanwen Jiang: To amplify suboptimal DNA, PCR conditions can be adjusted by extending the annealing time and increasing the amplification cycle number. [4.4.1 – interview shot]

4.4.1. Talent speaks toward camera, interview style.

4.5. Resolve the entire PCR product by electrophoresis in a 2% agarose gel. [4.5.1 – reuse shot]

4.5.1. Use shot from 3.4.2.

4.6. Stain the agarose gel with a 0.5 μg/mL ethidium bromide solution and detect PCR products with a gel imaging system. [4.6.1 – reuse shot] A monoclonal amplicon is expected with the size range of 310-380 bp. [4.6.2 – LM]

4.6.1. Use shot from 3.5.1. 
4.6.2. left panel only of ‘Jiang et al JoVE_v1_Figure2.pdf’

4.7. Excise the gel portion containing the monoclonal amplicon.  [4.7.1 – CU] Subsequently, purify DNA from the excised gel using a standard Gel Extraction Kit according to the manufacturer’s protocol.  [4.7.2 – MED]

4.7.1. Gel portion being excised and then placed into a tube.
4.7.2. Talent starting the first step of the gel extraction procedure – i.e., adding buffer to the tube with the gel slice.

5. VDJ amplicon library preparation

5.1. To begin this procedure, transfer the purified VDJ PCR product into a PCR tube and add the Resuspension Buffer from the DNA Sample Preparation Kit to bring up the volume to 60 μL.  [5.1.1 – MED]

5.1.1. *film as written.


5.2. Add 40 μL of End Repair Mix from the DNA Sample Preparation Kit and mix thoroughly. [5.2.1 – CU] Incubate the reaction at 30°C for 30 minutes in a pre-heated thermocycler with a pre-heated lid at 100 °C. [5.2.2 – MED-multiple takes-TXT]

5.2.1. *film as written.
5.2.2. Multiple takes from different angles of PCR tubes (8-well strip) being placed in thermocycler. TEXT: 30°C; 30 min

5.3. Next mix 136 μL of magnetic beads and 24 μL of PCR grade water in a 1.5-mL tube, [5.3.1 – CU] and transfer the entire End-repair reaction into the tube and mix well with the bead solution. [5.3.2 – CU]

5.3.1. *film as written.
5.3.2. *film as written.

5.4. Place tubes on a magnetic stand for 2 minutes to allow the separation of the beads from the solution. [5.4.1 – MED-multiple takes] Aspirate the supernatant, and wash the beads twice with freshly prepared 80% ethanol. [5.4.2 – CU – multiple takes- TXT] 

5.4.1. Multiple takes from different angles of talent placing tubes on a magnetic stand.  Shot will be repeated many times.
5.4.2. Multiple takes from different angles of supernatant being aspirated form tubes and 80% ethanol added to tubes. TEXT: Wash 2X with 80% EtOH

5.5. Aspirate the ethanol solution completely and allow the beads to air dry for 15 minutes at room temperature. [5.5.1 – MED]

5.5.1. *film as written.

5.6. After 15 minutes, take the tubes off the magnetic stand and resuspend the beads in 17.5 µL of Resuspension Buffer. [5.6.1 – MED]

5.6.1. Talent taking tubes off magnetic stand and then Resuspension Buffer being added to a tube.

5.7. Place the tubes back onto the magnetic stand for 2 minutes to separate the beads from the Resuspension Buffer. [5.7.1 – reuse shot] Transfer the Resuspension Buffer, which now contains the end-repair product, into a clean PCR tube. [5.7.2 – MED]

5.7.1. Use shot from 5.4.1.
5.7.2. *film as written.

5.8. The next step is to add the poly-A tail to the end-repair product: add 12.5 μL of the A-tailing mix into the PCR tube containing the end-repair product and mix thoroughly. [5.8.1 – CU] Incubate the PCR tubes at 37°C for 30 minutes in a pre-heated thermocycler with a pre-heated lid at 100 °C. [5.8.2 – reuse shot-TXT]

5.8.1. *film as written.
5.8.2. Use shot from 5.2.2. TEXT: 37°C; 30 min

5.9. For adaptor ligation, add 2.5 μL of Resuspension Buffer, 2.5 μL of Ligation Mix, and 2.5 μL of DNA Adaptor Index into the A-tailing reaction. [5.9.1 – CU] Incubate the reaction at 30 °C for 30 minutes in a pre-heated thermocycler with a pre-heated lid at 100 °C. [5.9.2 – reuse shot-TXT]

5.9.1. *film as written.
5.9.2. Use shot from 5.2.2. TEXT: 30°C; 30 min 

5.10. After 30 minutes, add 5 μL of Stop Ligation Buffer into each reaction and mix thoroughly. [5-10.1 – MED]

5.10.1. *film as written.

5.11. Add 42.5 μL of well-mixed magnetic beads to each reaction [5.11.1 – CU] and wash with 80% ethanol as shown earlier. [5.11.2 – reuse shot] [5.11.3 – reuse shot] Add 50 μL of Resuspension Buffer [5.11.4 – CU] to elute the adaptor-ligated product. [5.11.5-reuse shot]

5.11.1. *film as written.
5.11.2. Use shot from 5.4.1.
5.11.3. Use shot from 5.4.2.
5.11.4. 50 μL Resuspension Buffer being added to a tube. (after 80% EtOH has been removed)
5.11.5. Use shot from 5.4.1.

5.12. Clean the adaptor-ligated product for a second time by using 50 μL of well-mixed AMPure XP beads, [5.12.1 – CU] [5.12.2 – reuse shot] and elute the product in 25 μL of Resuspension Buffer [5.12.3-MED] into a clean PCR tube. [5.12.4-CU]

5.12.1. 50 μL of well-mixed AMPure XP beads being added to tube with adaptor-ligated product.
5.12.2. Use shot from 5.4.1.
5.12.3. Multiple takes from different angles of buffer being removed, 25 μL of Resuspension Buffer added to tube, and tube being placed on magnetic stand.
5.12.4. Talent transferring buffer with adaptor-ligated product into a new tube.

5.13. To amplify the VDJ amplicon, add 5 μL of PCR Primer Cocktail and 25 μL of PCR Master Mix to the PCR tube containing the adaptor-ligated product and mix thoroughly. [5.13.1 – MED] Perform amplification in a thermocycler with the conditions described in the protocol text. [5.13.2 –reuse shot]

5.13.1. *film as written.
5.13.2. Use shot from 5.2.2.

5.14. When amplification is complete, clean up the reaction using 50 μL of well-mixed magnetic beads. [5.14.1 – MED] Elute the final product in 30 μL of Resuspension Buffer.  The VDJ amplicon library is subsequently validated, pooled and sequenced as described in the protocol text. [5.14.2 – reuse shot] [5.14.3 – MED]

5.14.1. 50 μL of well-mixed magnetic beads being added to each tube and tubes are placed on the magnetic stand.
5.14.2. Use shot from 5.12.3.
5.14.3. Final product being transferred to new tube.

5.15. Kui Nie: Because the complexity of the VDJ libraries is low, we recommend a spike-in of 20-50% PhiX in the pooled sequencing sample to allow accurate base calling. [5.15.1 – interview shot]

5.15.1. Talent speaks toward camera, interview style.

6. Results: VDJ-Sequencing traces clonal evolution patterns of B-cell lymphoma relapse 

6.1. These representative gel images show VDJ PCR amplicon products from DNA extracted from lymphoma patient samples. [6.1.1 – LM]

6.1.1. Jiang et al JoVE_v1_Figure2.pdf

6.2. The quality of the VDJ PCR amplicon before and after library construction was assessed by a bioanalyzer. [6.2.1 – LM] The size shift from 334 bp to 459 bp indicates the addition of the adaptor. [6.2.2 – LM]

6.2.1. Jiang et al JoVE_v1_Figure3.pdf
6.2.2. Jiang et al JoVE_v1_Figure3.pdf. Highlight the 334 peak in the top panel and the 459 peak in the bottom panel.

6.3. To trace the clonal evolution of a diffuse large B-cell lymphoma relapse case, phylogenetic analysis of the somatic hypermutation or SHM (Pronounce as “S-H-M”) profiles of the major VHDJH (Pronounce as “heavy chain V-D-J”) rearrangements between the diagnosis and relapse samples was performed.  The “late-divergent” clonal evolution mode was observed. [6.3.1 – LM]

6.3.1. Jiang et al JoVE_v1R_Figure4.pdf

6.4. New graphical methods were developed to visualize clonal evolution patterns. [6.4.1 – LM] Shown are multidimensional scaling plots of a late-divergent [6.4.2 – LM] and an early-divergent relapse model. [6.4.3 – LM] The radius of each circle indicates the count of subclones corresponding to a particular SHM profile; blue corresponds to the diagnosis sample and red corresponds to the relapse sample. [6.4.4 – LM]

6.4.1. panels A and B of ‘JoVE-YWJ-v4-Fig5-20150526.pdf’
6.4.2. Highlight panel A of ‘JoVE-YWJ-v4-Fig5-20150526.pdf’
6.4.3. Highlight panel B of ‘JoVE-YWJ-v4-Fig5-20150526.pdf’
6.4.4. panels A and B of ‘JoVE-YWJ-v4-Fig5-20150526.pdf’

6.5. Likewise, undirected graphs show that the distribution of subclone counts in the late-divergent case [6.5.1 – LM] differs from the early-divergent case. [6.5.2 – LM] The edges correspond to two SHM profiles having a string distance of one letter separation, and the color scale bar indicates the proportion of sequences mapping to a particular SHM profile corresponding to the red diagnosis sample or yellow relapse sample. [6.5.3 – LM]

6.5.1. panel C of ‘JoVE-YWJ-v4-Fig5-20150526.pdf’
6.5.2. add panel D of ‘JoVE-YWJ-v4-Fig5-20150526.pdf’
6.5.3. continue to show both panels C and D of ‘JoVE-YWJ-v4-Fig5-20150526.pdf’


7. Conclusion (said by authors on camera)
7.1. Kui Nie Olivier Elemento: While attempting this procedure, it’s important to remember to avoid cross-contamination between samples.
7.2. [bookmark: _GoBack]Yanwen Jiang Olivier Elemento: After watching this video, you should have a good understanding of how to access the clonality of lymphoma tumor samples.  This procedure can be also used to track minimal residue disease and probe immune surveillance response to cancer.


Provided Media

3.5. Example gel photo that shows samples with the 5 PCR products. (to be provided by author)
4.6. left panel only of ‘Jiang et al JoVE_v1_Figure2.pdf’
6.1. Jiang et al JoVE_v1_Figure2.pdf
6.2. Jiang et al JoVE_v1_Figure3.pdf
6.3. Jiang et al JoVE_v1R_Figure4.pdf
6.4 – 6.5. JoVE-YWJ-v4-Fig5-20150526.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.
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