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Authors, please fill out the brief questionnaire below.   
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  

Can you record movies/images using your own microscope camera? (Y/N)________  

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: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_ N_______ 

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.) ___2.4, 2.5,3.1,3.3, 4.1 4.4_

Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) 2.4,4,4
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

2.4 Buffy coat should be avoided from the plasma during the separation process, otherwise large DNA fragments extracted from the cells might dilute ctDNA and affect sensitivity of the test. 
4.4 The washing step of unbound DNA from the streptavidin beads should be quick, otherwise capture efficiency of targeted DNA might be affected.

E.  Will the filming need to take place in multiple locations? (Y/N) _____Y__ If yes, how far apart are the locations? To avoid cross contamination, different functional zones/labs were set up which connects with each other.
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this technique is to detect mutations of low frequency in circulating tumor, or ctDNA to provide clinical physicians a powerful tool to diagnose tumors and monitor tumor dynamics in response to therapy. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Meiru Zhao: This method of testing ctDNA can help answer key questions about which kinds of mutations a patient carries, such as single nucleotide variation, insertion/deletion, copy number variation, or structural variation.

1.2. Xiaoxing Lv: The main advantage of this technique is its high sensitivity and specificity, which facilitates the precise detection of low-frequency mutations in ctDNA.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Meiru Zhao: Demonstrating the procedure will be Yuliang Yang, a technician from my laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician 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)

1.9. Tumor specimens and blood samples were obtained according to a protocol approved by the Ethics Committee of Peking University People’s Hospital. Written informed consent was obtained from the patients to use their samples.
Protocol: (read by voice talent at JoVE)
2. DNA Extraction from Peripheral Blood for cfDNA and Genomic DNA (gDNA)

2.1. To begin, draw 10 mL of peripheral blood in a collection tube [1-WIDE/MED], and gently invert the tube up and down 6 - 8 times to mix the contents [2-CU-TXT].  Store blood samples in the collection tubes at 6 - 37 °C for up to 72 hours [3-WIDE].
2.1.1. Talent finishes collecting blood in a tube
2.1.2. Talent inverts tube to mix contents (TEXT: Avoid cell shearing)
2.1.3. Talent places samples into incubator  
2.2. Centrifuge the collection tube at 1600 x g and room temperature for 10 min [1-MED].  Then use a disposable pipet to transfer the supernatant, or plasma from the tube to four clean 2 mL appropriately labelled centrifuge tubes without disturbing the pellet [2-CU-TXT].
2.2.1. Talent places tubes into centrifuge and sets speed and time (TEXT: ±150)
2.2.2. Talent transfers plasma to centrifuge tubes (TEXT: Pellet = white blood cells)
2.3. Use a clean, disposable pipet to transfer 1 mL of the cells to a 2 mL appropriately labelled centrifuge tube [1-CU].  Store the cells at -20 (C or colder before genomic, or gDNA isolation [2-WIDE-TXT].
2.3.1. Talent transfers 1 ml of cells to 2 ml centrifuge tube
2.3.2. Talent places cells at -20 (C (TEXT: Refer to text protocol)
2.4. Next, centrifuge the plasma at 16000 x g and 4 °C for 10 min [1-MED].  Then transfer the plasma to clean centrifuge tubes properly labelled as “plasma”, leaving approximately 0.1 mL of residual volume at the bottom to avoid contamination [2-CU-TXT].
2.4.1. Talent places plasma tubes into centrifuge and sets speed and time with temp already set (TEXT: ±150)
2.4.2. Talent transfers plasma to clean labeled tubes while leaving residual volume at bottom to avoid contamination (TEXT: Store at -80 (C)
2.5. Meiru Zhao Step   2.4: The buffy coat should be avoided from the plasma during the separation process, otherwise large DNA fragments extracted from the cells might dilute ctDNA and affect the sensitivity of the test [1-INTERVIEW].
2.5.1. Talent recites the above statement looking off camera  
2.6. Using a commercially available kit, isolate cfDNA from 3 mL of the collected plasma, following the manufacturer’s instructions [1-MED/CU-TXT].
2.6.1. Talent opens kit and begins DNA isolation protocol with tube of plasma in view (TEXT: Contains ctDNA)
2.7. Then also with a kit, isolate gDNA from 200 (L of white blood cells, following the manufacturer’s instructions [1-CU-TXT].
2.7.1. Talent carries out gDNA reaction from white blood cells (TEXT: Both cfDNA and gDNA can be stored at -20 (C before use)
3. Library Preparation

3.1. To fragment the gDNA control sample by sonication, prepare 1 µg of gDNA sample in 100 µL of Tris-EDTA buffer in a clean sonication tube [1-CU-TXT].  Set the sonication program to 30 s on and 30 s off for 12 cycles for a total of 12 min [2-CU].
3.1.1. Talent combines gDNA and Tris-EDTA buffer in clean sonication tube (TEXT: 200 – 250 bp fragments)
3.1.2. Talent sets sonication program
3.2. After confirming the product contains 200 – 250 bp fragments, transfer all fragmentation products to a new 1.5 ml tube containing 150 µL of magnetic beads and incubate the sample for 5 min to select the correct fragments [1-CU-TXT].
3.2.1. Talent transfers DNA to new tube with magnetic beads and sets it on bench to sit (TEXT: Refer to text protocol for details)

3.3. Next, place the tube on a magnetic rack for 30 s and remove the supernatant [1-CU].  Then while keeping the tube on the rack, add 200 (L of freshly prepared 80% ethanol to wash the beads [2-MED/CU].  Incubate the beads for 30 s before removing the supernatant and repeat the wash [3-CU].
3.3.1. Talent places tube on rack and removes supernatant
3.3.2. Talent adds fresh ethanol to beads
3.3.3. Talent removes supernatant then adds more ethanol 
3.4. Keep the tube on the rack with the lid open to air dry the beads [1-MED/CU].  Then elute the DNA fragments by adding 32 µL of 10 mM Tris-HCl to the beads [2-CU-TXT]. 
3.4.1. Talent removes last wash and leaves lid open to air dry beads (TEXT: Avoid over dried beads)
3.4.2. Talent adds Tris-HCl to tubes (TEXT: pH 8)
3.5. To carry out the end prep reaction following the manufacturer’s instructions, to a sterile nuclease-free tube, add 7 µL of reaction buffer, 3 µL of the enzyme mix [1-CU-TXT], 30 ng of cfDNA, and ddH2O for a total volume of 60 µL [2-CU]. In a separate tube, add the same components but with 1 µg of gDNA instead of cfDNA [3-CU].
3.5.1. Talent adds reaction buffer and enzyme mix to tube (TEXT: Use 30 ng cfDNA; 1 (g gDNA as control)
3.5.2. Talent adds cfDNA and water to tube
3.5.3. Talent adds gDNA to separate tube that already has other reagents in it
3.6. Incubate the mixture in a thermocycler at 20 °C for 30 min followed by 65 °C for 30 min without the lid heated [1-MED/CU]. 
3.6.1. Talent places tubes into thermocycler and sets program
3.7. Immediately following the incubation, add 30 µL of the ligation master mix, 1 µL of the ligation enhancer [1-CU], and 4 µL of the unique sequencing adapter to the tube [2-CU].  Incubate the reaction in a thermocycler at 20 °C for 15 min without the lid heated [3-CU].
3.7.1. Talent adds ligation master mix and ligation enhancer to tube
3.7.2. Talent adds sequencing adapter to tube
3.7.3. Talent places tube into thermocycler and sets temp and time
3.8. Vortex to resuspend the magnetic beads and leave the beads at room temperature for at least 30 minutes [1-MED/CU].  Then add 87 µL of the resuspended magnetic beads to the ligation reaction [2-CU].   Mix well by pipetting up and down and then incubate the sample at room temperature for 5 minutes [3-CU].
3.8.1. Talent vortexes beads then sets them on bench at RT
3.8.2. Talent adds magnetic beads to ligation mixture
3.8.3. Talent mixes then places sample on bench
3.9. After washing and air drying the beads, elute the DNA target from the beads by adding 20 µL of 10 mM Tris-HCl [1-CU-TXT].
3.9.1. Talent adds Tris-HCl to air-dried beads (TEXT: pH 8)
3.10. Add 20 µL of adapter ligated DNA fragments, 5 µL of Index Primer/i7 [1-CU-TXT], 25 µL of library amplification master mix, and ddH2O up to a total volume of 50 µL [2-CU].
3.10.1. Talent adds adapter ligated DNA fragments then adds Index Primer/i7 (TEXT: 2.5 µL each of 10 pM Primer-P7 and Primer-P5; for sequencing)
3.10.2. Talent adds library amplification master mix and water up to 50 (L
3.11. PCR amplify the adapter ligated cfDNA or gDNA [1-MED/CU-TXT].
3.11.1. Talent placed sample tubes into thermocycler and sets program (TEXT: Refer to text protocol for PCR program)
3.12. Then add 45 μL of suspended magnetic beads to the PCR-enriched DNA [1-CU].  Mix the sample by pipetting up and down and incubate it for 5 minutes [2-MED/CU].  After removing the supernatant and washing the beads, use 30 µL of 10 mM Tris-HCl to elute the DNA fragments with adapters [3-CU-TXT].
3.12.1. Talent adds suspended magnetic beads to PCR enriched DNA
3.12.2. Talent mixes by pipetting then sets sample to incubate
3.12.3. Talent adds Tris-HCl (TEXT: pH 8)
4. Targeted DNA Capture

4.1. To carry out targeted DNA capture, in a sterile tube, block the sample by adding 1.5 (g of pooling libraries [1-CU-TXT], 8 µL each of P5 Block(100P) and P7 Block(100P) [2-CU], and 5 µL of 1 µg/µL Cot-1 DNA [3-CU]. Dry the contents of the tube using a vacuum concentrator set at 60 °C [4-MED/CU].
4.1.1. Talent adds pooling libraries to tube (TEXT: Max number of libraries to pool for cfDNA is 6; gDNA is 20)
4.1.2. Talent adds P5 and P7 Block
4.1.3. Talent adds Cot-1 DNA to tube
4.1.4. Talent places tube into vacuum concentrator set at 70 (C
4.2. Hybridize the DNA capture probes with the library by adding 8.5 (L of 2x hybridization buffer, 2.7 (L of hybridization enhancer, and 1.8 (L of nuclease free ddH20 [1-CU].
4.2.1. Talent adds 2x hyb buffer, hyb buffer, and nuclease free water 

4.3. Mix by pipetting up and down and incubate the sample in a thermal cycler at 95 °C for 10 min [1-MED/CU].  Then immediately add 4 μL of the Custom Probe [2-CU]. Incubate the samples in a thermaomixer at 65 °C with the lid heated to 75 °C for 4 hours [3-CU].
4.3.1. Talent mixes sample then places in thermocycler at 95 (C
4.3.2. Talent adds custom probe
4.3.3. Talent places samples back into thermocycler at 65 (C with heated lid at 75 (C
4.4. Incubate the hybridized target DNA with streptavidin beads then wash the beads to remove unbound DNA [1-CU]. Use the commercial kit according to manufacturer’s instructions to get a final 20 μL of resuspended beads with captured DNA fragments [2-MED/CU]. 
4.4.1. Talent removes supernatant from streptavidin beads then adds wash buffer
4.4.2. Talent isolates the DNA using commercial kit
4.5. Meiru Zhao, Step 4.4: The washing step of unbound DNA from the streptavidin beads should be quick, otherwise the capture efficiency of the targeted DNA might be affected [1-INTERVIEW].

4.5.1. Talent recites the above statement looking off camera

4.6. Amplify the captured DNA fragments by performing PCR using a commercial kit with 2 (M backbone oligonucleotides according to the manufacturer’s instructions [1-MED/CU].  

4.7. Talent sets up pcr reaction with backbone oligos in frame

4.8. Finally, add 45 μL of suspended beads directly to the PCR product [1-CU] and enrich the amplified target DNA fragments bound to the beads by elution with 30 μL of 10 mM Tris-HCl.  Quantify the fragments and carry out sequencing and data analysis according to the text protocol [2-CU-TXT].
4.8.1. Talent adds suspended beads to pcr product
4.8.2. Talent adds Tris-HCl to elute DNA from beads (TEXT: pH 8) 
5. Results: Next Generation Sequencing to Detect Rare Mutations in ctDNA 
5.1. This table outlines how ER-Seq improves coverage depth by 23% compared with the traditional method.  This is due to its efficient recovery of cfDNA molecules, thus greatly enhancing the analysis of rare mutations [1-LM].
5.1.1. (Source:  Table 3. The QC of information analysis.xlsx), Editor, for the first sentence, use an arrow from the side to point out the ‘Average sequencing depth’ row (dark gray) at 23%.  
5.2. It is also clear that the unique sequencing adapters used in ER-Seq enable easy differentiation of natural and PCR-induced duplications [1-LM].
5.2.1. (Source:  Table 3. The QC of information analysis.xlsx), Editor, point out the two light gray rows below the dark gray row for this sentence.
5.3. As detailed in this table on the calling results, analysis based on ER-Seq was 100% consistent for EGFR p.L858R detection and the frequency of detection was a bit higher when compared with a traditional analysis [1-LM].
5.3.1. (Source:  Table 4. The Calling result of information analysis .xlsx, Editor, when each EGFR p.L858R is mentioned, put a red box around the entire row.
5.4. Importantly, ER-Seq analysis enabled the detection of other relatively low-frequency mutations, including EGFR p.T790M, which was not recognized by traditional analysis due to high background noise [1-LM].
5.4.1.  (Source:  Table 4. The Calling result of information analysis .xlsx, Editor, when EGFR p.T790M is mentioned, put a red box around the entire row.
6. Conclusion (said by authors on camera)

6.1. Meiru Zhao: Once mastered, this technique can be done in 48 hours if it is performed properly.

6.2. Yuxing Chu: While attempting this procedure, it’s important to remember to avoid loss of a very low quantity of cfDNA during extraction, library prep and bead washing after hybridization.

6.3. Taotao Xue: After watching this video, you should have a good understanding of how ctDNA from the patient was collected, prepared and tagged with a unique identifier for sequencing. 
6.4. Yuting Yi: After its development, this technique paved the way for researchers in the field of liquid biopsy to explore better practices in making clinical decisions.
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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