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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? No
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.)

2.5.4, 3.1.3, 3.2.2, 4.1.1

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.)
 NA
5. Will the filming need to take place in multiple locations? Yes
If yes, how far apart are the locations? Same floor, within 50 meters.


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. Kenneth Walsh: We have developed an efficient and economical method to establish mice with gene manipulations specifically in hematopoietic stem cells using genome editing technology and lentivirus-mediated transgene delivery systems. 

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


1.2. Kenneth Walsh: The advantage of this protocol is that we can create animal models harboring specific mutations in hematopoietic cells in a rapid and cost-effective manner compared to conventional mouse transgenic approaches. 

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

Introduction of Demonstrator: (Said by you on camera)

1.3. Kenneth Walsh: Demonstrating the procedure will be Ying Wang, a researcher from my laboratory.  
1.3.1. INTERVIEW: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at University of Virginia.

Section - Protocol
2. Generation and Purification of Lentivirus Particles
2.1. To generate lentivirus particles, start by coating a 6-well plate with collagen solution [1] and incubating it at 37 C and 5% carbon dioxide for 30 minutes [2]. Then, seed 293T cells onto the plate [3-TXT] and incubate it for another 2 hours [4].
2.1.1. WIDE: Establishing shot of talent at the bench coating the plate with collagen solution.
2.1.2. Talent putting plate in incubator.
2.1.3. Talent seeding cells. TEXT: 1 x 106 cells per well
2.1.4. Talent putting plate in incubator.
2.2. Meanwhile, prepare the mixture of three transfection plasmids by combining 0.9 micrograms of lentivirus vector, 0.6 micrograms of psPAX2 (Pronounce ‘P-S-PAX-Two’), 0.3 micrograms of PMD2.G, and deionized water to 10 microliters per well [1]. 
2.2.1. Talent combining plasmids and water.
2.3. Then, carefully add 50 microliters of 1 X PBS and 5 microliters of diluted PEI MAX (Pronounce ‘P-E-I-MAX’) to the plasmid mixture and incubate the mixture at room temperature for 15 minutes [1]. After the incubation, add 1 milliliter of DMEM (pronounce ‘D-M-E-M’) [2]. 
2.3.1. Talent adding PBS and PEI MAX to the mixture and leaving the plate tube at room temperature. 
2.3.2. Talent adding DMEM.
2.4. Aspirate the media from the 6-well plate and add 1 milliliter of plasmid mixture to each well [1]. Incubate the plate for another 3 hours [2]. Replace the media with fresh DMEM and incubate for 24hours [3]. Add 1ml of fresh DMEM and incubate additional 24hours [4] 
2.4.1. Talent aspirating media and adding plasmid mixture. 
2.4.2. Talent putting the plate in the incubator. 
2.4.3. Added shot: Talent replace media
2.4.4. Added shot: Talent Add 1ml of media

After total 48-hour incubation, transfer the supernatant to a 50-milliliter tube [5] and centrifuge it at 3,000 x g for 15 minutes to remove any free-floating cells [6]. NOTE: Step broken up because VO was too long. 

2.4.5. Talent transferring supernatant to tube. 
2.4.6. Talent putting tube in centrifuge and starting it.

2.5. Filter the supernatant through a 0.45 micrometer filter [1] and ultracentrifuge it for 3 hours [2-TXT]. Carefully aspirate the supernatant, leaving behind the white pellet [3]. Resuspend the pellet with 100 microliters of serum-free hematopoietic cell expansion medium without aeration [4]. Videographer: This step is important!

2.5.1. Talent filtering supernatant. 
2.5.2. Talent putting tube in centrifuge and starting it. TEXT: 4 C; 72,100 x g; rmax
Author NOTE: Here, please just use the scene that talent put the rotor into the ultracentrifuge machine. Videographer also take the scene that talent transfer the culture medium to the red ultracentrifuge tubes, but please cut that medium transfer scene because it is not necessary in this context
2.5.3. Talent aspirating supernatant and showing the pellet. Author NOTE: Virus pellet is white one surrounding brown one. White pellet is important. Please emphasize the white pellet in editing
2.5.4. Talent resuspending virus pellet.

2.6. Keep a 10-microliter aliquot [1] to measure the viral titer and store the rest of the suspension at -80 C until ready to use [2]. 

2.6.1. Talent aliquoting 10 microliters.
2.6.2. Talent putting the other aliquots into the freezer.
3. Isolation and Transduction of Lineage-negative Cells from Mouse Bone Marrow 
3.1. After isolating the bones, place them into a 50-milliliter conical tube with PBS and place the tube on ice [1]. In a biosafety cabinet, transfer the bones into a sterile, 100-millimeter culture dish [2]. Then, grasp a bone with blunt forceps and use dissection scissors to carefully cut both epiphyses [3]. Videographer: This step is important!
3.1.1. Talent placing tube with bones on ice.
3.1.2. Talent transferring bones to a culture dish. 
3.1.3. Talent holding bone with forceps and cutting epiphyses.

3.2. Fill a 10-milliliter syringe with ice-cold RPMI [1] and use a 22-gauge needle to flush the bone marrow from the shaft into a new 100-millimeter culture dish [2]. After all bone marrow has been collected, make a single-cell suspension by passing the bone marrow through a 10-milliliter syringe with an 18-gauge needle [3-TXT]. Videographer: This step is important!

3.2.1. Talent filling the syringe with RPMI. 
3.2.2. Talent flushing the bone shaft. 
3.2.3. Talent passing the bone marrow through the syringe. TEXT: Repeat 10 X

3.3. Filter the cell suspension through a 70-micrometer cell strainer into a 50-milliliter conical tube [1]. Then, centrifuge the tube according to manuscript directions and aspirate the supernatant [2]. Resuspend the cell pellets in an appropriate volume of optimized separation buffer [3].

3.3.1. Talent straining cell suspension. 
3.3.2. Talent aspirating supernatant.
3.3.3. Talent resuspending cell pellet.

3.4. To isolate lineage-negative cells, use a lineage cell depletion kit according to manufacturer’s instructions [1]. Resuspend the isolated lineage-negative cells in serum-free hematopoietic cell expansion medium [added shot]. 

3.4.1. Talent using a lineage cell depletion kit. 
[Added shot] Talent Aspirate buffer, show pellet and resuspend. Author NOTE: We took twice here as 3.4.1. Please edit as viewer can see the pellet 

Then, seed the cells into a 6-well plate [2] and add recombinant murine TPO and SCF into the wells at a final concentration of 20 nanograms per milliliter and 50 nanograms per milliliter, respectively [3]. NOTE: Moved this because VO was too long.

3.4.2. Talent seeding the cells onto the plate. 
3.4.3. Talent adding TPO and SCF to wells.
3.5. Pre-incubate the cells at 37 C in 5% carbon dioxide for 2 hours [1], then add lentivirus according to manuscript directions and leave the cells in the incubator for another 16 to 20 hours [2]. On the next day, collect the lentivirus transduced cells into a 15-milliliter conical tube [3] and centrifuge them at 300 x g for 10 minutes [4]. 
3.5.1. Cells in the incubator. 
3.5.2. Talent adding lentivirus to cells.
3.5.3. Talent collecting cells into a tube. 
3.5.4. Talent putting tube in the centrifuge and starting it.
3.6. Ying Wang: According to NIH guidelines, it is important to handle Lentivirus vectors as Risk Group-Level 2. Precautions must be taken based on facility regulations. 

3.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot. Videographer: Since this is a warning statement, have the talent look more directly at the camera compared to other interview statements.
3.7. Carefully aspirate the supernatant and resuspend the pellet in 200 microliters of RPMI (pronounce ‘R-P-M-I’) per mouse [1]. Keep the cells at room temperature until transplantation into mice [2]. 
3.7.1. Talent aspirating supernatant and resuspending cells.
3.7.2. Cells at room temperature.
4. Transplantation of Transduced Cells into Lethally Irradiated Mice NOTE to Video Editor: Originally, section 5 was combined with section 4, but the authors split them up in postshoot notes. This results in one shot in section 4. If this looks weird, please prompt the authors to put the sections back together. 
4.1. After the second irradiation session, retro-orbitally inject transduced lineage-negative cells to each anesthetized mouse using an insulin syringe [1]. [2]. Videographer: This step is important!
4.1.1. Talent injecting cells into mouse. NOTE: 4.1.2. was deleted.

5. Evaluating the Chimerism of Peripheral Blood

5.1. Three to four weeks after bone marrow transplantation, obtain blood samples from the retro-orbital vein using capillary tubes [1]. Transfer 20ul of blood into round bottom polystyrene test tubes and place on ice [2]. 

5.1.1. Talent collecting blood from mouse.
5.1.2. Talent transfer blood into test tube.

After RBC lysis, incubate the cells with a cocktail of monoclonal antibodies [3-TXT] in the dark for 20 minutes at room temperature [4]. After fixation, wash and centrifuge the cells and resuspend the cell pellet in 400 microliters of FACS buffer [5]. Keep the samples at 4 C until analysis by flow cytometry [6]. NOTE: Step split up because it was too long.

5.1.3. Talent adding antibodies to cells. TEXT: Dilute antibodies in 100µL FACS buffer per sample Author NOTE: We also take a picture of antibodies on ice so that audience can recognize we used antibodies.
5.1.4. Talent putting the cells in the dark.
5.1.5. Talent resuspending cells in FACS buffer. 
5.1.6. Talent putting samples in fridge. 














Section – Results
6. Results: Lentiviral Transduction of Mouse Bone Marrow Lineage-negative Cells 
6.1. Success of lineage-negative cell transduction can be evaluated with flow cytometric detection of RFP [1]. It has been demonstrated that after 7 days of in vitro culture, on average 75.7% of cells are transduced [2]. 
6.1.1. Figure 2. 
6.1.2. Figure 2 B. Video Editor: Emphasize the red dots on the plot.
6.2. Flow cytometry has also been used to analyze mouse peripheral blood after reconstitution with transduced and non-transduced hematopoietic stem cells [1]. An average of 94.8% of neutrophils, 93.5% of monocytes, and 82.7% of B cells express RFP [2].
6.2.1. Figure 3 A. Video Editor: Emphasize bottom row what VO says ‘transduced’ and top row when VO says ‘non-transduced’. 
6.2.2. Figure 3 B.
6.3. Genomic DNA from the RFP-positive blood cells has been PCR amplified and sub-cloned for sequence analysis [1]. Various mutations are detected, and 69% of the clones show out-of-frame or premature stop mutations [2].
6.3.1. Figure 4 B and C. 
6.3.2. Figure 4 B and C. Video Editor: Emphasize the bottom (peach) bar of C.


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

7.1. Soichi Sano: To succeed with this procedure [1], preparation of high titer viral stock [2] and optimized conditions for transduction and transplantation of hematopoietic cells are required [3]. 

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.1.2. Use 2.5.4.
7.1.3. Use 3.5.1.

7.2. Soichi Sano: We have applied this technique to study the role of clonal hematopoiesis in cardiovascular diseases, but it is also useful to study hematological malignancy. 

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

7.3. Soichi Sano: This method enables us to study the functions of new target genes in the hematopoietic system in an efficient and high through-put manner, regardless of the availability of transgenic mice. 

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