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A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique?  No

B.   Does your protocol include detailed, step-by-step, descriptions of 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.
We will not include detailed, step-by-step descriptions of software usage in the protocol visualization.  Also, as described below, we have decided to remove the steps referring to usage of the WebLogo website from the visualization protocol.  Therefore, we will not require any screen recording software.

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.)
Filming steps 3.3, 4.1, 4.2, 4.3, 5.1, 5.2, and 5.3 would be most beneficial.

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 most difficult and important aspect of the protocol is ensuring final library complexity without sample cross-contamination.  This aspect is addressed in steps 3.3, 4.1, 4.2, 4.3, 5.1, 5.2, and 5.3.

E.  Will the filming need to take place in multiple locations? No If yes, how far apart are the locations? Filming will take place on the 10th floor of the Center for Life Science Building in Boston in one tissue culture hood in the room 1017 laboratory, and speaking parts will be filmed in an adjacent conference room – we think this counts as a “single location”, but just wanted to be sure.
*NB this should be filmed in mock due to work with HIV*




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 PCR amplify retroviral integration sites from bulk genomic DNA and sequence the resulting DNA library, such that precise integration locations can be mapped to a reference genome. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Erik Serrao: This method can help answer key questions in basic and clinical retrovirology, by analyzing the distribution of integration sites throughout a host genome. 
Erik Serrao: The main advantage of this technique is the DNA sequencing depth, and the fact that many samples may be multiplexed in one sequencing run.   


Protocol (read by voice talent at JoVE):
1. Generation of Retrovirus Stocks
0.1. One day prior to transfection, plate 3.3 x 106 HEK293T cells in 10 milliliters of supplemented Dulbecco’s Modified Eagle’s Medium in each of five 100 millimeter dishes [2.1.1-MED-TXT]. 
0.1.1. Talent draws up up to 50 ml of cell suspension and deposits the cell suspension in the 100 mm dishes. TEXT: DMEM-FPS: DMEM + 10% (v/v) fetal bovine serum + 1% (v/v) penicillin/streptomycin (10,000 U/mL stock). 
0.2. The next day, use commercially available transfection reagents [2.2.1-MED] or calcium phosphate to transfect the cells with 10 micrograms of plasmid carrying full-length retroviral molecular clones or 9 micrograms of envelope-deleted single-round vectors plus 1 microgram of a VSV-G expression construct [2.2.2-CU]. Add the mixture to the cell media dropwise [2.2.3-MED].
0.2.1. Talent pipettes transfection agent into a mix of plasmid and media in a tube labeled ‘10ug retrovirus’ and then adds this to the cells cell growth media. 
0.2.2. Talent adds 1ug of VSV-G to an appropriately labeled tube containing an envelope-deleted single-round vector the transfection agent–media mix to a tube labeled 10 micrograms HIV-1 + VSV-G. 
0.2.3. [added] Talent drips the DNA mixture into the cell culture media.
0.3. Following transfection incubate the cells at 37 °C in a humidified cell culture incubator with 5% CO2 [2.3.1-WIDE]. 
0.3.1. Talent places dishes in incubator. 
0.4. After approximately 48 hours, harvest the virus-containing cell media using a volumetric pipette [2.4.1-MED – over the shoulder] and pass it through a 0.45 micron filter by gravity flow [2.4.2-CU].
0.4.1. *film as written. Talent wearing something different to previous shot to denote the passage of time. 
0.4.2. Show the media dripping through the filter. 
0.5. Next, concentrate the virus by ultracentrifugation at 200,000 x g for 1 hour at 4 ⁰C [2.5.1-MED-TXT]. 
0.5.1. Show the centrifuge in operation. TEXT: 200,000 x g, 1 hour, 4 ⁰C
0.6. Following centrifugation, remove the supernatant until approximately 500 microliters of DMEM-FPS remains [2.6.1-MED], and re-suspend the virus pellet. Add 20 units of DNase [2.6.2-MED] and incubate for 1 hour at 37 °C [2.6.3-MED-TXT]. 
0.6.1. [added] *film as written. 
0.6.2. *film as written.
0.6.3. Talent places the re-suspended pellet into the incubator 37 °C heat block. TEXT: 1 hour. 
0.7. Determine the p24 concentration using an HIV-1 p24 antigen capture kit according to the manufacturer’s instructions [2.7.1-MED-over the shoulder].
0.7.1. Talent removes ELISA plate or similar from the box containing the kit.  
1. Viral Infection of HEK293T Cells
1.1. The day before infection, plate 3.0 x 105 HEK293T cells in 2.5 milliliters of DMEM-FPS per well in a 6-well plate [3.1.1-MED], and incubate overnight in a tissue culture incubator [3.1.2-MED-over the shoulder-TXT].  
1.1.1. *film as written. 
1.1.2. The plate is placed in the TC incubator. TEXT: ~16 hours. 
1.2. Infect the cells with a final viral p24 concentration of 500 nanograms per milliliter in 500 microliters of fresh DMEM-FPS [3.2.1-MED-TXT]. Incubate for 2 hours in a tissue culture incubator [3.2.2-MED-TXT]. 
1.2.1. Talent wearing something different to signify that time has passed (NB. this applies to all shots with an incubation of overnight or longer) pipettes 500 ul from a tube labeled ‘p24’ HIV-1+VSV-G’ and dispenses into the well of a 6-well plate. TEXT: 500 ng/mL in 500L volume. 
1.2.2. Talent places plate in incubator.  Shot will be reused once. TEXT: 2 hours. 
1.3. After 2 hours, add 2 milliliters of DMEM-FPS pre-warmed to 37 ⁰C to each well [3.3.1-MED] and return the plate to the incubator [3.3.2-MED-TXT].  
1.3.1. *film as written. 
1.3.2. Use 3.2.2. TEXT: 48 hours. 
1.4. 48-hours post-infection, remove the media [3.4.1-MED], and wash the cells with 2 milliliters of phosphate-buffered saline [3.4.2-MED-TXT]. Harvest the cells by adding 0.5 milliliters of trypsin–EDTA pre-warmed to 37 °C [3.4.3-MED-over the shoulder], and after a few seconds visually inspect the wells for cell dislodgement [3.4.4-MED].
1.4.1. *film as written. 
1.4.2. *film as written. TEXT: PBS
1.4.3. *film as written. 
1.4.4. *film as written.     
1.5. Next, add 2 milliliters of pre-warmed DMEM-FPS and re-suspend the cells by gently pipetting up and down ten times with a volumetric pipette [3.5.1-MED-over the shoulder]. Transfer the solution to a 75-cm2 tissue culture flask containing 18 milliliters of pre-warmed DMEM-FPS [3.5.2-MED] and return to the tissue culture incubator [3.5.3-WIDE]. 
1.5.1. *film as written. 
1.5.2. *film as written. 
1.5.3. Talent places the flask in the incubator. 
1.6. A minimum of five days after infection, harvest the cells as before, and re-suspend in 5 milliliters of pre-warmed DMEM-FPS by pipetting [3.6.1-MED]. Centrifuge the solution for 5 minutes at room temperature at 2,500 g [3.6.2-MED-over the shoulder], then aspirate and discard the supernatant [3.6.3-CU].
1.6.1. Talent pipettes from a bottle of media and adds 5 ml to the flask containing the trypsinized cells. 
1.6.2. Talent closes the lid on the centrifuge and starts the program. 
1.6.3. *film as written. 
1.7. Lastly, extract genomic DNA from the cell pellet using a commercially available kit [3.7.1-MED]. Elute the DNA from the supplied ion exchange column with 200 microliters of 10 millimolar Tris-HCl, at pH 8.5 [3.7.2-CU].
1.7.1. Talent setting up for gDNA extraction. Opening the lid of the box containing the kit etc. 
1.7.2. 200 ul is pipetted onto the column from a tube clearly labeled ‘10 mM Tris-HCl, at pH 8.5’.
2. Genomic DNA Fragmentation
2.1. After sonication of the genomic DNA [4.1.1-LM], purify the sonicated DNA using a PCR purification kit [4.1.2-MED]. 
2.1.1. LAB MEDIA: 53840_Engelman_Figure1C. Show the top image of this panel without the green BglII text, ‘X’ or arrow. Have the word ‘sonication’ appear and all of the black lines and x marks. 
2.1.2. Talent in lab with the sample and PCR purification kit beginning the purification. Get a couple of shots at different angles including some that don’t include detail of the sample. Shot will be reused twice. 
2.2. Next, repair the DNA using an end-repair kit [4.2.1-MED-over the shoulder]. 
2.2.1. Talent sets out the end-repair kit components. 
2.3. After purification of the DNA as before, A-tail the DNA [4.3.1-LM] using Klenow exo– (Pronunciation = “Kleh now exo minus”) enzyme [4.3.2-CU]. 
2.3.1. LAB MEDIA: 53840_Engelman_Figure1C. Show the modified top part of the image as at the close of 4.1.1. and also show the next part of the image down to the part where the two horizontal lines are bookended by 3’. 
2.3.2. Show label of Klenow enzyme tube as a small volume is pipetted out. 
2.4. Alternatively, for fragmentation by restriction endonuclease digestion, cut genomic DNA with a cocktail of enzymes that generate 5'-TA (Pronunciation = 5 prime T.A) overhangs, as well as an incompatible enzyme such as BglII (Pronunciation = bagel 2) that cleaves downstream from the upstream viral LTR [4.4.1-LM]. 
2.4.1. LAB MEDIA: 53840_Engelman_Figure1B. Show the top part of this image with all of the MseI sites and BglII site. Highlight the BglIII site in time with the narration. (Authors – could you please submit the lower part of figure 1 (panels B to H) as a series of single images so that these may be manipulated by the video editor to form animations. Many thanks. Jo)
2.5. Cut 10 µg of genomic DNA in a final volume of 100 µL [4.5.1-MED]. Incubate overnight at 37 ⁰C [4.5.2-MED-over the shoulder].  
2.5.1. Enzyme mix is added to the tube containing gDNA and other components. 
2.5.2. Tube is placed in water bath/hot block/incubator. 
2.6. Ensure that the final DNA is cleaned up using the PCR purification kit [4.6.1-MED]. 
2.6.1. Use 4.1.2. Talent beginning work with the PCR purification kit. 

3. Ligation of Linker Oligonucleotides to Fragmented Genomic DNA
3.1. The linker to be used with sonicated DNA must contain a compatible T-3' (Pronunciation = T. 3 prime) overhang [5.1.1-LM], while the linker for MseI (Pronunciation = M.S.E one) -digested DNA must contain a compatible 5'-TA overhang [5.1.2-LM].
3.1.1. 53840_Engelman_Figure1C. Show the image as before (4.3.1) and also include the next part of the image down to the two horizontal lines with 3’-T on the left side.  
3.1.2. 53840_Engelman_Figure1B. Show the image as before (4.4.1) and also include the next part of the image down to the two horizontal lines with 5’-TA on the left side.  
3.2. Begin by annealing 10 micromoles of the short and long linker strands in 35 microliters of Tris-HCl EDTA buffer [5.2.1-CU-TXT] by heating to 90 ⁰C and slowly cooling to room temperature in steps of 1 °C per min [5.2.2-MED]. 
3.2.1. Show the 35ul in the PCR tube or PCR plate. A small volume is pipetted into one of the tubes/wells. TEXT: 10 mM Tris-HCl pH 8.0, 0.1 mM EDTA
3.2.2. Talent places the tube/plate in the thermal cycler and begins the program. If a nice display showing the program is visible on the thermal cycler make this the focus of the shot. 
3.3. Next, prepare at least four parallel ligation reactions per genomic DNA sample, containing 1.5 micromolar ligated linker [5.3.1-CU], 1 microgram of fragmented DNA [5.3.2-CU], and 800 Units of T4 DNA ligase in a final volume of 50 microliters [5.3.3-MED]. Ligate overnight at 12 ⁰C [5.3.4-MED-over the shoulder]. 
3.3.1. Talent pipettes from the PCR tubes/plate from 5.2.1 into a tube already containing a small volume of liquid in a tube holder. 
3.3.2. Liquid is pipetted from a tube labeled “fragmented DNA” into the same tube. 
3.3.3. Talent pipettes T4 ligase into the tube. 
3.3.4. Talent places a number of tubes (at least 4) into the 12 ⁰C water bath. 
3.4. For samples prepared by sonication, digest the purified ligation reaction with a restriction enzyme that cleaves downstream from the upstream LTR [5.4.1-LM]. Use 100 units of the appropriate enzyme under the manufacturer’s recommended conditions overnight [5.4.2-MED-TXT].
3.4.1. LAB MEDIA: 53840_Engelman_Figure1C. Show the image as before but including the green BglII details. 
3.4.2. Talent pipettes from a tube of BglII. TEXT: BglII for HIV-1. 
3.5. Ensure that final products are purified using a PCR purification kit [5.5.1-MED].
3.5.1. Use 4.1.2. Talent works with PCR purification kit. 
4. Amplification of Viral LTR-Host Genomic DNA Junctions by Semi-Nested PCR
4.1. Prepare the first round PCRs using the reagents shown here. 
4.1.1. 53840_Engelman_Table_2. 
4.2. Run the first round PCR using the following parameters:  94 ⁰C for 2 min followed by 30 cycles of 94 ⁰C for 15 seconds, 55 ⁰C for 30 seconds, 68 ⁰C for 45 seconds. Finish with 68 ⁰C for 10 minutes [6.2.1-MED]. 
4.2.1. Talent at the thermal cycler putting in the samples and programming the machine. Shot needs to be long enough to cover the narrative. If a display showing the program is visible on the thermal cycler include this in the shot. A portion of the shot will be reused once.  Please note this was filmed as 1 shot or split into 2 shots
4.3. Pool the first round reactions and purify the DNA as before [6.3.1-MED]. Then prepare the second round PCRs containing the reagents shown here [6.3.2-LM]. Use the same cycling parameters as for the first round PCR [6.3.3-MED]. 
4.3.1. Talent pooling the reactions. 
4.3.2. LAB MEDIA: 53840_Engelman_Table_3.  
4.3.3. Talent operating the thermal cycler. 
4.4. After pooling and purifying the DNA from the second round reaction [6.4.1-LM], perform quality control and next generation sequencing and analyze integration sites using the detailed instructions in the written portion of the protocol [6.4.2-LM]. 
4.4.1. 53840_Engelman_Figure1FGH. Show this whole portion of the image and highlight the horizontal lines depicted in what is currently panel H. 
4.4.2. 53840_Engelman_Figure1FGH. Show this whole portion of the image and flash “quality control” and “Next-Generation Sequencing” in time with the narration. 
5. Results: Sequence Logos Depicting HIV-1 Base Preferences from Representative Experiment Libraries
5.1. Integration sites from libraries prepared by digestion with restriction enzymes, as shown on the left or sonication, as shown on the right, were aligned using WebLogo software. Each dilution in the titration series is depicted, from neat DNA at the top of the figure to the maximum dilution of 1:15,625 at the bottom. The degree of certainty decreases with increasing dilution of infected cell DNA [7.1.1-LM]. 
5.1.1. LAB MEDIA: 53840_Engelman_Figure3AB. Show whole image. Add TEXT: “Restriction digest” above the column on the left when “digestion with restriction enzymes” is narrated and TEXT: “Sonication” above the column on the right when “or sonication…” is narrated. 
5.2. This image shows the sequence logo for the matched random control of 50,000 unique genomic sites. Note that the random sites aligned from the MRC dataset by contrast failed to generate appreciable levels of base preferences.
5.2.1. LAB MEDIA: 53840_Engelman_Figure3C
Authors - In video, results cannot easily be spatially arranged, rather, results are presented temporally and timed with the narration.   Please resubmit panel C as a single panel for the video.  

6. Conclusion (said by authors on camera)

6.1. [bookmark: _GoBack]Erik Serrao: Once mastered, integration site libraries can be prepared from genomic DNA in three days.  Integration site mapping from initial infection to completed bioinformatics can therefore be completed in about two weeks.
6.2. Erik Serrao: Following this procedure, thousands or even millions of unique retroviral integration sites can be catalogued, and diverse analyses can be conducted to quantify associations among insertion sites and genomic annotations. 

Provided Media

5.1 - 53840_Engelman_Figure1.tif - Flow Chart Illustration of Integration Site Library Preparations.

7.1 - 53840_Engelman_Figure3A&B.tif - Sequence Logos Depicting HIV-1 Base Preferences from Representative Experiment Libraries.

7.3 - 53840_Engelman_Figure3C.tif - Sequence Logos Depicting HIV-1 Base Preferences from Matched Random Control Library.

Authors – please also upload the images as requested in this shot list.  




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
