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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)__N.A._______  
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: _N.A.____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Y______ 
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.) ______2.6, 2.8, 2.9, 3.2, 3.5, 3.7_____________________________________
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.) ______2.7, 2.8   Key is to study your pellet, take your time with the work and be confident_
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? _ two neighboring buildings on same campus 

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 purify circular double stranded viral DNAs from infected plants and then carry out de novo sequencing of the viral genomes. (Intro)


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

1.1. Jeanmarie Verchot: This method can help answer key questions in the environmental virology field, such as discovery of new emerging causes of disease. 

1.2. Jeanmarie Verchot: The main advantage of this method is the isolation of virions from cellular components to obtain viral DNA for sequencing, followed by assembly of the sequencing data into complete viral genomes. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Dulanjani Wijayasekara: We first had the idea for this method when the plants in our greenhouse were infected with one or more unknown badnaviruses.  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
	N.A.




















Protocol: (read by voice talent at JoVE)

2. General Virus Purification by Differential Centrifugation

Note to videographer:  steps 2.1 and 2.2 will be filmed in one building that has a cold room.  Step 2.3 onward will be filmed in a different building next door to the first building.  (Author Comment: We did this work on the lab bench, not in a cold room.  The cold room was not operating and was not an option for this work.) (Editor: Since the VO mentions the cold room and it isn’t shown, I think the viewer will get how the experiment is supposed to be performed, so this shouldn’t affect editing at all)

2.1. A laboratory coat and gloves should be worn for all steps of this procedure. [1-WIDE/MED] Start by cutting 80 to 100 grams of leaves from diseased plants previously frozen at -20 °C. [2-MED] Then, in a cold room, grind the leaves in a waring blender using 200 mL of grinding buffer and 0.5% sodium sulfite. [3-MED]

2.1.1. Talent putting on a lab coat and gloves.
2.1.2. Talent cutting some leaves off frozen plants.
2.1.3. Talent (in cold room) putting leaves into the blender, adding buffer and sodium sulfite and then starting the blender.  
 
2.2. Transfer the homogenate to a 1-Liter beaker. [1-MED] While still working inside the cold room and wearing appropriate personal protective equipment, add 18 grams of urea and 25 mL of 10% non-ionic detergent to the homogenate and cover the beaker with foil. [2-MED] Stir with a magnetic stirrer overnight. [3-MED-TXT]  

2.2.1. *film as written.
2.2.2. Talent in the cold room (wearing safety goggles and a simple breathing mask) adding urea, nonionic detergent, and a stir bar to the homogenate in the 1-L beaker, and then covering the beaker with foil.
2.2.3. Talent places the foil-covered beaker on a stir plate and turns on the stir plate. TEXT: 4 °C; overnight

2.3. On the following day, transfer the homogenate to 250 mL-centrifuge rotor bottles [1-MED] and centrifuge in a fixed angle rotor at 4,000 x g at 4 °C for 10 minutes. [2-MED-TXT]

2.3.1. *film as written.  
2.3.2. Talent putting the 4 centrifuge bottles into the centrifuge and starting the spin.  TEXT: 4,000 x g; 4 °C; 10 min

2.4. In a chemical fume hood, recover the supernatant and filter through 4 layers of cheesecloth. [1-MED] Measure the volume of the recovered liquid homogenate [2-MED] and then divide the homogenate among 38.5-mL polypropylene centrifuge tubes. [3-MED]

2.4.1. Talent pouring the supernatant from one of the centrifuge bottles onto cheesecloth that is fitted into a wide funnel, pressing the homogenate through the funnel, then wringing the cheesecloth to get all the liquid out.
2.4.2. Collected liquid homogenate is poured into a graduated cylinder to measure its volume.
2.4.3. Homogenate is equally divided among 4-6 38.5-mL polypropylene centrifuge tubes.  

2.5. Centrifuge the homogenate at 40,000 x g at 4 °C for 2.5 hours. [1-MED-TXT]

2.5.1. Talent putting the polypropylene centrifuge tubes into the centrifuge and starting the spin.  TEXT: 40,000 x g; 4 °C; 2.5 h

2.6. When the centrifugation is done, check for the presence of a green pellet at the bottom of the tube and a white pellet along the length of the tube. [1-ECU] Pour off the supernatant, retaining both pellets, and place the samples on ice. [2-CU]

2.6.1. Extra close-up shot of a tube to show the green pellet at the bottom and the white pellet along the length of the tube. (Author Comment: We had to prepare a sample the day before filming and keep it in the refrigerator.  Then we pulled that sample out to move forward with.   We could not carry out the 2. 5 h of centrifugation while filming.) (Editor: That shouldn’t affect editing at all)
2.6.2. *film as written.

2.7. Jeanmarie Verchot: “Separating the white and green pellets is one of the most challenging steps in this procedure and requires patience and skill.” [1-INTERVIEW]

2.7.1. Talent speaking to camera.

2.8. Working in a chemical hood, use a rubber policeman to separate the pellets. [1-MED] Scrape and transfer the pellets to different rotor bottles. [2-CU] Place the rotor bottles containing the white pellets on ice, add 1 mL of water to each bottle and pipette up and down. [3-MED] Every 5 minutes over the course of 1–2 hours, pipette the mixture up and down to resuspend the pellet. [4-CU] 

2.8.1. Talent at the hood, using a rubber policeman to physically separate the white and green pellets in a tube. (Author Comment: We used a spatula here.  this looks a little different everytime we do the proceedure.   Pellet size and positions vary every time.  In this case, the pellets were very separate and it was pretty easy) (Editor: Since it looks different every time and they may use different tools, I’ve left the VO as-is)
2.8.2. 
2.8.3. *film as written.
2.8.4. *film as written.
2.8.5. Mixture in one bottle being pipetted up and down and then bottle is placed back on ice.

2.9. After the white pellets have been resuspended, keep the suspensions overnight at 4 °C. [1-MED]

2.9.1. Talent putting the rotor bottles into the refrigerator.

2.10. On the following day, centrifuge the suspension at 6,000 x g at 4 °C for 10 minutes to remove the remaining debris. [1-MED-TXT]

2.10.1. Talent putting the tubes into the centrifuge and starting the spin.  TEXT: 6,000 x g; 4 °C; 10 min

2.11. Transfer the concentrated suspensions to new tubes [1-MED] and centrifuge at 136,000 x g at 4 °C for 2 hours to pellet virions. [2-MED-TXT] 

2.11.1. Talent transferring the supernatant from one of the tubes to a new tube suitable for ultracentrifugation.
2.11.2. Talent putting the tubes into the ultracentrifuge and starting the spin.  TEXT: 136,000 x g; 4 °C; 2 h

2.12. Remove the supernatant and resuspend the pellet in 1 mL of buffer. [1-MED] 

2.12.1. *film as written for one tube.

3. Isolating virion DNA by organic extraction

3.1. Begin this procedure by disrupting the virions: add 40 µL of a 2 µg/µL proteinase K solution to the pellet suspensions [1-MED] and incubate at 37 °C for 15 minutes. [2-MED]

3.1.1. Talent adding proteinase K to the pellet suspensions. 
3.1.2. Talent putting the microcentrifuge tubes into a 37 °C water bath/incubator.

3.2. Add 1 volume of phenol-chloroform-isoamyl alcohol to each sample and shake by hand for 20 seconds. [1-MED] Centrifuge at room temperature at 16,000 x g for 5 minutes. [2-MED-TXT]

3.2.1. Talent (working inside a chemical hood and wearing a face shield, gloves, and a lab coat) adding phenol-chloroform-isoamyl alcohol to the samples and then shaking one tube by hand for 20 seconds.  Please get multiple usable takes; shot will be repeated later.
3.2.2. Talent putting the microcentrifuge tubes into the centrifuge and starting the spin. Please get multiple usable takes; shot will be repeated later. TEXT: 16,000 x g; 5 min

3.3. Remove the upper aqueous phase and transfer to a new tube. [1-CU] Repeat this extraction two or more times. [2]

3.3.1. *film as written for one tube.
3.3.2. Use shot from 3.2.1.

3.4. Concentrate the DNA using ethanol precipitation: use 0.3 M of sodium acetate pH 5.2 and 2.5 volumes of 95% ethanol. [1-CU] Place the samples at -20 °C for 30–60 minutes. [2-MED] Then centrifuge at 13,000 x g for 10–20 minutes to pellet the DNA. [3-TXT]

3.4.1. Sodium acetate and 95% ethanol being pipetted into the tubes (after supernatant has been removed)
3.4.2. Talent putting the tubes into the freezer.
3.4.3. Use shot from 3.2.2. TEXT: 13,000 x g; 10–20 min

3.5. Working at a laboratory bench, resuspend the DNA pellet in 1 mL of 0.1 mM TE buffer. [1-CU] Filter the suspension through a commercial gel filtration column [2-CU] by centrifugation. [3-MED] 

3.5.1. *film as written for one pellet.
3.5.2. DNA suspensions being loaded onto gel filtration column.
3.5.3. Talent putting all columns into the centrifuge and starting the spin.

3.6. Analyze the samples by 1% agarose gel electrophoresis using ethidium bromide staining to view the quality of the preparations and assess the quality of the DNA as outlined in the text [1-MED] [2-MED]

3.6.1. Talent loading samples into a 1% agarose gel. (Author Comment: Filmed an example of the outcome from the notebook)
3.6.2. Talent loading a sample into the nanodrop spectrophotometer. (Author Comment: We did not do the nanodrop spectrophotometry) (Editor: I’ve changed the VO because I’m assuming there was no corresponding shot for this. The VO will hopefully work if only played over 3.6.1)

4. General mRNA Isolation (Author Comment: Did not do section 4 or 5.)

4.1.  [1-MED] [2-MED]

4.1.1. Talent (wearing a lab coat and latex gloves and working at a lab bench) cutting samples from leaves and putting the samples into liquid nitrogen.
4.1.2. Talent homogenizing a sample using a bead mill.

4.2. [1-MED] 

4.2.1. Talent adding guanidine-isothiocyanate lysis buffer provided by the kit to the homogenized samples.

4.3. [1-MED-TXT] 

4.3.1. Talent at the spectrophotometer loading an RNA sample. TEXT: Absorbance ratio between 1.85 and 2.0 indicates high quality

4.4. [1-MED]

4.4.1. Talent loading samples into a 1% agarose gel.

5. Next Generation Sequencing (NGS)

5.1.  [1-MED]

5.1.1. Talent at the computer getting ready to perform NCBI-BLASTn analysis.

5.2. [1- SCREEN CAPTURE] [2- SCREEN CAPTURE]

5.2.1. Screen capture of assembled contigs being submitted to NCBI-BLASTn.
5.2.2. Screen capture of contigs being gathered into a report.

5.3. [1-MED] 

5.3.1. Talent at the computer opening a plasmid drawing software.

5.4. [1- SCREEN CAPTURE]

5.4.1. Screen capture of candidate full length virus genome being entered into plasmid drawing software, first 15 nucleotides confirmed as tRNAmet (TGGTATCAGAGCGAG), poly A single verified, and genome annotated to identify two small ORFs and one large ORF.

5.5.  [1- SCREEN CAPTURE]

5.5.1. Screen capture of ORF1, ORF2, and ORF3 translation products being identified.

5.6.  [1- SCREEN CAPTURE]

5.6.1. Screen capture of comparison of virus genomes.

5.7. [bookmark: _GoBack][1- SCREEN CAPTURE]

5.7.1. Screen capture of NCBI nucleotide database being searched to obtain full genome sequences and sequences exported, then uploaded to software.  Multiple sequence alignments and Maximum likelihood trees being generated.


6. Results: genomes of two badnavirus species identified from infected canna lilies

6.1. When examined by transmission electron microscopy, virus particles were present in the white pellet recovered by crude fractionation of infected canna leaves. [1-LM]

6.1.1. Panel B only of ‘JOVE_Fig1_rev.pdf’

6.2. Agarose gel electrophoresis of DNA [1-LM] recovered from the green [2-LM] and white pellets [3-LM] identified two high molecular weight DNA bands in the white fraction, indicated by the red and yellow dots. [4-LM]

6.2.1. Panel C only of ‘JOVE_Fig1_rev.pdf’
6.2.2. Panel C of ‘JOVE_Fig1_rev.pdf’. Emphasize lane 1.  
6.2.3. Panel C of ‘JOVE_Fig1_rev.pdf’. Emphasize lane 2.
6.2.4. Panel C of ‘JOVE_Fig1_rev.pdf’.

6.3. The integrity of RNA isolated from infected leaves was also verified by agarose gel electrophoresis. [1-LM]

6.3.1. Panel D of ‘JOVE_Fig1_rev.pdf’.

6.4. This chart shows the abundance and taxonomic distribution of contigs assembled from the crude virus preparation, [1-LM] and this chart depicts the proportions of virus contigs associated with the Caulimoviridae family, Badnavirus genus, and three closely related species. [2-LM]

6.4.1. Show left chart only of panel A of ‘JOVE_Fig2.pdf’
6.4.2. Show right chart only of panel A of ‘JOVE_Fig2.pdf’

6.5. These next two charts show the abundance of contigs derived from RNA-sequencing based on their taxonomic distribution. The chart on the right depicts the abundance of contigs within the population of virus contigs associated with the Caulimoviridae family, Badnavirus genus, and three closely related species. [1-LM]

6.5.1. Panel B of ‘JOVE_Fig2.pdf’

6.6. Comparing the virus genome length contigs produced by DNA and RNA sequencing as a mutual scaffold confirmed the presence of two full-length virus genomes. [1-LM]

6.6.1. Panel A of ‘JOVE_Fig3.pdf’

6.7. Finally, RT-PCR analysis using RNA isolated from virus infected leaves detected both virus genomes. [1-LM]

6.7.1. Panel B of ‘JOVE_Fig3.pdf’


7. Conclusion (said by authors on camera)
7.1. Jeanmarie Verchot: Once mastered, this technique can be done in 2 days whereas a beginner might require 3 days.  
7.2. Jeanmarie Verchot: While attempting this procedure, it’s important to measure the volumes of the initial homogenate and subsequent supernatants and pellets at each step and to keep notes to understand the relationship between the DNA yield and the amount of starting material.  
7.3. Jeanmarie Verchot: After its development, this technique paved the way for researchers in the field of plant virology to explore the existence of DNA virus populations in natural environments.  
7.4. Jeanmarie Verchot: After watching this video, you should have a good understanding of how to homogenize plant tissues and concentrate virion particles for the purpose of obtaining purified viral DNA that can be used for NGS.
7.5. Jeanmarie Verchot: Don't forget that working with urea and phenol chloroform can be extremely hazardous and precautions such as wearing lab coat, goggles, a breathing mask, and gloves should always be taken while performing this procedure. 
7.6. Jeanmarie Verchot: For safe ultra-centrifugation, it is important to properly balance the tubes by weighing them and making sure opposing tubes in the rotor weigh within 0.01 of each other.  
   

Provided Media
6.1. Panel B of ‘JOVE_Fig1_rev.pdf’
6.2. Panel C of ‘JOVE_Fig1_rev.pdf’
6.3. Panel D of ‘JOVE_Fig1_rev.pdf’
6.4-6.5. JOVE_Fig2.pdf
6.6-6.7. JOVE_Fig3.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 in the email accompanying the finalized script.
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