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A. Microscopy: Does your protocol involve video microscopy? Y, LEICA S6
B. Does your protocol include software usage? N
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]C. Which steps of from the protocol section below will viewers benefit most from having filmed?
3.2., 3.5., 4.1., 4.16.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.2., 3.5., 4.9.-4.17. We will make sure that samples would be prepared in advance 
E. Will the filming need to take place in multiple locations? N

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the significance of your method to the viewer. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Yaya Zhao: This method can help answer key questions in the virus-host interaction field about how to effectively establish a viral infection in Drosophila melanogaster. 
1.2. Yaya Zhao: This nano-injection method allows a precise control of the infection dose of the virus and can be easily applied to infections with other microbial pathogens.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

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

Protocol: (read by voice talent at JoVE)
2. Virus Propagation and Collection
2.1. [bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: _Hlk526663692]Begin by growing 1 x 107 viable S-two-star cells/mL [1-WIDE] as a loose, semi-adherent monolayer in a 10-cm cell culture dish with 10 ml of complete Schneider’s Drosophila Medium without additional carbon dioxide at 25 °C for 1 hour [2-MED-TXT].
2.1.1. Talent adding cells to dish, with medium container visible in frame 
2.1.2. Talent placing dish in incubator (TEXT: See text for all medium/reagent preparation details)
2.2. During the incubation, resuspend freshly-thawed Drosophila C virus, or DCV, to a multiplicity of infection of 0.01 in 1 mL of complete medium [1-MED] and add virus solution to the cell culture dishes [2-CU]. 
2.2.1. Talent adding medium to virus, with stock virus and medium containers visible in frame
2.2.2. Virus solution being added to dish
2.3. Then return the plate to the 25 °C-incubator for 3-5 days [1-MED].
2.3.1. Talent placing plate into incubator

2.4. The virus is ready for collection when the cell morphology looks blurry and the culture medium is full of black particles indicative of cell debris [1-LM]. 

2.4.1. 58845_Figure. Illustrator.ai: JoVE Video Editor: please emphasizes some black particles when mentioned

2.5. Mix the supernatant by pipetting a few times [1-MED] before transferring the entire cell culture to a 15-mL tube for lysis of the host cells at -80 °C [2-MED].

2.5.1. Talent pipetting supernatant
2.5.2. Talent adding entire cell culture to tube

2.6. To generate working concentrations of virus, thaw the cell solution in a 25 °C-water bath with constant shaking [1-CU] before pelleting the cell debris by centrifugation [2-MED-over the shoulder-TXT].

2.6.1. Tube shaking in water bath
2.6.2. Talent placing tube(s) into centrifuge (TEXT: 10 min, 1800 x g, 4 °C)

2.7. Then transfer the supernatant into a new, sterile 15-mL tube for vortexing [1-CU] and aliquot up to 200 microliters of virus solution per tube [2-MED-TXT].

2.7.1. Supernatant being added to tube, with vortex visible in frame
2.7.2. Talent adding virus to tube 

3. Infective Dose Determination

3.1. To determine the average virus tissue culture infective dose, first seed 1 x 105 S-two-star cells in 100 microliters of complete medium into 8 wells per column in 12 rows of a 96-well plate [1-WIDE] [1-A]. Then return the plate to the 25 ℃ incubator. Randomly select 5 tubes of virus from -80 °C storage [2-MED]. 

3.1.1. Talent adding cells to plate, with medium container visible in frame
3.1.1.A. [Added shot]: Talent placing the plate into the incubator. [Note to video editor]: I don’t know the shot type and how it is slated.
3.1.2. Talent placing virus-containing tube(s) into rack on ice 

3.2. While the cells are settling, fill ten sterile 1.5-ml microcentrifuge tubes with 450 microliters of sterile complete medium [1-MED] and add 50 microliters of virus stock to the first 1.5-mL tube containing 450 microliters of sterile complete medium [2-MED-TXT], diluting the suspensions tenfold per step to the 12th well [3-MED-TXT].

3.2.1. Talent adding medium to tube, with medium container visible in frame
3.2.2. Talent adding virus to tube, with virus stock and sterile complete medium containers visible in frame, and transferring virus dilution from tube of virus stock to tube of first tube medium (TEXT: Vortex tubes between dilutions/Keep tubes on ice between steps) [Note to video editor]: 3.2.2 and 3.2.3 were filmed as one shot.
3.2.3. Talent transferring virus dilution from tube of virus stock to tube of first tube medium (TEXT: Vortex tubes between dilutions/Keep tubes on ice between steps)

3.3. At the end of the incubation, add 50 microliters of each dilution to the appropriate well in each column for that tube of virus [1-CU] and add 50 microliters of culture medium without virus to one well per column as the negative control well [2-CU].

3.3.1. Virus being added to well, with virus tube dilution label visible in frame
3.3.2. Medium being added to well, with medium container label visible in frame

3.4. Then place the plate in the 25 °C-incubator for 3 days [1-MED] and assess the cytopathic effect of each virus stock under a bright-field microscope at a 20X- magnification daily [2-MED].

3.4.1. [bookmark: _Hlk520650917]Talent placing plate into incubator 
3.4.2.  Talent at microscope, selecting magnification, with plate on microscope stage visible in frame

3.5. Classify a well in which the cells look blurry and the medium is full of fragments as a "positive well" [1] and a well in which the cell morphology is normal as a “negative well” [2].

3.5.1. 58845_Figure1. Illustrator.ai: JoVE Video Editor: please emphasize 10-3 dilution image
3.5.2. 58845_Figure1. Illustrator.ai: JoVE Video Editor: please emphasize 10-10 dilution image

4. Wolbachia-Free Fly Preparation and Infection

4.1. Before breeding, thoroughly mix 400 microliters of 50 micrograms/mL of tetracycline with 4 grams of fresh standard cornmeal fly food [1-WIDE] and place the food at 4 °C overnight to evaporate the ethanol [2-CU].

4.1.1. Talent mixing food, with tetracycline and cornmeal food containers visible in frame
4.1.2. Food being placed at 4 °C to evaporate ethanol (TEXT: High dose EtOH may affect fly survival) 

4.2. The next morning, warm the food to room temperature [1-MED] and place the food and 20 female and 10 male newly-eclosed adult flies into a breeding vial [2-CU/MED] for a 3-4-day breeding incubation at 25 °C and 60% humidity under a normal light-dark cycle [3-MED].

4.2.1. Talent placing food onto bench
4.2.2. Flies being added to vial, with food already in vial visible in frame (Shot will be used again)
4.2.3. Talent placing vial at 25 °C

4.3. When enough eggs have been laid, collect the newly-eclosed adult flies under a light flow of carbon dioxide [1-CU] and breed the Drosophila again two more times as just demonstrated [2-MED].

4.3.1. Flies being collected
4.3.2. Talent adding flies to vial

4.4. After 3 generations of tetracycline treatment, collect five flies under a light flow of carbon dioxide [1-CU] and homogenize the flies with 250 microliters of double-distilled water and a few 0.5-mm sterile ceramic beads [2-CU].

4.4.1. Flies being collected or shot of 5 flies
4.4.2. Flies being ground, with beads visible in frame as possible

4.5. After one minute, add 250 microliters of 2x buffer A to the sample for vortexing [1-CU] before freezing the samples at -80 °C [2-MED]. 

4.5.1. Buffer A being added to sample, with vortex and buffer A container label visible in frame
4.5.2. Talent placing sample(s) at -80 °C

4.6. Next, quickly thaw samples from -80-°C storage in a 25 °C-water bath [1-CU] followed by a 30-minute incubation in a 70 °C-water [2-MED] before extracting the genomic DNA [3-MED] and amplifying the DNA by polymerase chain reaction according to standard protocols [4-MED].

4.6.1. Shot of thawing sample being held just above water of 25 °C water bath
4.6.2. Talent placing sample(s) into 70 °C water bath
4.6.3. Talent adding lysis buffer to sample or similar representative shot, with DNA extraction reagents visible in frame
4.6.4. Talent adding sample to thermocycler (Shot will be used again)

4.7. Confirm the absence of Wolbachia 16 small RNA and wsp (W-S-P) in each fly homogenate by gel electrophoresis according to standard protocols [1-LM]. Then rear the Wolbachia-free fly stock on standard cornmeal fly food as demonstrated [2-MED].
[bookmark: _Hlk526656028][bookmark: OLE_LINK5]
4.7.1. 58845_Figure2. Illustrator.ai: JoVE Video Editor: please emphasizes G3 lanes/lack of bands in G3 lanes
4.7.2.  Talent adding flies to vial, with food in vial visible in frame

4.8. For viral infection, first use a stereomicroscope and thin forceps [1-MED] to break the tip of a glass capillary needle to the appropriate diameter for nano-injection [2-SCOPE-TXT].

4.8.1. Talent at microscope, locating needle tip
4.8.2. Needle tip being broken (TEXT: Tip should be approximately 0.05 mm in diameter and should not bend upon injection)

4.9. To assemble the injector, place the sealing O-ring and a white spacer [1-CU] onto the metal plunger of the injector with the large dimple facing outwards [2-ECU].
 
4.9.1. Shot of O-ring and spacer being placed onto plunger
4.9.2. Shot of dimple facing outwards [Author note]: This shot was not filmed.

4.10. Use a syringe equipped with a 30-gauge needle to fill the glass needle with mineral oil [1-MED] and place the needle through the collar [2-MED].

4.10.1.  Talent filling needle, with stock mineral oil container visible in frame
4.10.2.  Talent placing needle through collar

4.11. Place the larger O-ring around the base of the collar, about 1 mm from the blunt end of the needle [1-CU] and mount the needle onto the plunger of the injector [2-CU].

4.11.1. O-ring being placed, and needle being mounted [Note to video editor]: 4.11.1 and 4.11.2 were filmed as one shot.
4.11.2.  Needle being mounted

4.12. Secure the needle onto the plunger [1-CU] and press the “Empty” button to extend the plunger of the microinjector until an audible signal is heard [2-CU].

4.12.1.  Needle being secured/screwed into place
4.12.2.  Empty button being clicked (Videographer: please capture signal sound as possible) (Video Editor: please include signal sound as possible)

4.13. Now press “fill” to retract the plunger 5 mm [1-CU] and dip the needle into a 100-plaque forming unit-viral suspension [2-C].

4.13.1.  Plunger being retracted, and needle being dipped into suspension. [Note to video editor]: 4.13.1 and 4.13.2 were filmed as one shot.
4.13.2.  Needle being dipped into suspension

4.14. [1-MED] gently shake one or at least three vials of 20 Wolbachia-free, male Drosophila onto the injection dish [2-MED]. 

4.14.1.  Talent pressing “fill” [Note to video editor]: This shot was not filmed.
4.14.2.  Talent shaking flies onto dish, with other two vials and microscope visible in frame

4.15. Yaya Zhao: “Male adult flies are preferred, as hormonal variations during mating and reproduction may influence the readout with females.” [1-MED-interview style]

4.15.1.  Yaya Zhao, speaking the above interview style (looking just off-camera)

4.16. Then inject the thorax of each fly with 50.6 nanoliters of virus solution [1-MED] at the slightly lighter-colored region between the mesopleura and the pteropleura [2-SCOPE-TXT] and measure the DCV load by cytopathic effect assay and quantitative RT-PCR from ground flies as just demonstrated [3-MED].

4.16.1.  Talent at microscope, injecting fly 
4.16.2.  Thorax being injected (TEXT: Make sure that inoculum enters/stays in body cavity before removing needle)

4.17. After the injection, carefully transfer the flies to a fresh vial [1-MED] and place the vial in a horizontal position to prevent the flies from sticking to the medium while recovering from the anesthesia [2-CU-TXT].

4.17.1.  Talent adding flies to vial
4.17.2.  Vial being placed onto side (TEXT: Place tube in upright position in incubator when flies have recovered)

4.18. Yaya Zhao: “The injection is time-consuming but the DCV replication is very rapid, so it is very important to write down the exact time on the tube once all of the files from each vial have been injected.” [1-MED-interview style]

4.18.1.  Yaya Zhao, speaking the above (looking just off-camera)
5. Results: Representative Host-Virus Interactions in DCV-Infected Drosophila 

5.1. [bookmark: _Hlk524989094]Virus infection can induce cell lysis and cytopathic effects are observed at 3 days post infection [1-LM]. 

5.1.1. [bookmark: _Hlk526659697]58845_Figure1. Illustrator.ai: JoVE Video Editor: please emphasize black particles in 10-3 and 10-10 dilution images

5.2. Wolbachia-16s rRNA and wsp primers [1-LM] can be used to detect the presence of Wolbachia in Drosophila as demonstrated [2-LM]. 

5.2.1. [bookmark: _Hlk526659855]58845_Figure2. Illustrator.ai: please emphasize bands in G1 and G2 lanes in 16s RNA gel
5.2.2. 58845_Figure2. Illustrator.ai: Video Editor: please emphasize bands in G1 and G2 lanes in wsp RNA gel

5.3. Wolbachia-free flies exhibit a significantly decreased survival rate after DCV infection [1-LM] and in a dose-dependent manner [2-LM]. 

5.3.1. [bookmark: _Hlk526660045][bookmark: OLE_LINK6]58845_Figure3. Illustrator.ai: JoVE Video Editor: please emphasize red data lines in top graph
5.3.2. 58845_Figure3. Illustrator.ai: JoVE Video Editor: please emphasize blue, red, and green data lines in bottom graph

5.4. DCV activates antiviral signaling pathways in the host that are critical for antiviral infection in Drosophila [1-LM], as evidenced by the decreased survival rate [2-LM] and increased viral load in Dicer-2-mutant flies [3-LM] 

5.4.1. [bookmark: _Hlk526661876]58845_Figure4. Illustrator.ai: no animation
5.4.2. 58845_Figure4. Illustrator.ai: JoVE Video Editor: please emphasize red data line in top graph
5.4.3. 58845_Figure4. Illustrator.ai: JoVE Video Editor: please emphasize red data bar in bottom graph
 
6. Conclusion (said by authors on camera):
6.1. Yaya Zhao: While attempting this procedure, it’s important to remember that contamination with the Wolbachia genotype may affect the susceptibility of the Drosophila melanogaster flies to the DCV infection.
6.2. Yaya Zhao: Following this procedure, other methods, like large-scale genetic screening, can be performed to answer additional questions about identifying the host genes required for viral infections or anti-viral responses.
6.3. [bookmark: OLE_LINK19]Yaya Zhao: After its development, this technique paved the way for researchers in the field of human viral diseases to explore the mechanisms underlying outbreaks of epidemic human viral infections in a Drosophila melanogaster model.
6.4. [bookmark: OLE_LINK20][bookmark: OLE_LINK21]Yaya Zhao: Don't forget that working with viruses can be extremely hazardous and that precautions, such as wearing the appropriate protective equipment, should always be taken while performing this procedure.   
  

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 
3.1.2. Figure2.tif - dual color imaging of tumor angiogenesis at 100X

[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK15][bookmark: OLE_LINK16]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. 

2.4 Figure. Illustrator CPE was observed from 3 days post DCV infection
5.1 Figure1. Illustrator - CPE was observed from 3 days post DCV infection
5.2 Figure2. Illustrator - Detection of Wolbachia in Drosophila 
5.3 Figure3. Illustrator - Wolbachia free flies were more sensitive to DCV infection in a virus does dependent manner.
5.4 Figure4. Illustrator - Dcr-2 deficient flies with increased virus load were more sensitive to DCV 

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.  

[bookmark: OLE_LINK33][bookmark: OLE_LINK34]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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