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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__Y_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: Olympus SZX16
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_N_______ 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 

3.5, 4.1, 6.5
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 to be filmed by their protocol numbers. (Please do not list an entire section.) 4.2, 4.3  The delicate larvae during the first few days are easily fatally damaged. These larvae should be gently handled using the protocol.
E.  Will the filming need to take place in multiple locations? (Y/N)     N    If yes, how far apart are the locations? ___________________________________________________ 
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 protocol is to study the effect of a densovirus HaDV2 on its host, cotton bollworm. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Xianming Yang: This method can help answer key questions in the virus-host interaction field, such as the effect of nonpathogenic viruses on their hosts. 
1.2. Xianming Yang: The main advantage of this technique is that larvae used to construct the virus-positive and negative strains are derived from the same parent cohort, ensuring the same genetic background.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
Protocol (read by voice talent at JoVE):
2. Construction of the HaDV2-free Cotton Bollworm Colony  

2.1. To begin the protocol, rear cotton bollworm larvae on an artificial diet in a controlled growth room or an artificial climate chamber at 25 °C, with a 14 h light, 10 h dark cycle, and 60% relative humidity [1-MED/WIDE-TXT].

2.1.1. Focus on talent then pan to larvae and their growth room and capture the temperature, etc. settings of the growth environment {Comment: This shot was not filmed}, TEXT: See accompanying text protocol for detailed guidance
2.2. To begin the experiment, aid single-pair mating of newly eclosed moths by using a plastic cage per pair covered with cotton gauze to ensure good ventilation and to serve as an oviposition substrate [1-CU-TXT]. To increase the likelihood of obtaining a virus-free colony, utilize at least 30 pairs of single-pair matings [2-MED]. Feed adult moths with a 10% sugar and 2% vitamin solution soaked cotton ball and replenish the solution daily [3-MED].

2.2.1. Show the moths in the cage (may require talent manipulation) and the plastic cage, and where the gauze is on the cage. TEXT: For moth rearing and cage specifications, see text protocol
2.2.2. Talent sets aside moths and places them in separate cages
2.2.3. Talent obtains solution then soaks cotton ball and places it in the cage 
2.3. 2 days post-mating as female adults lay their eggs on the cotton gauze, begin to change the gauze daily [1-CU/ECU]. Collect and maintain gauze containing eggs in the same growth room as the adult moths until the eggs hatch [2-MED]. Immediately transfer newly hatched larvae to new 24-well plates, with one individual per well [3-CU].
2.3.1. Display the eggs on the cotton gauze, then show talent changing the gauze 

2.3.2. Talent collects the gauze, show where talent places it in the growth room 
2.3.3. Show hatched larvae, then show talent transferring one larvae to one well of new 24-well plate
2.4. Five days after the first egg-laying date, collect the parent moths and store them in liquid nitrogen [1-MED]. Check for HaDV2 of the parents using PCR with specific primers and keep the HaDV2-free individuals as the HaDV2-free, noninfected strain [2-MED].
2.4.1. Over the shoulder, talent collects parents moths, then freezes them in liquid nitrogen and places them in storage 

2.4.2. Talent gathers materials to prepare PCR and labels them accordingly 
3. Preparation of HaDV2-containing Liquid Fluids

3.1. Collect adult moths individually and immediately store them in liquid nitrogen [1-CU]. Completely grind the collected individual moths in liquid nitrogen using a sterilized mortar and pestle [2-CU]. 
3.1.1. Focus on moth as talent freezes one in liquid nitrogen, if possible, show that more than one moth is in line to be frozen 
3.1.2. Capture the set up that the talent has prepared to grind the moths in liquid nitrogen for a beat, then show talent grinding a moth 
3.2. Transfer around 10 µg of debris to a clean 1.5-mL tube [1-MED]. Then transfer the remaining debris to a new tube and immediately store them at -80 °C [2-MED]. 
3.2.1. Talent transfers debris to a fresh tube

3.2.2. Over the shoulder, talent transfers what’s left in the mortar to a new tube, then places it in the freezer 
3.3. Extract DNA from the 10 µg of debris, following the protocols provided by the manufacturer [1-MED]. Once the moth DNA has been isolated, check for HaDV2 using the protocol [2-MED].
3.3.1. Talent consults protocol and adds reagent to tube with moth 

3.3.2. Talent has final product of isolated DNA in tube, show the tube then talent moving on to further processing 
3.4. According to the results, divide the remaining debris into two groups: HaDV2-positive and HaDV2-negative [1-MED]. Add 1 mL of phosphate-buffered saline, or PBS, to each individual to completely dissolve the remaining larval debris [2-CU-TXT].
3.4.1. Talent splits debris, if possible capture the labels in the shot 

3.4.2. Talent adds PBS, if possible, show the larval debris dissolving in the PBS, TEXT: PBS: 137 mM NaCl, 2.7 mM KCl, 8 mM Na2HPO4, 1.5 mM KH2PO4, pH 7.5
3.5. Precool the centrifuge to 4 °C then spin the homogenate [1-MED-TXT]. On ice, filter the liquid supernatant with a 0.22-µm membrane filter [2-MED]. Collect 200 µL per tube of the filtered liquids…and immediately store them at -80 °C [3-MED]. 
3.5.1. Over the shoulder, show that the centrifuge is precooled, talent may indicate by pointing, etc. Then talent places homogenate in centrifuge, TEXT: 6,500 × g, 15 min, 4 °C
3.5.2. Talent pushes supernatant through filter on ice 
3.5.3. Talent finishes aliquoting filtered supernatant into separate tubes, closes them and places them in the freezer 
4. Construction of the HaDV2-infected Cotton Bollworm Colony

4.1. Determine the oral infection efficiency with HaDV2-infected filtered liquids of different concentration by diluting the fluid containing HaDV2 [1-MED-TXT]. In a fume hood, evenly spread 200 µL of HaDV2-containing filtered liquid for each concentration on the surface of the solid artificial diet [2-MED]. 
4.1.1. Show all of the HaDV2 filtered liquids lined up, then talent diluting the fluid containing HaDV2, TEXT: Concentrations: 108, 107, 106, 105, 104, and 0 copy number/μL. 
4.1.2. Over the shoulder, talent is at fume hood and spreads HaDV2 liquid on surface 
4.2. Next begin to transfer 100 freshly-hatched larvae to the HaDV2-containing artificial diet in a Petri dish [1-MED]. Gently knock the cotton gauze including freshly-hatched larvae to transfer the larvae from the gauze to a sheet of white paper [2-CU]. 
4.2.1. Talent obtains container with larvae 

4.2.2. Talent knocks gauze, and larvae fall onto white sheet of paper

4.3. Knock the paper gently so that the larvae spin silk and balloon off the paper [1-CU]. Use sterilized forceps to touch the silk and move the larvae to a Petri dish [2-CU].
4.3.1. Talent knocks paper and larvae spin silk and balloon off the paper 

4.3.2. Focus on the larvae as talent uses forceps to transfers them via the silk to the Petri dish 
4.4. After 48 h, transfer one individual larvae per well on the artificial diet to 24-well plates [1-MED]. Rear the larvae inoculated with HaDV2 using the same concentrations to the adult stage [2-MED].
4.4.1. Over the shoulder, talent removes larvae from incubation location and then transfers one to well

4.4.2. Talent stores a second 24-well plate 
4.5. Check for HaDV2 infection status of the adults using the protocol [1-MED]. Adults inoculated with 108 copy number per μL of HaDV2 yielded 100% infection and are kept as HaDV2-positive strain [2-MED].

4.5.1. Side view, talent processes sample 

4.5.2. Over the shoulder, talent sets aside adults and labels them as the positive strain 
5. Tissue Distribution of HaDV2 

5.1. To prevent contamination, sterilize the forceps and scissors in 75% ethanol three times and then heat them in the flame of an alcohol lamp [1-MED]. Using an analytical balance, weigh the empty tubes that are to be used to store the tissues [2-MED].
5.1.1. Over the shoulder, talent dips forceps in ethanol three times and heats them in flame 
5.1.2. Over the shoulder, talent weighs tubes and documents the weight 
5.2. Next, place the larvae and adult moths from the infected-strain on ice for approximately 5 min [1-MED]. Fix the frozen larvae on cystosepiment using two insect pins inserted in the intersegmental membranes near the head and the last abdomen segment [2-SCOPE]. 
5.2.1. Talent places larvae and adult moths on ice and sets timer for 5 minutes 

5.2.2. Talent fixes a larva onto cystosepiment with two pins near the head and the last abdomen segment 

5.3. Then in the posterior abdomen, cut the proleg of the larvae so that the hemolymph flows out [1-SCOPE]. Use a pipette to pipet about 10 microliters of larval hemolymph within 10 seconds to prevent browning and coagulating of the hemolymph [2-CU]. 
5.3.1. Larva is in focus, talent points at posterior abdomen, then cuts proleg, hemolymph flows out of body 

5.3.2. Focus on the larva as talent pipets larval hemolymph 

Revisions for 5.4 and 5.5: NOTE: The videographer did not change the shot numbers during the shoot, but we want to make some revisions below:
5.4. With a pair of scissors, make an incision in the cuticle ranging from the last intersegmental membrane to the head [1-SCOPE MED]. Using two forceps, dissect foregut…midgut…hindgut…fat-body…and malpighian tubules [2-SCOPE]. To prevent the contamination of the remaining tissues with the hemolymph during the dissection, wash the dissected tissues in PBS buffer [3-MED-TXT]. Mix tissue samples from three individuals together as one replicate [4-CU]. Immediately transfer each tissue to the tubes in liquid nitrogen [5-CU]. 
5.4.1. Pair of scissors enter frame, talent makes incision in cuticle along the intersegmental membrane to the head 
5.4.2. Forceps enter frame, talent dissects the foregut, then the midgut, then the hindgut, then the fat body, and the Malpighian tubules 

5.4.3. Talent washes the tissues once with PBS buffer, TEXT: Wash 3X (previously 5.5.1)
5.4.4. Talent combines one, two, three tissue samples (previously 5.5.2)
5.4.5. Focus on the tissues as talent transfers them to tube in liquid nitrogen may be slated 5.4.3
5.5. In a clean Petri dish containing PBS buffer, dissect the tissues of female and male adults and immediately transfer each tissue to the tubes in liquid nitrogen [1-MED].
5.5.1. Talent finishes dissecting adult moths, then freezes them in liquid nitrogen previously 5.5.3
5.6. Weigh the tubes and the above tissues together separately and calculate the mass of tissues [1-MED]. Extract DNA from these tissues and perform qPCR to quantify the viral titer of each tissue [2-MED].
5.6.1. Over the shoulder, talent weighs tubes and documents weight, then makes calculations on paper 
5.6.2. Over the shoulder, talent prepares PCR in small tubes and places them in the machine 
6. Bioassays Testing the Effect of HaDV2 on Host Development 

6.1. Place at least 100 pupae or newly emerged adult moths derived from the non-infected strain in a cotton-gauze-covered, 5-L, wire-mesh cage [1-MED]. After 2 days, mated adult females will start to lay eggs on the cotton gauze [2-CU]. Collect and maintain the cotton gauze containing the eggs [3-MED-TXT]. 

6.1.1. Show that there are 100 pupae/newly emerged adult moths held by talent, then talent places them in cage 
6.1.2. Show the eggs on the cotton gauze 

6.1.3. Over the shoulder, talent collects the cotton gauze, TEXT: Eggs will hatch ~3 days
6.2. Proceed with neonate larvae inoculation by transferring the neonate larvae of the non-infected strain to the artificial diet containing HaDV2 to establish the infected strain [1-CU-TXT]. Similarly, transfer neonate larvae to the artificial diet covered with HaDV2-free filtered liquid to establish the control groups, the non-infected strain [2-MED]. Include at least 240 larvae in each treatment [3-CU].
6.2.1. Talent transfers larvae to artificial diet, TEXT: 108 copy number/μL
6.2.2. Talent transfers larvae to artificial diet covered with HaDV2-free liquid

6.2.3. Show that there are at least 240 larvae in each treatment 
6.3. After 48 h, transfer one individual larva per well to 24-well plates [1-CU]. Sequentially number each larva in each well and record the instar stage and survival status daily [2-CU]. 
6.3.1. Focus on empty well, then talent transfers one larva to it 

6.3.2. Talent writes numbers on each well, the instar stage, and the survival status  
6.4. About 5 days later, when the artificial diet deteriorates, simultaneously transfer these individuals to a new 24-well plate containing fresh artificial diet [1-MED]. Weigh the larvae from day 7 to 11 post-hatch using an analytical balance [2-MED-TXT]. After weighing, individually return the larvae to the 24-well plate [3-MED].
6.4.1. Talent transfers larvae to new plate 

6.4.2. Over the shoulder, talent weighs the larvae, TEXT: 0.0001 g precision 

6.4.3. Side view, talent returns larvae to plate 
6.5. Upon molting to the fifth instar, around ten days after hatching, transfer the larvae to glass tubes [1-MED-TXT]. Transfer the individuals to the glass tube at the same time each day [2-MED]. Fifth instar larvae can also be identified by the width of the head capsule [3-CU/ECU-TXT].  

6.5.1. Talent transfers larvae to glass tubes, TEXT: 4th ecdysis: ~10 days after hatching 

6.5.2. Talent turns off a timer that has been set for 24 hours then removes larvae to transfer them to tubes 

6.5.3. Show the larva, first to fifth instar larvae are shown. TEXT: ~2.6 mm
6.6. Next, code each larva with its original reference number on the glass tube using paint or markers [1-MED]. Record the larval status daily [2-MED-TXT]. Record the pupae and eclosion date for each individual in the glass tube and record the mass of 3-day-old pupae [3-MED].
6.6.1. Over the shoulder, talent codes larvae in glass tubes

6.6.2. Talent documents larval status in notebook, TEXT: larvae pupate ~5 days, pupae stage ~11 days.
6.6.3. Talent documents eclosion date and mass of pupae
6.7. After eclosion, place one female and one male into a single cage with 10% sucrose and 2% vitamin solution [1-CU]. Replenish the sucrose solution every day [2-MED]. Record the date of death for each moth [3-MED].
6.7.1. Show that eclosion has occurred, talent places eclosed female and male into a cage containing solution 

6.7.2. Over the shoulder, talent replaces sucrose solution in cage 
6.7.3. Show dead moth, then pan to talent recording the date 
6.8. When eggs are laid, change the cotton gauze daily [1-MED]. Count the number of eggs immediately [2-CU]. Finally, count newly-hatched offspring while they hatch [3-MED].
6.8.1. Show talent observing the cotton gauze

6.8.2. Talent points out eggs as each one is counted 

6.8.3. Talent counts and documents newly-hatched offspring 
7. Results: Characterization of Effects of Densovirus on Bollworms 
7.1. Gels were run to ensure the quality of the specimens used in the experiment [1-LM]. 
7.1.1. Figures 3A-F. Display all of the figures one by one with all text 
7.2. Progenies from the male and female parents that were HaDV2-free were reared as the non-infected strain [1-LM]. 
7.2.1. Figure 3A. Fade in the figure. When “male” is said add an arrow pointing at lane 2, when “female” is said, add an arrow pointing at lane 1. (Lane 1 is one lane to the right of the ladder, the ladder is the lane containing many bands on the far left).
7.3. We successfully amplified the actin gene in parents and progenies using the same DNA templates, suggesting that the DNA templates were of good quality [1-LM]. 
7.3.1. Figure 3B. Fade in the figure and add the text “actin” when said and add a box around the brightest lines in the image (the row in the middle).  
7.4. The randomly selected eight progenies were also free of HaDV2, HaNPV, and Wolbachia [1-LM]. 
7.4.1. Figures 3C-3E. As soon as the voice over begins show Figure 3C, then when HaNPV is said show figure 3D next to it, and when “Wolbachia” is said show figure 3E. 
7.5. A standard curve defining the relationship between the log of the quality of starting material and the gained CT values shows a strong linear correlation between the CT values and the log of the initial gene copy number of HaDV2 [1-LM]. 

7.5.1. Figure 4. Display the entire figure with all text and without the trendline, if possible. When “log of the quality” is said highlight the text on the y-axis (Log2 Copy number…) for a beat and when “CT values” is said, highlight the text in the x-axis (CT values) in yellow or a beat. When “linear correlation” is said reveal the trendline running through the points on the graph.  
7.6. The HaDV2 copy number was calculated per µg of each tissue and the percentage of the total HaDV2 titer for the specific tissue revealing that HaDV2 was mainly distributed in the fat body [1-LM].

7.6.1. Figure 5A-C. Fade in the entire figure with all text. When “percentage” is said highlight the text on the y-axis in each graph. When “fat body” is said highlight the column in each graph for “Fat body”
8. Conclusion (said by authors on camera)
8.1. Xianming Yang: While attempting this procedure, it is important to remember to gently handle the delicate larvae during the first few days after they hatch during the bioassay procedure.

Provided Media

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.

( 2016, Journal of Visualized Experiments


