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1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

The overall goal of the following experiment is to transmit plant viruses using whiteflies. (Intro)  This is achieved by establishing and maintaining a colony of whiteflies that supply newly emerged adult whiteflies on a weekly basis, which are not contaminated with other potential vectors and insects. (P1)  The colony is maintained by regularly adding whiteflies to young, insect-free plants from which new adults are produced after 17-20 days.  (P2)  Each week, the newly emerged adults can be transferred to test plants to either acquire or transmit virus. (P3)  Transmission efficiencies of nearly 100% are obtained typically and transmission rates will usually begin low and climb with systematic optimization. (P4)
Note to illustrator and editor:  In the photos below, you can see some of the details of what the plants and the whiteflies look like, however in the PDF file referenced at the bottom of the document, there are better views of both.  Please look at that file and see figure 3 for the plants and figure 5 for some close ups of the flies – use these as a basis of illustration.  Now, for P1, a group of plants in separate pots are needed, a mesh box must cover it up (see Fig 6d for a basis of illustration) and then a bunch of tiny whiteflies must be added to the plant.  The whiteflies can be animated by showing a few jump from leaf to leaf.  For P2, zoom in on a leaf of the plant, have it flip over to show the underside, where several new flies are hanging out, like the P2 in the photo below.  For P3, zoom back out, have an arm reach into the cage holding a yellow card, and show all the flies fly onto the yellow card from the plant.  The flies are attracted to the color yellow.  A narrow tube then approaches the card and vacuums up the flies.  For P4, show a new cage with no flies and a plant, the tube enters the cage and blows out the flies it sucked up off the yellow card.  The flies settle onto the leaves and stay there.

[image: image1.emf]


!"



!#



!$



!%










!"

!#

!$

!%


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

1.1. Jane Polston: Generally, individuals new to this method will struggle because of the difficulty in maintaining a colony of whiteflies due to unwanted plant pathogens that reduce the quality of the host plants, and unwanted arthropods such as thrips and mites that can suppress whitefly reproduction as well as reduce the quality of the host plant.

1.2. Jane Polston: Demonstrating the procedure will be Heather Capobianco a technician from my laboratory. 

Protocol (read by voice talent at JoVE):

2. Whitefly Colony Maintenance
2.1. Whitefly colonies should be maintained in a clean and controlled growth room. Control of relative humidity, temperature, photoperiod, and light intensity are essential.  For a colony that develops from egg to adult in 18 days use the following settings…

2.1.1. WID: talent enters the growth room from the outside of room, follow talent into room

2.1.2. WID: panning shot of the plants in the growth room, talent is busy checking parameters and health of plants, focus is on the room
LAB MEDIA: Figure 1

2.2. The temperature should be set to 28 ºC, and the relative humidity should ideally be between 30 and 50%. If the relative humidity goes above 70% insect and plant fungal pathogens are likely to become a problem.
2.2.1. MED>CU: zoom in on thermometer in growth room, reading 28 ºC

2.2.2. CU: the hygrometer showing between 30 and 50% relative humidity

2.2.3. CU/ECU: any available examples of a fungus growing on a plant, wherever it can be found

LAB MEDIA: Figure 1 – cropped in a corner
2.3. The ideal photoperiod is 14 hours. The light intensity should be fairly high and VHO fluorescent bulbs can produce 800 to 1000 ft candles at the plant canopy. 

2.3.1. CU: talent checks the photoperiod control device, scrolling through or pointing out the light on and off times

2.3.2. MED: pan across the lighting above the plant canopy

LAB MEDIA: Figure 1 – cropped in a corner
2.4. Fertilizer rates and watering must also be reduced to discourage fungal pathogens as well as salt accumulation. 
2.4.1. MED: talent adding fertilizer to watering system

2.4.2. CU/ECU: talent touching soil of a plant that is optimally moist, not overly dry
2.5. Whiteflies cages must allow for ventilation, ease of access, and sufficient space for a growing whitefly population. Good results have been obtained with organza plus aluminum screening as well as whitefly-proof screening. 
2.5.1. WID: talent approaches a whitefly cage with aluminum screening and opens it up

2.5.2. MED: panning shot of the inside of the cage, showing the space between the walls and the plants and between the plants themselves. (see 2.6.2 for other aspect needed)

2.5.3. CU: the organza screening, and a whitefly in the screen or moving in the background

2.6. The species of plant is an important consideration. Firstly, it should be quick growing yet not overgrow the chamber. 
2.6.1. MED: panning shot across a plant population, preferably with some diversity of plant species (with or without insects)

2.6.2. Reuse part of 2.5.2 showing plant in relation to cage walls, it fits nicely

2.7. Secondly, the plant should be strong enough to support a high insect population without collapsing.  For these reasons, dwarf or bush cultivars make good plant choices.
2.7.1. CU: plant supporting a heavy/dense insect population, suggesting the strain of weight but the branches are not collapsed

2.7.2. MED: zoom out of same plant fit in good proportion with its cage, needs to a dwarf/bush
2.8. Thirdly, the plant must either be able to host or unable to host the virus being used, depending on the type of colony being raised.
2.8.1. WID: talent in the lab with a plant, injecting it with virus (or a different virus/plant activity performed in the lab and suggested by authors if injections are not used) 
2.8.2. CU: injection into plant (or a CU of the alternatively suggested activity)

2.9. Because the colony can collapse due to mites, thrips, wild whiteflies or other invasive insects, the chosen cultivars must be grown in a protected environment to exclude other insects.  

2.9.1. WID: talent approaches the protected environment, opens door
2.9.2. MED: shot of open door with plants inside, then talent closes the door

LAB MEDIA: FIGURE 2a
LAB MEDIA: FIGURE 2b

3. Whitefly Colony Establishment

3.1. The first whiteflies of a new colony must be free of plant viruses, other insects, and insect pathogens.   If whiteflies are collected from the field, rear them for at least 8 weeks on plants that are not hosts to the virus.  During this time, check for absence of plant symptoms.   
3.1.1. WID: talent does a mock up of how whiteflies are collected from the field, By aspirating flies from a wooded area near the greenhouses where the majority of this is being filmed. 
3.1.2. CU: close up of aspiration 
3.1.3. MED: talent does a mock of transferring flies from a trap to a new plant
3.2. Once clean whiteflies are obtained, introduce between 20 and 100 to a cage of plants by aspiration or by gently shaking them from another source plant. 
3.2.1. MED: talent introduces new flies onto a plant using aspiration, film complete process, shot gets reused

3.2.2. MED: talent introduces new flies onto a plant by shaking them off a source plant, film complete process, shot get reused
3.3. Every week a new cage needs to be established.  For the first three weeks, use the whiteflies on non-host plants to establish the new cage.  Starting on the fourth week, use young adult whiteflies from the three-week old cage to establish the next cage.  
3.3.1. WID: talent sets plants into a new cage or cage around plants

3.3.2. MED: talent adds flies to just set up cage from a 3 week old plant and closes up the cage, or equivalent details of making sure it is sealed up so the flies do not escape once loaded in
3.4. During the first week in a cage, the whiteflies will lay eggs on the underside of plant leaf surfaces.  
3.4.1. ECU: underside of leaves with eggs
LAB MEDIA: Figure 3a

3.5. In the second week some immature whiteflies will become apparent and some of the adults will still be alive. 
3.5.1. ECU: immature whiteflies on plant
LAB MEDIA: FIGURE 3b

3.6. In the third week, many new adult whiteflies will have emerged and there should be a very noticeable increase in the adult whitefly population. These whiteflies can be used for transmission experiments. 
3.6.1. CU: week 3 colony, flies are moving about and dense enough to be visible in the shot

3.6.2. ECU: zoom onto the whiteflies where they are most congregated on a plant
LAB MEDIA: FIGURE 3c

3.7. In the fourth week, the one-week old adults should be transferred to a new cage.   The old cage should be removed and its plants discarded. 
3.7.1. WID: talent moves adults from plant to a new cage from a week 4 old/used plant

3.7.2. WID: talent discards the old/used plant
LAB MEDIA: FIGURE 3d

4. Handling Whiteflies

4.1. Precise, gentle transfer of whiteflies is accomplished with an aspiration device and collection vials.
4.1.1. MED: talent transfers flies from an aspiration device into an empty vial
4.1.2. ECU: flies in the vial, less than 20
LAB MEDIA: Figure 4

4.2. Never aspirate whiteflies that are feeding on plants.  When feeding, the whitefly’s stylets are embedded in the plant and will break off if they are pulled away from the plant, rending the whitefly useless. 
4.2.1. ECU: whitefly feeding on a plant, a set of MACRO/ STEP-UP lenses will be needed to get a reasonable amount of zoom to show any real detail, shot gets reused so get multiple takes

4.2.2. ECU: talent nudges a feeding fly to show that it is stuck to the plant
4.3. To collect whiteflies, in one hand, hold a yellow plastic card inside the colony cage.

4.3.1. MED: talent opens cage extends yellow card into cage
LAB MEDIA: Figure 5a 

4.4. With the other hand, gently tap the plants to encourage the adult whiteflies to fly. Whiteflies will be attracted to the yellow card where they can be collected using the aspirator and very gentle suction. 
4.4.1. MED: talent taps the plant with free hand

4.4.2. MED>CU: flies gradually accumulate on card (zoom in on card)
4.4.3. ECU: aspirating flies off the card
LAB MEDIA: FIGURE 5b

4.5. Add no more than 20 whiteflies to each collection vial.  Then, tap the vial to disorient the flies and cap the vial with parafilm.  
4.5.1. Reuse 4.2.1

4.5.2. CU: taps vial and caps with parafilm
LAB MEDIA: FIGURE 5c

LAB MEDIA: FIGURE 5d

4.6. To ensure successful viral transmission, transfer 15 to 40 young adults to each test plant, depending on the virus and the host plant.
4.6.1. Reuse 3.2.1
4.7. Other protocols, like resistance screening, need larger starter populations.  In this case, gently shake the whitefly-infested plants over the virus-infected plants.  
4.7.1. Reuse 3.2.2
5. Whitefly Viral Acquisition
5.1. Once the whiteflies are placed on a virus infected plant, allow them to feed for 48 to 72 hours.   More time does not generally increase the transmission rate.  
5.1.1. MED: plant cage with flies, label on cage clearly indicate it virus-infected

5.1.2. Reuse 4.2.1
5.2. For viruses transmitted in a nonpersistent or semipersistent manner, a shorter acquisition access period of an hour to a day will suffice.

LAB MEDIA: Table 1

5.3. For experiments that require acquisition from specific leaves, clip cages can be used.  Set up the cage so the leaf underside is accessible and do not use more than 10 female whiteflies per 2.5-cm diameter cage, or the transmission rate will drop off due to crowding.  
5.3.1. MED: setting up a clip cage on a leaf

5.3.2. CU: loading a clip cage with flies 

5.3.3. ECU: flies in clip cage on underside of leaf
LAB MEDIA: Figure 6a

6. Plant Inoculation

6.1. For plant inoculation, select the appropriate cage considering the number of plants. One plant, for instance, needs only a small cage, just slightly larger than itself.
6.1.1. Reuse 3.3.1

6.1.2. MED: talent sets up a cage around a single plant
LAB MEDIA: Figure 6b

6.2. For multiple plants, choose between a smaller PVC tubing framed cage … 

LAB MEDIA: Figure 6d

6.3. … or a larger aluminum frame cage.  The smaller the space around the plant canopy, the better.

LAB MEDIA: Figure 6c

6.4. Once the whiteflies are added to the new plant the amount of time needed for inoculation depends on the virus and the host plant.  

6.4.1. MED: talent adding whiteflies to new plant by aspirating/dumping from a container, plant is in a PVC-tube container
LAB MEDIA: Figure 7

6.5. The more the whiteflies prefer the host plant, the quicker they will settle and feed, thus shortening the inoculation period.

LAB MEDIA: Table 1

6.6. Check that the whiteflies are probing or feeding during the inoculation access period.  Open the cage and investigate the underside of some leaves on each plant.  
6.6.1. WID: talent approaches cage, opens and investigates under leaves

6.6.2. ECU: underside of leaves with probing and feeding flies
6.7. For the longer inoculation access periods, periodically, gently disturb the plants to encourage the whiteflies to redistribute on the plants.  This will increase the transmission rate by countering the natural tendency of whiteflies to aggregate.
6.7.1. MED: talent demonstrates how to disturb the plants

6.7.2. CU: a group of whiteflies begins flying about as plant is disturbed

6.7.3. Reuse 6.7.1, from the shaking leaves to talent inspecting that flies have moved
6.8. To end the inoculation period, kill the whiteflies with two insecticides applied one after the other.  First, apply a contact insecticide to quickly terminate adult whiteflies, such as insecticidal soap.
6.8.1. MED: talent set two insecticides on bench, one for contact, one systemic
6.8.2. CU: applying the contact insecticide, a soap, to the flies
6.9. Second, apply a systemic insecticide to terminate any whiteflies that develop in the following weeks and any remaining adults.  Imidacloprid or pymetrozine are effective choices.  
6.9.1. MED: applying the systemic insecticide and setting is back on counter
6.9.2. CU: the label on the insecticide, clearly shows either “imidacloprid” or “pymetrozine” 
LAB MEDIA: Figure 8
7. Successful Transmission
7.1. Using the presented methods with persistently transmitted viruses, it was routine to get the desired transmission rate, of 100%, in several experimental paradigms, such as resistance selection, screening insecticides for their ability to interfere with transmission and evaluation of resistance-inducing compounds.

LAB MEDIA: Figure 9a – 
Authors, for this image, the video editors can easily perform the zoom in the video from a single high resolution photo and the result will be better.  So, please resubmit the figure as such a photo, if possible.
LAB MEDIA: Figure 9b

Video editor: The authors did not want present a table for this final narration, but preferred we use these photos.  Please make creative use of the 9a by zooming in on the leaves until they can be seen individually with detail (if the authors can provide a high definition photo).  Pause and slow fade to the 9b photo.

8. Conclusion (said by authors on camera)

8.1. Jane Polston: After watching this video, you should have a good understanding of how to rear whiteflies to transmit plant viruses for research purposes or for commercial development such as screening plants for virus resistance or testing compounds for interference with virus transmission.
Provided Media

JOVE Schematic Aug 2 2012.pdf – This file presently contains all the current files with the correct names (as subtitles) in a single bundle.  The author has been asked to resubmit individual images.  However, these subtitled file names in the PDF supersede the older file names in the project folder.
�I did submit this as a stand alone high res photo (3.6 megs).  
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