APPROVED SHOTLIST FOR FILMING
Submission ID #: 58650
Editor Name: Caitlin McAllister
Videographer name: Tristan C. Wood
Film Date: September 12, 2018
Link: https://www.jove.com/account/file-uploader?src=17888298
Authors and Affiliations: Neil D. Sanscrainte1, Christy M. Waits2,3, Christopher J. Geden1, Alden S. Estep1,2, James J. Becnel1
1USDA/ARS Center for Medical, Agricultural, and Veterinary Entomology, Gainesville, Florida, United States of America

2Navy Entomology Center of Excellence, CMAVE Detachment, Gainesville, Florida, United States of America

3Lovelace Respiratory Research Institute, Albuquerque, New Mexico, United States of America

Title: Reproducible dsRNA Microinjection and Oviposition Bioassay in Mosquitoes and House Flies

Corresponding Author: 

Neil D. Sanscrainte (neil.sanscrainte@ars.usda.gov)
Co-authors:

christy.waits@ars.usda.gov
chris.geden@ars.usda.gov
alden.estep@ars.usda.gov
james.becnel@ars.usda.gov
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y  

Can you record movies/images using your own microscope camera? N  

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: World Precision Instruments PZMIII 
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? N 

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.) 3.1, 3.7, 3.8, 3.9, 5.2
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) 3.1, 3.8
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? Y
 If yes, how far apart are the locations? buildings are next to each other
Voice Talent Reference 

mesokatepisternum (Pronunciation: mee-zo-kat-epi-sternum)
mesopleuron (Pronunciation: mee-zo-plure-on)

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Neil Sanscrainte: This method can help answer key questions in the biopesticide field, such as how double strand RNAs impact gene expression and fecundity in adult dipterans [1-MED].
1.1.1. Named author states the above, looking slightly off to the side. 
1.2. Neil Sanscrainte: The main advantage of this technique is that quantifiable doses of double strand RNA are delivered to the mosquito or fly and resulting effects on multigenerational lethality can then be assessed [1-MED].
1.2.1. Named author states the above, looking slightly off to the side. 
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. James Becnel: Though this method is presented for the mosquito, Aedes aegypti, and the house fly, Musca domestica, it can also be applied to other species of mosquitoes and flies [1-MED]. 
1.3.1. Named author states the above, looking slightly off to the side. 
1.4. Christy Waits: Generally, individuals new to this method will struggle because mastering the injection procedure itself is a time investment [1-MED].
1.4.1. Named author states the above, looking slightly off to the side. 
1.5. Neil Sanscrainte: Injecting each insect with the optimal needle tip size is critical to ensure delivery while minimizing injury mortality [1-MED].
1.5.1. Named author states the above, looking slightly off to the side. 
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.6. James Becnel: Demonstrating the procedure will be Dr. Chris Geden, a USDA-ARS Research Entomologist.

1.6.1. Interview style: Author saying the above 

1.6.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
N/A
Protocol: (read by voice talent at JoVE)
2. Insect Preparation
2.1. To begin, use forceps to carefully stage mosquitos so they are ventrally exposed on a microscope slide approximately half a centimeter apart [1-CU]. To aid slide handling, leave a 1 to 1.5 centimeter space at the left or right end of the slide [2-CU].
2.1.1. Talent stages one mosquito on the slide. 

2.1.2. Show detail of the slide with two rows of 6 mosquitos and spaces on the left/right. 

2.2. Then, place the slide of staged insects at 4 degrees Celsius in a large Petri dish [1-CU].

2.2.1. Talent places the slide in a large Petri dish. 
3. Insect Injection 
3.1. Set up a dissecting microscope and microinjector over a chill table [1-MED-TXT]. After pulling glass capillaries to a fine tip [2-CU-TXT]… place the capillary needle into the microinjector and break the needle tip with forceps [3-MED/SCOPE].
3.1.1. Show detail of the dissecting microscope and microinjector on the table. TEXT: Injection technique demonstrated here with mosquitoes. See text for fly injection.

3.1.2. Show detail of glass capillary needle. TEXT: See text for needle puller settings

3.1.3. Talent places the needle into the microinjector and breaks the tip with forceps. Author note: Both medium and close-up shots were filmed to be interspersed as editor sees fit.
3.2. Then, rinse the needle by drawing up and expelling nuclease-free water 3 times [1-CU/SCOPE].

3.2.1. Talent rinses the needle once. Author note: Both medium and close-up shots were filmed to be interspersed as editor sees fit.
3.3. Neil Sanscrainte: Note that glass needle opening sizes vary between mosquitoes and house flies [1-MED] [2-ECU]. 
3.3.1. Named author states the above, looking slightly off to the side. Video editor: Use 3.3.1 as the audio and 3.3.2 as the visual.
3.3.2. Show detail of broken needle tips for mosquito (top) and fly (bottom). Video editor: Label the top needle “Mosquito” and the bottom needle “House fly”. 
3.4. Next, prepare an injection solution with an appropriate concentration for mosquitoes [1-MED]. Add 3 micrograms per milliliter of Rhodamine B to the solution to aid in visualization [2-CU].
3.4.1. Talent places a labeled container of injection solution on the bench. 

3.4.2. Talent adds Rhodamine B to the solution. 

3.5. Use a pipette to transfer 3 to 4 microliters of solution to a clean surface [1-CU]… and draw it into the glass needle without taking in any air [2-ECU-SCOPE]. Depress the inject button repeatedly until the liquid begins to dispense from the needle [3-CU-TXT/SCOPE].

3.5.1. Talent pipettes solution onto a clean surface. 

3.5.2. Talent draws the solution into the glass needle. Capture sufficient detail to show that there are no air bubbles in the needle. 

3.5.3. Talent depresses the inject button and solution comes out of the needle. The talent wipes the drops from the needle with a delicate task wiper. TEXT: Refer to manufacturer’s instructions regarding backfilling. Author note: Both medium and close-up shots were filmed to be interspersed as editor sees fit.  Additionally, a shot of the inject button being pushed was also filmed.
3.6. Use an ultra-fine point marker to draw hash marks about 1 millimeter apart starting from the liquid meniscus to the needle shank [1-CU/SCOPE].
3.6.1. Talent picks up the marker, pauses briefly, and draws the hash marks as described in the narration. Author note: Both medium and close-up shots were filmed to be interspersed as editor sees fit.
3.7. Set the slide of mosquitoes under the needle [1-MED]. Ensure that the field of view is wide enough to see the solution meniscus in the needle [2-SCOPE].
3.7.1. Talent positions the slide of mosquitoes under the needle. 

3.7.2. Show the microscope field of view. Video editor: Indicate/emphasize the solution meniscus in the needle. 
3.8. Align the needle with the middle one-third of the mesokatepisternum (Pronunciation: mee-zo-kat-epi-sternum). Brace the mosquito against the needle with forceps placed on the mosquito’s opposite side and gently puncture the cuticle with the needle tip [1-SCOPE].
3.8.1. Talent lines the needle up with the mesokatepisternum of the mosquito. Talent braces the mosquito with forceps and punctures the cuticle.  TEXT: Legs were removed for demonstration purposes.
3.9. Gently slide the needle into the mosquito until the tip has passed through the midline. Depress the inject button until the desired amount of liquid has been injected [1-SCOPE]. 
3.9.1. Talent slides the needle into the mosquito. Talent injects the mosquito.
3.10. Neil Sanscrainte: If the meniscus does not move, slowly slide the mosquito or fly off the needle while watching for meniscus movement. If a portion of the injected solution beads out of the cuticle upon needle removal or if the meniscus fails to move, discard the insect, as the injection was not successful [1-MED] [2-ECU-SCOPE].
3.10.1. Named author states the above, looking slightly off to the side. Video editor: Use 3.10.1 as the audio.
3.10.2. Talent demonstrates a failed injection where the solution leaks out of the insect that they are injecting. Video editor: Use this as the visual. 
3.11. On the housefly, align the needle with the mesopleuron (Pronunciation: mee-zo-plure-on). Brace the fly against the needle with forceps placed on the fly’s opposite side and gently puncture the cuticle with the needle tip [1-SCOPE].

3.11.1. Talent lines the needle up with the mesopleuron of the fly. Talent braces the mosquito with forceps and punctures the cuticle. 
3.12. Transfer the injected insects to clear 3.5 ounce holding cups in groups of 10 to 15 [1-CU]. Then, cover the cup with netting and allow them to recover at room temperature [2-MED].
3.12.1. Talent transfers the mosquito to a clear holding cup. 

3.12.2. Talent covers the cup with netting and sets the cup aside. 

3.13. After the insects have recovered, invert the holding cup over a cotton ball soaked in 10% sucrose solution [1-CU].
3.13.1. Talent inverts the holding cup over a soaked cotton ball. 

4. Aedes aegypti Mortality and Oviposition Bioassay
4.1. First, fill a 12-inch artificial membrane with fresh blood and heat it to 45 degrees Celsius in a hot water bath [1-CU-TXT].
4.1.1. Talent fills a membrane with blood and places it in a hot water bath. TEXT: See text for feeding enhancement techniques

4.2. Dry the membrane with a paper towel and lay it across the netting cap of the holding cup [1-CU/ECU]. After the mosquitoes feed, replace the cotton ball [2-CU]… and allow the mosquitos to rest for 24 hours.

4.2.1. Talent rolls the membrane on a paper towel briefly and places the membrane on the netting. Author note: An extreme close up of the mosquitoes feeding was also shot.
4.2.2. Talent replaces the sucrose soaked cotton ball with a fresh sucrose soaked cotton ball. 

4.2.3. Talent sets the holding cup aside to allow the mosquitoes to rest at room temperature. 

4.3. Next, construct oviposition cups by filling clear 3.5 ounce bioassay cups with approximately 30 milliliters of deionized water [1-MED]. Then, place a piece of seed germination paper at the bottom of the cup [2-CU]. Cover the cup with netting and cut a small slit in the netting cap [3-CU].
4.3.1. Talent fills a clear bioassay cup with DI water. 

4.3.2. Talent places a piece of germination paper at the bottom of the cup, against the side of the cup. 

4.3.3. Talent covers the cup with netting and cuts a small slit in the netting. 

4.4. 24 hours after feeding, cut a small slit in the cap of the holding cup [1-CU]… and transfer the females that successfully fed to oviposition cups [2-MED-TXT]. Then, seal the small slit in the oviposition cap with a 10% sucrose saturated cotton ball [3-CU].

4.4.1. Talent cuts a small slit in the holding cup (i.e. the cup that was used for the blood feeding).
4.4.2. Talent gently transfers 1-2 female mosquitos to individual oviposition cups. TEXT: Mosquitos should have visible blood bolus. Talent places a fresh sucrose soaked cotton ball over the slip in the netting. 

4.4.3. Talent places a fresh sucrose soaked cotton ball over the slip in the netting. 

4.5. Monitor the mosquitoes and track daily mortality [1-MED]. After allowing the mosquitoes to oviposition for 5 to 7 days, count the eggs under a dissecting microscope [2-SCOPE].

4.5.1. Talent inspects the container of mosquitoes. If there are any dead mosquitoes, talent removes those from the container. 
4.5.2. Under the dissecting microscope, show eggs. Video editor: Indicate/emphasize the eggs. 

5. Musca domestica Mortality and Oviposition Bioassay

5.1. 3 days after injection, anesthetize the flies with carbon dioxide [1-CU]. Then, transfer the flies to a clean cage with water and prepared fly diet [2-CU-TXT]. Record mortality data and remove dead flies daily [3-MED].
5.1.1. Talent delivers CO2 gas to the flies with a tube. The flies should be motionless at the bottom of their holding cup. 

5.1.2. Talent transfers the flies to a cage (a plastic jar with a stockinette sleeve on the opening) that has water and a container of the fly diet. TEXT: See text for fly diet preparation

5.1.3. Talent inspects the cage and records data. 

5.2. Next, mix 75% wheat bran with 25% pelleted livestock feed by weight to prepare the larval rearing medium [1-MED]. Add water to the mixture until 62% moisture is achieved [2-CU]. 
5.2.1. Talent mixes wheat bran and livestock feed. 

5.2.2. Talent adds water to the wheat bran-feed mixture. 

5.2.3. Talent rolls the moistened wheat bran-feed mixture into a ball. 

5.3. Add the moistened wheat bran-livestock feed mixture to a square of black cloth and roll into a ball. Use a rubber band to keep the cloth in place and squeeze gently until the liquid medium seeps through [1-CU].

5.3.1. Added shot: Talent adds the feed mixture to the black cloth and rolls is into a ball, adding a rubber band and squeezing. Author note: I am unsure if this is exactly how it was slated but this should be close. 
5.3.2. Talent wraps the ball in cloth and squeezes it to get the liquid out. 

5.3.3. Talent uses a rubber band to secure the cloth. 

5.4. Place the ball in a 60-milliliter cup and place it in the fly cage for 5 hours [1-MED]. After this, rinse the eggs off of the ball, ensuring that the eggs are removed from under the folds of the cloth [2-CU].

5.4.1. Talent places the ball in a small cup and then places the cup into the fly cage. 

5.4.2. Talent removes egg cup and rinses the eggs off of the ball, taking care to check under folds in the fabric for eggs. 

5.5. Shake the eggs to disrupt any clusters and transfer them to a graduated 20-milliliter centrifuge tube [1-CU]. Allow the eggs to settle and note the volume of settled eggs in the tube [2-ECU]. Then, add sufficient water to bring the volume to 20 times the volume of the settled eggs [3-CU-MED].

5.5.1. Talent shakes the eggs loose and transfers them to a centrifuge tube. 

5.5.2. Show detail of eggs settling. 

5.5.3. Talent adds water to the tube of settled eggs. 
5.6. Next, use a magnetic stir bar to mix the water and egg suspension [1-MED]. Finally, use a modified pipette tip to dispense 0.5 milliliters of the suspension onto a piece of pre-moistened black cloth in a series of lines [2-CU-TXT].
5.6.1. Talent uses a magnetic stir bar/plate to mix the water and egg suspension. 

5.6.2. Talent uses a pipette tip to make 1-3 lines of water/eggs suspension on a moist black cloth. TEXT: Count eggs with dissecting microscope
6. Results: Microinjection with dsRNA Leads to Reduced Specific Transcript Expression and Clutch Size in Aedes aegypti and Musca domestica
6.1. In this protocol, female mosquitoes were microinjected to evaluate gene expression [1-SCOPE]. Injecting females with double strand R-N-A showed significant reduction in relative expression across multiple oviposition cycles [2-LM].
6.1.1. Use 3.8.1.

6.1.2. Figure 4: Video editor: We are only focusing on the mosquito (Ae. Aegypti) results. Please emphasize the left portion of the graph. When VO says “Significant reduction in relative expression” emphasize the bar with the asterisk. 
6.2. Average clutch sizes in mosquitoes in the first gonotrophic cycle were significantly reduced for both d-s-R-P-S-6 and d-s-R-P-L-26 treated groups [1-LM]. An obvious dose effect was observed in clutch sizes when injecting d-s-R-P-S-6 from 1 microgram to 50 nanograms in female mosquitoes [2-LM].
6.2.1. Figure 5A Video editor: For this soundbite, we are only focusing on the mosquito results. Emphasize the left portion of the graph. When VO says “significantly reduced for both d-s-R-P-S-6 and d-s-R-P-L-26 treated groups” emphasize the bars with asterisks. 
6.2.2. Figure 5B Video editor: Only the results marked by the white circles are significant. Show the graph in its entirety briefly. Then, emphasize the results marked by the white circles. 
6.3. Houseflies were also injected with 5 micrograms of d-s-R-N-A constructs. Similar to the mosquito observations, significant reduction in both specific transcript expression [1-LM]… and clutch size was noted [2-LM].

6.3.1. Figure 4 Video editor: For this soundbite, we are only focusing on the house fly results (M. domestica). Emphasize the right portion of the graph. When VO says “significant reduction in both specific transcript expression” emphasize the bars with asterisks. 
6.3.2. Figure 5A Video editor: For this soundbite, we are only focusing on the house fly results. Emphasize the right portion of the graph and emphasize the bars with asterisks. 
7. Conclusion (said by authors on camera)

7.1. Christy Waits: While attempting this procedure, it’s important to remember to discard insects that were not successfully injected [1-MED].
7.1.1. Named author states the above, looking slightly off to the side. Video editor: Also show representative footage from 3.8.1.
7.2. Neil Sanscrainte: Using this procedure, any double stranded RNA construct or other biorational can be delivered to mosquitoes or flies [1-MED].
7.2.1. Named author states the above, looking slightly off to the side. 
7.3. Christy Waits: Don't forget that working with glass needles can be hazardous and they should always be disposed of in appropriate sharps waste containers [1-MED].
7.3.1. Named author states the above, looking slightly off to the side.    

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

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.  

Insert your media filenames here.
3.1.3_needle_break.mp4

3.2.1_needle_rinse.mp4

3.3.2_needle_sizes_20X.tif

3.5.2_filling_needle.mp4

3.5.3_needle_priming.mp4

3.6.1_hashmarks.mp4

3.7.2-3.9.1_mosquito_injection.mp4

3.10.2_mosquito_failed_injection.mp4

3.11.1_housefly_injection_site.mp4

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.
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