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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: _Nikon 21270__________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No
C.  Which steps of your protocol will viewers benefit most from having filmed? 
These steps are written in italics.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
Authors, you should use the protocol interview options to stress details in the injection technique.
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? _Same building, one floor apart

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this method is the delivery of RNA interference triggers in Anopheles gambiae to initiate gene knockdowns that begin during the pupal stage of development. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Kim: This method can help answer key questions in the field of vector biology, such as uncovering genes that play a role during pre-adult or early adult developmental stages. 
1.2. Kim: The main advantage of this technique is that it provides researchers with an opportunity to perform rapid functional genomic studies, beginning gene knockdown during a developmental interval – the pupal stage – when RNA interference injection protocols have not been implemented, in the past.   

1.3. Rachel: Visual demonstration of this method is critical because the injection steps can be difficult to master due to the precision required and the delicate nature of pupae during this developmental stage.  
Protocol (read by voice talent at JoVE):

2. Synthesis and Preparation of double stranded RNA (dsRNA)


2.1. After selecting the gene of interest, identify a 200 to 800 base pair region that is predicted to have no off-target effects and perform standard PCR amplification to obtain double stranded RNA synthesis template flanked by a T7 promoter sequence. [LM]
2.1.1. dsRNA synthesis.pdf, TEXT: 5’–TAATACGACTCACTATAGGG–3’
2.2. Then, synthesize the double stranded RNA and clean up the products using a [2.2.1-WID] commercial in vitro kit.  Adjust the final RNA concentration to 3 µg per µL. [2.2.2-MED]
2.2.1. Working at bench with RNAi/clean up kit (synthesis portion)
2.2.2. Performing resuspension step for RNA clean up
2.3. Next, use a standard 2% agarose gel to compare one-half microliter [2.3.1-MED] of the double stranded RNA with template DNA and standard markers. [2.3.2-MED] 
2.3.1. Pouring a gel, setting the comb
2.3.2. Loading the gel
2.4. Once run out, check the double stranded RNA band quality and length.  [WID]
2.4.1. Talent working with gel doc system
2.5. There should be no visible non-specific products. The dsRNA will migrate more slowly than template DNA.   [LM]
2.5.1. DNA_dsRNA_gel_V2.pdf
2.6. For storage, prepare double stranded RNA aliquots and keep them at -20 ºC. [WID]
2.6.1. Making aliquots and then transferring them to freezer
3. Preparations for dsRNA Injections

3.1. Begin with preparing the Fast Green FCF dye.  [WID]

3.1.1. Establish talent gathering reagents at bench

3.2. First, dilute the dye to 0.1% volume-by-volume in RNase-free water. [MED]
3.2.1. Film as written
3.3. Then, transfer one microliter volumes of the preparation to 1.5 mL microfuge tubes.  [CU]
3.3.1. Loading several tubes with tiny aliquots of dye solution
3.4. Heat the loaded tubes at 65 ºC for about three hours to evaporate the water.  [MED]
3.4.1. Transferring tubes to heat block
3.5. Then, cool the tubes for at least 30 minutes before using the dye solids. [WID]
3.5.1. Moving tubes out of heat block to room temperature
3.6. Next, prepare pulled glass injection needles from borosilicate glass tubes.  [WID/TEXT]
3.6.1. Arriving to needle puller and loading in a tube, TEXT: 0.53 mm i.d.  (Filmed this shot, but also showing loading/clamping in 3.7 below.  Better to have just TEXT here in 3.6 and then setting the needle and heat adjustments in 3.7)
3.7. Set the needle puller for a tip diameter of ten to thirty microns. [3.7.1-MED] For a Narishige capillary puller, set the first heater to 100 and the second heater to 70. Then, clamp in the capillary needle and proceed with pulling. [3.7.2-CU] Two VO takes with difference pronunciations/syllable stress guesses
*** Better to use the CU of clamping in tube, rather than temperature setting (we took both CU shots).
3.7.1. Clamping in the tube (Move to after setting heating – make 3.7.2)
3.7.2. Setting the heater adjustments (Move to before clamping – make 3.7.1)
3.8. Now, prepare the injection station.  [WID]

3.8.1. Arriving to microscope with a rube rack

3.9. Select a platform that can be easily maneuvered under the microscope. [3.9.1-MED]  On the platform, first tape down a thick filter paper. [3.9.2-CU] Then, onto the thick filter paper tape down one thin filter paper. [3.9.2-MED]
3.9.1. Maneuvering a Styrofoam rack under scope
3.9.2. film as written

3.9.3. film as written

3.10. Next, to the dye solid tubes, add 10 microliters of each double stranded RNA [3.10.1-MED] to be injected and re-suspend the dye.   Store these tubes on ice. [3.10.2-CU]
3.10.1. Loading dsRNAs into dye tubes

3.10.2. Mixing dye into dsRNA solution in tube, then placing on ice
3.11. Now, collect the pupae to be injected. [3.11.1-WID] Fill a 60-mm Petri dish with 10 mL of deionized water, [3.11.2-MED] and transfer about 50 pale-colored pupae into the dish using a plastic transfer pipette. [3.11.3-CU]
3.11.1. Establish talent working with mosquito trays
3.11.2. Loading dish with solution, then proceeding to pick pupae

3.11.3. Loading dish of water with pupae 
3.12. Use only lightly pigmented pupae, as pupae that have already reached medium to dark tanning levels will suffer cuticle damage and have poor survival rates. [ECU]
3.12.1. Detail of selecting pupae, ones avoided while pale ones are selected, show several being picked We did a close up of a dish of pale pupae because none were dark enough at the time of shooting to distinguish by camera
4. Microinjecting Pupae with dsRNA 
I also have scope shots (in .mp4 movie format) that I took on another scope.   The camera we were using for on the filming day was a bit hard to focus at some points and these videos may be better quality.
4.1. The first step to the microinjection is to open the needle.  [WID]

4.1.1. Establish talent setting up to work with needle and microscope, focuses microscope
4.2. Under the microscope, break off the very distal tip of the needle using fine forceps.  [SCOPE]
4.2.1. Film as written
4.3. Then, backfill the needle with mineral oil using a 30 Gauge needle and syringe. [ECU]
4.3.1. Backfilling needle, as written
4.4. Once filled, expel the excess oil using the microinjector. [SCOPE]

4.4.1. Pulsing out the oil

4.5. Set the microinjector to pulse 69 nanoliter volumes. [CU]
4.5.1. Adjusting microinjector control
4.6. Then, front-fill the needle with the prepared injection RNA. [SCOPE/CU]
4.6.1. Film as written either via scope or a CU if scope not used

4.7. Test the dispensing of dsRNA for problems.  Blockage in the tip and inadequately secured needles are the main sources of problems. [SCOPE]
4.7.1. Ejecting the dye solution several times under scope, no blockage

4.8. Once the injector is prepared, pick one to three pupae and transfer them to the filter paper stage.  [MED]

4.8.1. Film as written

4.9. Using a paintbrush, orient the pupa so that the dorsal cuticle is accessible. [CU]

4.9.1. Film as written

4.10.  By pressing on the paper, the excess water on the pupae will be absorbed. [CU]
4.10.1. pressing paper, pupae dry up, get the lighting right to show this trick (we got this shot at the start of 4.11, 4.13 and 4.14)
4.11. While keeping the pupa still with a wet paintbrush, [4.11.1-ECU] use an anterior-to-posterior motion to insert the needle into its dorsal cuticle – between the abdomen and the thorax – at approximately a 30 degree angle. Then, inject 1 to 2 pulses of double stranded RNA into the hemolymph.  Dispersion of the dye throughout the body should be visible, if the injection has succeeded.  [4.11.2-SCOPE]
4.11.1. Securing a pupa just before injecting it

4.11.2. Injecting a pupa, as described

4.12. Kim: While injecting the pupa, it is critical that the needle only punctures the dorsal cuticle.  [MED]
4.12.1. Talent at the injection set up, interview segment
4.13. If the needle puncture extends through the ventral cuticle, pooling of dye-labeled liquid will be evident on the exterior of the pupa or the dye will transfer onto the filter paper. In such cases the pupa must be discarded. [SCOPE]
4.13.1. Demonstration of how NOT to inject a pupa, as written
4.14. If dye does not distribute throughout the hemolymph, the tip is most likely obstructed.  Move the tip slightly and determine whether any release of RNA and dye has occurred.  [SCOPE]

4.14.1. Another demonstration of a failed injection, show movement of needle post-injection with inadequate dye release

4.15. If there is no indication of dye release, discard the pupa. [MED] 
4.15.1. Pupa removed from dish and trashed

4.16. Then, assess the tip of the needle and perform another injection on a new pupa. [SCOPE]  
4.16.1. Checking needle after failed injection  (this is filmed with 4.14 – at the end of the shot)
4.17. After successfully injecting a pupa, use the wet paintbrush to gently release it from the needle, [4.17.1-SCOPE/ECU] and move it into the dish of water, where it will complete development. [4.17.2-CU] 
4.17.1. Film as written, an ECU may work better depending on the magnification of the scope

4.17.2. Setting injected pupa into water dish
5. Culturing and Assessing Injected Pupae
5.1. Place the dish of injected pupae in a mosquito cage or container under normal rearing conditions. [WID]
5.1.1. Talent arrives to mosquito housing area with dish of injected pupae 

5.1.2. (ADDED SHOT) Placing the dish of pupae in the container and securing it 

5.2. For an adult food source, provide glucose [5.2.1-MED] in a 10% weight-by-volume solution, soaked into a cotton ball. [5.2.2-CU]
5.2.1. Preparing the food in a cotton ball

5.2.2. Adding prepared cotton ball to container of injected pupae
5.3. After the adults have emerged, compare them with controls.  [ECU]
5.3.1. Plate of injected pupae that have developed and are now emerged as adults
5.4. For example, dsSRPN2 (“sir-pin”) insects should be assessed daily for pseudo-tumor formation.  [5.4.1-WID] To do this, chill the adults for two to three minutes at -20 ºC, [5.4.2-MED] and transfer them to a 2 ºC cold plate for viewing. [5.4.1-CU]
5.4.1. Selecting the dsSRPN2 insects that need anesthetizing and taking them to freezer

5.4.2. Loading insects into freezer, staring a timer

5.4.3. Moving chilled insects onto cold plate for viewing
5.5. After viewing the adults, return them to the insectary rearing area. [MED]
5.5.1. Transferring mosquitos from cold plate back to cage
6. Results: Injection Survivorship and SRPN2 Knockdown by dsRNA Injection 
6.1. Once the technique was mastered, injected pupae emerged with a frequency of about 70%. In a subset of the injected pupae, partial emergence from the pupal case occurred, leading to inviable mosquitoes.  

6.1.1. Fig 3

6.2. There was no delay in emergence rates between injected and uninjected mosquitoes …
6.2.1. Fig 4A

6.3. … and the impacts of injection did not vary by gender.

6.3.1. Fig 4B

6.4. Ten days after emergence, there was no notable change in survivorship of the injected mosquitoes compared to the non-injected controls.

6.4.1. Fig 4C

6.5. The serine proteinase inhibitor SRPN2 was used as a positive control and dsLacZ was used as a negative control, for dsRNA injections.  By three days post-emergence, pseudo-tumors in the dsSRPN2-injected adults were evident via light microscopy. After eight days, pseudo-tumors were very prominent.
6.5.1. Fig 5A 
6.6. In adult stage mosquitoes, melanotic pseudo-tumors were observable through the cuticle of most dsSRPN2-injected animals, while no pseudo-tumors were observable in controls.
6.6.1. Fig 6A

6.7. Five days post-injection, SRPN2 protein levels were significantly lower in dsSRPN2-injected mosquitoes, compared to dsLacZ-injected controls and non-injected controls.

6.7.1. Fig 6B
7. Conclusion (said by authors on camera)

7.1. Kim: After watching this video, you should have a good understanding of how to perform RNA interference trigger deliver into Anopheles gambiae pupae, using this newly developed injection protocol.

7.2. Rachel: Generally, individuals new to this method will struggle because of the unpredictable movement of the pupa.  However, practicing the correct positioning and stabilization of the pupa greatly enhances the rate of successful injection, as well as injection quality.  

7.3. Rachel: Once you’ve mastered the technique, these injections require approximately 30 seconds per pupa.

7.4. Kim: With the development of this technique, we have paved the way for researchers in the field of vector biology to explore and assess gene function during pre-adult and early adult developmental stages in the major malaria vector, Anopheles gambiae. 

7.5. Rachel: Following this procedure, other methods such as Western blot analysis or quantitative PCR can be performed to determine the extent of target gene knockdown, at the level of protein or transcript expression, respectively.
7.6. Kim: Ultimately, the technique can help identify genes that are critical for parasite transmission by mosquitoes, and this approach will help us identify new targets and provide new insights into how we can create more effective vector control strategies.
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.  

2.1-2.2 – dsRNA synthesis.pdf – dsRNA synthesis schematic.  
2.4 – DNA_dsRNA_gel_V2.pdf – agarose gel electrophoresis image showing marker, DNA template and dsRNA.
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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