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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  Y, microscope with C-mount

2. Software: Does the part of your protocol being filmed demonstrate software usage?  N

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N

Protocol Length
Number of Shots: 48


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Elke Buschbeck: Even as gene editing has become popular for studying the molecular genetics of non-model organisms, RNAi remains a powerful synergistic tool [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

REQUIRED: 

1.2. Yoshi Tomoyasu or Elke Buschbeck: The main advantage of this technique is that it can be applied to different developmental stages. In addition, partial knockdown can be used to study lethal genes [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL:

1.3. Jenni Hassert or Shubham Rathore: Our protocol focuses on diving beetles but, with a few modifications, it can be applied to many other organisms [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL:

1.4. Shubham Rathore: The success of the procedure relies on the injection of dsRNA with minimal harm. This takes practice, so don’t be discouraged if it takes a few attempts to get it right [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Videographer: Can cut for time



Protocol
2. Early stage T. marmoratus Embryo Preparation
2.1. To prepare early stage embryos for microinjection, first pour boiling 20% agarose into a small Petri dish [1] and place three 1-2-millimeter wide plastic tubes onto the surface of the liquid agarose before it solidifies [2].
2.1.1. WIDE: Talent adding agar to dish
2.1.2. Tube(s) being placed onto surface 
2.2. Once the agarose has solidified, use a pair of blunt forceps to remove the tubes [1] and cover the resulting indentations with 500 microliters of autoclaved distilled water [2].
2.2.1. Tube(s) being removed
2.2.2. Water being added to indentations
2.3. When the collection container is ready, use a fine natural hair paintbrush to transfer 5-8-hour-old T. marmoratus embryos from the beetle nesting sites [1-TXT] into a glass cavity dish filled with autoclaved distilled water under a stereomicroscope [2].
2.3.1. Embryo being collected from nesting site TEXT: Frequently monitor nesting sites to ensure properly aged egg collection 
2.3.2. Embryo being added to dish under microscope
2.4. Using the microscope and fine dissection forceps, grasp the chorion of each embryo from both sides [1] and rip the chorion open, allowing the embryo to slide gently out of the tissue [2].
2.4.1. SCOPE: Chorion being grasped 
2.4.2. SCOPE: Chorion being opened/embryo sliding out Videographer: Important step
2.5. After removing both chorion layers from all of the collected embryos [1], use the paintbrush to carefully transfer the embryos from the glass cavity dish into the grooves of the prepared agarose plate [2].
2.5.1. SCOPE: Second layer being removed Videographer: Important step
2.5.2. SCOPE: Embryo being added to groove
3. Early Stage T. marmoratus Embryo Double Stranded RNA (dsRNA) Microinjection
3.1. To inject early stage embryos with gene-specific double stranded RNA, first prepare microinjection needles on a needle puller [1] and use the stereomicroscope and fine forceps to break each tip to a sharp edge [2].
3.1.1. WIDE: Talent pulling needle
3.1.2. SCOPE: Shot of tip, then tip being broken 
3.2. After thawing the purified stock double stranded RNA of interest on ice, add 1 microliter of 10x injection buffer to the resulting solution and use double distilled water to bring the final volume of the solution to 10 microliters [1].
3.2.1. Talent adding buffer to RNA, with buffer container and ice visible in frame
3.2.2. Talent adding water to solution
3.3. Use a P10 pipette to backfill one of the prepared microinjection needles with the working double stranded RNA solution [1] and load the needle onto a microneedle holder connected to a microinjection system that utilizes pressure ejection technology [2].
3.3.1. Talent filling needle
3.3.2. Needle being loaded onto microinjection system
3.4. Turn on the microinjection system and the pressurized air supply [1] and use the microvalve on the microinjection system to set the injection pressure to 15 pounds of pressure per square inch [2].
3.4.1. Talent turning on system and/or air supply
3.4.2. Talent setting pressure to 15 psi
3.5. Then use the time adjustment knob to set the injection duration to seconds [1-TXT].
3.5.1. Talent setting injection duration to seconds TEXT: Adjust injection duration before injection of different dsRNA volumes as necessary
3.6. To calibrate the injection needle, assess the volume of the fluid bubble that is formed at the tip of the needle when injecting into air [1]. 
3.6.1. Talent assessing volume
3.7. For T. marmoratus embryos, use an optimal bubble size of 100-200 microns. The injection needle is of good quality if optimal bubbles can be achieved at 15 pounds of pressure per square inch with an injection duration of about 3 seconds [1].
3.7.1. Shot of 100-200-micron bubble being formed
3.8. When the needle setup is ready, align the needle and the agarose plate of embryos such that the needle approaches the embryos at a 45-60-degree angle [1].
3.8.1. Needle being aligned with plate under microscope 
3.9. Use the micromanipulator to slowly move the microneedle until the tip is touching the surface of the middle of one embryo [1]. Then carefully move the needle forward until it just pierces the surface of the embryo [2-TXT].
3.9.1. SCOPE: Needle being moved to surface
3.9.2. SCOPE: Needle piercing surface Videographer: Important/difficult step TEXT: Caution: Deep perforation can affect embryo survival
3.10. Once the needle is inside the embryo, carefully press the microinjector injection button to deliver 1-2 nanoliters of double stranded RNA to the embryo [1].
3.10.1. SCOPE: dsRNA being injected Videographer: Important step
3.11. When all of the RNA has been delivered, slowly retract the needle from the embryo without causing the embryo to rupture [1]. Successfully injected embryos can be identified by the presence of a colored spot at the site of the injection [2].
3.11.1. SCOPE: Needle being retracted
3.11.2. SCOPE: Shot of successfully injected embryo
3.12. When all of the embryos have been injected, carefully place the dish into a humidity chamber in a 25-degree Celsius incubator set to a 14-hour light, 10-hour dark cycle for 4-5 days [1].
3.12.1. Talent placing dish into chamber
3.13. Monitor the embryo development progress daily under the stereomicroscope to identify morphologically visible knockdown phenotypes [1], using a high-resolution digital camera to document the development process [2].
3.13.1. SCOPE: Shot of embryo after 2-3 days in incubator OR LAB MEDIA: Figure 2A
3.13.2. Talent imaging embryos
3.14. Remove any dead embryos [1] and replenish the water on the agarose plate daily to avoid desiccation and the spread of microbial contamination to other surviving embryos during the incubation period [2]. 
3.14.1. Talent removing embryo(s)
3.14.2. Talent adding fresh water

4. T. marmoratus Larva Preparation

4.1. Before collecting the larvae, first add 60-70-degree Celsius 2% liquid agarose to a small Petri dish [1].

4.1.1. WIDE: Talent adding agarose to dish

4.2. When the agarose has solidified, use blunt forceps to make one shallow groove per larva to be injected into the agarose [1] and carefully drain the water from the larva culture cups [2].

4.2.1. Groove being made
4.2.2. Talent draining water

4.3. After anesthesia, use soft-ended forceps to carefully place the larvae onto the immobilization plate with the necks and bodies in the grooves but the tails located above the agarose surface [1-TXT].

4.3.1. Larva being placed into groove TEXT: Anesthesia: ice incubation

4.4. When all of the larvae have been placed, cover each larva with a thick layer of agarose that is still liquid but not dangerously hot [1] and free any tails that were accidentally covered as necessary [2].

4.4.1. Larva being covered
4.4.2. Tail being freed
5. T. marmoratus Larva dsRNA Microinjection
5.1. For double stranded RNA microinjection, load a microneedle with the gene-specific double stranded RNA working solution of interest as demonstrated [1].
5.1.1. WIDE: Talen loading needle
5.2. Retract the plunger of a manually controlled microinjection syringe [1] and load the needle onto the microinjection system [2].
5.2.1. Plunger being retraced
5.2.2. Talent loading needle onto system
5.3. Position the immobilized larva under the stereomicroscope [1] such that the injection site is aligned with the trajectory of the microinjection needle at a relatively flat angle [2].
5.3.1.  Talent placing immobilization dish under microscope
5.3.2. SCOPE: Needle being aligned with injection site Video Editor: please emphasize injection site between third and fourth body plate segments
5.4. Use the micromanipulator to carefully move the needle tip into the larva [1] and slowly and carefully apply pressure to the syringe [2], adjusting the injection pressure according to the movement of the colored injection fluid in the needle as necessary [3].
5.4.1. SCOPE: Tip being inserted into larva Videographer: Important/difficult step
5.4.2. Talent pressing plunger
5.4.3. SCOPE: Fluid moving into larva/pressure being adjusted Videographer: Important step
5.5. When all of the RNA has been injected, use soft forceps to free the larva from the agarose [1] and place the larva into a new container of room temperature water at 25-28 degrees Celsius and a 14-hour light, 10-hour day cycle [2-TXT].
5.5.1. Larva being freed
5.5.2. Talent placing larva into container TEXT: Repeat for each larva



Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see?
2.4.2., 2.5.1., 3.9.2., 3.10.1., 5.4.1., 5.4.3.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.9.2., 5.4.1.




Results
6. Results: Representative Effects of RNA Interference in Aquatic Beetles at Different Developmental Time Points

6.1. In this representative analysis [1], three different genes were knocked down at a variety of different developmental stages of the Sunburst Diving Beetle T. marmoratus [2].

6.1.1. LAB MEDIA: Table 1
6.1.2. LAB MEDIA: Table 1 Video Editor: please emphasize White, Lac2, and Lens3 data rows

6.2. RNA interference is performed as demonstrated by injecting double stranded RNA at a very early stage of embryogenesis [1].

6.2.1. LAB MEDIA: Figure 1A

6.3. Some of the embryos do not survive the process and turn necrotic [1]. 

6.3.1. LAB MEDIA: Figure 1B Video Editor: please add/emphasize dead embryo text and arrow 

6.4. In these images [1], a control individual [2] and an individual with a slightly lighter eye color can be observed [3].

6.4.1. LAB MEDIA: Figure 2A
6.4.2. LAB MEDIA: Figure 2A Video Editor: please emphasize red tissue in control image
6.4.3. LAB MEDIA: Figure 2A Video Editor: please red tissue in white RNAi image

6.5. In this individual, a more severe knockdown [1], in which the more ventral eyes of the cluster are completely unpigmented [2] but the dorsal eyes still show some pigmentation, can be observed [3].

6.5.1. LAB MEDIA: Figure 2A Video Editor: please add Figure 2B
6.5.2. LAB MEDIA: Figures 2A and 2B Video Editor: please emphasize unpigmented eyes in Figure 2B
6.5.3. LAB MEDIA: Figures 2A and 2B Video Editor: please emphasize pigmented eyes

6.6. Here, an example of another individual with essentially complete pigment loss in all of the eyes is shown [1].

6.6.1. LAB MEDIA: Figure 2 Video Editor: please emphasize lack of pigment in Figure 2C

6.7. The injection of double stranded DNA targeting the tannic gene lac2 (lack-two) into second instar larvae a few days before they are due to molt into third instars [1] results in a decrease in cuticular coloration of the third instar larvae [2].

6.7.1. LAB MEDIA: Figure 4
6.7.2. LAB MEDIA: Figure 4 Video Editor: please emphasize lac2 RNAi image in Figure 4A, lac2 RNAi image in Figure 4C, and lac2 RNAi image in Figure 4D

6.8. Lighter adult individuals [1], with somewhat deformed wings, likely due to the unusual softness of the tissue, are also obtained [2]. 

6.8.1. LAB MEDIA: Figure 5 Video Editor: please emphasize Lac2 RNAi image
6.8.2. LAB MEDIA: Figure 5 Video Editor: please emphasize deformed wing of Lac2 RNAi image





Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Shubham Rathore: Be sure to work cleanly, to closely observe your injected animals on a daily basis, and to immediately remove any dead individuals [1].

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (3.14.1.) 

7.2. Elke Buschbeck: The power of this technique is that it can be applied to the genes of many different organisms [1].

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Videographer: Can cut for time 

7.3. Yoshi Tomoyasu or Elke Buschbeck: This technique has also been widely and successfully applied to evolutionary developmental biology [1].

7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Videographer: Can cut for time 
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