[image: ]FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #:  61892
Scriptwriter Name: Anastasia Gomez
Project Page Link: https://www.jove.com/account/file-uploader?src=18877108 

Title:   Pupal and Adult Injections for RNAi and CRISPR Gene Editing in Nasonia vitripennis

Authors and Affiliations: 

Elena Dalla Benetta1*, Duverney Chaverra-Rodriguez1*, Jason L. Rasgon2, Omar S. Akbari1† 

1Division of Biological Sciences, Section of Cell and Developmental Biology, University of California, San Diego, La Jolla, California 92093
2Department of Entomology, The Center for Infectious Disease Dynamics, The Huck Institutes of the Life Sciences, The Pennsylvania State University, University Park, Pennsylvania, 16802 
*Equal contribution

Corresponding Authors: 
[bookmark: _Hlk25233958]
Omar S. Akbari

Email Addresses for All Authors: 


dallabenetta.elena@gmail.com 
dchaverrarodriguez@ucsd.edu
jlr54@psu.edu
oakbari@ucsd.edu
edallabenetta@ucsd.edu


Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  YES  
If Yes, can you record movies/images using your own microscope camera?
NO  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Jenco USA

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  NO

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☐ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements. JoVE can provide support for this option.

☐ 	Interview Statements are read by JoVE’s voiceover talent. 

☐ 	Author interview statement opt out. Statements removed completely.

4. Filming location: Will the filming need to take place in multiple locations?   NO

Current Protocol Length

Number of Steps: 24
Number of Shots: 49

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Elena Dalla Benetta: Research on non-canonical insect models like parasitoid wasps is limited because embryonic microinjection is very challenging. Our method bypasses this problem, enabling site-specific and heritable germline mutations.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
 
1.2. Duverney Chaverra-Rodriguez: Injecting pupa or adult females is fast and removes the requirement for expensive equipment or specialized training required to achieve successful embryonic microinjections.

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

OPTIONAL: 
1.3. Elena Dalla Benetta: This technique will allow non-specialized labs that do not have access to expensive equipment to do functional studies in any insect species that they are using as model.

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

1.4. Duverney Chaverra-Rodriguez: After further optimization, this method can be used to study functional genetics of many other genes in Nasonia.  We also think this method may be used to deliver nucleic acids for genetic transformation of Nasonia or other insects. 

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



Protocol
2. Nasonia rearing
2.1. Begin by setting up approximately 20 mated females singularly in small glass test tubes plugged with cotton [1-TXT]. Add two S. bullata hosts per tube [2] and maintain the wasps at 25 degrees Celsius and 30% relative humidity, with a 12 to 12 light to dark cycle for 2 to 3 days [3].
2.1.1. WIDE: Establishing shot of talent placing a tube with a female on the lab bench. TEXT: 10 x 85 cm, 4 mL tubes are optimal
2.1.2. Talent adding S. bullata hosts into a tube. 
2.1.3. Talent putting the tube in the incubator. 
2.2. After 2 to 3 days, gently remove the females using a fine-tipped brush to avoid continuous oviposition and asynchrony in offspring development. Removed females can optionally be re-hosted or stored at 5 degrees Celsius for up to a month [1].
2.2.1. Talent removing the females.
2.3. Maintain the parasitized host at 25 degrees Celsius and 30% relative humidity, with a 12 to 12 light to dark cycle [1] for 7 days if the desired injection stage requires white pupae, for 13 days if the required developmental stage is black pupae, or 14 days for young, newly emerged adults [2].
2.3.1. Talent putting the tube with the parasitized host in the incubator. 
2.3.2. Tube with pupae or adults.
2.4. When the desired stage is reached, crack open the host puparium with a dissecting needle [1] to recover N. vitripennis pupae and adults [2].
2.4.1. Talent cracking open the puparium. 
2.4.2. Talent recovering a pupae or adult.
3. Alignment of white and black pupae
3.1. Prepare a glass slide by applying a line of school glue at the center [1]. Spread the glue with a dissecting needle to obtain a thick layer [2], which will be used to align the pupae. Let the glue dry for approximately 2 minutes before transferring the pupae [3]. Videographer: This step is important!
3.1.1. Talent applying glue to a slide. 
3.1.2. Talent spreading the glue. 
3.1.3. Slide with glue drying.
3.2. Under a dissecting microscope, use a dissecting needle to apply glue on the back of the head of the pupa [1]. Attach the pupa to the glue layer on the slide with its abdomen facing up [2]. Align 20 to 30 pupae side by side on the slide [3]. Videographer: This step is important!
3.2.1. SCOPE: Talent applying glue to pupa’s head. 
3.2.2. SCOPE: Talent attaching the pupa to the slide. 
3.2.3. SCOPE: Aligned pupae.
3.3. Place the slide with the pupae in a Petri dish to let the glue dry for approximately 10 minutes [1]. Before starting the injections, test the adherence of the pupae to the glue by pushing them gently with the dissecting needle. If most of the pupae are loosened, prepare a new slide [2]. 
3.3.1. Talent placing the slide in the Petri dish. 
3.3.2. SCOPE: Talent pushing pupae gently. 
3.4. Alternatively, remove all loose pupae and proceed to inject those that are properly attached to the slide [1].
3.4.1. SCOPE: Talent removing loose pupae.

4. Needle preparation
4.1. Load one capillary glass tube into a needle puller, and pull needles following the manufacturer’s instructions [1].
4.1.1. Talent pulling a needle. 
4.2. Load the needle with 5 microliters of the prepared injection mixture using microloader pipette tips [1-TXT].
4.2.1. Talent loading the needle. TEXT: RNAi or CRISPR/Cas9 RNP
4.3. Open the needle, sliding the tip on a surface made from two overlapping slides [1]. Alternatively, open the tip of the needle with a pair of fine forceps to create a sharp edge [2]. Videographer: This step is important!
4.3.1. SCOPE: Talent opening the needle by sliding the tip on a surface. 
4.3.2. SCOPE: Talent opening the needle with forceps. 

5. Pupal injection with femtojet
5.1. Place the slide with the aligned pupae under a dissecting microscope [1], then insert the needle into the femtojet’s injection tube and tighten the grip head [2]. Looking at the needle under the microscope [3], turn on the femtojet and set the compensation pressure and injection pressure parameters by rotating the rotary knobs [4-TXT]. 
5.1.1. Talent placing the slide under the microscope. 
5.1.2. Talent inserting the needle into the injection tube. 
5.1.3. SCOPE: Needle under the microscope.
5.1.4. Talent adjusting the rotary knobs. TEXT: Pc value of 600 hPa is recommended
5.2. Carefully insert the needle between the second and third visible abdominal segments with a vertical angle of about 30 degrees. Inject with a continuous flow until the whole abdomen turns pink in the case of white-stage pupae, or until the abdomen increases in size in the case of black pupae [1]. Videographer: This step is difficult and important!
5.2.1. SCOPE: Talent inserting the needle and injecting a pupa.
5.3. Stop injecting when it is clear that the abdomen cannot take any more liquid, or when the liquid starts flowing out of the body [1]. Move carefully to the next pupa and repeat these steps [2].
5.3.1. SCOPE: Talent removing the needle. 
5.3.2. SCOPE: Talent moving on to the next pupa.
5.4. Transfer the slide with the injected pupae to a Petri dish containing a paper towel soaked with deionized water to maintain humidity. Cover the dish with its lid [1] and place it at 25 degrees Celsius until wasp emergence [2].
5.4.1. Talent placing the slide with the pupae in the Petri dish and covering it. 
5.4.2. Talent placing the dish in the incubator. 

6. Adult injection with aspirator tube
6.1. For adult preparation, separate groups of 20 virgin females in a clean small test tube with a fine paintbrush [1]. Place a glass slide on top of ice [1] and align the females side by side on the cold slide with abdomens facing up under a dissecting scope [3].
6.1.1. Talent separating females in a test tube. 
6.1.2. Talent placing a slide on top of ice. 
6.1.3. SCOPE: Talent aligning females.
6.2. Load one needle with the ribonucleoprotein solution using a microloading tip [1] and insert the needle into the connector pack of the aspirator tube assembly [2]. 
6.2.1. Talent loading a needle. 
6.2.2. Talent inserting the needle into the connector pack.
6.3. Support the females from the opposite side with blunted dissecting needles while injecting slowly into the abdomen. Avoid touching the ovipositor, this will severely damage this critical reproductive structure [1]. Videographer: This step is important!
6.3.1. SCOPE: Females about to be injected.
6.4. Carefully insert the needle between the second and third visible abdominal segments with a vertical angle of about 30 degrees. Inject the solution into the female abdomen, stopping when no more liquid can enter, or when leaking of surplus solution is observed [1]. Move carefully to the next female and repeat these steps [2]. Videographer: This step is difficult and important!
6.4.1. SCOPE: Talent inserting the needle and injecting.
6.4.2. SCOPE: Talent moving to the next female.
6.5. When finished, gently transfer single injected females to a new tube with one host using a paintbrush [1]. Leave them to recover at room temperature for approximately 1 hour, confirm survival [2], and return the tubes to the rearing incubator [3].
6.5.1. Talent placing the females in a new tube. 
6.5.2. Females recovering. 
6.5.3. Talent returning the tube to the incubator.

7. Post-injection care and mutant screening
7.1. After adult eclosion from the injected pupae, place single wasps into a glass tube plugged with cotton [1] and insert one S. bullata host [2]. 
7.1.1. Talent placing single wasps in a glass tube. 
7.1.2. Talent inserting a host.
7.2. For CRISPR-Cas9 knockout experiments, allow females to parasitize the hosts for one day and replace the host each day for three consecutive days [1].
7.2.1. Talent replacing a host.
7.3. Place the parasitized hosts at 25 degrees Celsius until emergence of the G0 male offspring, approximately 13 to 14 days [1].
7.3.1. Talent placing the host in the incubator. 
7.4. Under a dissecting microscope, screen G0 males for the mutated phenotypes [1]. The cinnabar gene is responsible for eye pigmentation. Wasps with brown eyes are wild type [2], and wasps with bright red eyes or variations between red and brown eyes are mutants [3].
7.4.1. Talent observing a wasp under a microscope. 
7.4.2. SCOPE: Wasp with brown eyes. 
7.4.3. SCOPE: Wasp with red eyes.









Results
8. Results: Survival and efficiency rate of RNAi and CRISPR/Cas9 via pupal and adult injections 
8.1. This protocol can be used for either pupal or adult microinjection [1]. Survival rates of this procedure range from 15 to 100% [2]. The efficiency of achieving the desired phenotype via RNAi or CRISPR without requiring laborious egg injections is shown here [3].
8.1.1. LAB MEDIA: Table 1. 
8.1.2. LAB MEDIA: Table 1. Video Editor: Emphasize the N Survival (%) row. 
8.1.3. LAB MEDIA: Table 1. Video Editor: Emphasize the Injected Individuals Laying Offspring row.


Conclusion
9. [bookmark: _Hlk27388131]Conclusion Interview Statements

9.1. Duverney Chaverra-Rodriguez: When injecting pupae or adult females the needle should be sharp and be introduced in a way that liquid should not leak immediately after injecting. If this happens, remove the needle, ensure that the tip is fine and sharp, change it if necessary, or inject in a different location.

9.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 6.4.1.

9.2. Elena Dalla Benetta: Functional assays can be performed on the gene of interest targeted from this procedure. This will answer questions about the gene function, and if the gene is necessary for the specific phenotype studied. 

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