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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Yes_____  

Can you record movies/images using your own microscope camera? (Y/N)_Authors would like videographer to film scope shots  
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: _____________________________________________

B.   Software Usage: 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? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _
1. Needle Beveling

2. Host Parasitization (3.4)

3. Embryo collection (3.6, 3.9)

4. Embryo alignment (3.10)

5. Microinjection (4.3)
6. Embryo post injection care  (5.1)
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.)  
The most difficult aspect of this procedure is embryo injection.
To ensure success, we 
4.3 Carefully insert the needle into the posterior end of the embryo with a vertical angle of 25–35 °. Inject 1–5 pL of injection mixture (around 2–10% of the embryo’s volume) and ensure that the embryo appears to swell slightly as the mixture is injected into it (Figure 2-iv).
E.  Will the filming need to take place in multiple locations? (Y/N) __No_____ If yes, how far apart are the locations? _

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to successfully perform a microinjection into Nasonia vitripennis (pronunciation note: the pen in vitripennis is pronounced like the writing instrument) embryos in order to facilitate genomic manipulation. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Michelle Bui: This method can help answer key questions related to Nasonia vitripennis biology, such as in venom production and sex determination. 
1.2. Michelle Bui: The main advantage of this technique is that it allows for a direct manipulation into the wasp genome and can quickly produce a wide variety of advanced genomic modifications.   
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Michelle Bui: Demonstrating the procedure will be Ming Li, a post doc from our laboratory.  

1.3.1. Interview style: Author saying the above 

1.3.2. The named post doc looks up from workbench or desk or microscope and acknowledges the camera.

Protocol: (read by voice talent at JoVE)
2. N. vitripennis Colony Rearing
2.1. To begin, set up several N. vitripennis colonies [1-WIDE-TXT] by placing 200 – 500 adults with a 3:1 ratio of females:males in bug dorm cages [2-CU].
2.1.1. Talent at bench begins to set up N. vitripennis colonies (TEXT: ~ 3 – 5)
2.1.2. Talent places bugs into dorm cages
Author note: videographer took video of what the setup cage looks like. Note to video editor: Slating number was not specified. 
2.2. Maintain the wasps at 25 ± 1 °C with 30% relative humidity and a 12:12 light dark cycle [1-WIDE/MED].  For two days, allow the mated females to feed on fresh S. bullata pupae, as well as small droplets of a 1:10, v/v sucrose/water solution [2-CU].
2.2.1. Talent places wasps into incubator
2.2.2. Talent adds food and sucrose water solution to cages 
2.3. For the following two days, remove the blowfly pupae to deprive the female wasps of an oviposition site, making them very gravid [1-CU].
2.3.1. Talent removes blowfly pupae from cages
3. Collection and Alignment of N. vitripennis Pre-blastoderm Stage Embryos
3.1. To keep S. bullata pupae hosts fresh, store them at 4 °C immediately after obtaining them and only remove them when needed [1-MED].
3.1.1. Talent places S. bullata into fridge 
3.2. Differentiate between young hosts that have a red colored puparium and older hosts that have a darker colored puparium [1-LM].
3.2.1. LAB MEDIA Figure 1A, Editor, add in the ‘Young’ label when mentioned and ‘Old’ label when mentioned.
3.3. Allow female wasps to parasitize into the young hosts by placing individual fresh S. bullata pupae into a foam stopper with a pupae-sized hole cut into the center [1-CU/ECU].
3.3.1. Talent places individual pupae into a foam stopper with a hole in the middle 
3.4. For maximum concentration of parasitization and easier embryo collection, expose only ~ 0.2 cm of the anterior end of the host [1-CU/ECU-TXT], which is rounded, compared to the posterior end, which is thicker and contains a ‘crater-like’ opening [2-ECU].
3.4.1. Talent positions and points out host anterior end which is exposed (TEXT: Preferred oviposition site)
3.4.2. Single host laying on its side and with anterior rounded end on left and posterior end with crater on the right, Editor, point out each end when mentioned.  Alternatively, use the image of the young host in Figure 1A and point out each end when mentioned.
3.5. Place host pupae in this arrangement into the cage and wait roughly 45 min [1-CU] to allow wasps to parasitize them [2-SCOPE].
3.5.1. Talent places host pupae into the cage (TEXT: Roughly 5 host pupae per 100 wasps)
3.5.2. Host under scope with wasp embryos, 
3.6. Remove parasitized hosts by retrieving them by hand and gently tapping or blowing off any residing wasps [1-CU].  Replace them with fresh hosts approximately every 15 min to continue collecting early staged eggs during injections [2-MED/CU].
3.6.1. Talent removes hosts by hand and taps or blows of residual wasps
3.6.2. Talent replaces hosts with fresh hosts
3.7. Under a dissecting microscope [1-MED], use forceps to carefully peel away the posterior end of the exterior puparium of a freshly parasitized host to expose the N. vitripennis eggs [2-SCOPE-TXT].
3.7.1. Talent sitting at scope looking at parasitized hosts (TEXT: 0.4 cm)
3.7.2. Talent uses forceps to peel away posterior end of exterior puparium and exposes eggs (TEXT: Refer to text protocol for additional details) 
3.8. Then prepare an embryo alignment slide by using liquid adhesive to glue a coverslip onto a clean glass slide [1-CU].
3.8.1. Talent glues coverslip onto a slide  
3.9. With a wet fine-tip paintbrush, carefully brush-off the embryos from the host, making sure not to damage the soft pupal skin of the host [1-SCOPE].
3.9.1. Talent uses tip of paintbrush to brush off embryos from host 
3.10. Then with a wet paintbrush, transfer approximately 20 embryos one-by-one onto the slide, immediately adjacent to the side of the coverslip [1-SCOPE]. 
3.10.1. Talent uses wet paintbrush to transfer embryos onto slide adjacent to side of coverslip
3.11. Orient the anterior end of the embryo against the cover slide’s edge so that the posterior ends of the embryos are pointed in the same direction. This will allow for higher precision of injecting into the same position among all embryos [1-SCOPE]. 
3.11.1. Talent orients end of embryos against edge of coverslip with posterior ends of embryos pointed in same direction 
4. Embryo Microinjection
4.1. After pulling injection needles according to the text protocol, bevel the needle tip by slightly touching the tip to a diamond abrasive plate at 25 (C for approximately 10 s [1-ECU].
4.1.1. Talent bevels needle tip on diamond abrasive plate 
4.2. Prepare the injection mixture consisting of genome modification reagents [1-CU-TXT], and keep it on ice [2-MED/CU].
4.2.1. Talent prepares microinjection mixture (TEXT: e.g., transposon + helper transposase, or CRIPSR reagents, etc.)
4.2.2. Talent places mixture on ice
4.3. Use a microloader tip to load the injection needle with 2 (L of injection mixture [1-CU/ECU].  Then place the glass slide with the lined embryos onto the stage of a compound microscope [2-CU]. 
4.3.1. Talent loads injection needle

4.3.2. Talent places glass slide onto stage of compound microscope
4.4. Carefully insert the needle into the posterior end of the embryo with a vertical angle of 25 – 35° [1-SCOPE]. Then inject 1 – 5 pL of injection mixture and ensure that the embryo slightly swells with the injection [2-SCOPE-TXT].

4.4.1. Talent inserts the needle into the posterior of the embryos with a vertical angle of 25 – 35 degrees 

4.4.2. Talent injects mixture and embryos slightly swells (TEXT: Around 2–10% of the embryo’s volume) 
4.5. If clogging occurs, try re-beveling the needles.  The cytoplasm of N. vitripennis embryos is unusually viscous and sticky, which leads to frequent needle clogging [1-CU/ECU-TXT].
4.5.1. Talent re-bevels the needle (TEXT: 1/25 injections)
4.6. Inject approximately 20 – 40 eggs at a time, and then stop [1-CU-TXT]. Transfer the injected eggs with a wet paintbrush by lightly touching the injected eggs and place them into a host [2-SCOPE]. Then, continue injecting, using a fresh, newly laid batch of eggs [3-SCOPE-TXT].
4.6.1. Talent injects eggs (TEXT: Should take roughly 10 min)
4.6.2. Talent transfers eggs with a wet paintbrush into a host 
4.6.3. Talent continues to inject a batch of eggs (TEXT: > 1 h old)
4.7. Michelle Bui, Step 4.5: Ideally this step is most effective if one person is continuously collecting and lining up eggs, while another person is injecting the genome modification components and transplanting injected embryos to host pupae [1-INTERVIEW].
4.7.1. Talent recites the above statement looking off camera

5.  Transplanting Injected G0 N. vitripennis Embryos onto Pre-stung hHost
5.1. After microinjection, use a wet paintbrush to carefully place up to 40 injected G0 embryos, one at a time, onto a previously stung S. bullata pupae [1-SCOPE-TXT]
5.1.1. Talent transfers injected embryos onto previously stung S. bullata pupa (TEXT: Avoid overcrowding to prevent larval competition)
5.2. Place the host pupae into a Petri dish with damp filter paper and cotton balls [1-CU], and incubate them at 25 °C with roughly 70% humidity until injected embryos hatch in about 1 – 2 days [2-MED].
5.2.1. Talent places pupae into petri dish with damp filter paper and cotton balls
5.2.2. Talent places dish into incubator 
5.3. Importantly, hosts can be left with a peeled off puparium and the N. vitripennis eggs will develop normally so long as they are incubated in a humidified chamber to prevent desiccation [1-ECU].
5.3.1. Shot of hosts with peeled off puparium with embryos on host in dish with damp filter paper and cotton balls
5.4. After G0 embryos hatch, transfer the host pupae into a new Petri dish [1-ECU] and incubate them at 25 °C and 70% humidity [2-WIDE].   Monitor the host pupae and injected G0 larvae daily. If the host pupae have a foul smell, transfer the injected larvae to new healthy host pupae [3-CU/ECU-TXT].
5.4.1.  Talent transfers host pupae into new dish
5.4.2. Talent places dish into incubator
5.4.3. Talent transfers injected larvae to new healthy host pupae (TEXT: Screen for genome modifications according to the text protocol)
6. Results: sgRNA and Cas9 Microinjection in N. vitripennis Transplanted Embryos 
6.1. For effective needle penetration and microinjection into N. vitripennis embryos, different micropipette pullers were tested with several types of capillary glass needles with filaments including quartz, aluminosilicate, and boroscilicate to have a desired hypodermic-like long tip effective for N. vitripennis embryo microinjection [1-LM].
6.1.1. LAB MEDIA Figure 4, Table 1, Editor, begin with Table 1 first then for ‘with several types of capillary…’ zoom out on the table and add in the two panels from 4A one at a time first, then add in the three sets of panels from 4B underneath them as shown.
6.2. The genome modification components used here were mixed guide RNAs and Cas9 protein for CRISPR-mediated genome editing.  In this experiment, an sgRNA targeting the cinnabar gene was injected at varying amounts along with Cas9 protein into N. vitripennis.  This table shows that the survival rates were dose dependent as increased concentration of sgRNA and Cas9 protein led to decreased survival rates [1-LM].
6.2.1. LAB MEDIA Table 2, Editor, use an arrow pointing down from above to point out sgRNA-1 for ‘an sgRNA targeting cinnabar…’ then move the arrow to the next column to the right to point out Cas9 when mentioned.  For ‘…dose dependent as increased concentration…’ use an arrow from the left side moving down the table to point out the increase in sgRNA and Cas9 and then use an arrow from the right side moving down the table to show the decrease in survival rates when mentioned at the end of the last sentence.
7. Conclusion (said by authors on camera)

7.1. Michelle Bui: While attempting this procedure, it’s important to remember to take care not to puncture nor desiccate the wasp embryos during transfer or manipulation by carefully using a moistened fine tip paintbrush or embryo pick.
7.2. Michelle Bui: After watching this video, you should have a good understanding of how to retrieve, microinject, and transplant wasp embryos efficiently in order to successfully perform advanced genome modifications.
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.

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.

( 2017, Journal of Visualized Experiments


