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Figure 3​. Gravid ​N. vitripennis​ females parasitizing 0.5cm of the posterior end of a ​Sarcophaga               
bullata​ pupae. Importantly, the pupae, is placed inside of a foam stopper (green) to ensure               
embryos are laid in a concentrated manner at the posterior end. 

5. Allow female wasps to parasitize (oviposit embryos) the host for roughly 30 minutes at              
25℃. Then remove the host and replace with a new host, every 15 minutes, to ensure                
sufficient eggs for continuous injection. Note - it is very important that the embryos are               
as young as possible, ideally within the first hour of being oviposited, to ensure that they                
are in the pre-blastoderm stage. Old embryos (>1.0 hour) should not be injected.  

6. To collect embryos, remove parasitized hosts from the foam stopper. Under a dissecting             
microscope, carefully peel off the posterior end of the puparium that was exposed to the               
wasps using forceps. Embryos will be resting on the surface of the host pupa (figure 4).                
Carefully remove embryos from host, using a fine-tip wet paintbrush, ensuring not to             
burst the soft pupal skin inside the host.  
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Figure 4​. Parasitized ​Sarcophaga bullata​ pupae by ​N. vitripennis​ . The puparium has been peeled              
off at the posterior end using forceps, thereby exposing the ​N. vitripennis​  eggs.  

7. Transfer embryos one-by-one to double-sided sticky tape (fixed to a glass slide). Using a              
wet paintbrush orient the eggs one-by-one in a row so the posterior end (more narrow               
end) is pointing in the same direction for each egg (figure 5). Note - we found embryo                 
survival rates to be greater if we did not cover eggs with halocarbon oil during injection                
as is done for ​Drosophila melanogaster microinjection​13​. Since oil is not used, it is              
important to keep the embryos moist during the injection period by regularly adding             
water using the paintbrush. The amount of water on the brush is key to move embryos                
around and align with ease. Too much water results in embryos floating and too little               
water makes them difficult to move around. To adjust the degree of moisture, dip the tip                
of the brush in water then lightly touch the tip of the brush to a dry kimwipe.  

 

Figure 5. ​N. vitripennis embryos are lined up on a glass slide on a piece of sticky tape, and                   
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injected one-by-one into the posterior end.  

8. Ideally this protocol is most effective if one person is continuously collecting and lining              
up eggs, while the other person is injecting the CRISPR/Cas9 components. 

CRISPR/Cas9 embryo Microinjection 

1. Break the closed tip of the needle by either rubbing the needle to the edge of the slide, or                   
by using a microelectrode beveler (Sutter Instrument).  

2. Load the needle with 2ul of injection mixture using ​Microloader Tips for Filling             
Femtotips​.  

3. One-by-one inject, 1-5pl of injection mixture (about 2 -10% of the egg’s volume) into the               
cytoplasm from the posterior end of each egg. We use a femtojet express to control for                
the injection volume.  

4. Inject ~40 eggs at a time (should take roughly 10 minutes) then stop and transfer injected                
eggs into a host then continue injecting again using a fresh newly laid batch of eggs.  

Transferring embryos back to the hosts  

1. Following microinjection, transfer injected embryos back into a pre-stung ​Sarcophaga          
bullata​ pupae using a fine-tip paintbrush (figure 6). ​N. vitripennis larva utilize the host              
pupa as a food source to complete larval development and to our knowledge there is               
currently no available artificial diet that can be used.  

2. Very important - be sure to ​only transfer eggs back into a ​pre-stung host ​, otherwise               
embryos will not survive. When a female wasp stings a host, she uses her ovipositor to                
bore a hole in the host​ puparium to inject venom which causes arrest of the pupal                
development, allowing the ​N. vitripennis larvae to consume the host. Without the venom,             
the host will survive and the ​N. vitripennis​  larvae will not be able to consume the host.  

3. To ensure a host has already been stung, find a host with embryos in it, then scrape all the                   
embryos off and use it as the host. Also, to avoid overcrowding, only place about 40                
injected embryos or less per host.  
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Figure 6. Injected ​N. vitripennis embryos are individually transferred to a pre-stung ​Sarcophaga             
bullata​ pupae using a wet fine-tip paintbrush. The puparium has been peeled off at the posterior                
end using forceps, to allow placement of the  ​N. vitripennis​  eggs.  

4. Incubate hosts harboring transferred injected eggs in a moist humidified chamber (e.g.            
petri dish with cotton balls moist with water) at 25°C until hatching (roughly 1-2 days).               
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 (petri dish with               
damp filter paper and cotton balls) with roughly 70% relative humidity (figure 7) .  
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Figure 7​. Incubation of ​Sarcophaga bullata​ hosts harboring the injected ​N vitripennis​ eggs in              
petri dish for roughly 2 weeks.  

5. Monitor the embryos, the hatched ​N vitripennis larvae, and the host daily. Remove any              
dead ​N. vitripennis​ larvae, and if the host becomes infected with bacteria or dies (turns to                
the gray or dark color and has a foul smell) transfer the larvae to a fresh pre-stung host. 

Screening for modification and Genetics 

1. After roughly 8 days the injected embryos will begin to pupate. Once they pupate they               
will no longer consume food (i.e. blowfly host) and can be removed from the host.  

2. Remove each ​N. vitripennis​ pupae from the host, and place in an individual 1.5ml              
eppendorf tube until hatching. This will ensure that the hatched females will be virgin              
and will not mate until desired.  

3. Upon hatching, if disrupting a visual marker gene (e.g. ​cinnabar​ ) then the mutant             
phenotype should be readily visible. If disrupting a non-visible marker gene, then every             
surviving G0 (injected individual) should be mated with wildtype individually, and given            
a separate host to produce its own colony. Importantly, similar to ​Drosophila            
melanogaster​ , ​N. vitripennis can be immobilized by exposure to CO ​2 ​allowing for            
straightforward manipulation.  

4. Once the injected G0 males and females and have successfully mated, and produced             
progeny, the G0’s can be sacrificed and genomic DNA should be extracted using the              
DNeasy blood & tissue kit for every individual.  
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     Simplified DNeasy blood & tissue kit Protocol  

a. Place the sample into a sterile 1.5 ml microcentrifuge tube. 
b. Add 180 ul buffer ATL and 20 ul proteinase K, mix  by vortexing 10-15 seconds. 
c. Incubate the sample overnight at 56 ​°C until completely lysed.  
d. Add 200ul buffer AL. Mix thoroughly by vortexing. 
e. Add 200ul ethanol (96%-100%). Mix thoroughly by vortexing. 
f. Pipet the mixture into a DNeasy mini spin column placed in a 2 ml collection               

tube. 
g. Centrifuge at 8000 x g for 1 min. 
h. Discard the flow-through and collection tube. Place the spin column in a new 2 ml               

collection tube. 
i. Add 500 ul buffer AW1. Centrifuge for 1 min at 8000 x g. 
j. Discard the flow-through and collection tube. Place the spin column in a new 2 ml               

collection tube. 
k. Add 500 ul buffer AW2, and centrifuge for 3 min at 20000 x g. 
l. Discard the flow-through and collection tube. Transfer the spin column to a new             

1.5 ml tube. 
m. Add 30 ul buffer AE to the center of the spin column membrane.  
n. Incubate for 1 min at room temperature.  
o. Centrifuge for 1 min at 8000 x g. 

5. The presence of mutations can be determined by PCR amplifying/sequencing the           
genomic target region. 

6. Colonies that have mutations as determined by sequencing should be continued, while            
colonies that were established with non-mutant G0’s should be discarded.  

7. Importantly, unmated females will give rise to 100% haploid male broods, so therefore a              
mutant unmated female can give rise to large number of knockout males that can be used                
for subsequent analysis.  
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