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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.
Olympus Corporation; SZX16 

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes.

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

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



Current Protocol Length

Number of Steps:  21
Number of Shots:  46

Introduction
Videographer: VO talent will read the interview statements. Please skip the introduction and conclusion.

1. Introductory Interview Statements
1.1. Cotton bollworm is one of the most destructive pests worldwide. Genome editing with the CRISPR-Cas9 technology enables further research of gene function and interaction among different genes in this organism. The 2 main advantages of this technique are that is has high specificity and is hereditable.  

1.1.1. 2.4.1, 2.4.2.



1.2. 

Protocol
2. Design of gene-specific primers and preparation of sgRNA and embryos
2.1. In order to choose the sgRNA targets, go to the CRISPR (crisper) online website to search for possible guide sites in the exons close to the 5’ (5-prime) untranslated region of the gene [1-TXT]. 
2.1.1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]WIDE: Establishing shot of talent at the computer choosing the sgRNA targets on the CRISPR website. TEXT: sgRNA- single guide RNA, CRISPR- clustered regularly interspaced short palindromic repeats

2.2. Input the exon sequence into the textbox and select the target genome to Helicoverpa armigera. Choose the PAM option of “20 bp-NGG” (spell out) and leave the other settings on the default parameters according to the user manuals of the website [1-TXT].
2.2.1. [bookmark: OLE_LINK4][bookmark: OLE_LINK5]SCREEN: 62068_screenshot_1.mp4. 00:00 to 00:48. Talent inputting the exon sequence, selecting the target genome, and selecting the PAM options. TEXT: PAM- protospacer adjacent motif 

2.3. [bookmark: _Hlk55992498]Compare the predicted guide sequences from the software and choose a guide sequence of 20 base pairs containing one or two guanines near the 5’ (5-prime) untranslated region with the highest predicted efficiency and fewest mismatches to improve the editing efficiency and reduce off-target editing [1]. 
2.3.1. [bookmark: _Hlk61876109]SCREEN: 62068_screenshot_2.mp4. 00:00 to 00:29. Talent selecting the guide sequence from the results.

2.4. [bookmark: _Hlk55951678][bookmark: OLE_LINK6][bookmark: _Hlk55951689][bookmark: _Hlk40262032]For embryo preparation, select 50 healthy individuals from 3-day-old males and 2-day-old females [1] and mix them in a clean net cage [2]. Place a piece of moist cotton containing 10% sugar solution in the cage [3].
2.4.1. Talent selecting the healthy embryos. 
2.4.2. Talent mixing the male and female embryos in net cage.
2.4.3. Talent placing a cotton piece containing sugar solution in the cage.

2.5. Cover the net cages with gauze [1] and fix the gauze with a rubber band [2]. Spray water onto the gauze to keep it moist [3]. 
2.5.1. Talent covering the net cages with gauze.
2.5.2. Talent fixing the gauze with rubber band.
2.5.3. Talent spraying water on the gauze.

2.6. Cut a black cloth into irregularly shaped patches with a size of approximately 3 millimeters [1] and replace the moist gauze with this black cloth to enable free oviposition for 30 minutes [2]. Videographer: This step is important!
2.6.1. Talent cutting black cloth patches for oviposition.
2.6.2. Talent replacing the moist gauze with black cloth patch.

2.7. [bookmark: _Hlk55951898][bookmark: OLE_LINK33][bookmark: _Hlk40260057][bookmark: OLE_LINK8][bookmark: _Hlk55951922]Paste double-sided tape onto a microscope slide [1-TXT]. Using forceps, paste the patches with eggs in a row on the surface of the double-sided tape [2]. Press the margin of each patch to make sure they stick firmly to the tape [3]. Collect 50 to 100 eggs per microscope slide [4].
2.7.1. Talent pasting double-sided tape on a slide. TEXT: 25 mm x 75 mm
2.7.2. Talent pasting the patches with eggs on the tape.
2.7.3. Talent pressing the patches for firm sticking on the tape.
2.7.4. Talent collecting 50-100 eggs per slide.

2.8. Before microinjection, keep the microscope slide on ice to delay the development of embryos [1].
2.8.1. Talent placing the slide on ice.

3. Microinjection of embryos
3.1. [bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: _Hlk40267278][bookmark: OLE_LINK12][bookmark: _Hlk55952092]Prepare the needle by pulling a capillary glass using a micropipette puller as described in the text manuscript [1]. Grind the needle tip using a micro grinder to a sharp-edged tip [2]. Videographer: This step is difficult!
3.1.1. Talent pulling capillary glass using micropipette puller too prepare a needle.
3.1.2. Talent grounding the needle tip using micro grinder.

3.2. [bookmark: _Hlk55952132][bookmark: _Hlk55952140][bookmark: _Hlk55952157]Prepare injection solutions by adding 2 microliters of commercialized Cas9 (cas 9) protein and sgRNA to RNase-free water in a PCR tube to obtain a 10-microliter volume mixture [1-TXT]. Mix well by pipetting [2] and put it on ice [3]. Set the parameters of the electronic microinjector [4-TXT]. Videographer: This step is important!
3.2.1. Talent adding Cas9 protein, sgRNA, and RNase-free water to a PCR tube. TEXT: Cas9- CRISPR associated protein 9 (1 mg/mL), sgRNA (300-500 ng/µL)
3.2.2. Talent mixing the solution using pipette.
3.2.3. Talent placing the PCR tube on ice.
3.2.4. [bookmark: _Hlk56073575]Talent setting the parameters of the microinjector. TEXT: 1,500 hPa injection pressure (pi); 0.1 s injection time (ti); 30 hPa compensation pressure (pc) 

3.3. [bookmark: _Hlk55952229]Load 2 microliters of the mixture into a needle using a micro loader pipette tip, exhausting as much residual air in the tip of the needle as possible [1]. Connect the injection needle to a micromanipulator and ensure a tight connection between the two parts [2].
3.3.1. Talent loading the mixture into the needle using micro loader pipette tip.
3.3.2. Talent tightly connecting the injection needle to micromanipulator.

3.4. [bookmark: _Hlk55952285]Place a slide in a Petri dish [1] and put it on the stage of the microscope [2].
3.4.1. Talent placing a slide in a petri dish.
3.4.2. Talent putting the petri dish on the microscope stage.

3.5. [bookmark: _Hlk55952347][bookmark: _Hlk55952364][bookmark: _Hlk55952383]Carefully insert the needle tip into the top hemisphere of an embryo at a 45-degree angle. Press the pedal to deliver the mixture into the embryo, leading to a slight expansion of the embryo. Retract the needle immediately from the embryo [1] and move the Petri dish with one hand until the next embryo is in proximity to the needle [2]. Videographer: This step is important!
3.5.1. SCOPE: Talent inserting the needle tip into the top hemisphere of the embryo, injecting the embryo, then removing the needle.
3.5.2. SCOPE: Talent moving the petri dish to place next embryo for injection.

3.6. [bookmark: _Hlk55952442]Inject at least 300 embryos using the same procedure to ensure a sufficient hatching amount [1]. Cover the lid of the Petri dishes after injection [2].
3.6.1. Talent injecting more embryos.
3.6.2. Talent covering the lid of the petri dishes containing the embryos.

4. Post-injection insect rearing 

4.1. [bookmark: _Hlk55987114][bookmark: _Hlk55952479]When the surface color of embryos has darkened, put artificial diet in the Petri dish around the microscope slide [1]. Prepare 24-well culture plates and fill each well to one-third of its volumetric capacity with artificial diet [2].
4.1.1. Talent putting artificial diet in petri dish around the slide.
4.1.2. Talent filling artificial media in 24-well plate.

4.2. [bookmark: _Hlk55952496]Pick out hatching larvae using a small paintbrush [1] and transfer them to the 24-well culture plate such that one well has one larva [2].
4.2.1. Talent picking out larvae using paintbrush.
4.2.2. Talent transferring larvae into culture plate.

4.3. [bookmark: OLE_LINK34][bookmark: OLE_LINK35]Check the hatched larvae every day [1]. When larvae grow to the third instar stage, transfer them into a new glass dactylethrae [2]. Transfer the newly-eclosed G0 male adults and wild type female adults into a fresh net cage at an equal ratio [3-TXT]. Supply them with 10% sugar solution dropped in cotton balls [4]. Videographer: This step is important!
4.3.1. Talent checking hatched larvae.
4.3.2. Talent transferring third instar larvae into glass dactylethrae.
4.3.3. Talent transferring male adults and wild type female adults in fresh cage. TEXT: ratio approximately 1:1
4.3.4. Talent supplying 10% sugar solution dropped in cotton balls to the larvae.

4.4. [bookmark: OLE_LINK40][bookmark: OLE_LINK41]Rear insects using routine methods until the pupation of G1 [1].
4.4.1. G1 insects. 

5. Knock-out mutation detection
5.1. Use forceps to carefully remove a hind leg [1] and put each leg in a lysing matrix tube [2]. Videographer: This step is important!
5.1.1. Talent removing hind legs using forceps.
5.1.2. Talent putting each leg in a lysing matrix tube.

5.2. [bookmark: OLE_LINK22]Homogenize the hind leg using a tissue homogenizer [1-TXT]. Extract the genomic DNA of the homogenized sample using a commercial gDNA extraction kit according to the manufacturer’s instructions [2].
5.2.1. Talent homogenizing the hind leg tissue. TEXT: speed 6.0 m/s and time 60 s
5.2.2. Tube with extracted DNA.

5.3. [bookmark: OLE_LINK38][bookmark: OLE_LINK39]Amplify the gene segment using genotyping primers and the PCR reaction conditions from the text manuscript [1]. Confirm the genotype with a gene sequencing service [2]. Put G1 individuals of the same genotype in one net cage. Self-cross the G1 progenies and continue to screen using the same methods [3].
5.3.1. Talent programming the PCR machine.
5.3.2. Talent looking at gene sequencing results on a computer.
5.3.3. Talent putting G1 individuals of same genotype in one net cage.




Results
6. Selection and synthesis of target sgRNAs and detection of mutants by PCR and gel electrophoresis 
6.1. The target site of the gene of interest was located in its second exon [1]. This site was highly conserved and the target band fragment of synthesized sgRNA was confirmed using agarose gel electrophoresis [2].
6.1.1. LAB MEDIA: Figure 2A. Video editor focus on the second exon sequence.
6.1.2. LAB MEDIA: Figure 2B, 2C, and 2D. Video editor focus on the dark bands at 100 bp.

6.2. The mutant detection of a single sgRNA target was performed by sequencing the PCR products from G1 parental adults [1].
6.2.1. LAB MEDIA: Figure 6B. Video editor focus on the dark bands in Land 2 and 3.

6.3. [bookmark: OLE_LINK24][bookmark: OLE_LINK25]The effectiveness of using non-overlapping sgRNA pairs across different exons was demonstrated as the large deletion of the mutants [1] was easily distinguished from wild type bands [2].
6.3.1. LAB MEDIA: Figure 6C and 6D.
6.3.2. LAB MEDIA: Figure 6A.



Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. After obtaining a certain number of mutant individuals, electrophysiological or behavioral experiments can be performed to clarify gene function and interaction among different genes. 

7.1.1. 4.4.1 or 4.7.3.
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