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Dear Editor and Reviewers,
Thank you very much for your hard work to review our manuscript. We tried to correct the revision according to the comments of reviewers. In the revised version, we tried to make some improvements according to opinions and hope it suitable for publication. The detailed corrections are listed below point by point.




Response to the comments of editor and reviewers
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. Please define all abbreviations at first use.
Answer: The language has been polished by native speaker. We have checked and defined all abbreviations at first use. 

2. Please provide an email address for each author.
A: We have provided the email address for each author when we submitted our manuscript. 

3. Please note that your protocol will be used to generate the script for the video and must contain everything that you would like shown in the video. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. Please add more specific details (e.g. button clicks for software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.
A: We have drafted a script and added more details in the video. 

4. Section 1 of protocol: Please use specific examples and show the method in the video.
A: We have drafted a script and showed a specific example in the video.

5. Section 2 of protocol: What is the composition of the vitamin water (line 99)?
[bookmark: _Hlk55397957][bookmark: OLE_LINK13][bookmark: OLE_LINK14]A: The vitamin water is actually 10% (w/v) white sugar solution and we have corrected that in this protocol (line 137, 139, 140).

6. Section 4 of protocol (step 2): what should readers look for when checking the vitality of the embryos? What is the composition of the artificial diet? How much of it is to be added to each well? (please replace “hole” with well (line 163).
A: We checked the development of embryos every day according to the surface color of the embryos(line 228). We have cited the reference on the artificial diet (line 231). The volume of the artificial diet is about one-third of the well volume and we have replaced the word “hole” with “well” (line 233, 238, 241).
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]
7. Section 5 (step 2): what are the PCR conditions? What is the % of the agarose gel, what are the bands to look for? Please include as many details as needed for filming the video.
[bookmark: _Hlk56781699]A: The PCR program was performed as following conditions: 95℃ 20 s; 35 cycles of 95℃ 20 s, 55℃ 20 s, 72℃ 1 min; 72℃ 5 min, and 4℃ hold. (line 287). 
We use 1% (w/v) agarose gel to verify the reaction product (line 289). 
Here, the agarose gel electrophoresis was used to test specificity of primer. The selected pair of detection primers was confirmed by the quality of PCR products. If the bands are evident and specific, the primers could be used for further mutant detection (line 291).

8. How is gDNA extraction to be performed (line 198)—if this is not part of the video, please cite a reference or say “according to manufacturer’s instructions”.
A: The gDNA extraction is performed according to manufacturer’s instructions and we have revised it in the text (line 304).

9. Lines 199-202; lines 205-206: what are the PCR conditions?
A: The PCR condition is same as step 2 of section 5 and we have supplemented that in the text (line 287, 306).

10. After including a one-line space between each protocol step, make sure that up to 3 pages of protocol text are highlighted for inclusion in the protocol section of the video. This will clarify what needs to be filmed.
A: We have drafted a script including a one-line space between each protocol step and highlight the text for the video.
[bookmark: _Hlk55307958]
11. After representative results, include a section “Figure and table legends” and move the figure legends into that section (before the discussion).
A: We have adjusted the position of figure legends (line 346). 

12. Please include a scale bar for all images taken with a microscope to provide context to the magnification used. Define the scale in the appropriate Figure Legend.
A: We have examined the scale bar in micrographs and define the scale in the figure legend (line 366, 367). 

13. As we are a methods journal, please add limitations of your technique to the Discussion section.
A： We have added the limitation of our technique in the discussion (line 395).

Reviewer #1:
Manuscript Summary:
The manuscript presents a CRISPR/Cas9 gene knockout protocol for Helicorverpa armigera.

Major Concerns:
This manuscript describes a standard knockout protocol for H. armigera that has been extensively published by various groups over the years. I miss what makes this protocol any different from the previous ones. The introduction also fails to address these previous studies. I also suggest that the manuscript should be extensively edited to improve the English language.
[bookmark: _Hlk55992876]A: Although several studies have been published to show the results of gene knockout of H. armigera using CRISPR/Cas9 system, there is no systematical and modified protocol for gene-editing in moths. In this text, we provide a practical protocol that can be achieved in a shorter time. The method of sgRNA targets selection has been well described and we use an innovative approach to extract the genome DNA from hind legs, which increases the efficiency of the mutant screen. 
The language has been polished by native speaker.

For reviewer #2,
Major Concerns:
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]- I think the authors should refer to previous work concerning CRISPR/Cas9 in Helicoverpa armigera and discuss in the introduction major differences (if any) from protocols already in the literature (e.g. Khan et al., 2017 doi:10.1038/srep40025 or a multitude of papers from the lab of Yidong Wu, like https://www.nature.com/articles/s41467-018-07226-6)
A: We have revised it. (line 65) 

[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK1][bookmark: OLE_LINK2]- Since the protocol does not consider cases of "knocking-in" through homology-directed repair, but only "knock-outs" by NHEJ, I think the title should be somewhat modified to reflect this (something like "Embryo microinjection and knock-out mutant..." etc.
A: Thank you for your valuable suggestion. We have modified the title as “Embryo microinjection and knockout mutant identification of CRISPR/Cas9 genome-edited Helicoverpa armigera (Hübner)”(line 2). 

Minor Concerns:
[bookmark: _Hlk55317657][bookmark: _Hlk55317673]Apart from certain typos (i.e. line 24: "species" rather than specie, line 46: "inactivate" rather than inactive etc.) the protocol text is not bad, but please take into account the following:
Please indicate (for the unaccustomed reader) how to separate female/male pupae. An image or reference might help.
A: We have cited the reference for the distinction between female/male pupae (line 135).

Also please provide a reference or recipe for "vitamin water".
A: The vitamin water is actually 10% (w/v) sugar solution and we have replenished that in the protocol (line 137, 140, 144, 263). 

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]l. 70: Please clarify WHY the amplified fragments need to contain at least three exons (not all genes have >3 exons, btw.)
[bookmark: _Hlk55805767][bookmark: OLE_LINK64]A: Your consideration is meaningful because not all genes have >3 exons. Therefore, we have revised as “…to search possible guide sites in the exons close to the 5’ UTR of the gene, and make sure that the gene function is completely missing”. (line 96).

[bookmark: _Hlk55332454]l. 112 Please indicate how to identify unfertilized vs fertilized eggs. The whole sentence in l. 112 need re-writing to clarify the meaning.
A: In this protocol, we regard full eggs as fertilized and wizened eggs as unfertilized. To clarify the meaning, we have replaced the “unfertilized” with “wrinkled” and revised the sentence (line 158).

[bookmark: _Hlk55339222][bookmark: _Hlk55573623][bookmark: _Hlk55338996]l. 165 Since H. armigera larvae have the rather bad habit to cannibalize each other, better bring this point to the attention of the reader who might not expect this and stress the need for rearing them individually.
A: Thank you for your suggestion. We have added the trait of H. armigera larvae (line 241). 

l. 175 Explain why G0 males vs wt females are used
A: The mutant genotype of G0 are various. The cross project of G0 males vs WT females are used to get a uniform genotype. Then, homozygous line will obtain in G2 generation. 
 
l. 192/193 Explain where this genome DNA comes from
A: The genome DNA comes from section 1 (Step 1). We have revised the sentence to make it clear (line 287).

l. 226 Maybe is a good idea to show some indicative genotypes (some sequence alignment) in a figure
A: Thank you for your suggestion. However, the subject gene we used in this protocol has not been published. The gene editing result will be reported in a later paper. 

l. 246 If there is published "previous study" please refer explicitly, if unpublished rehprase accordingly.
A: The method of micro-hemolymph extraction from larvae is unpublished and we have rephrased the sentence accordingly (line 401). 

For reviewer #3,
Major Concerns:
1. Line 70: why "The amplified fragments need to contain at least three exons"? How about with the genes containing less than three exons? Same question in line 74 for "in the first three exons".
A: In the manufacturer’s instruction of GeneArt™ Precision gRNA Synthesis Kit, choosing sgRNA targets in the first three exons is recommended. Consider the presence of genes containing less than three exons, we have revised it as “…to search possible guide sites in the exons close to the 5’ UTR of the gene, and make sure that the gene function is completely missing (line 96).

2. Line 249-252: Zheng et al reported a non-destructive method of genotyping individual insects by using the exuviate or puparia (Chinese Journal of Applied Entomology 2018, 55(2): 304-309). Have you tried with this method? This paper might be cited here.
A: We have cited the paper in this protocol (line 406).

Minor Concerns:
Some of the minor mistakes or unclear descriptions are listed below, and authors need to carefully check the whole text for others.
Line 23-24: 1) the sentence needs to be revised. 2) specie-> species.
A: We have revised the sentence (line 23, 24).

Line 30: primers->primer design.
A: We have revised that (line 32).

Line 31: at last-> finally
A: We have revised that (line 33).
[bookmark: _Hlk55378998]
Line 33: "H. armigera" might be needed prior to "other Lepidoptera moths"
A: We have revised that (line 36).

Line 47: what does " the reproducible" means?
A: The word “hereditable” replaced “reproducible”.

Line 49: field->fields
A: We have revised that (line 54).
[bookmark: _Hlk55380443]
Line 50: 1) "biomedical" is an adjective and a noun is needed here. 2) microbial->microorganism
A: We have replaced those two words (line 55, 56).

Line 60: knockdown->knockout
A: We have revised that (line 67).
[bookmark: _Hlk55380604]
Line 64: other Lepidoptera->other Lepidoptera species
A: We have revised that (line 88).

Line 69: 1) conservations->specificity? 2) and avoid off-target->to avoid off-target
A: We have revised those two words (line 94, 95).

Line 89: for consistence, "Design of "->"Design"
A: We have revised that (line 123).

Line 95: change the word "include" with others of similar meaning.
A: We have replaced the word “include” with “containing” (line 130). 

Lien 98-99: why "vitamin water"? the sugar is important nutrient for moths.
A: The vitamin water in this protocol is actually 10% (w /v) white sugar solution and we have corrected that in the text (line 137, 139, 140).

Line 102: what does "ensure the nutrient-rich environment" mean?
[bookmark: _Hlk55382495]A: The nutrient-rich environment means that keep the cotton moisture. We have revised the sentence to make it clear (line 144). 

Line 104: male and female moths normally cannot mate for 24 hours. The sentence needs revision.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]A: In this step, we put 3-day-old males and 2-day-old females together for 24 h, and let them mate completely. We have revised the sentence to make it clear (line 148).

Line 140: appear-> are seen
A: We have revised it (line 199).

Line 152: " Inject at least 300 embryos to ensure the hatching rate" needs to be revised. How "Inject at least 300 embryos" can ensure the hatching rate?
A: We have revised it. (line 215).

Line 153: propagate?
A： We have revised the sentence to make it clear (line 216). 
 
Line 170: the sentence needs to be revised. Here, "hatch" is a verb.
A: We have replaced “hatch” with “incubation” (line 252).

Line 210: raring->rearing
A： We have revised that (line322).

Line 224-225, 226-267: the sentences have grammar mistakes, and thus need to be revised.
A: The language has been polished by a native speaker. 
