Please note that the reviewers raised some significant concerns regarding your method and your manuscript. Please revise the manuscript to thoroughly address these concerns. Additionally, please describe the changes that have been made or provide explanations if the comment is not addressed in a rebuttal letter. We may send the revised manuscript and the rebuttal letter back to peer review.


Editorial comments:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Proofreading was performed.

2. Please provide an institutional email address for each author.
The missed email address was added.

3. Please revise the following lines to avoid previously published work: 43-46.
The change was made.

4. Please rephrase the Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: "Here, we present a protocol to …"
Changes were made as suggested. 

5. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
Changes were made as suggested.

6. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials.
For example: Integrated DNA Technologies, mMESSAGE mMACHINE Kit, Qiagen DNeasy Blood & Tissue Kit, etc.
A Table of materials was provided in the revision.

7. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets or dashes.
Changes were made as suggested.

8. Please include an ethics statement before your numbered protocol steps, indicating that the protocol follows the animal care guidelines of your institution.
Only insects are used in these experiments. Insects are exempt from animal care regulations

9. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., "Do this," "Ensure that," etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as "could be," "should be," and "would be" throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a "Note." However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc.
Changes were made as suggested.

10. Line 61-63: 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.
Detailed information is provided in the revision.

11. Line 102-104: Are thre any specifc conditions for injection. How much of the mixture was injected? Where in the egg was it injected?
The FAW egg shapes like hamburgers, it can be injected anywhere. The injection conditions are quite variable. The major concern of injection is to make sure that the mixture is successfully delivered into the embryos and the injected embryos could survive. Successful microinjection needs a lot of practice.

12. Line 106-107: Please specify how the 3rd instar stage was confirmed before transferring the larvae.
More information on this was added in the revision.

13. Line 118-119: How long were the neonates raised? how the sex identified?
Detailed information is added in the revision.

14. Line 125-126: Please include more details to the step. How was the extraction done?
We used a Qiagen Kit for genomic DNA extraction, and there are several kinds of buffers and other reagents in the kit, which we could not show in commercial language, as you said in comment 6. So, We changed this step to "Genomic DNA was extracted from the wild-type and GFP-positive individual larvae using any commercial genomic DNA extraction Kit following the manufacture's instruction." And the Kit information is provided in the Table of Materials.

15. Line 127-130: Please specify the conditions for performing PCR.
Detailed information was added in the revision.

16. Line 131: How was the PCR product checked on 1 % agarose gel. At what temperature, power etc. was the gel run?
Detailed information was added in the revision.

17. Please include a one-line space between each protocol step and then highlight up to 3 pages of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
The essential steps of the protocol for the video were highlighted.

18. As we are a methods journal, please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique
Changes were made as suggested.

19. Please include a Disclosures section, providing information regarding the authors' competing financial interests or other conflicts of interest. If authors have no competing financial interests, then a statement indicating no competing financial interests must be included.
The disclosures section was included.

20. Please revise the table of the essential supplies, reagents, and equipment. The table should include the name, company, and catalog number of all relevant materials in separate columns in an xls/xlsx file. Please sort the Materials Table alphabetically by the name of the material.
Materials Table is provided.

21. Figure 3: Is the term "transgenis" correct. Please revise if necessary.
It was corrected to "Transgenesis" in Figure 3.


____________________________________
Reviewers' comments:
Reviewer #1:
Manuscript Summary:
This manuscript demonstrates the first successful stable transposon-mediated germline transformation in the fall armyworm, which will be applicable for other non-model Lepidopteran insects.
These results are interesting and valuable for other insects that need to develop genetic analysis tools; however, protocols are not described in detail. JoVE is a peer-reviewed scientific journal that publishes experimental methods. Therefore, it requires that the entire experimental procedure should be described more precisely.
Please include enough information such that an independent investigator would be able to repeat the experiments.

Major Concerns:
1) Line 52, 1. In vitro synthesis of hyPBase mRNA: It is essential that the authors show (or cite) the DNA sequence of the highly active piggyBac transposase used in this experiment. DNA sequence of hyPBase construct should be much better described and clarified.
Detailed information on the synthesis of hyPBase mRNA and the full sequence of hyPBase vector are provided.

2) There is no description of "hr5ie1" anywhere.
I'd like to know whether GFP expression by hr5ie1 promoter in transgenic individuals can be observed at any stage. The Authors should consider including the following content in the Introduction section (or somewhere):
a) A piggyBac construct carrying green fluorescent protein (GFP) driven by the IE1 promoter with hr5 enhancer (hr5ie1) was injected together with mRNA of piggyBac transposase into embryos.
This information in the Microinjection section.
b) IE1 promoter has been reported to be an efficient ubiquitous expression promoter in Lepidopteran insects (ref.), derived from the Autographa california multicapsid nuclear polyhedrosis virus (AcNPV) immediate early gene.
This informationwas added to the Discussion section.
c) In transgenic individuals in which GFP was inserted into the fall armyworm genome, GFP could be observed at all stages (embryo, larva, pupa, and adult moth). ←Please described stages when the GFP signal can be observed.
This information was added to the Discussion section.

3) Since it is a method journal, it is necessary to describe the protocol's details, but there is not enough description about the tools specialized for this species.
Line 94-
Line 104 "compensation pressure of the automated microinjector.":
I highly recommend that "2. Microinjection" section in Protocol is divided into two sub-sections "2.1. Collection eggs" and "2.2. Microinjection setup".
Revised as suggested.

The authors need to describe injection equipment such as a microscope, microinjector and injection needle with the manipulator, and so on. These are unclear at the moment. Appropriate references should be cited if the injection method is established.
This information is included in the table of materials.

Additionally, how to arrange embryos on a glass slide should be described.
Request information was added.

Readers might not know the shape of the fall armyworm's eggs.
I would like to know if the posterior end of the embryo can be clearly seen like Drosophila and how to arrange the embryos on the slid grass.
As shown in Figure 2, FAW egg shapes like a Hamburger, and they were arranged in a row on the slide.

Did the authors remove their eggshells (chorion) before injection?
Is microinjection performed under an inverted microscope?
The FAW eggs do not have eggshells like Drosophila. In our lab, we conducted microinjection under an inverted microscope. However, the stereomicroscope also works fine.

Sufficient details for preparing the injection needles are not given in this manuscript. Were the glass needles made by using pullers?
We provided the needle puller information in the table of materials. 

4) Line 144 "indicating that EGFP protein was successfully expressed in the embryos injected with EGFP expression construct and hyPBase mRNA."
The GFP signal can be seen even if it is not integrated into the endogenous genome. The authors may observe a transient expression of GFP derived from the piggyBac plasmid DNA. It cannot be concluded that hyPBase mRNA is working here, so this sentence needs to be changed as follows:
a) At 24 hours after injection, a transient signal of GFP expression was observed in the injected embryos (please add the ratio, if it's possible).
b) These results indicated that the piggyBac construction is successful, hr5ie1 promoter can function at the early development stage.
Since G1 positive larvae were obtained, it can be said that hyPBase mRNA is functioning.
Changes were made in the revision.

Minor Concerns:
1) Line 61-62: "PCR amplify hyPBase expressing cassette using primer, high-fidelity polymerase and pTD1-hyPBase plasmid as a template."
The sequence of primers and the manufacturer of PCR polymerase should be described in the text.
Information was provided in the revision. 

2) Line 62: Please describe the purification method of the PCR product and the manufacturer of the kit used.
Kit information was provided in table of materials.

3) Line 66: Change "3. Synthesis of hyPBase mRNA using the mMESSAGE mMACHINE Kit" to "mMESSAGE mMACHINE T7 Transcription Kit (Invitroge)"
Information of all commercial kits used in this paper was provided in table of materials, reagents, and equipment.

4) Line 66-93: If there are any different procedures from the manufacturer's instructions, the authors should be described as Note in this section. If the procedure is the same, the authors can change it to "hyPBase capped mRNA was synthesized using the mMESSAGE mMACHINE T7 Transcription Kit (Invitroge) according to the manufacturer's instruction."
The procedure is the same as the manufacturer's instructions provided in the Kit. This section was removed in the revision.

5) Line 87: "Dry the pellet at room template for 1-2 min, then resuspend the pellet
88 with 20-40 μL nuclease-free water."
I think if RNA is completely dried, it may not be easy to dissolve in water. Is there any cautionary note?
It is true that completely dried RNA is hard to dissolve in water. We added a Note in this section.

6) Line 102: There is no description of the injection buffer. Were piggyBac construct and mRNA dilute with sterile distilled water?
Both piggyBac construct and mRNA were diluted with sterile distilled water.

7) Line 105: "The injected eggs were kept at 27 ± 1 °C, 60 ± 10% RH until hatching." How did the authors regulate humidity in the embryo's chamber? RH should be initially written as "relative humidity" and not in abbreviation.
For the labs rearing insects, monitoring and regulating the humidity in a chamber is a routine procedure. We changed RH to relative humidity in the revision.

8) Line 106: "The hatched larvae were fed on artificial diet, and transferred each larva to one small cup at the early 3rd instar stage."
Line 110 "pieces of paper towel were hung in the cage to collect eggs."
Although it's included in the video protocol, I think it is better to show a picture of the these equipment.
This information will be shown in the video.

9) Line 132 Representative Results: How many pairs were performed self-cross of G0 individuals? How many of them were got G1 positive larvae? Please describe the transformation efficiency in the result.
Unlike the relatively easy work of paired self-crossing in other insects, we found that the paired self-crossing of FAW did not work well, and nearly half of paired females did not lay eggs. We had more G0 FAW adults (several hundred). Not all the FAW pupae will emerge to adults, and adults are difficult to handle. Hundreds of pupae in a large cage, as described in Section 3.1 is an easy and efficient method. In this paper, we only showed germline transformation works in FAW

10) Line 141: Change "newly embryos" to "Embryos within 2 hrs after oviposition." seems to more clearly?
The change was made in the revision.

11) Line 147: "the larvae hatched from these eggs (G1 neonate larvae) were examined for the EGFP signal under a fluorescence stereomicroscope." which is a little clumsy to read. How about "the G1 larvae hatched from these eggs were examined……"?
The change was made in the revision as suggested.

12) Line 201-204: "We collected the embryos less than 2 hours old and kept them on ice to slow down their development before injection."
Embryogenesis was slowed down on ice until microinjection. This is VERY important steps in the procedure. The authors must describe how to handle embryos before injection in the Protocol section.

Detailed information was provided in Microinjection Section.

Reviewer #2:
Manuscript Summary:
The manuscript demonstrates the effective transformation of the Fall Armyworm, Spodoptera frugiperda, with a piggyBac transposon vector utilizing the ihypPBase mRNA as the source of transposase. The protocol was described well and should provide a reasonable guideline for employing the mRNA for other Lepidoptera that show low transformation rates with other transposase sources. The manuscript should be published with modifications.

Major Concerns:
Explain size of transcript produced - the size of the transcript produced does not match pTD1-hyPBase construct cartoon Fig 1 - The transcript should be ~2 kb not 1.1 kb. Line 137 states that the transcript is the expected size, but this is not clear from the map. Is there a discrepancy in map? If there is intron processing - account for splicing segment in Fig 1 cartoon.
DNA is double-stranded and mRNA is single-stranded, which is half the size of DNA template on the gel.

As the authors recognize, they should provide inverse PCR to confirm integration site to complete the study and assure that the transposition occurred normally. The demonstration of phenotype (GFP fluorescence) and identification of a PCR fragment from the predicted insert in genomic DNA are highly suggestive that normal integration has occurred, but the study is incomplete without the further analysis of the integration site(s).
The integration site was determined and shown in Figure 4.

Minor Concerns:
Is pTD1-hyPBase plasmid and sequence available from AddGene or other source?
The full sequence of this plasmid is included in the Supplementary Materials.

Provide primers for producing PCR fragment produced from the pTD1-hyPBase plasmid.
Primer sequences are included in the revision.

The labeling in Fig 2 & 3 shows GFP fluorescence. Text Lines 148-152, 162, 163 refer to EGFP fluorescence. These should be consistent between the figure and text.
GFP was changed to EGFP.

What was rate of somatic GFP expression in G0 embryos and larvae?
We observed that nearly all the survived G0 embryos showed GFP signal. We did not examine the GFP signal in G0 larvae.

Was GFP observed in G1 embryos?
We did not examine the GFP signal in G1 embryos. A large number of G1 eggs were collected, and it is impossible to examine each one of them. 

Was GFP observed in pupae or adults?
GFP signal is observed in adults and newly ecdysed pupae, but not in later pupae. 

How many generations were followed after transformation?
We obtained several transgenic lines using the method described in this paper. Most of them have been maintained for more than one and half year (over 10 generations).

Was there an qPCR to show the number of integrations per genome?
We did not conduct qPCR to determine the copy number of transgenic insertion. But we will do it in our further work.
