Response to Editor’s and Reviewers’ Comments and Suggestions

Please note that the page and line numbers referred to in our responses represent those found in the newly submitted manuscript. 

Editor: 
1. The editor asked that the manuscript be thoroughly proofread and that all formatting be done according to JoVE guidelines.
This has been done. 

2. The editor asked that at least 6 keywords are included. 
A total of 7 keywords have been included in the revised manuscript (Lines 22 - 28). 

3. The editor asked that all commercial language be removed from the manuscript and instead be referenced in the Table of Materials and Reagents. 
All the commercial language has been removed from the manuscript and is instead referenced in the Table of Materials. 

4. The editor asked that we ensure that the protocol is written in imperative tense, contains only action items and be made up entirely of discrete steps.
The protocol is written in imperative tense and is made up of discrete steps. 

5. The editor asked that we ensure that each step of the protocol contained only 2-3 actions per step.
Each step of the protocol includes only 2-3 actions. 

6. The editor asked that include exactly how each step will be performed, including “button clicks” where necessary. 
The only button clicks in this protocol are specific to the software used – CLC Main workbench.  As we have been asked not to refer to any specific company or use any commercialized language, we have not included any of these in the protocol. 

7. The editor asked us to specify what the required minimal energy was from Step 2.2.2.2. 
The term “minimal energy” refers to one of the two structures that the program produces from the RNA sequence provided- the minimal free energy structure and the centroid structure. While the program does give the actual energy amount, this is less important that the predicted structures it produces, and it is the structures that should be interrogated. A sentence has been added in a NOTE to address this (Lines 301 - 305).

8. The editor asked us to specify what the expected band sizes from our experiment would be from Step 3.3.4. 
The expected band sizes will depend on the particular PCR product produced in the preceding steps as well as where in that PCR product the target region is found. In the case of our specific experiment, these bands sizes were 135 bp and 737 bp, however, this particular result is not relevant to a different experiment and we thus believe it does not need to be included here. 

9. The editor stated that the total protocol should not exceed 10 pages and that 2.75 pages should be highlighted for the video.
The protocol is just over 8 pages and approximately 2.75 pages have been highlighted for the video. 

10. The editor asked that we include explicit copyright permission to reuse images from a previous publication.  
The license is attached in the resubmission. 

Reviewer 1: 

1. The reviewer was concerned that we used the terms “functional characterization” and “genome editing” interchangeably and thus made parts of the text misleading. 
Many instances of “functional characterization” have been removed from the manuscript while dealing with other comments/suggestions from all three of the reviewers and the editor. Many of these particular examples included places were the term was used in place of “genome editing”. When the term “functional characterization” still exists in the manuscript, it cannot be mistaken to mean “genome editing”. All instances of “genome editing” that are present in the manuscript refer to the specific act of genome editing and thus cannot be mistaken to mean “functional characterization”. 

2. The reviewer was concerned that the text is written as if the protocol could be used in other fungal species.
While the manuscript describes the development of this protocol in Huntiella omanensis, we believe that a very similar protocol can be followed for many other filamentous fungi. We have written the manuscript in such a way that authors working on different species could use it as a template for the development of their own protocols. 



3. The reviewer was concerned that we had not referenced any articles in which fungi had been transformed or been subjected to genome editing.
In order to address this concern, we have included a number of extra references that include articles in which fungi are subjected to transformation and/or genome editing. These include:
· Different transformation methods: Biolistics (Trichoderma harzianum, Line 85), Electroporation (Aspergillus niger, Line 85), Lithium-acetate (Neurospora crassa, Line 86) and Agrobacterium-mediated (Ceratocystis albifundus, Line 88)
· Split marker-based genome editing of Cercospora nicotianae, Aspergillus fumigatus and ﻿Grosmannia clavigera (Lines 103 - 104)
· TALENs-based genome editing of Magnaporthe oryzae (Lines 120 - 121)
· CRISPR-Cas9-mediated Genome editing of Aspergillus nidulans and A. aculeatus (Lines 153 - 155), Fusarium oxysporum (Line 175) and Mucor circinelloides (Lines 175 - 176) 

4. The reviewer suggested changing the title to better describe the manuscript presented.
A new title has been included (Line 5).

5. The reviewer suggested an extra two key words .
These two key words/phrases were “RNP” and “Huntiella omanensis” and have been included (Lines 24 & 28). 

6. The following minor changes were made to the summary based on suggestions by the reviewer: 
· Line 39. Delete "promising"
· Line 46. Replace “protocols” with “gene editing strategies”
· Line 50 - 52. Delete "The limitations of the system are similar to those of previously used protocols" and replace by “Similarly to other genome editing strategies, CRISPR-Cas9 based methods require efficient and effective transformation protocols…”
· Line 55. Include fungal examples
· Line 57 - 58. Replace "functional characterization" by "study"
· Line 59. End the sentence with "among others"
· Line 60 - 61. Replace "functional characterization" by "truncation". (In this case, the reviewer suggested the word “deactivated”. However, we believe that “truncation” better described what was done.”)

7. The reviewer asked that we rephrase a sentence starting “Genome…” 
The sentence was rephrased (Lines 43 -45).

8. The reviewer asked that we rephrase a sentence starting “This kind…” 
The sentence was rephrased (Line 69).

9. The reviewer was concerned that a particular sentence implied that elucidating the function of genes is possible simply by mutant generation and phenotypic analysis. 
This concern was addressed by rewording the sentence to indicate that only partial characterization is possible using this method (Lines 78 - 80). The sentence was further changed to indicate that this is not the only method of functional characterization as indicated by Reviewer 2 (Point 3).

10. The reviewer asked that we delete a sentence that included the phrase “In contrast to the availability of many different transformation protocols”. 
In this case, we disagree with the reviewer who has said that we should delete this sentence as there are “only a few strategies” available for the transformation of filamentous fungi. In the previous paragraph, we have illustrated at least five different strategies. We have thus not deleted this sentence (Lines 94 - 95). 

11. The reviewer asked that we rewrite and restructure a paragraph to include the principles behind genomic modifications, such as the use of the endogenous DNA repair pathways.
The section that needed to be rewritten and restructured was previously made up of a single paragraph. This has been broken down into three different paragraphs, each dealing with a different type of DNA modification (Lines 94 - 148). The principles behind each has been detailed. 

12. The reviewer asked that we rewrite a section of the manuscript to illustrate that HD-mediated gene knockouts are still done by many labs.
This section has been altered in response to Point 11 above and now includes extra information that was not previously here. We have also included three different examples of filamentous fungi in which HD-mediated knockouts were successfully conducted.

13. The reviewer asked that we described the principles behind genome editing technologies like TALENS and ZFNs and also include a list of fungi where these sorts of systems have been established. 
A new paragraph has been included in the introduction to address this request (Lines 108 - 121). These systems have not widely been used in fungi, but we were able to provide an example. 

14. The reviewer asked that we include a sentence stating that Cas9 can be introduced into a host cell in either DNA, RNA or protein form and to briefly highlight the advantages of using each.  
We have addressed this suggestion by including a new paragraph (Lines 150 - 176) in the introduction that includes information regarding the use of Cas9 in DNA, RNA and protein form as well as the various advantages and disadvantages of these systems.

15. The following minor changes were made to the introduction based on suggestions by the reviewer: 
· Line 67: Delete "we've been researching for decades"
· Line 74: Replace "these" by "many"
· Line 75: Replace "data is easy" by "data is relatively easy"
· Line 83: Update reference by including 10.1186/s12934-017-0785-7 
· Line 101: Delete "in theory"
· Line 148: Include references for the two applications.
· Lines 190 - 191: Highlight that no transformation protocol had been established for the organism
· Line 203: "The protocol below details the transformation of H. omanensis and the truncation of…

16. The reviewer ask that we remove any commercial language.
This was addressed in response to a comment from the editor. 

17. The reviewer asked that “Extraction of protoplasts” section of the protocol should be moved to a different place in the manuscript.
To address this request, the relevant section was moved (Lines 413 - 482). This had the effect of changing the order of Protocol Steps 1 – 4. These have been renumbered accordingly (Lines 270 - 628). 

18. The reviewer asked that we clarify why we chose not to use any homology search programs to identify potential protospacer sequences.
Identification of the sgRNA target sequences was conducted manually, searching for “NGG” sequences within the gene of interest. While online tools are available, the gene region we were targeting was short enough (only 468 bp) to conduct this search manually. We have included a NOTE in the protocol that deals with this (Lines 277 - 278).   

19. The reviewer asked that we explain why we used the RNAfold webserver specifically and asked us to include other examples of software that could be used
We used this tool because the RNAfold webserver is an easy to use, online tool that provides results that are easy to interpret. There are other online tools, such as RNAstructure, which give similar results. There are also programs that can be downloaded for this purpose, which we have chosen not to include as they are less user friendly and given similar results to the online tools. In response to the editor who asked that we not include “commercial language” in the manuscript, we have changed this particular step to state that an “RNA secondary structure prediction tool” should be used (Lines 295 - 296) and we have included RNAfold and RNAstructure as examples in the Table of Materials instead. 

20. The reviewer asked that we move the section detailing the synthesis of the sgRNA to later in the manuscript.
The particular section that the reviewer is referring to is Step 1.3 (Lines 310 - 331) in the protocol where, after designing the sgRNA, the construct is synthesized using a kit. The reviewer is asking that this particular step be moved later in the protocol as it is followed with steps such as “add a G to the 5’ end” and “add T7 sequence”, which looks as though this is part of the “sgRNA design”. However, the steps that follow Step 1.3 are only relevant if this step is actually conducted using a kit. If the construct is simply ordered pre-synthesized, these steps are no longer relevant. In order to address the confusion, we have added a note stating this (Lines 314 - 316).

21. The reviewer asked that we include a new figure including all the relevant DNA sequences to better explain the synthesis of the sgRNA and scaffold.
This particular step uses a kit that is referred to in the Table of Materials and the sequences and steps that need to be conducted will depend on the manufacturer of the kit. A figure with this kind of information will thus only be specific to one kit. Furthermore, most commercially available kits will include their own figures that illustrate this process in their manuals. We have thus decided not to include this extra figure and feel it won’t be helpful to readers of this manuscript. 

22. The reviewer asked that we include information on selecting the correct restriction enzymes for use in the Southern blot experiment. 
The information that this reviewer is requesting is common and standard to all Southern blots conducted for the purpose of confirming only a single introduction of the exogenous DNA into a genome. This particular information is detailed in the referenced protocol (Reference 32) that is included in this section. 

23. The following minor changes were made to the protocol based on suggestions by the reviewer: 
· Line 218: Replace "falcon" by "centrifuge"
· Line 429: Discard supernatant
· Line 433: Figure 1A
· Line 231: Replace "falcon" by "centrifuge"
· Line 445: Discard supernatant
· Line 450: Replace "conidia" by "germlings"
· Line 451: Figure 1B
· Line 476: Figure 1C
· Line 302: Figure 2B
· Line 305: Figure 2B
· Line 345: Included a NOTE point saying that this step is optional
· Lines 605 - 614: Be more clear regarding the sealing of the plates
· Line 628 - 629: Delete "using a two….

24. The reviewer was concerned that the first three paragraphs of the representative results contain information better suited to the discussion and asked that we either rephrase these paragraphs or integrate them into the discussion. 
To address this concern, we have moved the entire first paragraph of the representative results to the discussion (Lines 739 - 744). We kept the second and third paragraphs in this section as they directly detail the results of our experiments and refer to the figures that illustrate these results (Lines 746 - 768). 

25. The reviewer asked us that we highlight that the transformation experiment was successful.
The first sentence of this paragraph was altered to indicate that both transformation and gene editing were successful (Lines 739 - 740). 

26. The reviewer asked that we rewrite the discussion to focus on the protocol as it is used in H. omanensis. 
In JoVE’s instruction to authors document, it states that the discussion section should focus specifically on the protocol, which steps are critical, where modifications and troubleshooting may be necessary, what limitations exist, the significance of this method and what the future applications may be. We believe that we have followed these specific instructions. Furthermore, the relevance of this particular protocol is not that it has been done in H. omanensis, but that it can be developed for use in many other non-models species as well. Rewriting this section to only include the protocol used in H. omanensis would thus limit its usefulness to other researchers. 

27. The reviewer was also concerned that the discussion read as though this manuscript is the first to use the protein-based version of the CRISPR-Cas9 genome editing system.
A previous comment from this reviewer asked that we include a new paragraph in the introduction that includes information regarding the use of Cas9 in DNA, RNA and protein form (Lines 150 - 176). In addition to adding this information, we also added experimental examples of each of these. In particular, we included two references that show the use of the protein-based system in two other fungal species. We believe this section has made it clear that our manuscript is not the first to use this particular version of the CRISPR-Cas9 genome editing system. 

28. The reviewer suggested that we include a section discussing the genome editing efficiency of this system in H. omanensis to other systems in other filamentous fungal species.   
A paragraph has been added to the discussion (Lines 783 - 797) detailing the efficiency of the split marker approach and the plasmid-based CRISPR-Cas9 approach in other filamentous fungi and comparing this information to similar information available from H. omanensis. 

Reviewer 2: 

1. The reviewer was concerned that the summary was not a clear reflection of the rest of the manuscript. 
We agree with the reviewer and have thus reworded the second part of the summary to better summarize the content of the manuscript (Lines 31 - 36). 

2. The reviewer was concerned that the abstract did not reflect what is in the rest of the manuscript. 
The abstract was written in line with the JoVE instructions to authors and focuses “on the method being presented rather than the results”. It also includes a “statement about the purpose of the method” and a “detailed overview of the method and a summary of its advantages, limitations, and applications”. We have thus not changed the original abstract.

3. The reviewer was concerned about a particular sentence that they considered “too sweeping”.
A similar concern was raised by Reviewer 1 in Point 9. This sentence was reworded to state that these transgenic approaches can be used, rather than that they were exclusively used (Lines 78 - 79).

4. The reviewer asked that we deleted a paragraph from the introduction that included background about the use of fungi as model species. 
This was done (Lines 178 and 186). 



5. The reviewer asked that we delete a section in the discussion that included information regarding the use of Cas9 in its protein form. 
This particular section discusses the advantage of using Cas9 in its protein form rather than in DNA form (Lines 770 - 781). We used this method as the successful implementation of the CRISPR-Cas9 system relies on high levels of expression of the Cas9 enzyme, something that could not be achieved in our species of interest. This is a common problem in non-model species, where species-specific promoters have not yet been identified and experimentally confirmed. The reviewer suggested that this explanation “makes no sense” because we still required expression of the hygromycin resistance cassette to complete the experiment. While this is true, the selectable marker only needs to be expressed at very low levels to be effective and thus even a general fungal promoter is usually sufficient. We have thus not deleted the section and instead have reworded certain parts to make its relevance clear (Lines 775 - 779). 

6. The reviewer asked that we include the following edits: 
· Line 55: another model organism where CRISPR-Cas9 has been used is Saccharomyces cerevisiae
· Line 66: "wide variety of biological"
· Line 69: "These kind of data"
· Line 196: "isolates of the closely"
· Line 318: delete "wear gloves and"
· Lines 645 - 647: delete "and thus are only predictions"
· Line 809: delete "followed up and"


Reviewer 3: 

1. The reviewer asked that we include model fungi in the examples.
As per both Reviewer 1 and 2, we have included Saccharomyces cerevisiae as a fungal example (Line 55).

2. The reviewer asked that we include a section detailing why the plasmid-based CRISPR-Cas9 genome editing system was unsuccessful in H. omanensis.
In response to comments from a previous reviewer, we have included a section in the introduction dealing with the disadvantages of using a DNA-based system (Lines 157 - 162). We have also included a paragraph in the discussion regarding the use of non-protein systems in H. omanensis and why they were not successful (Lines 750 – 777). These paragraphs explain why the plasmid-based system was unsuccessful in H. omanensis. 

3. The reviewer asked whether we used online web tools for identifying the sgRNA target sequences.
Dealt with previously- see Point 18 from Reviewer 1.

4. The reviewer asked that we include the following edits:
· Lines 416: Include the size of the mycelia-covered agar block 
· Lines 427 & 466: State that the materials were sterile 
· Line 436: Indicate how much of the conidial suspension was used in this step
· Line 450: Replace “conidia” with "germlings" 
· Line 457: Include what the contained the digestion/lysis was done in 
· Lines 478 - 480: Include the how the concentration of protoplasts was quantified 
· Line 476: Replace “conidia” with "protoplasts" 
