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The authors would like to thank the editor and the 3 reviewers for their constructive comments. 
Please find authors’ point by point responses to comments below in blue.

Editorial comments:
Changes to be made by the Author(s):
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.
Manuscript was proofread by all authors.

2. 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.
Imperative tense was used wherever possible throughout the protocol. Please see track changes. 

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.

4. In the protocol, please work with a specific example to illustrate how this method is to be used. This will help with the filming. For example, 1.1.3: mention as an example here which cargo you will work with for the video.
Specific examples were included where applicable. Please see track changes. 

5. Please highlight only up to 3 pages of protocol text for inclusion in the protocol section of the video.
3-page worth of the protocol has been highlighted. 

6. Wherever possible, please provide volume and issue numbers in the reference list, and do not abbreviate journal names.
Reference list has been updated to conform with JoVE’s referencing style. 

7. Please sort the Materials Table alphabetically by the name of the material.
Modified as requested. 


Reviewers' comments:
Reviewer #1:
Manuscript Summary:
This manuscript from Adolfi et al overviews the main steps and procedures for the transformation of Anopheles mosquitoes via φC31-mediated integration. The manual and the associated video that will follow will be a valuable resource, particularly for the training of new researchers with this peculiar experimental procedure. As expected from the experienced researchers involved, the work is of high standard and I recommend its publication. Minor comments/suggestions are included below.

Major Concerns:
None

Minor Concerns:
36 "two specific attachment (att) sites designated attP" - check writing
‘att’ was removed from text (line 36).

39 "This stepwise protocol" - suggest rewriting (e.g. Here we illustrate…), it sound linked/referred to previous sentence otherwise
modified as suggested using ‘Here we illustrate’ (line 39).

47 "the mating scheme to obtain a stable transgenic line" I would specify that this method simplifies the characterisation of single insertions (e.g. compared to transposase methods)

This comment was addressed in multiple parts of the manuscript.
The word ‘single’ was added in the abstract (line 47).
The sentences were included in the introduction to highlight the improved ease in the molecular validation and characterisation of the single insertion locus: 
Line 60: ‘Multiple insertions are also a common occurrence when using piggyBac5,9, which makes the validation and the isolation of transgenic lines with single insertions laborious’.
Line 76: ‘Integration occurs in a single predefined genomic locus which greatly simplifies the validation of insertion and the mating scheme to obtain a stable transgenic line’. 

59 "position effects on transgene expression." Reference/s may be useful here (e.g. https://www.pnas.org/content/110/18/7176 and https://www.nature.com/articles/ncomms4977?origin=ppub)

Suggested references and additional ones were added (line 60).

62 The insertion size limitation may be a tricky one. One would imagine that the 10-15 Kb limit indicated for TE transformation may be surpassed by using a different donor vector which could accommodate larger fragments (e.g. cosmids) and on the other hand you would expect the same limitation applicable also for attB carrying plasmids. I would recommend the authors to expand/clarify this aspect.

Transformation efficiency using piggyBac is greatly affected by the size of the construct with transformation efficiency declining with the size of the insert, thus the use of larger vectors would/may not solve the problem of integrating larger fragments. 
The sentence ‘their limited size of DNA cargo (10-15 Kb in length) with transformation efficiency declining with increasing plasmid size10-12’ was added in the introduction (line 63).

65 "sites in the genome" I would suggest replacing with "sites naturally found in the"
Modified as ‘occurring naturally’ (line 69).

68 "no longer amenable to the action of the integrase." Is there any evidence about this, add relative reference if yes or address in the text if not tested.

The text was modified to ‘The recombination of such hybrid sites (leading to DNA excision) would require not only the presence of an active viral integrase but also another phage-encoded recombination factor16,17.’ (line 71).

69 "potential undesired remobilization" remobilisation of pBac transgene insertions seems to vary across insects and very low or not active in A. gambiae. I would probably be careful and clearer about this aspect, providing additional references, and address the current/limited experimental knowledge about pBac and attP/B sites reactivation in Anopheles.

Evidence in Anopheles stephensi suggests that remobilisation can occur, at variable rates, when a source of transposase is provided. This was incorporated in the text as ‘as observed in the germline of Anopheles stephensi when providing a source of piggyBac transposase10-12’ (line 62).
The issue of attR/L excision was addressed in the previous comment. 

73 "regulated within the same genomic context." Should probably be "neighbouring genomic context"
Modified as suggested (line 80).

103 "loss of the plasmid backbone" there is no real loss as the backbone is never inserted, suggest rewriting.
Modified to ‘without integration of the plasmid backbone’ (line 110).

148-151 and Fig 3 - It would be useful to show the essential attP/B sequence and resulting attL/R after recombination
Sequences were added in Fig 3 panel C.

154 reinforces the utility of attP/B sequences
Sequences were added in Fig 3 panel C.

Fig.1B bottom right shows two attL sites, is this intentional or typo?
This is intentional. The recombination of the second inverted attP site leads to the creation of an inverted attL site rather than an attR site. If the second attP site were not inverted, then an attR site would have been formed. 

163 "selectable marker" specificity as it may be confused with fluorescent markers
Modified to ‘a marker for plasmid selection in vitro’ (line 178).

180 I have noticed different plasmid concentrations being used for microinjections; it would be good to give a recommended concentration of range. This may be particularly useful for constructs that may cause dosage-dependent toxicity/embryo lethality.
A range of published concentrations of integrase and donor plasmid is now reported as ‘Note’. ‘NOTE: Integrase helper plasmid concentrations of 60-500 ng/μL and donor plasmid concentrations of 85-200 ng/μL have also been reported21,22,26,41’ (line 202).

208 "Nanodrop" - probably any spectrophotometric quantification system would do the job
Modified to ‘on a spectrophotometer (e.g., Nanodrop)’ (line 225).

[bookmark: _Hlk56940199]217 Probably useful to add a step for this as described previously - e.g. "filter through a 0.2 micron Millipore Ultrafree-MC filter"
This was included as alternative method in the relevant note (line 234).

231 "Arm feeding or feeding on mice increases the quality and quantity of eggs" probably true but I would not encourage scientists to do this (in consideration of Animal Welfare and 3Rs) unless there is evidence that is strictly necessary for specific applications, which I'm not aware of.
We clarified that these methods are not encouraged, and we had stated that ethical approval was required (lines 249-252).

253 suggest replacing "trigger" with "helps" or similar
Modified as suggested (line 272).

265 Different promoters may alter the typical pattern of transient expression in some cases (e.g. 3xP3 vs Actin5C) therefore I would specify the promoter used, and provide a fluorescent image if available.
Clarified as suggested as part of the ‘NOTE: The pattern of transient expression is dictated by the promoter used. When using the 3xP3 promoter, transient expression of the fluorescence marker is visible of the fluorescence marker in the anal papillae/nerve cord in a stereoscope (see Figure 6 in Pondeville et al., 2014)’ (lines 287-289).

286 "Blood feed G0 females multiple times" specify the deposition step between feedings
Modified to ‘Blood feed and collect eggs from G0 females multiple times’ (line 309).

293 Probably not essential to wait for L3-L4 larvae for the screening, but it may depend on the promoter and insertion?
A note was added to clarify ‘NOTE: Fluorescence driven by the 3xP3 promoter is visible in all postembryonic stages and the screening may be performed on younger larvae, however these are more fragile and have to be handled relatively carefully. Pupae can also be screened (lines 322-324).

295 Would microscope slides be also ok?
Option of using microscope slides was added (line 318).

299 This may not be true for all the single-attB designs (see Bernardini et al. 2014)
A note was added indicating modified screening strategy when using single-attB marker-less docking lines or docking lines where the integration of the new cassette disrupts the function of the pre-existing marker. 
‘NOTE: Screening exception for single attB designs - When using marker-less docking lines23,  screen for the presence of the new marker only. When using docking lines where integration results in the inactivation of the pre-existing marker22, screen for the presence of the new marker and the loss of the pre-existing one.’ (lines 330-333).

304 Suggest replacing "old" with "pre-existing"
Modified as suggested (line 336).

385 check writing
Rephrased for clarity as ‘The protocol illustrated here enables to generate…’ (line 418).

390 "hatching rates of ≥20% are generally sufficient to yield transformants" the success will probably be relative to the overall number of injected embryos as well. Maybe a minimum number of transient would be a better indication of what may be the minimum requirement to obtain transformed insects?
We inserted an example with numbers in the discussion ‘We suggest injecting at least 500 embryos, which should lead to the hatching of at least 100 G0 larvae and to 2-7 G0 adult founders from which stably transformed progeny can be obtained. if screening for transient expression in G0 larvae, up to 40 positive larvae can be expected.’ (lines 435-438).

404-407 The promoter (3xP3 I believe) should be indicated. I don't think "(A.A. unpublished)" is needed being published here. Same for (G.J.L. unpublished) in 415
Promoter was specified and reference to unpublished work removed 

413 Also the RMCE involves integration events, I would specify e.g. "single integration events" rather than just "integration". Please replace also where applicable in the manuscript.
Modified as suggested throughout the text. 

499 "careful handling" and use of RNAse free reagents
Added to the text as suggested (line 550).

552 DNA extraction after deposition and confirmed hatching may also be advisable
Added in the protocol (lines 368-370) and in the discussion (line 604).

- Please check that "unidirectional" is a correct definition here. I don't think you can envision a different (e.g. bidirectional) recombination considering plasmid-chromosome DNA exchange
‘Unidirectional’ was eliminated from the text (line 471).

-Considering that 3xP3-CFP is also used as an example, it may be useful to indicate the possible background (particularly high when using CFP filters for screening of larvae)
A figure was included to show CFP background. This is now Figure 6. 
Text was added in the Representative Results section too (lines 454-459): ‘When screening for the presence of a fluorescent marker it is crucial to distinguish its signal from possible background autofluorescence. This is particularly important when using CFP as Anopheles larvae display natural blue autofluorescence (Figure 6A). Increasing the magnification and focusing on the tissues and organs where fluorescence is expected to be driven by the promoter is necessary to identify true CFP-positive individuals as illustrated in Figure 6B using the 3xP3-CFP marker’.

-It would be good to give the specs of fluorescence filters to use, at least for the fluorescent markers indicated in the examples
Specifications for DsRed, YFP and CFP filter used were included in the list of Materials.

-Fig. 6 A simplified version of Fig 3 schematic, showing primer position, may be useful here
Figure 6 (now figure 7) was modified to accommodate schematic as suggested.


Reviewer #2:
Manuscript Summary:
The manuscript submitted by Adolfi et al, entitled "Site-directed φC31-mediated integration and cassette exchange in Anopheles vectors of malaria" describes a protocol to achieve site directed insertions into the mosquito genome by using existing AttP mosquito lines.

Major Concerns:
The protocol provided by the authors describes the insertion genes into specific AttP loci in transgenic mosquitoes. While some of these transgenic lines are referenced, the protocol lacks useful data about existing AttP mosquito lines.

1. The authors should provide a table detailing available AttP lines. The information should include: Description, lab of origin, availability, insertion locus, fluorescent marker, and sequence of insertion locus. This would be critical for anyone interested in creating transgenic mosquitoes using this method.
Table 1 was added with a list of available Anopheles docking lines. We specified that the lines created by the authors of this manuscript will be available upon request. 

2. The authors should provide full annotated sequences of all the plasmids used as examples in this protocol. The authors should also be prepared to provide these plasmids, (or deposit them in a plasmid bank).
Full annotated plasmid sequences will be available upon request. A note was added to the legend of Figure 3 where a schematic representation of such plasmids is illustrated. 

Minor Concerns:
1. Please do not reference unpublished data (lines 53,62, etc). Line 453, remove the reference.
All references to unpublished work were removed. 

2. Figure 6: Please number your primers 1-4 and not 5-8. Please provide the sequence of these primers.
Primers are numbered sequentially as reported in the panels of Fig. 3. Renaming them as suggested would create duplicate primers numbers. Primer sequences were published as part of previous work, the appropriate reference was added in the figure legend. 

3. Line 268: As the authors mention later, the lack of transient expression in injected mosquitoes is not an indication as to the integration of injected plasmid into the genome. Authors should make clear that all G0 injected larvae should be reared.
A line has been added in the discussion with the recommendation of rearing all surviving G0s (line571).

4. Line 402: Please translate to numbers - a good number of eggs to inject (500-600) will yield 50-100 larvae, and 2-7 transgenic individuals.
Numbers were incorporated in the discussion text (lines 435-438). ‘We suggest injecting at least 500 embryos, which should lead to the hatching of at least 100 G0 larvae and to 2-7 G0 adult founders from which stably transformed progeny can be obtained. If screening for transient expression in G0 larvae, up to 40 positive larvae can be expected.’

Reviewer #3:
Manuscript Summary:
PhiC31-mediated integration and cassette exchange is a powerful method for facilitating generation of transgenic animals. It allows integration into specific sites that have been characterized as being suitable for insertion of foreign DNA (for instance, insertion sites that are not in genes causing deleterious mutations). By using one site for integration of different transgenes, it controls for chromosomal position effects for comparison of the different transgenes. This manuscript describes using this method to generate transgenic mosquitoes of the medically important Anopheles genus. This is a very well written protocol with comprehensive description of background as well as methods. I have only two comments.

Major Concerns:
None.

Minor Concerns:
Line 187: In my experience, unless working with less than 1 ng/ul DNA, the DNA immediately precipitates after adding EtOH. No need for the recommended incubations. Also, centrifugation and the 70% EtOH wash can be done at room temp. This simplifies this part of the protocol.
Suggested modifications were incorporated in the protocol at steps 2.3 and 2.5.

Line 452, Fig 4: Showing a comparison larvae negative (autofluorescence) and positive for the fluorescent protein would be informative. This is also true for Fig 5.
A figure was included to show CFP background. This is now Figure 6. 
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