Editorial comments:
The manuscript has been modified and the updated manuscript, 60552 R0. docx, is attached and located in your Editorial Manager account. Please use the updated version to make your revisions.

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Response: We have rechecked the spelling and grammar in our manuscript.
2. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in Figure Legend, i.e. “This figure has been modified from [citation].”
Response: We used original figures for this MS.
3. Please provide at least 6 keywords or phrases.
Response: We listed 6 keywords in the revised manuscript. 
4. 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.). Any text that cannot be written in the imperative tense may be added as a “Note.”
Response: We are very grateful to you for pointing out this issue for protocol writing. We followed your suggestions and rewrote the protocol section in the imperative tense.
5. Please define all abbreviations before use.
Response: Thanks for the suggestion. In the revised manuscript, we redefined all abbreviations before use.
6. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names of 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 and Reagents.
Response: We removed commercial language from the manuscript and used the common names for them.
7. Please remove the embedded Table from the manuscript. All tables should be uploaded separately to your Editorial Manager account in the form of an .xls or .xlsx file. Each table must be accompanied by a title and a description after the Representative Results of the manuscript text.
Response: We removed the embedded table from the revised manuscript.
8. Figure 1: Please add a short description of the figure in figure legend.
Response: We added a short description of figure 1 in the figure legend.
9. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).] For more than 6 authors, list only the first author then et al. Please do not abbreviate journal titles. See the example below:
Bedford, C.D., Harris, R.N., Howd, R.A., Goff, D.A., Koolpe, G.A. Quaternary salts of 2-[(hydroxyimino)methyl] imidazole. Journal of Medicinal Chemistry. 32 (2), 493-503 (1998).
Response: We revised the references according to the above format.  
10. Please remove trademark (™) and registered (®) symbols from the Table of Equipment and Materials.
Response: We removed trademark (™) and registered (®) symbols from the Table of Equipment and Materials.

11. Figure 1: Please remove “percoll” from the figure and use generic description. Please use a single space between numerical values and their units. Please use mL instead of ml. Please use x g instead of g.
Response: We corrected these errors as required.
12. There is a 2.75 pages limit for filmable content. Please highlight 2.75 pages or less of the Protocol steps (including headings and spacing) in yellow 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.
Response: We highlighted the protocol steps in yellow for the video preparation.












[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: _Hlk20062542]Reviewers' comments:
Reviewer #1: 
Manuscript Summary:
This manuscript is in the scope of Journal of Visualized Experiments. This paper is dealing with the experimental procedure to transfect sporozoites and second-generation merozoites of the avian coccidia, Eimeria necatrix. Authors described carefully the protocol to purify each parasite stage and to run transfection. Using drug-selection during in vivo propagation and fluorescent-selection by FACS, authors obtained stably transfected parasites. This is a useful method to produce genetically modified Eimeria parasites, which could be used as vaccine vehicles.

Major Concerns:
1. This article is well written and the material and method section is clear (except inoculation route, see below). Although, the originality of the research is poor (stable transfection of Eimeria species of sporozoites and merozoites has been regularly published since the very first work: Clark et al., "A toolbox facilitating stable transfection of Eimeria species", Molecular & Biochem. Parasitol. 2008, 162:77-86), the main criticism concerns the way parasites are inoculated to chicken. The intravenous injection is cited for E. necatrix propagation. This procedure deserves to be fully argued. To our knowledge, except in Long and Rose 1965, Exp. Parasitol. 16:1-7, this procedure has never been used since. Moreover, the cloacal route was used successfully for stable transfection of E. necatrix (see Duan et al., "Stable transfection of Eimeria necatrix through nucleofection of second-generation merozoites", Molecular & Biochem. Parasitol. 2019, 228:1-5), published by the same lab. This is in contradiction with present results "In the study, inoculation of transfected sporozoites of E. acervulina by wing vein solved the problem that sporozoites of E. necatrix and E. acervulina could not be inoculated via cloacal route" (lines 272-273).
Response: Thanks a lot for pointing out this mistake we made during the preparation of the MS. Now we corrected the description of steps for Cloacal inoculation or intravenous injection.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. A second major point concerns the result section: Figures 2 and 3 are of poor quality and cannot be published as is.
Response: We replaced the 2 figures with newly prepared ones. 
Minor Concerns:
Line 115: please add, "by cervical dislocation" at the end of the sentence "the birds were sacrificed", and delete line 123.
Response: Thank you. We added "by cervical dislocation" at the end of the sentence "the birds were sacrificed", and delete line 123.
[bookmark: _Hlk20144265]Line 139: please add, the reference for the gauze used.
Response: We cited the reference (Eckert, J. et al., 1995) in the revised manuscript.
Line 151: please, replace the volume of restriction enzyme by the unit used.
Response: We have replaced "5 μL" by "25 U".
Line 183: what is the individual dose for each chicken?
Response: We added the description of “The dose of sporozoites for each chicken is about 2 million，and the merozoites were about 107”.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Line 190: how was administered pyrimethamine? Was it in food, in the water?
Response: We added a note in our revised manuscript: We use pyrimethamine by adding it directly in the feed. For more convenient use, we prepare water-soluble pyrimethamine (1 g pyrimethamine is dissolved in 0.2 mL H2SO4 and 9.8 mL N-methyl pyrrolidone (NMP), then 1.5 mL of this stock solution is added into 1 L drinking water for birds).
Line 191: the drug-selection by pyrimethamine implies that the vector used for transfection contains the DHFR-TS gene. Please indicate this earlier in the manuscript.
Response: Thanks a lot for this suggestion. We added a sentence to descript the selection marker in the plasmid in our revised manuscript (lines 150 and 151).
Lines 229-237: no volume is indicated for any of these steps. Please precise each volume.
Response: We added a note to explain it.
Line 246: at the end of the result section, authors could give the yield of positive transfected parasite obtained at first and the second passage in chicken.
Response: Thank you for this suggestion. We added the transfection efficiency obtained at first and second passages (line 244-247).

Line 260: in Table 1 or Table 2, please add the reference and the composition of DMEM medium.
Response: We added the information in Table 2.
[bookmark: OLE_LINK191][bookmark: OLE_LINK192]Line 262: in Table 2, please add pyrimethamine reference.
Response: The reference has been cited in the revised manuscript (Clark et al., 2008, reference [8]).
[bookmark: OLE_LINK187][bookmark: OLE_LINK188][bookmark: OLE_LINK189][bookmark: OLE_LINK190]Line 270: the first work dealing with stable transfection of E. tenella was Clark et al., 2008. Please cite this reference.
Response: We corrected the mistake and cited in the revised manuscript (reference [8]).
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Line 290: replace "We will" by "we will".
Response: We did the correction.







Reviewer #2:
Manuscript Summary:
The article describes a method of transfection of Eimeria spp. by nucleofecting sporozoites and second-generation merozoites. The method is proposed to facilitate the genetic manipulation of this protozoan. Some minor revisions to clarify the protocol are needed. Additionally, the language of the manuscript should be improved, especially the Discussion.

Major Concerns:
The discussion should be rewritten. A more comprehensive comparison of the protocol described in this study and previous studies should be drawn up. It is not clear when the authors refer to the current study or to previous studies. The language should be reviewed by a native speaker.
Response: We are very grateful to the reviewer for point out the shortage of discussion. In the revised version of MS, we compared the transfection studies recently carried out by several research groups.

Minor Concerns:
-Line 44: replace "merozoites" by "second-generation merozoites".
Response: We did this replace.

[bookmark: _Hlk20037266]-Line 46 and Line 78: clarify if only E. tenella was used (as indicated in line 78) or the method was applied to the three Eimeria spp. indicated in line 87
Response: This protocol is suitable for several Eimeria spp. Therefore, we have re-stated the sentence in the revised manuscript: Extraction and purification of sporozoites of Eimeria spp. (For example E. tenella)
-Line 114: both the strain of chickens and age at the time of infection should be indicated.
Response: Thank you very much. We added a sentence “In our experiment, we used Arbor Acre (AA) broilers at the age of 7-14 d to study”.
-Line 117: the time point for the collection of 2nd generation merozoites for each Eimeria spp. should be indicated.
Response: We added the time point for the collection of 2nd generation merozoites for E. necatrix and E. tenella. In this study, the time point for E. necatrix at 109 h, and E. tenella at 112 h post-inoculation, respectively. 
[bookmark: OLE_LINK193][bookmark: OLE_LINK194][bookmark: OLE_LINK11][bookmark: _Hlk21093810][bookmark: OLE_LINK12][bookmark: OLE_LINK13]-Line 125: clarify the term "yold stalk" and the different portions of the intestine to be analyzed depending on the species of Eimeria.
Response: "Yolk stalk" is in the middle of the small intestine. It refers to a tubular connection between the yolk sac and the embryonic gut in the developing embryo. Such as E. tenella parasitized mainly in the cecum. E. acervulina parasitized mainly in the duodenum. E. maxima and E. necatrix parasitized mainly in the small intestine, whereas the gametogony of E. necatrix occurs in the cecum due to the migration of the merozoites.  

-Line 128: "of small intestine..." Were not the ceca analyzed for E. tenella?
Response: Because of the transfection of merozoites mainly used for E. necatrix, the parasitic position of 2nd generation merozoites of E. necatrix mostly in the middle of the intestine. Thus the purification of second-generation merozoites of E. necatrix is described here as an example.
-Line 149: explain why several tubes have to be used for merozoites and not for sporozoites.
Response: Because the transfection efficiency of merozoites is lower than sporozoites, we need more merozoites to ensure transfection successfully. However, 1×107 sporozoites are enough for the transfection.  
-Line 150-153: indicate the manufacturer of reagents used for transfection.
Response: We have added the manufacturer of reagents used for transfection.
[bookmark: _Hlk20038206]-Line 174: indicate meaning and manufacturer for "DMEM"
Response: We have added the meaning in line 173 and the manufacturer in table 2 for DMEM.
-Line 250: replace "merozoites and schizonts" by "schizonts and merozoites"
Response: We thank the reviewer for pointing out this mistake. We have replaced "merozoites and schizonts" with "meronts and merozoites".
-Line 270: "We attempted to transfer….". Which study do the authors refer to?
Response: The study referred to the article that the reference (Duan et al., 2019). And we have re-stated the sentence in the revised manuscript    
-Line 271: "In the study, inoculation….." Do the authors refer to this study or to previous studies?
Response: We thank the reviewer for noting this detail. We revised the sentence and added the reference. 
[bookmark: _Hlk20055961]-Line 274: "In addition, we injected…" Do the authors want to say? "In addition, in previous studies we injected….."
Response: This sentence means that it is a feasible method to inject the transfected sporozoites into the intestinal lumen of rabbits in a laparotomy in previous studies. And we have revised the sentence.

Figure 3: the content of each of the three images showed for E. necatrix and E. tenella should be clarified.
Response: We have added the description of Figure 3.  
Figures: the resolution of photographs in both Figures 2 and 3 should be improved.
Response: Thank you. We have replaced the original figures.


Reviewer #3: 
Manuscript Summary:
This manuscript provides a detailed method to achieve stable transfection of Eimeira parasites of chickens. This method will help to facilitate the application of genetic manipulation in Eimeria spp. and explore the Eimeira genes' function. So, this manuscript is of great significance and urgency. However, this protocol is lack of continuity and some part is confusing, and need to revise step by step.

Major Concerns:
Lines 80-110: The sporulated oocysts were used. This protocol is lack of continuity and some part is confusing. More detail needed to this section.
This protocol could be (Just an example. Authors need to revise according their experiments):
1. Extraction and purification of sporozoites of E. tenella
1.1 Release of sporocysts
1.1.1 Sporulated Oocysts (the amount is about 1×107 ) in potassium dichromate solution (2.5% m/v) was centrifuged at 2300 g for 5 min and the pellet was washed with PBS for 3 times.
1.1.2 The pellets was suspended in ??ml PBS and transfer to ??ml tube. Th equal volume of glass beads (1mm×1mm diameter range) were added. The oocyst suspension was oscillated using Vortex Mixer to release the sporocysts.
1.1.3 Microscopy check was performed every 1 min to monitor the release of sporocysts. Stop vortexing when more than 90 % oocysts was broken.
NOTE: Most of oocysts (E. tenella, E. necatrix and E. acervulina) were broken about 1 min using Vortex Mixer.
1.1.4 Sporocyst suspension was transferred to new 1.5 ml tubes and centrifugate at 1600 g for 5 min. The precipitation was resuspended with 50% Percoll, combined to a 1.5 ml tube, added 50% Percoll to a total volume of 1 ml, and centrifugated at 10000g for 1 min.
1.2 Release of sporozoites
1.2.1 The precipitation was resuspended with the excystation buffer, incubated in water bath of 42 ℃ for 40 min-1 h to release the sporozoites, and then centrifugated at 600 g for 10 min.
NOTE: Shake the tubes once every 5 minutes during excystation.
1.2.2 The precipitation was resuspended with 1 ml 55% Percoll and centrifugated at 10000 g for 1min.
1.2.3 The precipitation was resuspended with 1 ml PBS and the sporozoites concentration was counting using a hemocytometer.
Lines 112-195: Following the above example, revise the protocols of "2. Collection and purification of merozoites of E. necatrix", "3. Nucleofection of merozoites or sporozoites","4. Cloacal inoculation/ intravenous injection" and "5. Propagation and FACS sorting".
Response: We are very grateful to the reviewer for rewriting the example procedure. According to your suggestion, we revised it in our new manuscript, and re-stated the protocols of "2. Collection and purification of merozoites of E. necatrix", "3. Nucleofection of merozoites or sporozoites"," 4. Cloacal inoculation/ intravenous injection" and "5. Propagation and FACS sorting".
Minor Concerns:
Line 67: should be "spp.".
Response: We changed “spp” into “spp.” in the revised manuscript.
Line 78: specific to E. tenella? Or to Eimeria spp.?
Response: This protocol is suitable for Eimeria spp. Therefore, we re-stated the sentence in the revised manuscript: Extraction and purification of sporozoites of Eimeria spp.
Line 149: "if merozoites were used, prepare several tubes"?
Response: We thank the reviewer for noting this detail. We re-stated the sentence in the revised manuscript: If you do the transfection of merozoites, prepare 3-4 tubes in generally.
Line 150: what kind of "plasmid"? Lines 189-150 mentioned FACs and pyrimethamine?
Response: We added a sentence “The plasmid used in this study contains 2 genes, enhanced yellow fluorescent protein (EYFP) and dihydrofolate reductase thymidylate synthase derived from Toxoplasma gondii (TgDHFR-TS)” to explain the “FACs and pyrimethamine” (lines 150- 151).
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Line 165: about 10 µl? or 10 µg?
Response: We thank the reviewer for noting this detail. It should be 10 µg, and the volume of the plasmid is usually 10 µl. 
Lines 178-180: The two paragraphs have the same meaning.
Response: We deleted this Note from the revised MS.  
Lines 183-184: The infected dose? Sporozoites via intravenous injection? Merozoites via cloacal route?
Response: Thank you very much. We added the sentence, “The sporozoites inoculated into each chicken are 2 million, while merozoites for each bird are 107.” (lines 182 and 183).
Lines 197-198: should be "…… If more purified sporozoites or merozoites needed, there was an ……."
Response: We re-stated the sentence in the revised manuscript: If more purified sporozoites or merozoites needed.
Line 203: should be "……glycine eluent buffer (twice), respectively."
Response: We thank the reviewer for pointing out this mistake. We modified this sentence as “Wash the chromatographic column with water (once) and glycine eluent buffer (twice), respectively”.
Lines 209-210: should be" ….column and the flow rate was adjusted to 30- 40 of 100* range."
Response: We thank the reviewer for pointing out this mistake. We changed this sentence as “…adjust the column and the flow rate from to 30- 40 of 100 range”.
Lines 219-221: It seems that the pellets needed to be resuspended before counting. What kind of buffer used? The same problem was found in Fig 1.
Response: We agree with this comment. The buffer used to resuspend the pellets is PBS usually. And we re-stated in the revised manuscript. 
Line 224: should be "…..DE-52 cellulose was used for the purification….".
Response: We thank the reviewer for pointing out this mistake. We have revised the sentence as “In general, the purification sporozoites or merozoites need to use for 2.5 g DE-52 cellulose and prepare it at least one day in advance.” according to your suggestion.
Lines 226-227: should be "Adjust the pH of glycine eluent buffer from 7.6 to 8.0 and prewarmed to 41 °C."
Response: According to your suggestion, we have revised the sentence as “Adjust the pH of glycine eluent buffer from 7.6 to 8.0 and prewarmed to 41 °C”.
Line 229: should be "Adding water and soaking overnight".
Response: We are grateful to the reviewer for point out this error, and we corrected it in our revised manuscript.
Line 230: should be ". Adding water and soaking for an hour."
Response: We revised it in following your suggestion
Line 231: should be "….discarded. Adding 0.1 M NaOH and soaking for at least 2 hours."
Response: We revised it in our new manuscript.
Lines 224-238: More detail needed in this section.
Response: According to your suggestion, we revised it in our new manuscript.
Line 242: should be "This protocol has been successful……"
Response: According to your suggestion, we revised it in our new manuscript.
Line 248: should be " ….purification of Eimeria (in italic) sporozoites"
Response: According to your suggestion, we revised it in our new manuscript.
Line 252: "were" should be deleted.
Response: According to your suggestion, we revised it in our new manuscript.
Line 253: should be "….D. Sporozoites of E. tenella treated with ……"
Response: According to your suggestion, we revised it in our new manuscript.
Lines 255-257: should be "……..after infecting with the transfected merozoites or sporozoites. A. The oocysts of E. necatrix (in italic) after infecting with the transfected merozoites. B. The oocysts of E. tenella (in italic) after infecting with transfected sporozoites."
Response: We are grateful to the reviewer for the suggestion for improving our manuscript. We revised it in our new manuscript.
Line 260, Table 1 : what kind of "water" was used? 100% percoll=90% percoll + 10% 10*PBS? "Trypsin" should be "trypsin".
Response: The water refers to distilled water. We added the description in table 1. 100% percoll refers to nine-tenths of percoll and one-tenth of PBS (10×) to mix. 
[bookmark: _Hlk21093409][bookmark: _GoBack]Line 271: "In the study"? A reference needed?
Response: We thank the reviewer for noting this detail. We added the reference.
Line 282: should be "heterologous antigens, such as CjaA from Campylobacter jejuni"
Response: We revised it in our manuscript.
Fig 1: should be "107 sporulated oocysts". In method 1, "… bile digestive buffer " should be "excystation buffer"? The text explanation of 2nd tube should be lined at the same level with those of 1st and 3rd tubes. In method 2, there is not text explanation to last tube. This figure shows that the last step from both methods is "centrifugation" and "counting". But counting what? Supernatant or pellet?
Response: According to your suggestion, we revised the Figure 1.

The last page, Table of Materials: Uniform format needed. For example, the first letter of some words (Vortex Mixer….) was capital, but not for others (magnetic mixer,….), etc.
Response: We are grateful to the reviewer for point out this problem, and we corrected it in our revised manuscript. 

