Dear Editor, 
After your and the reviewers extensive reviews, we have altered our manuscript for publication in JoVE. We feel the current manuscript has improved significantly and we thank you and the reviewers for all comments. Pleas find below a point by point answer on all questions and amendments suggested in all review.

On behalf of my co-authors,

Sincerely,

Jarom Heijmans
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.


We have extensively proofread the manuscript and found it fitting to our convenience.

2. Please convert centrifuge speeds to centrifugal force (x g) instead of revolutions per minute (rpm). step 3.6.


This was done

3. JoVE policy states that the video narrative is objective and not biased towards a particular product featured in the video. The goal of this policy is to focus on the science rather than to present a technique as an advertisement for a specific item. To this end, we ask that you please reduce the number of instances of "Matrigel" within your text. The term may be introduced but please use it infrequently and when directly relevant. Otherwise, please refer to the term using generic language.

Matrigel is used 8 times. 


As we wrote previously, matrigel is a difficult term to avoid. Although we have altered other brand names in the text in the previous version, we were not able to come up with a generic for matrigel. It would seem cumbersome to alter matrigel into sentences as “solidifying extracellular matrix” throughout the text. We therefore prefer the term matrigel remains used in the manuscript, due to lack of a suitable alternative. If such an alternative would be apparent, we would not doubt to alter the word in the text. 

4. Please revise in the Discussion: "as low as 1  μg/ml" 


This was altered. 

Reviewers' comments:

Reviewer #1: 

Manuscript Summary: 

This manuscript describes in detail the transduction of intestinal organoid culture cells using lentiviral vectors. It includes how to expand and produce the lentiviral particles for transduction and how to handle transduction of organoids. Organoid culturing has previously been described but the manuscript does a good job of detailing important additions to improve transduction. An important point they make is that making the organoids cystic through the addition of nicotinamide, Chir99021 and Y27632 is crucial for efficient transduction. They also highlight the preparation of organoids for paraffin embedding for IHC. Both of these techniques will be invaluable to have video documentation as these are nuanced techniques that are often overlooked but crucial for high quality research outcomes. Additionally they describe how to harvest RNA for downstream analysis.

Major Concerns:

I have no major concerns other than there is new publication coming out that describes organoid transduction using retroviruses, which is similar but I believe this manuscript goes beyond that publication. 

Minor Concerns:

I have no concerns other than the few minor edits listed below.

Additional Comments to Authors:

The use of the term "stove" as opposed to "incubator" seems to be a dutch translation error, unless this is a British English term I am not familiar with. In the long abstract Line 57 change "RNA interference" to "interfering RNAs". Line 59 delete "in specific".Line 161 "Presumable" should be deleted. Line 163 should read "brown pellet that is visible". Line 315 teh special character is missing from GSK3. Line 335 change "groing" to "growing". Line 397 shoudl read "RT-PCR". Line 406 should read "...have holes in them to allow..."Line 407-409- I am not sure the point of these last few sentences having not seen the video but I beleive the point they trying to make is that normal cassettes cannot be used and only blocks described here can contain the organoids as described here. I would clarify and delete or modify these last few sentences.


We have altered or adapted the manuscript based on the reviewers comments.

Reviewer #2: 

In the last couple of years, intestinal derived organoid cultures have become the gold standard assay to study intestinal stem cell biology in vitro. They have proven to be superior to 2D serum based cultures as they more closely recapitulate crucial in vivo biological processes, i.e hierarchical organization and multi lineage differentiation potential. In addition, they provide a cost effective system that allow for genetic and pharmacological manipulation. In this video protocol, de Jeude et al describe a detailed methodology for standard molecular practice such as IHC, lentiviral transduction and RNA extraction. Although of limited novelty, this manuscript is informative and will certainly facilitate future research in the area of organoid culture systems. 

Minor comments:

The authors could start and briefly describe the culture method and then dive into the different methodology used in the manuscript. Now it starts with the preparation of transfection reagent that I would suggest to bring at the end where reagents are described. 

Throughout the manuscript, the authors are encouraged to adopt some consensus on the form. Notes are sometimes written in bold or not and "optionally". That should be consistent. 

Reagent concentrations should be clearly defined, what is 1x Trypsin.

The RIN quantification could be substantiated with a qPCR efficiency of a house keeping gene.


Based on comments of reviewer 2, we have adopted a consequent style and layout throughout the manuscript

Reviewer #3: 

Manuscript Summary: 

van Lidth de Jeude et al. describe a protocol of transduction of organoids, as well as protocols for RNA extraction and organoids processing for immunohistochemistry. 

The paper is well written and detailed protocols on experimental procedures with small intestinal organoids are of interest for a broad range of researchers. The methods are clearly described and scientifically sound.

Major Concerns:

no major concerns

Minor Concerns:

- Throughout the manuscript (and title), I would mention that these methods apply to small intestinal organoids. 

We have adopted the manuscript to this comment, although not the title. We have added a sentence to clarify this to the introduction.

- In general, I would recommend that the authors move part of the explanation from the discussion section to the introduction. That will improve the readability of the protocols. I.e. explanation about the function of Chir99021, Y27632..

We have reread our article to find a suitable spot for this addition, but we have not added it to the introduction of the manuscript, since we fear it might interefere with readability.

- Protocol, step 1: mention that PEI is very cytotoxic

We have added a note after 2.6. to clarify this point.

- Step 2.2: rename for consistency the term DNA transfection solution, since this is what you obtain after addition of the PEI solution (step 2.4)


We have altered this in the text.
- Step 2.5: incubate for 4 hours in…

We have altered this in the text.

- Step 2.5 (and throughout manuscript): replace 'stove' with incubator

We have altered this in the text.

- Step 2.6: are cells washed?

We have added a sentence to 2.6 clarifying that it is necessary to wash cells in this step.

- Step 2.7-2.9: 'Replace supernatant with new culture medium. Keep supernatant (containing virus); this will be used in step 2.10. To remove death cells, spin down for 5 minutes at 500g, filter through a 0.45um strainer and store at 4degrees. 

We have altered steps 2.7-2.9 based on these comments

- Step 2.10: Collect second batch of supernatant and repeat steps 2.7-2.9
- Step 2.11: Pool the supernatants (step 2.9 and step 2.10)..

These steps were altered.

- Step 2.12: I would mention in this step rather than in 2.13 that it is important to mark (maybe better then to remember) the tube to determine its the orientation in the ultracentifuge

We have altered 2.12 and 2.13 and merged this paragraph with 2.14

- Step 2.17: Did the authors perform a tittering step to check for transduction efficacy? Although there is a puromycin selection step, this step could reduce batch to batch variation. 

We have added a sentence to explain why we do not use tittering steps in the discussion. 

- Step 3.1: specify well size

This was specified.

- Step 3.5: what concentration trypsin is used?

This was added to 3.5

- Step 3.6: for consistency please use g instead of rpm

This was altered

- Step 3.9/3.10: It is not clear whether step 3.9 is (optionally) added to the protocol or performed instead of step 3.10. 

We have clarified this with an extra sentence in 3.8.

- Step 3.11: is something taken out before resuspending or is 1ml organoid culture medium added to the whole mixture, and then mixed? Please clarify

This was clarified.

Reviewer #4: 

This manuscript written by van Lidth de Jeude et al thoroughly explains a protocol for lentiviral transduction of organoids. Furthermore, the authors explain several techniques to process the organoids for further analysis. The manuscript is well written and the step-by-step protocols are easy to follow. This manuscript allows others to easily implement this relative new technique, which is currently replacing standard cell line culture in the field of intestinal epithelial research; other types of tissue will soon follow.

I have no major comments, just a few minor suggestions that are more a matter of taste. Therefore, I recommend publication of this manuscript with or without the implementation of my suggestions. 

Minor suggestions:

1. Make an overview comparing organoids to cell lines and list the pros and cons of both techniques (maybe include mouse models). This way, a relative inexperienced user immediately sees the discrepancies and can choose accordingly. As I am not familiar with the editorial layout of the JOVE website I suggest the editors decide the appropriate location of such an overview within the article.

We would prefer the article to be of methodological value, without discrediting other techniques. A pro-con list of characteristics of cell lines versus organoids may do this. We have therefore not added it to our manuscript. 

2. Make some sort of small flow-chart figure that gives an overview of the complete protocol including the duration of each step.


We have entered a schematic of the protocols 2 and 3 with protocol step numbers and timing, that will hopefully add to the comprehensibility of the protocol. 
3. On page 10, line 408, it says, "To our knowledge, no cassettes exist that have small enough holes to prevent from falling out, but this may be an easy alternative." I think it should be "….to prevent organoids from falling out….."


We have removed this entire remark.
4. In the "representative results" section I would recommend to include subtitles for the specific techniques performed, for example "RNA extraction" and "IHC processing". This, to improve the structure of the section.


We have added these subheadings to the manuscript.
