Dear editor(s) and reviewers,

Please find enclosed our revised manuscript “Universal and efficient electroporation protocol for genetic engineering of gastrointestinal organoids” for publication in JoVE. We appreciate the interest and time that the editors and reviewers have taken to help us with constructive suggestions.

Following this letter are the editor and reviewer comments. Our responses and changes within the revised manuscript are marked in red.

Thank you again for consideration.

Sincerely,

Kristin Pape, Dr. rer. nat.

Universitätsklinikum Carl Gustav Carus
Fetscherstr. 74, 01309 Dresden

Germany

Editorial comments:

The manuscript has been modified and the updated manuscript, 60704_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.
Answer: Done.
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 the Figure Legend, i.e. “This figure has been modified from [citation].”
Answer: No figures from previous publications were used.

3. Please use 12 pt font and single-spaced text throughout the manuscript.
Answer: Done.

4. Please add a one-line space between each of your protocol steps.
Answer: Done.

5. Please define all abbreviations before use.

Answer: Done.
6. Please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs with citations:

a) Critical steps within the protocol:
Answer: This part was mentioned in line 231-232: “After electroporation, it is a very important step to dissociate the white foam, so that no attached cells are getting lost. “

b) Any modifications and troubleshooting of the technique

Answer: In preliminary experiments the troubleshooting led to a high purity and concentration of the deployed DNA, that is necessary to reach high efficiencies. This is explained in lines 251-252 now.
c) Any limitations of the technique

Answer: As shown in Figure 4, the transfection efficiency decreases with a larger plasmid size. This was described in lines 254-255. 
d) The significance with respect to existing methods

Answer: The significance concerning other existing methods was described in lines 219-225.
e) Any future applications of the technique

Answer: Future applications are explained in lines 255-259 (e.g. minicircle DNA vector).
Please do not abbreviate journal titles for references.
Answer: Done.

7. Figure 2, Figure 3A: Please use . instead of , for decimal point.

Answer: Done. We also replaced it in the “representative results” section.
Reviewers' comments:

Reviewer #1:

Manuscript Summary:

The patient-derived organoid culture system that mimic the structural and functional characters of an organ is widely used in any fields in not only basic biology, but also applied research fields such as medical biology and pharmacology. Here, Pape et al. describe the method of electroporation in tumor organoids established from different organs: colon, pancreas, bile duct, and stomach. The author actually tested the efficiency of transfection using different size of GFP-expressing plasmids and, consequently many GFP expression derived from the transgenes could be observed in their system. The another also developed a cost-intensive electroplating buffer.

Overall, the manuscript represents a very useful protocol for the organoid-gene editing by using CRISPR/Cas9 and I strongly believe this protocol improves the efficiency to establish gene-engineering organoid. Therefore, the protocol by Pape et al. might be expected to be applies in a wide range of fields. However, a major drawback of the manuscript is that some of the represented methods are preliminary and less explanation. Several issues need to be addressed in a revised manuscript, as detailed below:

Major Concerns:

1. Compared with the similar reports in JoVE previously (DOI: 10.3791/55916, DOI: 10.3791/57374, and DOI: 10.3791/55159), The authors just referred previous reports at both line-71 and line-106, their explanation in each step were very poor. As the journal policy of JoVE is a scientific methods journal, the author should write methods in detail by themselves that every reader can recapitulate their protocol by reading those manuscript and movie.
Answer: We extended Table 1 as detailed overview for the establishment of organoid cultures and their cultivation media. The detailed description for normal gastric, liver, pancreas and colon organoids as well as CRC, GC, CCC and PDAC organoids would go beyond the scope of this manuscript. Regarding line 106 we referred to Fujii et al. to make clear that this setting is not our finding. We tried different settings, but this one worked best. In the published protocol the details will be clearly visible by the belonging Table 2 including the settings. We also added a picture illustrating the two-step electroporation (see Figure 2)
2. The author claimed "genetic engineering" in the title, but this protocol does NOT contain any results of gene-engineering. As they just showed the result of transfection efficiency after the electroporation, the authors should consider removing "genetic engineering" from the title or showing any experimental results of generation of knockout or knocked-in organoids if they want to include the part of "genetic engineering".
Answer: Detailed genetic engineering techniques are already published for organoids (e.g. DOI: 10.3791/55916, DOI: 10.1038/nm.3802, DOI: 10.1126/science.aao3130, DOI: 10.1016/j.stem.2013.11.002). As we want to publish our detailed results elsewhere, we focused in this methodology paper on optimizing the electroporation of DNA. Nevertheless, we added a representative result as Supplemental Figure 1 showing a knockout of TP53 in normal human stomach organoids.
3. As the authors mentioned at the line-90, the one of important tips in their protocol is that tumor organoid need to be dissociated into 10-15 cell aggregation before electroporation, NOT into single cells. This might be their original point to improve survivability of organoid in electroporation. However, in my experience, it is more difficult to control the number of aggregated cells than generating single cells in dissociation step of organoid, especially in the case of tumor organoids. Therefore, the authors need to explain in detail of this part how the authors prepare 10-15 cells aggregation entirely (which splitting enzyme they used, trypsin? collagenase? others?), and show the exact picture of cells after digestion in the Figure or in the movie of JoVE. Definitively, it helps readers to image this step.
Answer: We rephrased 1.4.4 (line 92-94) and hopefully we could point out that it is only a time-dependent enzymatic digestion. Due to the policy of JoVE it is not allowed to mention TrypLE as brand name directly. For a better understanding we referred to the Table of Materials (line 87). A picture of the digestion is included in Figure 1 now and we will show this step in a detailed way within the video.

Minor Concerns:

1. Another major finding of their author is about electroporation buffer because they emphasized "electroporation buffer, which is not expensive but very efficiency" in human tumor orgnaoids in the part of SUMMARY, ABSTRACT, and INTRODUCTION, respectively. There is no information about this buffer which authors used. They just mentioned at Line#100 like 100 uL electroporation buffer. The authors need to describe contents of the buffer if this is your original finding.
Answer: Due to the policy of JoVE it is not allowed to mention Opti-Mem as electroporation buffer directly, because it is a brand name. For a better understanding we referred to the Table of Materials (line 105). There it is described as electroporation buffer.
2. The authors make clear tables. The part of culture medium, regents, and equipment should be separated.

Answer: Done.
3. Mistype of CHIR99021 at line-117 and -130. Forget "1" at the last.

Answer: We changed it.
Reviewer #2:

Manuscript Summary:

Gaebler et al. described a method for electroporation of human gastrointestinal organoids. This method is potentially useful for readers to genetically engineer intestinal organoids. This protocol is mostly well-written, although there are some concerns:

Major Concerns:

none.

Minor Concerns:

1. Since this is a protocol paper, it would be helpful if the authors would include a Table with medium components they have used to culture the specific organoid lines. They do include components in the materials list, but only refer to references when it comes to composition of the expansion media.
Answer: We extended Table 1 as an overview about the basal media, digestion mixtures for establishing and cultivation media.
2. At 4.2 include "FACS" as abbreviation of the full term.

Answer: Done.
3. In figure 2, indicate in legends which type of organoids were used for the example.

Answer: These were CCC organoids. We added it.
4. In figure 3. Please indicate abbreviations in the legends. In B) include "by fluorescent microscope" and abbreviation for BF in the legends.

Answer: Done.
5. In discussion Settings: please rephrase "In a pre-experiment…". Suggestion: "We assessed different voltages (…) pulse to find (…). In summary, we confirm (…)"
Answer: We rephrased this part.

6. In materials list, please indicate that noggin, Rspondin and Wnt3A are conditioned media.

Answer: We extended the descriptions.
Reviewer #3:

Manuscript Summary:

As clearly stated by the authors, organoids have become a wiedely used tool in biomedical research. And tools and techniques to manipulate organoids has become an important need. The authors describe an interesting and as seen from outside easy to handle methods to transfect different types of organoids. The transfection efficiency appear to be very high making it it potentially very useful and probably also very economical method to manipulate organoids. I have few comments and questions:

Major Concerns:

The authors propose the use of a very specific electroporator. Have the authors used electroporators from different brands? Are the same settings adjustable in these different electroporators?

The nulecofection device from Lonza (Amaxa) is frequently used to transfect cells. Given the wide distribution of this device, have authors tested whetehr it can also be used to transfect organoids?
Answer: This protocol with the chosen settings can be performed with all electroporators capable of square waves and a two-step electroporation setting (see Note line 101-104).
To our knowledge it is not possible to define the settings with the Nucleofactor from Lonza exactly. You can choose between different programmed settings, but without an exact knowledge of the voltage, time etc. So, it is not possible to compare both electroporators directly with the same settings. Because Fujii et al. achieved a significantly better transfection efficiency with the Nepa21 compared to the Nucleofactor from Lonza (DOI: 10.1038/nprot.2015.088) and the group from Bon-Kyoung Koo (IMBA Vienna) reported similar results, we decided to buy the NEPA21 and focused on optimizing electroporation with this machine.
The authors should provide some information on how to best concentrate plasmids as most plasmid siolation kits will not give such a high concentration but rather in the range of 1 ug/ml
Answer: We added the advice to use Maxi kits for the preparation and recommended one in the Table of Materials. 
Since most GFP expression plasmids contain a neomycin casette, have the authors tried to select organoids by antibiotics?
Answer: Of course. Using our electroporation technique for concrete application examples we also selected with antibiotics successfully afterwards. In our representative results we focused on a good (optical) presentation of the transfection efficiency and both plasmids did not encode for any eukaryotic resistance cassette.
Minor Concerns:

Line 147: should say 100 um, not 100 ul

Answer: Done.
Reviewer #4:

Manuscript Summary:

The authors proposed an optimized electroporation method for GI organoids in this protocol. They tested the protocol in 4 different cancer organoids, pancreatic ductal adenocarcinoma (PDAC), colorectal cancer (CRC), cholangiocarcinoma (CCC) and gastric cancer (GC) organoids, and they showed highly efficient transfection results from all conditions (around 40% and 80% efficiency on average for the transfection of 9.3kb and 4.2kb plasmids, respectively). Even though their protocol adapted previous electroporation protocols in organoids (Fujii et al., 2015 and Merenda et al., 2017), this protocol could still be very useful and versatile since they tested it in several different gastrointestinal organoids from different tissue origin and focused on higher electroporation efficiency. They also tried to make the whole procedure less-expensive, easier and simpler than the previous ones. I only suggest some minor points to improve the manuscript.

1. Line 54-55: What is the logic behind the claim "an efficient transfection becomes a crucial parameter" "(due to the fact that) transient expression of the Cas9 endonuclease is desirable to reduce off-target effects"? It is difficult to understand the link between these two phrases. Any better explanation?
Answer: We rephrased this part of the text. Here, we wanted to address the fact that it is also possible to stably integrate vectors encoding for Cas9 (by viral transduction), if you want to circumvent low transfection efficiency. But permanent expression of Cas9 will increase not wanted off-target effects.
2. Line 60-61, 190-191: The authors mentioned that their protocol works well with healthy organoids, but they did not show any data.

Answer: An exemplary electroporation-mediated knockout of TP53 in healthy human gastric organoids was added as representative result and is shown in Suppl. Figure 1.
3. Line 84, Step 1.4.2: Please add "(see Table of Materials)" after "dissociation reagent".
Answer: Done.

4. Line 87, Step 1.4.4: I wonder whether vortexing has any drawback in terms of cell viability. How harsh should it be? Is it specific for cancerous organoids or for healthy ones too? Please specify.
Answer: We could not detect any drawbacks and no differences in handling healthy or cancerous organoids.

5. Line 93, Step 1.4.5: How can authors wash the organoids after dissociation in order to remove antibiotics? By two times of centrifugation after resuspension? Please add "(see Table of Materials)" after "electroporation buffer" as well.
Answer: Yes, two washing steps with electroporation buffer (Optimem) were enough to wash out the medium components including antibiotics.

6. Line 102-103: How can the authors keep their DNA stocks with such a high concentration (5ug/ul)? It is not clear whether "the use of less DNA (total amount?)" reduces the efficiency or "the use of less DNA concentration" reduces it or both. Please clarify it.
Answer: We rephrased it, added the advice to use Maxi kits for the preparation of vectors and recommended a kit in the Table of Materials.

7. Line 110-111: It would be great if the authors provide some infomation on how to increase or decrease the impedance to match 30~40 Ω when it does not match.
Answer: We added some troubleshooting guidelines (line 118-120).
8. Line 128-130, Step 3.2: How many wells would the authors recommend after the electroporation using 5 wells of organoids? Should the CHIR9902 (3uM) be added on top of the complete media even if the complete media contains Wnt3a? Please describe how many days (7d) in general the media should be supplemented with Y-27632 and CHIR9902 here.
Answer: As mentioned (“Resuspend the pellet in 100 µl basement matrix and seed 20 µl drops”) 5 wells were originally used and also seeded after electroporation. Of course this can be adapted dependent on how dense the individual culture likes to grow.
Yes, we added CHIR99021 additionally, because it seems to increase the recovery rate (10.1038/nprot.2015.088, Figure 2). In a preliminary experiment we could confirm this for our cultures. We rephrased 3.2. regarding the supplementation of around 5-7d.
9. Even though the authors mentioned that "often more than one plasmid needs to be introduced" by electroporation, there is no guideline for using more than one DNA plasmid. I guess one can just try the same ratio of each plasmid up to 45ug in total amount, but it would be helpful if they provide a guideline when using several plasmids in one electroporation.

Answer: We are sorry, that we cannot give a general guideline. The ratio for “using more than one plasmid” is completely dependent on the aim of the experiment (overexpression, knockout, knock-in, CRISPR-based etc.) and the used plasmids/ DNA strands. For example, for generating a NHEJ-based CRISPR knockout, which will be selectable by medium composition like shown in Suppl.Figure 1, it is possible to use:

- vector 1 encoding for Cas9 + vector 2 encoding for sgRNA1 (+ vector n encoding for sgRNAn)
- vector 1 encoding for Cas9 + vector 2 encoding for sgRNA1+2 (e.g. 2 gRNA concatemer vector, Addgene # 84879)
- 2-n x vector(s) encoding for Cas9 & sgRNA (e.g. px458, Addgene #48138)
- vector encoding for Cas9 and two sgRNAs (e.g. our new px458_Conc2 vector, available on Addgene after publication; which also can be combined with a repair template for HDR-based approach etc.). 
