Dear Editor,

We are pleased to have our manuscript thoroughly peer-reviewed. We have now addressed all the editorial/ production and peer-review comments in our revised manuscript/video. You can find our response to each comments below them in italics. All the changes made in the manuscript text are highlighted in yellow. We thank you and the peer-reviewers for all the valid suggestions which has definitely added more value and clarity to the manuscript. We look forward to hearing from you.

Best regards,
Liisa Kauppi


Editorial and production 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. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.

2. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before 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. You may use the generic term followed by “(Table of Materials)” to draw the readers’ attention to specific commercial names. Examples of commercial sounding language in your manuscript are: Oxford Nanopore Technologies, Pacific Biosciences, PacBio, Generuler, ThermoFisher Scientific, New England Biolab, etc.

We have removed all the commercial language from the manuscript and video and replaced it with generic terms.

3. Please revise the Protocol text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).

We have removed all the personal pronouns in the protocol text.

4. Please add more details 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. 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. See examples below.

5. Section 2.1: Please do not generalize the protocol and be as specific as you can with respect to your experiment providing all the details. For instance, how to extract genomic DNA? How to measure the DNA concentration? What are the parameters for running agarose gel electrophoresis? Alternatively, relevant references can be provided here.

We have corrected this issue and have provided the instructions we used in the protocol and included relevant references

6. 2.1.1: Will tumor or blood samples be used for demonstration in the video? Please include an ethics statement before the numbered protocol steps, indicating that the protocol follows the guidelines of your institution’s human research ethics committee or animal care guidelines.

Only blood samples and MCF7 cell line were used to demonstrate the protocol in this video. We have included the ethics statement before the numbered protocol steps.

7. 2.2.1: What are the reaction buffer and restriction enzyme used here? Please provide product information in the Table of Materials.

The table of materials is updated with the reaction buffer and the restriction enzyme used.

8. 2.2.2: Please specify the heat inactivation parameters.

Heat inactivation parameters are now included in the manuscript.

9. 2.3.1: How is the solution mixed?

This part of the text has been updated to match with the protocol step in the video.

10. 3.1.1: How to calculate the annealing temperature?

We have added a mention of how to calculate annealing temperature of primer pairs.

11. 3.2.2: Please describe how agarose gel electrophoresis is done.

We now refer to the previous step (step 3.1.5) where the process of agarose gel electrophoresis is described in detail and added a relevant protocol reference.

12. Section 4: Please write the text in the imperative tense. Any text that cannot be written in the imperative tense may be added as a “NOTE”.

We have updated the text in this section to imperative tense.

13. Please provide information for the supplemental file and reference it in the manuscript.

Supplemental File is now mentioned in section 1.1

14. Table of Materials: Please remove trademark (™) and registered (®) symbols. Please sort the items in alphabetical order according to the name of material/equipment.

Table of Materials file is now updated by removing the trademark symbols and items are sorted in alphabetical order.

15. References: Please do not abbreviate journal titles.

We have updated the journal titles. (JoVE endnote style (downloaded from JoVE website) abbreviated journal titles in our initial submission)


Changes to be made by the author(s) regarding the video:

All of the suggested edits are now incorporated in the revised video. In order to maintain homogeneity between the video and text protocols we have revised the text protocol by replacing “L1” by “LINE-1”.

1. Please update the video according to the revised manuscript.

2. Please increase the homogeneity between the written protocol and the narration in the video. It would be best if the narration is a word for word from the written protocol text.

3. 1:45-5:52: This part of the video is hard to follow with the written manuscript. Many details in the video are not mentioned in the written manuscript. Please also remove the introduction/discussion about the protocol from the Protocol section.

4. 07:54-08:00: The mixing step is not mentioned in the written manuscript. Please include it in the manuscript.

5. 06:48, 09:22, 10:30: Please move the results to the results section.

6. The video must have a representative results section following the protocol. This section must have voice-over describing the results being shown.

7. 11:38 - It sounds like the last word of this statement is cut off slightly. This should be corrected.

8. Please upload a revised high-resolution video here:
https://www.dropbox.com/request/H5Iflrdrxor6wnOb3xzz?oref=e

Reviewers' comments:



Reviewer #1: 
Manuscript Summary:
This manuscript applied a physical mapping and cloning technique to detect a specific LINE-1 retrotransposition. Although the author successfully cloned retrotrasposed fragments from a cancer celline, I found it is difficult for this technique will be of interest by other researchers.

Major Concerns:
1. The method is specific to one LINE-1 locus. Most techniques in monitoring LINE-1 retrotransposition have been designed to explore genome wide. A new technique studying a single locus is a regression of science.

We acknowledge the utility of whole-genome sequencing (WGS) approach to detect the activity of all young LINE-1s (discussed in the third paragraph of the discussion section). However, this is a rather expensive and bioinformatics-heavy approach if the question is simply to know whether LINE-1 retrotransposons are active or not in a given tumor. As only few LINE-1 contribute to majority of somatic LINE-1 retrotransposition (Brouha et al. 2003; Tubio et al. 2014; Philippe et al. 2016), it can be sufficient to monitor the activity of handful of LINE-1s to show LINE-1 retrotransposition activity in a given tumor sample.  For that purpose, LDI-PCR is a simple, inexpensive and faster alternative to genome-wide approach. The LINE-1 locus assayed in this protocol is reported to be highly active in different tumor types (as also pointed out by Reviewer#2). Furthermore, compared to 40x WGS, LDI-PCR has far superior sensitivity in detecting subclonal retrotransposition events: in colon cancer samples, WGS detected only 15 de novo insertions, while LDI-PCR detected 39 (Pradhan et al. 2017).

2. Efficiency of the test depends on random locations of selected restriction enzyme, circulalization of DNA, heterogeneity of the retrotranspose cells and efficiency of PCR. Therefore it is the test that if the test is negative, the study cannot be conclusive that there was no LINE-1 retrotransposition. This problem will be more troublesome with apply to another locus.

To circumvent the problem of random locations of selected restriction enzyme we have suggested to make a circular DNA library using multiple enzymes. By doing so in our original publication of this method (Pradhan et al. 2017), we were able to detect subclonal LINE-1 insertions which were not detected by 40x whole genome sequencing. An advantage of this method is that it has an internal control (the “native” circular PCR product) for the self-ligation event . This PCR product (ranging from 5 kb to 10 kb) containing LINE-1 sequence at its native genomic location is always expected to amplify in both normal as well as tumor samples if the self-circularization step is successful.
 
Minor Concerns:
Incomplete citation

The references has been updated.


Reviewer #2:
Manuscript Summary:
Pradhan and Kauppi describes a long-distance inverse PCR-based method to detect de novo L1 insertions with 3' transduction from a specific source L1. The authors demonstrated the feasibility of the method by tracing a hot source L1 in an intron of TTC28. The source L1 has been reported to be highly active and to generate frequent 3' transduction. Using the unique 3' transduction sequence as a target for primers in inverse PCR, the authors successfully amplified and subsequently identified the genomic locations of de novo L1 insertions with 3' transduction of the source L1 in MCF7 cell line. Overall, the work proposed a useful protocol for tracing a specific source L1 with 3' transduction, but to generally apply this approach to trace other source L1s, several points need to be addressed/discussed.

Major Concerns:
1. To detect both source and offspring L1 insertions events, genomic DNA needs to be cut at the downstream of the 3' transduction sequence. They selected one restriction enzyme (RE) that might work for the source L1, but the RE might not work for offspring L1 sites with a different genomic context. In other words, the method sensitivity would depend on the efficiency of REs to create proper DNA fragment from offspring L1 sites for inverse PCR. The authors need to describe this concern and might consider followings:

* The combination of multiple REs to improve sensitivity.
* Transposase tagmentation reaction might be an alternative way to generate long genomic fragments and circularization? An example is the method described in Illumina's Nextera Mate Pair Library Preparation Kit, which can randomly generate long cyclized fragments.
* Sonic fragmentation, end repair, and circularization might be an alternative way to generate the template for inverse PCR?

We agree that the sensitivity of the method is limited when only one restriction enzyme is used. Therefore we have selected three restriction enzyme that makes suitable cut as discussed in the “Representative Result” section of the manuscript and in the original description of this method (Pradhan et al. 2017). As discussed in response to Reviewer#1’s second comment above, using additional restriction enzymes improved the sensitivity of our method. We appreciate the reviewer’s suggestion of using transposase tagmentation and sonication to generate template for inverse PCR. These methods of random shearing should improve the sensitivity of our assay even further when sequenced using single molecule sequencing technologies. However the LDI-PCR product from such templates generated by random fragmentation of genomic DNA will be uninterpretable in the agarose gel image, as there are no means to differentiate the native PCR product from the target PCR product. Although beyond the scope of this manuscript, we consider running pilot experiments with the suggested approaches in the future.

2. As authors described in the Discussion, the method can detect insertions with targeted 3' transduction sequences only. Since there is no evidence that all hot L1s show 3' transduction, the authors should revise the Title, Abstract, and Introduction to make this point clear. For example, the last sentence in the Abstract should be revised.

We have revised the abstract and introduction to emphasize that we detect 3´ transduction events specifically. However, for ease of readership for a broad audience, we prefer to not edited the title. By detecting 3´ transduction in the genome we are detecting retrotransposition activity of hot LINE-1s, however we agree this will not capture all of the retrotransposition events stemming from the LINE-1 that is assayed for (as already discussed on lines 274-276).

Minor Concerns:
1. Since the method uses conventional inverse PCR rather than nested PCR, offspring L1s with very low allele frequency would be undetectable with the method or invisible on the gel. Describing limitation in detecting somatic offspring L1s would be informative for readers.

We have described this limitation in the fourth paragraph of discussion section (page 7, line 276 onwards). As described in manuscript this limitation can be resolved by sequencing the LDI-PCR product using single molecule sequencing. By using Nanopore sequencing we previously showed that this approach can detect even low-frequency subclonal L1 retrotransposition events (Pradhan et al. 2017).
 
2. Although the frequency is much lower than 3' transduction, ~0.1% of L1 insertions are known to have 5' transduction (i.e., L1 transcription starts at the upstream of the canonical L1 transcription start site). In theory, the method can be used to detect 5' transduction, so I'd like to suggest the authors discuss this possibility.

We have included this suggestion in the discussion section (page 7, line 283 onwards) with relevant reference.

3. For the limited number of source L1s with 3' transduction, add Jung et al., Genome Research 2018, and for targeted L1 sequencing, cite additional methods: L1-seq (Ewing Genome Research 2010), RC-seq (Methods Mol Biol.), SLAV-seq (Erwin, Nat. Neuroscience 2016) and HAT-seq (Zhao, bioRxiv).

The first reference suggested has already been cited as Lee et al., Science 2012 where the method was first published. We have added the other suggested references to the manuscript.

4. In abstract, 'out of 150 retrotransposition competent' needs to be 'out of ~150...' since we do not know the exact number.

We have made this correction in the abstract.


Reviewer #3:
The method mentioned in the current paper "Detection of retrotransposition activity of hot LINE-1s by Long-Distance Inverse PCR" has been previously published by the authors and their colleagues in 2017 as "Detection of subclonal L1 transductions in colorectal cancer by long-distance inverse-PCR and Nanopore sequencing. Scientific reports Sci Rep 7, 14521, 307 doi:10.1038/s41598-017-15076-3 (2017)" but in this paper their attempt is to generalized the use of their technique for unknown regions of retrotransposition activity of LINE-1. I found their technique interesting and useful for researchers who are dealing with the same issue. Their video is also useful.


Reviewer #4:
Manuscript Summary:
Enclosed are my comments regarding the manuscript entitled, " Detection of retrotransposition activity of hot LINE-1s by Long-Distance Inverse PCR." The manuscript provides a detailed description of a useful and inexpensive invPCR methodology to detect a locus specific retrotransposon that has mobilized to a new location, by utilizing the genomic sequence information of the flanking 3' sequence that was residing with the retrotranspositionally initially active locus specific "hot" LINE-1. Below are minor comments that should be addressed regarding the manuscript

Major Concerns:
1. A similar methodology has been used to examine LINE-1 insertions in genomes that were not fully characterized using the cell culture assay for LINE-1 insertions and also for examining viral insertions. These earlier papers should be referenced. These papers should also be included in the discussion as to how there is potential of modifying this methodology has the potential to examine insertions using less characterized sequence information, especially for active LINE-1s that might be polymorphic and/or not represented in the human genome.

Morrish TA1, Gilbert N, Myers JS, Vincent BJ, Stamato TD, Taccioli GE, Batzer MA, Moran JV.Nat Genet. DNA repair mediated by endonuclease-independent LINE-1 retrotransposition. 2002 Jun;31(2):159-65.
Li, J. et al. Leukaemia disease genes: large-scale cloning and pathway predictions. Nature Genet. 23, 348-353 (1999).

We have discussed the possibility of using this method to identify the integration site of different sequence elements and added the relevant references (page 7, lines 284 onwards)

2. Please explain why the ligation reactions are not being done using unimolecular ligation conditions, to minimize re-ligation of more than one genomic fragment.

We modified the manufacturer’s protocol for self-circularization of linear DNA by using 100 ng of digested DNA instead of recommended 10-50 ng. Simultaneously, the reaction volume was increased to 80 µl (recommended ligation reaction volume=50µl), to use the digested DNA product directly after digestion reaction. Using 100 ng of genomic DNA from tumor samples potentially also increases the chances of rare subclonal LINE-1 insertions to be detectable in our experiments.

3. Figure 2: needs in the legend to comment the blood gDNA, which will be used as the control. Also please include or comment if this is freshly isolated blood or how stored (heparin-EDTA. Etc), which should also be included in the materials Table. The manuscript should also emphasize that normal blood or tissue is an important control.

The Table of Material is now updated to have frozen blood samples used, and the figure legend includes comment of the blood gDNA. We have added a mention of normal blood or tissue being an important control to the discussion section (page 7, line 249)

Minor Concerns:
4. The FASTA file needs a key that indicates the coloring that shows the RE site and the primer sequences and the other highlighted characteristics.

We have described the color keys in the FASTA file now.

5. The Tables needs headings and should appear as a table rather than a list.

We have updated the Table 1 with headings.
