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Dear Dr. Steindel:

Thank you very much for the invitation to submit a revised version of our manuscript to the Journal of Visualized Experiments.

We also thank the Editors and Reviewers for their thorough evaluations of the manuscript.  We feel that by addressing the concerns they raised the manuscript is much improved.  We have included a point-by-point response to all criticisms below (author responses are in blue).   

I can confirm that I and all co-authors of this manuscript were original contributors to this work, approve of its submission, and have disclosed all conflicts of interest.  This material has not been submitted elsewhere for publication.


Sincerely,
[image: ]
Kurtis D. Davies PhD
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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. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.
The manuscript has been thoroughly proofread and is free of errors.

2. Please submit the figures as a vector image file to ensure high resolution throughout production: (.svg, .eps, .ai). If submitting as a .tif or .psd, please ensure that the image is 1920 pixels x 1080 pixels or 300dpi.
All figures have been converted to .tif format.  The Representative Result figures are screenshots (there is no alternative for this) and current resolution is, from our perspective, the best that can be achieved.

3. Please sort the Materials Table alphabetically by the name of the material.
The Table has been sorted

4. 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 and Reagents.
For example: ArcherDX FusionPlex Solids Tumor Kit, SeraCare, Qubit, iTaq, MicroAmp, AMPure, Illumina, etc.
All commercial language has been removed from the manuscript body except for 2 instances where it was absolutely critical to name the vendor (in cases where description would not have been coherent without direct reference). 

5. 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.
The embedded tables have been converted to lines of text.

6. 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. 
Several sentences have been changed to reflect an imperative tense.

Please include all safety procedures and use of hoods, etc.
There are no safety procedures beyond standard laboratory practice (personal protective equipment etc.).  Hoods are not used for the assay.

7. The Protocol should contain only action items that direct the reader to do something. Please move the discussion about the protocol to the Discussion.
Description of the wet-bench steps is free of any discussion.  Some data analysis steps contain descriptive explanations, but we strongly feel that this is necessary to support the action items that direct decision making.  Without these descriptions, the action items will seem largely arbitrary.

8. There is a 10 page limit for the Protocol, but there is a 2.75 page limit for filmable content. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) 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. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
The sections we would like as filmable content have been highlighted (approximately 2.75 pages).

9. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the next. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense.
We have ensured that the highlighted section conforms to the above.

10. Please include at least one paragraph of text to explain the Representative Results in the context of the technique you have described, e.g., how do these results show the technique, suggestions about how to analyze the outcome, etc. The paragraph text should refer to all of the figures. Data from both successful and sub-optimal experiments can be included.
The previously included figure legends for the Representative Results have been converted into a single paragraph of text explaining all three figures.

11. Please discuss all figures in the Representative Results. However for figures showing the experimental set-up, please reference them in the Protocol.
These figures are discussed separately in the manuscript.

12. As we are a methods journal, please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique
The Discussion has been completely re-written to reflect the above guidelines.

13. Please do not abbreviate journal titles.
The reference list has been fixed to include full journal titles.


Reviewers' comments:
Reviewer #1:

Manuscript Summary:
The manuscript by Seager and coworkers describes a method for detecting gene rearrangements or exon skipping events by RNA sequencing. The authors make an excellent case for use of the method, originally described by Zheng et al., and commercialized by ArcherDx. However, it would be nice to see a bit more introduction on the limitations of RNA sequencing and a clear case for the ArcherDx method over competing hybrid capture RNA sequencing methods. Overall the method is described in sufficient detail to allow other laboratories to carry out the procedure. I have several comments and suggestions that would make the procedure more clear. In addition, I believe that some description of the care needed when handling RNA is needed as are the proper precautions needed to prevent PCR amplicon contamination of workspaces.

We thank the Reviewer for the thorough evaluation of the manuscript.  As stated below, we do not believe that the AMP/ArcherDx approach is inherently better than hybrid-capture, it just happens to be the assay we use.  Therefore, we do not feel comfortable making an argument that it is better.  We have, however, stated general advantages of amplicon vs. hybrid capture and vice versa in the revised manuscript.  Other concerns are addressed individually below.  We feel that prevention of PCR amplicon contamination is more in the realm of general good laboratory practice, and we are not able to fully address it in this manuscript due to word limits.

Major Concerns: None

Minor Concerns:

Introduction
1. The introduction should be better referenced. A large number of statements are not backed-up by literature references. Good examples are lines 64-67, 46-49.
We have added references to support the above referred to statements as well as other statements.

2. The authors point out hybrid capture methods and note that they have pros and cons (lines 81-83). The pros and cons should be listed for the reason that there are quite successful RNA sequencing library prep methods that make use of hybrid capture. In addition, like the AMP method, they are agnostic of the non-oncogenic fusion partner. Is AMP better and why?
We have added commentary (along with references) in the Introduction that compares amplicon vs. hybrid capture target enrichment.  We do not think that AMP is necessarily better than hybrid capture and therefore are not going to make this argument (it just happens to be the assay that we use).


3. The description of AMP at the end of the introduction would be greatly aided by a diagram of the method - it's difficult to follow otherwise.
A Figure schematically depicting the primary advantage of the AMP approach has been included in the revised version (Figure 1).

Protocol
1. No mention is made of the precautions required to maintain RNA integrity during handling. One or two sentences outlining the general precautions used would be helpful.
We have added a section on prevention of RNA degradation (1.1.4.)

2. Similarly, no mention is made of the unidirectional workflow that is typically employed using sequencing library prep methods that employ PCR steps. This would give the authors an opportunity to describe the use of molecular barcodes in the Archer procedure and why it's important that they are incorporated prior to PCR amplification.
We agree that the molecular barcode incorporation (and corresponding de-duplication process during analysis steps) is an advantage of the ArcherDx assay.  However, as this concept is quite complicated (thus requiring significant and “wordy” explanation) and not specifically relevant to instructing users how to perform the assay, we feel it is beyond the scope of the manuscript and would likely put it over word limits.

3. It should be noted where a headed lid is required for thermocycler steps.
We have updated description of steps that require thermocycler incubation with whether or not a heated lid is used.

4. 1.5 Pre-Seq QC. What is the corrective action if the NTC repeatedly has a Ct value? Is the entire batch restarted?
Yes, if the NTC demonstrates a Ct value the entire assay must be restarted.  This has now been stated in section 1.5.4.

5. The exact Alpaqua magnet used should be specified, is it the Grade N34 or Grade N48 magnet. The magnet strength can impact the clearing rate of the magnetic beads.
The magnet plate used is N38 grade.  The materials table has been updated accordingly.

6. 1.8.1 It should be noted that it's critical to record in the analysis bench sheet the identity of the MBC ligated to each sample. In addition, in Section 1.10 the 2nd PCR tube used for each sample should be recorded in the analysis bench sheet. This critical information in needed to input the correct barcodes into the Illumina MiSeq sample sheet.
Both sections have been updated to state that sample-specific indexes must be tracked for sequencing purposes.

7. 1.12.1 Here the authors indicate that a paired-end 300 bp MiSeq configuration is used to sequence, but later (line 165) they mention 2x151 sequencing. Why not use a MiSeq V2 300 cycle kit (paired-end 150 bp sequencing)? The V2 300 kit has enough cycles to cover the 2x151 reads 1 and 2 plus 2x8 indexes.
The v3 kit (which does not come in a 300 cycle configuration) is necessary to achieve the total fragments per sequencing run necessary for our throughput of up to 8 samples per run.  If we used v2, the number of libraries per sequencing run would need to be reduced significantly (likely to 4-5) and result in less efficient sequencing.

Data Analysis
1. 2.1.2 (line 376) 945-1800 K is not what Illumina recommends for this flow cell (https://support.illumina.com/bulletins/2016/10/cluster-density-guidelines-for-illumina-sequencing-platforms-.html). 1400K is the high end of Illumina's recommendations. If the authors run the instrument at 1800K clusters/mm2 I expect that they fall short of the Q30 and cluster Pass filter targets. I recommend that the authors stick with Illumina's recommendations for this flow cell. Their sequencing metrics objectives are in-line with good practice (lines 377-381), but probably would not be met at 1800K clusters/mm2.
We agree that this is a deviation from Illumina’s recommendations, but in our experience we can cluster at up to 1800K and still pass our other metrics (including Q30 and Pass Filter).  It is only when cluster density rises above 1800K that we see negative effects on other metrics.

2. 2.1.3 The % for the PhiX spike-in is 5%, not 3.5% (Library pool = 13.5 pM, PhiX = 0.5 pM).
The mixing to achieve an average 5% PhiX alignment is largely empiric and not based on absolute calculated concentration.  Section 2.1.3. has been changed to state approximately 5%.

3. The authors need to explain the rationale for running the positive control at such a limiting input amount, 25 ng compared with 200 ng for clinical samples? The low input obviously handicaps the analysis with respect to the exon34 ROS1 fusion and MET exon skipping detection.
This is largely an economical decision (the reference material we use for the positive control is quite expensive).  We agree with the reviewer that the ROS1 and MET events would be better detected at higher input, however we are tracking several other fusions that we deem sufficient for this purpose.  Another consideration is low-level barcode contamination that the manufacturer has warned us about and that we have seen on one occasion.  Because of this, we don’t want fusion supporting reads to be too high for the other fusions in the reference material as this may cause barcode contamination-mediated false positive results in clinical samples. By using a lower input, none of the fusions in the positive control reaches a level to be concerning.

Regardless, since the journal prohibits commercial language, we have adjusted positive control description in the revised version to be generic.  Thus, description of this specific product (input amount etc.) has been omitted.


Reviewer #2:

Manuscript Summary:
The manuscript by Seager et al. is a thorough and succinct explanation of gene rearrangement detection using anchored multiplex PCR (Archer, Inc) and NGS. All the necessary wet bench steps are appropriately described with detailed parameters for acceptability. Lines 299-301 appear to be a duplication of lines 296-298 and should be deleted or if necessary revised to make clear why the step is repeated. The data analysis steps are explained well. The quality control steps and results interpretations are consistent with the manufacturer guidelines and the general standards accepted by laboratories performing this method for clinical testing.
We thank the reviewer for the thorough evaluation of the manuscript.  Yes there was an indeed an erroneous duplication.  This has been removed in the revised version.

Major Concerns:
The quality of the three figures is poor in the PDF version. Higher resolution images should be provided as deemed appropriate by the editor.
This has been addressed in the revised version.

Minor Concerns:
It would be helpful to include the list of the gene targets in the Solid Tumor FusionPlex kit.
This has been added as Supplementary Table 1.


Reviewer #3:

Manuscript Summary:
The authors present a detailed protocol of the Archer FusionPlex Solid Tumor Panel, a system based on the Anchored Multiplex Technology published by Zheng et al (Nature medicine, 2014). They discuss critical steps in the protocol and QC steps. Data Analysis and Interpretation using the ArcherDx Analysis Software are discussed and examples of true positive and false positive gene fusions are shown.
We thank the reviewer for the thorough evaluation of the manuscript.


Major Concerns:
No Major concerns

Minor Concerns:

- the PreSeq QC is not only a measure for contamination, but also provides a quality metrics which is useful to determine whether an FFPE-derived RNA is useful for the analysis. It would be helpful for the Reader who wants to estabish the protocol in their own lab, if the authors could provide a table showing samples with different Ct values and the final QC metrics after sequencing.
We agree that the PreSeq QC assay provides a quality metric useful in determining RNA quality.  However, since the assay is performed after cDNA synthesis, the user is already ‘committed’ in that the prescribed input has already been used.  Therefore, it is not useful for determining which samples should not be submitted to the assay.  In terms of assessing RNA quality for post-sequencing analysis, we believe that the Start Site per GSP2 for Control Genes is the superior metric (and in fact we have seen, albeit rarely, instances where a poor PreSeq value is then followed by an acceptable SS/GSP2 value). However, as is stated in section 1.5.1., the PreSeq score also has value in troubleshooting in cases of poor post-sequencing metrics (i.e. if a sample with good PreSeq score produces poor sequencing metrics, then this may be an indication of a problem in the assay run).  We have included a new figure (Fig 2) that demonstrates the correlation between PreSeq QC score and the post-sequencing SS/GSP2 QC metric.

- some of the protocol steps include incubation of the strips in the thermocycler. As some of programs include low temperature and high temperature incubation steps, it not always clear whether or not to use a heated lid option or not. Maybe the authors could include their experience.
We have updated description of steps that require thermocycler incubation with whether or not a heated lid is used.

- The Archer products are not only available for use with Illumina sequencers, but also for IonTorrent Systems. That should be shortly stated and differences in the protocol should be shortly discussed.
Since the journal has prohibited use of commercial language within the text (and thus any specific mention of Illumina or IonTorrent), it is difficult to discuss these differences in the body of the manuscript.  We have, however, updated the Materials table to state that the assay being described is the Illumina-specific version but that Ion Torrent-specific kit versions are also available.

- The ArcherDx Analysis Software comes is deployed as a virtual machine. The authors could help users by explaining their Setup of the system (PC/Server, CPU, available RAM, parallel processing, Analysis time)
This information has been added to the new section 2.2.1.

- The authors could include a short table of common false-positive Fusion detected by the solid tumor Panel.
A list of common artifacts has been added to section 2.4.2.
image1.png
@F University of Colorado
Anschutz Medical Campus




image2.jpg




