
Responses to Editorial comments:

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.

Response: Thank you for the suggestion, we have carefully read and corrected the manuscript.

2. Please revise lines 232-238 and 251-258 to avoid previously published text.

Response: Thank you. We have revised the contents in these lines, please see in the revised manuscript. 

3. Please remove commercial language (e.g., LabChip, Agilent) from the manuscript.

Response: Thank you for the comment. We have proofread the manuscript and avoid using commercial language in the revised manuscript.

4. Table of Materials: Please combine different sheets and sort the items in alphabetical order according to the name of material/equipment.

Response: Thank you. We have re-organized the table of material/equipment according to the suggestion. 






















Responses to Reviewers' comments:

Reviewer #1:

The authors report on a PCR-based method for CGG repeat sizing of FMR1 alleles. The method is essentially a PCR using specific FMR1 primers lying outside the repeat and a "Fragile X PCR kit". The amplified products are then visualized by the Agilent 2100 Bioanalyzer. There are several conceptual issues that need to be addressed before the manuscript would be ready for publication.

1. Please carefully edit the manuscript for English and spelling.

Response: Thank you for the suggestion, we have carefully read and corrected the manuscript.

2. From the Table of materials looks like this is a commercial PCR kit from Perkin Elmer. What is the difference with those currently available?

Response: Thank you for the comment. Most of the commercial kits are triplet repeat primed PCR. This is a full length FMR1 gene PCR product under 2.5 hrs with FAM label allowing it to be analyzed automatically with capillary electrophoresis or microfluidic CE together with proprietary software. 

3. The authors mention that the PCR system includes reagents that facilitate the amplification of the highly GC-rich trinucleotide repeat region. Which are these reagents?

Response: Thank you for the comment. DMSO is used with ammonium sulfate. This is listed in the MSDS of the PCR kit. The other components are added but they are proprietary information.

4. The presented protocol includes an additional step represented by the "Purification of the PCR products", which is not necessary in the current PCR based approaches available.

Response: Thank you. The method we presented was FMR1 gene-specific PCR amplification and subsequent sizing by microfluidic Bioanalyzer. Since PCR products are not very specific, purification is needed to eliminate the excess incorporated dyes and to reduce the possibility of false positives. In addition, PCR product purification can also increase the performance of Bioanalyzer sizing.

5. As the author propose this approach as robust and accurate, they really need to discuss the pro and cons compared to the methodologies that are currently available to date and used in many laboratories around the world. These included and are not limited to the usage of triple primer PCR, CGG repeat primed PCR, melting curve. Also see Hayward et al., 2017 and 2019. These methodologies, which appear to be very robust and accurate as well, can also distinguish between a homozygous females and a full mutation female, one of the limitations of the presented approach.

Response: Thank you for the comment. We have added this part of discussion in the revised manuscript. The review paper by Hayward et al in 2017 is very valuable for comprehensively understanding the methodologies used for diagnosis of FXS and related disorders. Furthermore, the recent publication by the same group reported the PCR assays in their lab to determine all the parameters necessary for a complete genetic workup or thorough laboratory study. More importantly, the authors described how to generate suitable standards for the accurate determination of both the repeat number and the AGG interruption status, which can be helpful for other laboratories. However, as stated in the review in 2017, neither method reported by Hayward et al is capable of comprehensively determining all the genetic abnormalities of FMR1 including full spectrum of CGG repeat numbers, AGG disruptions and methylation status. 

Reviewer #2:
Manuscript Summary:
The manuscript by Wang et al., addresses a need in the Fragile X research community to be able to accurately measure CGG repeats in the 5' untranslated region of the FMR-1 gene. The procedure includes PCR amplification of the CGG repeats in the FMR1 gene followed by capillary electrophoresis. The length of CGG repeats is calculated based on reference standards. The procedure is straightforward, using standard lab procedures and kits, and should be able to be carried out in most research labs. Thus, the method is valuable. The figures nicely show the ability to detect different size repeats.

However, there are two concerns that limit applicability of these methods.

Major Concerns:

1. The FragilEase Fragile X PCR kit is not available in the US or Canada. Thus, many readers will not be able to reproduce the methods. If the PCR primer sequences are provided, the method would be complete and enable others to carry it out.

Response: Thank you for the comment. Yes, the FragilEase PCR kit is CE-IVD approved and currently not available in US or Canada. However, our group has published a validation study to verify the reproducibility of this FragilEase PCR kit in 2016 (see reference 29). As stated in that paper, sequences of the primers are from the literature (Filipovic-Sadic S, et al. 2009. Clin Chem)
TCAGGCGCTCAGCTCCGTTTCGGTTTCA (forward)
FAM-AAGCGCCATTGGAGCCCCGCACTTCC (reverse)
In addition, RUO kit and software can be used in US/Canada after signing a RUO document provided by PerkinElmer. We hope our publication can share this method and enable others to carry it in countries that the kit is not available. Primer sequences were added in the Table of Materials.

2. While a mosaic full mutation patient shows proof of principle in Figure 2, no non-mosaic Fragile X individual is shown to show generalization to most Fragile x patients.

Response: Thank you for the comment. We have added a non-mosaic full mutation example in Figure 2 (panel D). Additionally, to make it consistent, we have modified the X-axis of part of panels by using “bp” instead of “s”.

Minor Concerns:

1. The publication by Mailick Seltzer et al (Am J Med Genet B Neuropsych Genet 2012) describes a similar protocol that is used to identify premutation repeats. The authors should discuss and reference this method.

Response: Thanks for the suggestion. We have quoted this reference and discuss in the revised manuscript.  In the publication by Mailick Seltzer et al, the number of FMR1 CGG repeats was determined using a PCR‐based protocol similar to ours but manufactured by another company. The CGG repeat number was assayed by ABI 3730xl instrument, ranging from 9 to 135, and no full mutation was identified. This could be due to the limitation that ABI capillary analyzer is not capable of detecting and sizing full mutation (>200 repeats). We have compared the measurement accuracy between the Bioanalyzer and ABI 3130xl electrophoresis platform for FragilEase PCR kit amplification samples in previous study (see reference 29). Bioanalyzer can be confidently utilized to measure repeat sizes and detect the full spectrum of Fragile X repeat alleles.

2. The authors should discuss the applicability of the method to identify AGGs dispersed in the CGG repeat.

Response: Thank you. The method we presented was FMR1 gene-specific PCR technology, it enables accurate amplification of the entire CGG repeat in the FMR1 gene promoter region. However, AGG interruptions cannot be identified by the presented method unless FMR1 gene sequencing after PCR amplification is performed. We have added this discussion in the manuscript.

3. The standard curve presented in Figure 1C assumes that the rest of the line is linear (above 200 repeats). However, since this is the area of interest of the method, some kind of reference in this range would be useful.

Response: Thank you. It is true that reference in the range above 200 repeats would be useful for accurately sizing the CGG repeats. However, the standard curve in Figure 1C was established following the manufacture’s instruction. Although there is no reference in the range above 200 repeats, the validation study we published in 2016 (reference 29) has indicated the accuracy of referring the repeat sizes with more than 200 repeats by using the same kind of standard curve. In that paper, we included three full mutation reference samples that had only been sized previously by Southern blot and 25 clinical full mutation samples that have been detected by ABI I capillary electrophoresis system and evaluated by Southern blot. The CGG repeats of all the reference samples with only reference characterizations of 200 or >200 repeats were sized with an exact repeat size (200, 344 and 341 repeats, respectively), and fragment peak size of all clinical samples were precisely measured ranging from 242 to 1380 repeats. Thus, the current standard curve is reliable for calculating the repeat size even larger than 200.
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