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ARTICLE INFO ABSTRACT

Keywords: Background: Fragile X syndrome (FXS) arises from the FMR1 CGG expansion. Comprehensive genetic testing for
Fragile X syndrome FMR1 CGG expansions, AGG interruptions, and microdeletions is essential to provide genetic counseling for
CGG repeat

females carrying premutation alleles. However, conventional PCR-based FMR1 assays mainly focus on CGG re-
peats, and could detect AGG interruption only in males.

Methods: The clinical utility of a long-read sequencing-based assay termed comprehensive analysis of FXS
(CAFXS) was evaluated in 238 high-risk samples by comparing to conventional PCR assays.

Results: PCR assays identified five premuation and three full mutation categories alleles in all the samples, and
CAFXS successfully called all the FMRI CGG expansion. CAFXS identified 24-bp microdeletions upstream to the
trinucleotide region with 30 CGG repeats, which was miscalled by the length-based PCR methods. CAFXS also
identified a 187-bp deletion in about 1/7 of the sequencing reads in a male patient with mosaic full mutation
alleles. CAFXS allowed for precise constructing the FMR1 CGG repeat and AGG interruption pattern in all the
samples, and identified a novel and alternative CGA interruption in one normal female sample.

Conclusions: CAFXS represents a more comprehensive and accurate approach for FXS genetic testing that

AGG interruption
Genetic testing
Long-read sequencing

potentially enables more informed genetic counseling compared to PCR-based methods.

1. Introduction

Fragile X syndrome (FXS; OMIM#300624) is one of the most com-
mon inherited cause of intellectual disabilities, affecting about 1,/4,000
males and 1/8,000 females [1]. FXS is mainly caused by the expansion of
CGG trinucleotide repeats in the 5’ untranslated region of the FMR1 gene
[2]. The normal, intermediate (gray zone), premutation, full mutations
alleles have CGG repeats ranging from 5 to 44, 45-54, 55-200 and >
200, respectively. The CGG repeat of FMR1 is susceptible to meiotic
instability, which is reflected by repeat size differences between parents
and offspring. Normal alleles remain stable upon transmission [2]. In-
termediate alleles do no cause any clinical phenotypes, but display a
higher risk for expansion to permutation in the offspring but not an
expansion to full mutation within one generation [3]. Females with
premutation alleles have approximately a 20 % risk for fragile X-asso-
ciated primary ovarian insufficiency [4,5]. Older males and females

with premutation alleles are at risk for fragile X-associated tremor/
ataxia syndrome [6,7]. Adults with premuation alleles can also express a
spectrum of neuropsychiatric problems referred to as fragile X-associ-
ated neuropsychiatric disorders[8]. The premutation alleles confer risk
for expansion to full mutations during female germline transmission.
The risk of expansion varies from 3 % for 59-69 repeats, to 60 % and
100 % for 70-80 repeats and > 90 repeats, respectively [3]. AGG
trinucleotide interruptions within the FMRI CGG repeats can increase
the repeat stability and reduce the risk of expansion during germline
transmission [3,9,10]. The influence of AGG interruptions for CGG
expansion to full mutation is most profound for repeats ranging from 70
to 80, whereby alleles with two or more AGGs reduce the risk by more
than 60 % compared to alleles with no AGG [10]. Thus, expansion risk
prediction in genetic counseling for female premutation carriers re-
quires accurate analysis of both CGG repeat number and AGG
interruptions.

Abbreviations: FXS, fragile X syndrome; CAFXS, comprehensive analysis of FXS; LRS, long-read sequencing; SNV, single-nucleotide variation.
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The FMR1 CGG repeat expansions can be determined by southern
blot and/or conventional PCR-based methods. Southern blot can iden-
tify premutation and full mutation, but it has low resolution and accu-
rate sizing of CGG repeat number in premutation alleles requires the use
of PCR assay [11,12]. The FMR1 CGG repeat-flanking regions are prone
to microdeletions due to instability [13], which could prevent primer
annealing for conventional PCR-based assays. The allele dropout could
cause both false-negative and false-positive results for FMRI genetic
analysis [14,15]. AGG interruption analysis can be achieved by triplet-
primed PCR methods, but which only provide an indirect indication of
the presence of AGG interruptions [16,17]. Interpreting the results is
complicated in females with two FMRI alleles. Due to limitation of
sequencing read length, next-generation sequencing-based methods
could not directly determine large CGG expanded alleles [18,19]. To
overcome these problems, long-read sequencing (LRS)-based methods
have been developed to analyze FMR1 CGG repeats and the embedded
AGG interruptions [20-24]. The generated single-molecule long reads
allow for determining the exact repeat pattern for each allele
individually.

In this retrospective blind clinical study, we evaluated the clinical
utility of a LRS-based approach termed comprehensive analysis of FXS
(CAFXS) for analyzing CGG repeat, AGG interruption, microdeletions,
single-nucleotide variations (SNVs) and indels of FMR1. CAFXS and
conventional PCR-based methods were performed for 238 high risk
subjects and the results were compared for clinical effectiveness in FXS
genetic testing. The FMR1 CGG repeat and AGG interruption pattern in
each allele was also analyzed in the enrolled cohort.

2. Materials and methods
2.1. Study subjects

A total of 238 subjects from 234 families with suspected clinical
features of FXS were retrospectively enrolled for CAFXS testing (Sup-
plementary Table S1). The participants were recruited from Jinan
Maternal and Child Health Hospital during Jan 2020 to Dec 2021. All
the samples met at least one of the following inclusion criteria: primary
ovarian insufficiency, infertility, recurrent miscarriage, developmental
delay, autism spectrum disorder, intellectual disabilities, learning and
behavioral issues, abnormal physical features and family history of FXS.
The subjects had an average age of 30.9 years, ranging from 1 to 62
years. The samples were previously tested byFMRIPCR assays, relabeled
and sent to Berry Genomics for blind CAFXS genetic testing (Fig. 1). This
study adhered to the Declaration of Helsinki and was approved by the
Ethics Committee of Jinan Maternal and Child Health Hospital
(Approval No. IEC20200301-05). Informed written consent was ob-
tained from all the subjects or their legal guardians.
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2.2. FXS genetic testing by PCR assays

Two FMR1 PCR-based assays were employed to analyze CGG repeats
for all the enrolled samples. The first was FragilEase PCR reagent kit
supplied by PerkinElmer. The second was FMR1 PCR kit supplied by
BioFast Biotech. The CGG repeat number of FMR1 was calculated ac-
cording to the instruction manuals.

2.3. FXS genetic testing by long-read sequencing

The CGG reaction of CAFXS assay was performed as previously
described, to analyze CGG repeats, AGG interruptions, microdeletions,
single-nucleotide variants and indels in exon 1 of FMR1 [21]. The
genomic DNA was subjected to CGG PCR reaction to amplify exon 1 of
FMR1.The PCR products were then ligated to unique PacBio barcoded
adaptor by one-step end-repair and ligation, digested with exonucleases
to removed failed ligation products. The uniquely barcoded pre-libraries
were purified, quantified with Qubit dsDNA HS assay kit (ThermoFisher
Scientific) and then pooled with equal mass, followed by a second pu-
rification with AMPure PB beads (Pacific Biosciences). The pooled li-
brary were converted to single-molecule real-time dumbbell (SMRTbell)
library using the Sequel Binding Kit 2.0 and Internal Control Kit 1.0
(Pacific Biosciences), and then sequenced on Sequel Ile platform (Pacific
Biosciences) for 30 h under circular consensus sequencing (CCS) mode.

The raw sequencing subreads were processed to obtain high-quality
CCS reads, debarcoded to individual samples, and then aligned to the
hg38 reference build using the software suite (smrtlink 10.1.0.119588,
Pacific Biosciences). CCS reads with 100 bp sequences flanking CGG
repeats on both sides were retrieved by BLAST. CCS reads were then
trimmed of flanking sequences to include only the repeat region and
sorted from shortest to longest. The CGG repeats and AGG interruptions
were color-coded and visualized as waterfall plots. The CGG repeat
number of each CCS read was calculated according to length and then
kernel density estimation method was applied to identify peaks of CGG
repeat number, and the peaks were correlated to different alleles. Here
the number of CGG repeats included both CGG and AGG. The micro-
deletions in exon 1 of FMR1 were determined by aligning flanking se-
quences of CGG repeats to reference hg38. The intragenic SNVs and
indels of FMR1 were identified using > 30 CCS reads by FreeBayes1.3.4
(Biomatters, Inc., San Diego, CA).The microdeletions of FMR1 were
displayed and confirmed in the Integrative Genomics Viewer (IGV)
program with CCS reads.

2.4. Validation of discordant results

Discordance between CAFXS and PCR assays was defined as: 1) > 2
CGG repeats difference in the range of 5-54; 2) > 5 CGG repeats dif-
ference in the range of 55-199; 3) microdeletions or disease-causing
SNVs/indels identified by CAFXS. Samples with microdeletions in

Subjects with high risk of FXS (n=238)
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Fig. 1. Flowchart of study design.
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exon 1 of FMRI1 identified by CAFXS were validated by specifically
designed PCR followed by Sanger sequencing. The primers used for PCR
were 5-GCGCTCAGCTCCGTTTCGGTTTCACTTC-3' and 5-TGTA-
GAAAGCGCCATTGGAGCCCCGCAC-3'.

3. Results
3.1. FXS genetic testing by CAFXS and conventional PCR-based methods

CAFXS assay was performed on the enrolled 238 samples for
detecting CGG repeats, AGG interruptions, microdeletion, SNVs and
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indels in exon 1 of the FMR1gene (Supplemental Table S1).FMR1 CGG
expanded alleles were identified in nine samples from seven (2.99 %, 7/
234) families (Table 1). Out of the nine samples, five had premutation
alleles, three had full mutation alleles, and one had both premutation
and full mutation alleles. The AGG interruptions were also precisely
analyzed in each allele of all the samples. Moreover, CAFXS revealed
microdeletions in the exonl and upstream region of FMRI in three
samples. No pathogenic or likely pathogenic SNVs and indels in the
FMR1 target region were identified in these samples.

FagileEase PCR reagent kit and BioFast FMRI PCR kit, two conven-
tional PCR-based methods, were employed for CGG repeat analysis.
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Fig. 2. Display of FMR1 CGG expansions by CAFXS and BioFast PCR assay for representative samples. (A and B) Sample JFX017 with normal allele. (C and D) Sample
JFX020 with one normal allele and one premutation allele. (E and F) Sample JFX021 with mosaic premutation and full mutation alleles. (G and H) Sample JFX038
with mosaic full mutation alleles. The arrows highlighted the alleles with different CGG repeats.
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These two kits have completely concordant results for all the samples
analyzed (Supplemental Table S1). For normal and premutation alleles,
the difference of CGG repeat number between two kits was < 1. For full
mutation alleles (>200 CGG), the exact CGG repeat number could not be
precisely determined by PCR-based methods.

3.2. Comparison between CAFXS and conventional PCR-based methods

CAFXS and PCR assays were concordant in terms of calling normal,
premutation and full mutations alleles (Supplemental Table S1, Fig. 2A-
H). For CAFXS assay, the CCS reads were displayed in waterfall plots
that directly showed the CGG repeat number, with AGG interruptions
highlighted (Fig. 2A, 2C, 2E, 2G). The FMR1 alleles with different CGG
repeats amplified by conventional PCR-based method were separated by
capillary electrophoresis (Fig. 2B, 2D, 2F, 2H).Of note, CAFXS identified
four mosaic alleles with different CGG repeats (105, 249, 423, and 552)
in the male proband JFX021, who had intellectual disability (Fig. 2E).
CAFXS also identified two mosaic full mutation alleles with CGG repeats
of 280 and 784 in the male proband JFX037, who had developmental
delay (Fig. 2G).

CAFXS additionally identified microdeletions in three subjects from
family FX032 (Table 1, Fig. 3A). CAFXS and conventional PCR assay
were discordant for the exact number of CGG repeat in JFX033 (I-2) and
JFX035 (II-2). CAFXS showed an allele with 30 CGG repeat in the two
samples, while conventional PCR suggested the allele only had 22 CGG
repeat (Fig. 3B-E). Further analysis by CAFXS demonstrated that both
two samples had 24-bp deletions (chrX:147,911,987-147,912,010) up-
stream to CGG repeat region (Fig. 3F), which were confirmed by Sanger
sequencing (Fig. 3G). Moreover, CAFXS identified mosaic full mutation
alleles with different CGG repeats (289, 402, and 563) in the proband
JFX036 (III-1) (Fig. 3H). Out of the 999 CCS reads obtained for this
sample, 855 (6/7) had intact repeat-flanking sequence, and 144 (1/7)
had a 187-bp deletion adjacent to the CGG repeat region (Fig. 3H and
3D). All the other samples did not harbor this 187-bp deletion. Taken
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together, CAFXS showed better accuracy for determining exact CGG
repeats compared to conventional PCR assays.

3.3. CGG repeat and AGG interruption pattern analysis by CAFXS

CAFXS successfully revealed the AGG interruption patterns in all the
CGG repeat categories, even in heterozygous and mosaic alleles (Sup-
plementary Table S1, Fig. 4A-I). In total, CAFXS revealed 55 different
CGG repeat and AGG interruption patterns from 450 alleles with normal
CGG repeats (Table 2). The three most common CGG repeats were 29
(49.1 %), 30 (25.8 %), and 36 (10.4 %). Of the 450 alleles, 335 (74.4 %),
60 (13.3 %), 47 (10.4 %), 5 (1.1 %), and 2 (0.4 %) had 2, 1, 3, 0, and 4
AGG interruptions, respectively. The three most common CGG repeat
and AGG interruption patterns (CGG)9AGG(CGG)9AGG(CGG)g (abbre-
viated as 9A9A9), 10A9A9, and 9A9A6A9) accounted for 77.6 % (349/
450) of all X chromosomes. Among the 221 alleles with 29 CGG repeats,
200 (90.5 %) had 2 AGG interruptions, and 21 (9.5 %) lost one or both
two AGG interruptions. Five (4.3 %) out of 116 alleles with 30 CGG
repeats lost one AGG interruption. Seven (14.9 %) out of 47 alleles with
36 CGG repeats lost one or two AGG interruptions. Sequencing of FMR1
CGG repeats not only identified AGG interruption, but also any other
sequence variation. CAFXS showed that both the two alleles of sample
JFX114 had 29 CGG repeats, of which one allele was interrupted by one
AGG repeat (9A19), and the other allele was interrupted by two AGG
repeats and one CGA repeat (9A9A5C3) (Fig. 41).

4. Discussion

Accurate analysis of FMRI CGG repeat, AGG interruption, micro-
deletions, and SNVs/indels has been challenging using conventional
methods, but this is now overcome by LRS approaches[21,22]. PacBio
long-read single-molecule sequencing generates high-fidelity CCS reads
and allows for constructing the FMRI repeat region unambiguously for
both X chromosomes in females. This study evaluated the clinical utility

Table 1
Families with FMR1 CGG-expanded alleles and AGG interruptions detected by CAFXS.
Family  Sample Member Gender  Age Clinical feature Type FragilEase = BioFast CAFXS
(year) CGG CGG CGG AGG Microdeletion
repeat repeat repeat pattern
F020 JFX020 Proband F 30 One miscarriage, N/ 30/ 88 30/ 88 30 /87 10A9A9* /  ND
one son with PM 10A76
intellectual
disability
F021 JFX021 Proband M 7 Intellectual PM / 105 / 105 / 105 / 10A94 / ND
disability FM >200 >200 249/ 10A238 /
423 / 10A412 /
552 10A541
FX032 JFX032 Maternal M 62 Normal N 29 29 29 9A9A9 ND
grandfather
JFX033 Maternal F 60 Normal N/ 22/71 22/71 30/70 10A9A9 / Del
grandmother PM 70 (chrX:147911987-147912010)
JFX034 Mother F 36 Normal N/ 30/ >200 29/ 29/ 9A9A9 / ND
FM >200 369 / 369 /749
749
JFX035 Aunt F 33 Normal N/N 22/29 22/29 29/ 30 9A9A9 / Del
10A9A9 (chrX:147911987-147912010)
JFX036 Proband M 15 Intellectual FM >200 >200 289 / 289 / 402 Del
disability, long face 402 / / 563 (chrX:147911864-147912050)
563
F034 JFX037 Proband M 2 Developmental FM >200 >200 280 / 280 / 784 ND
delay 784
F040 JFX043  Proband F 39 Recurrent N/ 30/70 30/70 30 /69 10A19 / ND
miscarriage PM 69
F231 JFX235 Proband F 30 Family history of N/ 37 /84 36 /83 36 /83 9A26 / ND
FXS PM 10A72
F234 JFX238 Proband F 51 Family history of N/ 29/72 29/72 29/71 9A19 / ND
FXS PM 10A60

F: female; M: male; N, normal allele; PM, premutation; FM, full mutation; ND, not detected; *, 10A9A9 was the abbreviation for (CGG);0AGG(CGG)sAGG(CGG)o.
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Fig. 3. Identification of FMR1 microdeletions by CAFXS in family FO032. (A) Pedigree chart of family F032. (B) Sample JFX033 with CGG repeat 30 + 70 by CAFXS.
(C) Sample JFX033 with CGG repeat 22 + 71 by BioFast PCR assay. (D) Sample JFX035 with CGG repeat 29 + 30 by CAFXS. (E) Sample JFX035 with CGG repeat 22
-+ 29 by BioFast PCR assay. (F) IGV plot displaying the 24-bp microdeletions in sample JFX033 and JFX035 by CAFXS. The CGG repeat number of FMR1 in reference
build hg38 is 20. Thus, when the CCS reads with 30 or 70 CGG expansion were displayed in IGV, they showed as 30-bp or ~ 150-bp insertions in the repeat region.
(G) Sanger sequencing confirmed the 24-bp microdeletions in sample JFX033 and JFX035. (H) Waterfall plots showing the CGG repeats in CCS reads with deletion
and without deletion in sample JFX036 by CAFXS. (I) IGV plot showing the 187-bp deletion in sample JFX036 by CAFXS. The arrows highlighted the alleles with

different CGG repeats.

of LRS-based CAFXS approach for genetic testing of FMR1 in 238 high-
risk subjects and compared side-by-side with PCR-based methods.
CAFXS successfully called all the normal, premuation and full mu-
tations alleles identified by PCR assays. In addition, CAFXS determined
the CGG repeat number of all categories, while PCR assays could only
determine the exact repeat number below 200. The FMR1 CGG repeat
flanking region is unstable and prone to microdeletions of a few to

hundreds of base pairs [13,25]. Due to limited resolution of capillary
electrophoresis, conventional PCR-based methods use primers only a
couple of hundred base pairs flanking CGG repeat region and rely on
length but not sequence of PCR amplicons to calculate the number of
CGG repeat. On one side, the primer annealing can be disrupted by
microdeletions, which leads to artificial null allele [15,21]. On the other
side, microdeletion within the amplicon could lead to calculation bias.
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Fig. 4. Waterfall plots showing the different patterns of CGG repeat and AGG interruption in sample JFX154 (A), JFX229 (B), JFX109 (C), JFX007 (D), JFX173 (E),
JFX025 (F), JFX204 (G), JFX018 (H), and JFX114 (I).The arrows highlighted the alleles with different CGG repeats.

Here, CAFXS revealed microdeletions in exon 1 of FMR1 in three sub-
jects from the same family. Due to the 24-bp microdeletions in JFX033
and JFX035, PCR methods miscalled the 30 CGG repeat to 22. CAFXS
also identified about 1/7 of the CCS reads with full mutation had 187-bp
deletion in sample JFX036. Under some circumstances, the micro-
deletions could lead to decrease of CGG repeat number, disruption of
FMR1 exonl, allele dropout or change the categories of the alleles
identified by PCR assays, and thus are of important clinical significance.
CAFXS used long-range primer a few kilobases upstream of CGG repeat
and determined the repeat number by actual sequencing, which would
be minimally affected by microdeletions.

Incorporating AGG interruption analysis into FMRI genetic testing
allows accurate risk estimates and greatly improves genetic counseling
for woman carrying a premutation allele [9-11,26]. The impact of AGG
interruptions is the most profound for females carrying a premutation
allele with CGG repeats between approximately 60 s to 80 s. In this
study, CAFXS identified premutation alleles in five females with repeat
number between 69 and 87.0f the five premutation alleles, three had
one AGG interruption and two had no AGG interruption. In family
FX032, the premutation allele with 70 CGG repeats and no AGG was
expanded to full mutation during transmission. Females with high risk of
having a child with FXS might opt for assisted reproduction where one
can select for low risk embryos. More accurate risk estimates with LRS
approaches would provide high risk couples with appropriate

reproductive strategy.

PCR-based assays and Sanger sequencing usually study CGG repeat
and AGG interruption pattern were studied in males [27-29], because
the two X chromosomes camouflage each other’s repeat pattern. LRS
provides a direct sequencing of the FMRI1 trinucleotide repeats and
hence allows to separate two X chromosomes in females and mosaic
alleles. CAFXS allows for successful determination of AGG interruption
of all the alleles in the 238 samples. The most common patterns analyzed
in the Chinese cohort were 9A9A9, 10A9A9, and 9A9A6A9, which were
concordant with previously published report in three Asian populations
[29]. Although most interruptions in the CGG repeat are AGG trinu-
cleotide, alternative interruptions like TGG [30], has been discovered.
Here, CAFXS identified a novel CGA repeat in sample JFX114. These
alternative interruptions might also stabilize the CGG repeat. Systematic
research on the transmission of alleles with those alternative and rare
interruptions would provide insights in the function of such repeats.

To summarize, LRS-CAFXS has wider detection scope and thus pro-
vides better FXS genetic characterization compared to conventional
PCR-based assays. With the CGG reaction, the cost per sample of LRS-
CAFXS should be comparable to PCR assays. The turnaround time of
LRS and PCR assays are approximately 6-8 and 2-3 days, respectively.
With the development of more LRS-based assays including thalassemia
[31], congenital adrenal hyperplasia [32], and spinal muscular atrophy
[33], these tests can be pooled for high-throughput genetic screening



F. Hou et al.

Table 2
Detection of AGG interruption patterns among FMR1 CGG normal alleles.

No. CGG repeat AGG CGG-AGG Count Ratio
number interruptions pattern

1 29 2 9A9A9* 199 44.22 %
2 30 2 10A9A9 110 24.44 %
3 36 3 9A9A6A9 40 8.89 %
4 29 1 9A9A5C3 14 3.11 %
5 29 1 19A9 6 1.33 %
6 23 1 9A13 5 1.11 %
7 32 2 9A9A12 5 111 %
8 19 1 9A9 4 0.89 %
9 24 1 9A14 3 0.67 %
10 31 2 9A9A11 3 0.67 %
11 31 2 10A9A10 3 0.67 %
12 39 3 9A9A9A9 3 0.67 %
13 20 1 10A9 2 0.44 %
14 30 1 9A20 2 0.44 %
15 30 1 10A19 2 0.44 %
16 31 1 10A20 2 0.44 %
17 32 1 9A22 2 0.44 %
18 33 3 9A6A6A9 2 0.44 %
19 34 1 9A24 2 0.44 %
20 35 1 9A25 2 0.44 %
21 36 2 9A16A9 2 0.44 %
22 36 1 9A26 2 0.44 %
23 37 1 9A27 2 0.44 %
24 38 2 9A9A18 2 0.44 %
25 10 0 10 1 0.22 %
26 11 0 11 1 0.22 %
27 17 0 17 1 0.22 %
28 20 0 20 1 0.22 %
29 21 1 10A10 1 0.22 %
30 22 0 22 1 0.22 %
31 22 1 12A9 1 0.22 %
32 25 1 9A15 1 0.22 %
33 25 1 15A9 1 0.22 %
34 26 2 9A6A9 1 0.22 %
35 28 2 9A8A9 1 0.22 %
36 29 0 29 1 0.22 %
37 29 1 8A20 1 0.22 %
38 30 2 13A6A9 1 0.22 %
39 30 1 20A9 1 0.22 %
40 31 2 10A10A9 1 0.22 %
41 31 2 11A10A8 1 0.22 %
42 32 1 22A9 1 0.22 %
43 33 1 9A23 1 0.22 %
44 34 2 9A14A9 1 0.22 %
45 35 2 9A15A9 1 0.22 %
46 36 2 19A6A9 1 0.22 %
47 36 1 26A9 1 0.22 %
48 36 2 9A9A16 1 0.22 %
49 37 4 9A9A6A6A3 1 0.22 %
50 37 3 12A6A7A9 1 0.22 %
51 40 2 9A9A20 1 0.22%
52 41 3 9A11A9A9 1 0.22 %
53 42 2 22A9A9 1 0.22 %
54 43 1 33A9 1 0.22 %
55 43 4 9A9A6A6A9 1 0.22%

*, 9A9A9 was the abbreviation for (CGG)9AGG(CGG)eAGG(CGG)g.

like expanded carrier screening. However, conventional PCR-based
FMR1 assays using Genetic Analyzer are not suitable for panel-based
genetic screening.

5. Conclusion

Our study demonstrated high clinical utility of LRS-CAFXS for
simultaneous characterization of CGG expansions, AGG interruptions,
and microdeletions involving the FMR1 gene. The approach should be
easily adapted for comprehensive analysis of other complicated repeat
expansion disorders. CAFXS is envisaged to greatly improve FXS risk
estimates for better genetic counseling, meanwhile allows genetic
screening for potentially FMR1-related indications.
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