Open Access a

(Pustin Publishing crou

Austin Journal of Obstetrics and Gynecology

Research Article

FMR1 CGG Repeat and AGG Interspersion Number in
Female Newborns Conceived by Assisted Reproductive
Technologies

Elizabeth X Wu and Sai Ma*
Department of Obstetrics and Gynaecology, University of
British Columbia, Vancouver, BC, Canada

Abstract

Objective: High repeat FMR1 alleles are associated with Fragile X syndrome
(FXS), fragile X- associated tremor/ataxia syndrome (FXTAS), and premature
ovarian failure (POF). It is possible that infertile individuals are passing on FMR1
alleles associated with infertility or that repeat expansion could be occurring in
subfertile parent’'s germlines or during in vitro culturing. This could put children
conceived through assisted reproductive technologies (ART) at a greater risk of
developing FXS, POF, and FXTAS. The objective of this study was to assess
FMR1 repeat length in females conceived by intracytoplasmic sperm injection
(ICSl) and in vitro fertilization (IVF).
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Methods: FMR71 CGG repeat and AGG interspersion number was
determined in female newborns conceived by ICSI (n=75) and IVF (n=71) using
the Asuragen AmplideX™ FMR1 PCR Kit. PCR products were sized by capillary
electrophoresis.
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Results: No differences were found between the frequencies of intermediate
and premutation alleles in the ART groups and a previously published group of
women from the general population. No premutation or full mutation alleles were
detected in ART populations. However, the distribution of CGG repeats was
found to be different between the ICSI and general population groups (P<0.05).

Conclusions: The significance of these findings is unclear as different
ethnic groups have been shown to have differing FMR1 repeat distributions.
Information on ethnic origin was unavailable for our subjects. Our findings
suggest that females conceived by ICSI and IVF are not at agreater risk of
developing FXS, POF, or FXTAS due to FMR1 alleles with higher CGG repeat
counts and more instability.
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Introduction

Fragile X syndrome (FXS), the most common cause of inherited
mental retardation in males, results from the expansion of a
trinucleotide CGG repeat located in the 5’ untranslated region (UTR)
of the Fragile X mental retardation 1 (FMRI) gene to >200 repeats
(full mutation) [1]. Six to forty-four CGG repeats is considered
normal, 45-54 is intermediate, and 55-200 is the premutation range
[2-4]. Seventeen percent of male carriers in their 50s [5] and 12.3% of
women carriers [6] of the premutation allele display symptoms of the
neurodegenerative movement disorder known as fragile X-associated
tremor/ataxia syndrome (FXTAS). Premutation alleles are also found
in approximately 5% of all premature ovarian failure (POF) cases, 12%
of familial POF cases, 3% of sporadic POF cases, but only in 0.4% of the
general population [7]. POF is characterized by amenorrhea, elevated
gonadotropins, and estrogen deficiency in women under the age of 40
years [8]. In recent years, intermediate ranges of 41-58 repeats [9] and
normal ranges of 35-54 repeats [4] have been associated with POF. It
has been observed that repeats below and above the range of 26-34
repeats are associated with a decreased ovarian reserve [10]. It has also

been suggested that the risk of trisomic pregnancy may be greater in
women with intermediate and premutation alleles because a smaller
oocyte pool in these individuals may increase trisomy risk [11].

Alleles in the premutation range are prone to expansion to the
full mutation range in subsequent generations through mitosis
and meiosis due to the instability of large repeat tracts [3]. Loss of
trinucleotide AGG repeat interspersions within the CGG repeat tracts
are thought to increase repeat instability {Citation} [12]. Loss of AGG
interspersions can occur due to deletions or A to C transversions
[13]. One to three AGG interruptions are generally found
in normal and intermediate alleles while 0-1 are generally found in
premutation alleles [14]. An instability threshold has been identified
in which uninterrupted CGG tracts of greater than 34-38 repeats have
been observed to result in unstable transmission [13]. A recent study
has shown that the identification of AGG interruption numbers can
improve risk of prediction for expansion of intermediate and small
premutation alleles with 45-69 repeats [15].
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It has been observed that infertile women demonstrate a mild
shift towards FMRI alleles with higher CGG repeat counts [16].
More often, these women seek infertility treatments, such as ovarian
hyperstimulation, intrauterine insemination and in vitro fertilization
(IVF). FMRI repeat expansion in the germlines of subfertile parents
could also be occurring. Women utilizing infertility treatments
are generally advanced in age. Advanced maternal age has been
associated with an increased expansion from a premutation allele
to a full mutation allele from mother to offspring [17]. In addition,
older women are more prone to having gametes with chromosome
abnormalities such as aneuploidy [18,19]. Sperm aneuploidy is
common in infertile men [20,21]. Meiotic repair mechanisms in
infertile individuals could therefore be deficient [22]. This could
result in meiotic replication slippage (looping out) or unequal
meiotic crossovers leading to FMRI repeat expansion. Some studies
have indicated that repeat expansions can occur post-zygotically
due to mitotic errors [23]. High rates of mosaicism (~25-50%) have
been observed in human preimplantation embryos in IVF [24]. It is
possible that in this unnatural environment, embryos are more prone
to mitotic errors which could result in repeat expansion by mitotic
replication slippage or unequal sister chromatid exchange in the post-
zygotic stage. Therefore, there could be an increased risk of female
offspring conceived through assisted reproductive technologies
(ARTSs) inheriting FMRI alleles with higher repeats and developing
POEF FXTAS, and/or FXS.

It is also possible that females conceived by IVF may have FMRI
alleles with higher repeats than females conceived by intracytoplasmic
sperm injection (ICSI). IVF is mainly used to treat female factor
infertility and unexplained infertility. Conversely, ICSI is mainly
used to treat male factor infertility or when previous IVF cycles have
failed due to low or failed fertilization. Hence, the females of couples
which achieve pregnancy via IVF may have undiagnosed POF and be
passing on higher repeat FMRI alleles that are associated with POF.
One study found that the intermediate FMRI alleles of POF patients
lacked AGG interspersions [9]. Therefore, women with undiagnosed
and milder POF may also be passing on FMRI alleles with less AGG
interspersions and hence increased instability to their children
conceived by ARTs.

In this study, we investigated FMRI1 CGG repeat length and AGG
interspersion number in female newborns conceived by the ARTs of
ICSI'and IVE We also examined FMRI genotypes in our ICSI and IVF
populations [10].

Materials and Methods Patients and
Sample Collection

Patients that conceived through IVF and ICSI were recruited
from several IVF centres across Canada between September, 2010 to
September, 2014. However, most were from the Lower Mainland of
British Columbia. Ethnic information was unavailable for the patients
in our study. Little can be assumed about the ethnic backgrounds
of our study participants as women were mainly recruited from
major Canadian cities, which have a very diverse ethnic population.
Therefore, caution was taken when interpreting our findings.
Informed consent was obtained for each patient prior to sample
collection. A karyotype or comparative genomic hybridization (CGH)
analysis of the chromosomes was available for all newborn cases.

A total of 146 newborn female umbilical cord blood samples were
analyzed in this study. Subjects conceived by ICSI (n=75) included 12
individual females of a set of female twins, 1 individual female of a set
of twins where the gender of other twin was unknown, 3 females of a
set of mixed gender twins, and 2 females of a set of triplets. Karyotype
abnormalities in the ICSI group included one case of 45,XY,-
16[2]/46,XX[75] and one case of 46,XX,t(15;18). Subjects conceived
by IVF (n=71) included 14 individual females of a set of female twins
and 6 females of a set of mixed gender twins. Karyotype abnormalities
in the IVF group included one case of 45,XX,-19[4]/46,XX[21]. Blood
from the parents of the newborns was not available.

Cord blood samples were collected in EDTA or sodium heparin
tubes. The majority of genomic DNA was extracted from cord
blood using the QIAamp DNA Mini Kit (Qiagen Inc; Mississauga,
Canada). However, some samples were extracted using the traditional
salting out method from blood [25] followed by phenol-chloroform
extraction to remove the salts and further cleaning using the QIAamp
DNA Mini Kit.

Ethical approval for this study was obtained from the University
of British Columbia / Children’s and Women’s Health Centre of British
Columbia Research Ethics Board.

FMR1 CGG Repeat Length

The FMRI repeat region was amplified by the novel AmplideX™
FMR1 PCR Kit (Asuragen Inc, Item# 76008; Austin, USA). Forty to
one-hundred nanograms of genomic DNA (2l of DNA at 20-50 ng/
ul) was amplified in a master mix containing 11.45 pl of GC-rich AMP
Buffer, 1.5 pl of gene-specific FMRI forward, reverse (FAM labelled)
primers, 0.5 pl of FMR1 CGG primer, 0.5 ul of diluent and 0.05 pl of
GC-rich polymerase mix. The gene-specific primer sequences were as
follows: forward 5 -TCAGGCGCTCAGCTCCGTTTCGGTTTCA-3"
and reverse 5'-FAM-AAGCGCCATTGGAGCCCCGCACTTCC-3"
[26]. The CGG primer was composed of an unlabelled complementary
five CGG repeat sequence. PCR conditions were 95°C for 5 min
(initial denaturation); 97°C for 35 s, 62°C for 35 s, and 68 °C for 4
min for 10 cycles; 97°C for 35 s, 62 °C for 35 s, and 68°C for 4 min
with an additional 20 s per cycle for 20 cycles; and a final extension
at 72°C for 10 min. A control mix containing premutated and fully
mutated FMRI alleles was included in each reaction batch to ensure
that premutated and fully mutated alleles were detectable. DNA of
carriers of premutated and fully mutated alleles were purchased from
the Coriell Institute (Camden, USA; premutated: NA06894; fully
mutated; NA07537). The amplified products were stored at -20°C in
the dark until analysis by capillary electrophoresis (CE).

Fulllength PCR products and amplicons were evaluated on an ABI
3130xI Genetic Analyzer (Applied Biosystems; Burlington, Canada)
at the Centre for Molecular Medicine and Therapeutics (Vancouver,
Canada). Two microlitres of PCR product were mixed with 11 ul of
Hi-Di Formamide (Applied Biosystems) and 2 pl of ROX1000 size
ladder (Applied Biosystems). The mixture was heat-denatured for
95°C for 2 minutes followed by cooling on ice (protected from light)
until transfer to the ABI machine. A 50 cm capillary was used for all
injections with an applied voltage of 2.5 kV for 20s with a 40 minute
run time at 15 kV on a Pop-7 gel polymer.

PCR products detected by CE were analyzed using GeneMapper
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4.0 (Applied Biosystems). The highest point of the gene-specific peak
was chosen to represent the size of each allele. Homozygous samples
only showed one gene-specific peak and were recorded as having two
alleles with the same CGG repeat number. For homozygous samples,
it was ensured that no PCR products were detected by CE in the
premutation and full mutation range. Normal alleles were defined
as <45 CGG repeats, intermediate alleles as 45-54 CGG repeats,
premutation alleles as 55-200 CGG repeats, and full mutation alleles
as >200 CGG repeats.

Although the increased risk for POF is mainly associated with
premutation range (55- 200) alleles, repeat ranges including normal
and intermediate alleles such as the repeat ranges of 35-54 repeats
[4] and 41-58 repeats [9] have been associated with POE Therefore,
these additional ranges of repeats were assessed in addition to the
traditional FMRI repeat ranges.

FMR1 AGG Interspersion Number

The method for determining AGG interspersions is as previously
described [27]. The CGG repeat primer is specific for CGG repeats
and will not bind to AGG sequences commonly found to interrupt the
CGG repeat tract. Therefore, dips in the signal intensities correspond
to the presence of an intervening AGG. The signal intensity will drop
for the equivalent of 5 CGG repeats as each repeat unit on the CGG
repeat primer (consists of 5 CGG repeats) mismatches with the AGG
sequence [27]. Signal intensities that only drop down half way to
baseline indicate that the AGG interspersion is only present on one
allele. For the signal intensities to drop to baseline, an AGG must be
present at the same position on both alleles [27]. The total number
of AGG interspersions (both alleles) was recorded for each sample as
it was not always possible to determine the specific number of AGG
interspersions on each of the female’s alleles.

FMR1 Genotypes

The genotypes are based on a normal range of FMRI CGG repeats
being between 26-34 repeats [10]. Normal was defined as both alleles
within the 26-34 repeat range, het-norm/high as one allele above the
range and one within, het-norm/low as one allele below the range
and one within, hom-high/low as one allele above and one below the
range, hom-high/high as both alleles above the range, and hom-low/
low as both alleles below the range [10].

Statistical Analysis

Fisher’s exact test was performed to compare the frequencies
of intermediate and premutation alleles between the ICSI, IVE and
general populations.

Comparison of the frequency of alleles within the 35-54 and
41-58 repeat ranges was performed using the Chi-Squared test. The
Kruskal-Wallis test was used to compare the median allele CGG
repeat number and the distribution of CGG repeat numbers between
our study groups and a previously published control group [4].
Fisher’s exact test was used to compare the frequencies of FMRI
genotypes in the ICSI and IVF populations. The Mann-Whitney test
was performed to compare the median number and distribution of
total AGG interspersions between the IVF and ICSI study groups. P
values <0.05 were considered statistically significant.

Results
FMR1 CGG Repeat Length

FMRI allele frequencies for the ICSI and IVF populations as
well as a previously published general female population [4] are
shown in Table 1. The ICSI and IVF groups were compared with a
previously published control group [4] and no differences were found
in the frequency of intermediate or premutation alleles (Table 2).

Table 1: FMR1 allele repeat sizes in female ICSI, IVF, general populations.

CGG Repeat # | ICSI IVF General female population*
16 1(0.7%) 0 (0.0%) 2 (0.6%)
17 0 (0.0%) 0 (0.0%) 1(0.3%)
18 1(0.7%) 0 (0.0%) 1(0.3%)
20 12 (8.0%) 10 (7.0%) | 31(9.6%)
21 1(0.7%) 0 (0.0%) 4 (1.2%)
22 2 (1.3%) 0 (0.0%) 3 (0.9%)
23 5(3.3%) 7 (4.9%) 30 (9.3%)
24 1(0.7%) 1(0.7%) 1(0.3%)
25 1(0.7%) 0 (0.0%) 2 (0.6%)
26 2 (1.3%) 1(0.7%) 1(0.3%)
27 0 (0.0%) 3(2.1%) 4 (1.2%)
28 0 (0.0%) 1(0.7%) 1(0.3%)
29 28 (18.7%) | 39 (27.5%) | 71 (22.0%)
30 51 (34.0%) | 50 (35.2%) | 103 (32.0%)
31 18 (12.0%) | 9(6.3%) 16 (5.0%)
32 8 (5.3%) 2 (1.4%) 20 (6.2%)
33 5 (3.3%) 2 (1.4%) 6 (1.9%)
34 1(0.7%) 0 (0.0%) 2 (0.6%)
35 0 (0.0%) 0 (0.0%) 0 (0.0%)
36 4 (2.7%) 8 (5.6%) 1(0.3%)
37 1(0.7%) 1(0.7%) 1(0.3%)
38 0 (0.0%) 0 (0.0%) 6 (1.9%)
39 0 (0.0%) 1(0.7%) 4 (1.2%)
40 1(0.7%) 1(0.7%) 0 (0.0%)
41 1(0.7%) 1(0.7%) 2 (0.6%)
42 0 (0.0%) 1(0.7%) 2 (0.6%)
43 0 (0.0%) 2 (1.4%) 0 (0.0%)
44 2 (1.3%) 1(0.7%) 2 (0.6%)
45 0 (0.0%) 0 (0.0%) 1(0.3%)
46 1(0.7%) 0 (0.0%) 1(0.3%)
47 2 (1.3%) 0 (0.0%) 1(0.3%)
48 1(0.7%) 1(0.7%) 0 (0.0%)
~70 0 (0.0%) 0 (0.0%) 1(0.3%)
Full mutation 0 (0.0%) 0 (0.0%) 1(0.3%)
Total 150 142 322

Table 2: Frequencies of FMR1 allele repeat ranges and median allele repeat size
in ICSI, IVF, and general female populations.

General P
ICSI IVF female value
population*
Number of samples | 75 71 161
Intermediate alleles | 4150 279%) 11142 (0.7%)  3/322 (0.9%) s
(45-54)
Premutation alleles o o o
(55.200) 0/150 (0%)  0/142 (0%) 1/322 (0.3%)  ns
Alleles within 35-54 | 44150 (8 705) | 17/142 (12.0%) | 21/322 (6.5%) | ns
repeat range
Alleles within 41-88 715 4 704) | 61142 (4.2%) | 9/322 (2.8%)  ns
repeat range
Median gllele 30 30 30 ns
repeat size

ns (non-significant).
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Table 3: Distribution and median of total FMR1 AGG interspersion number

in ICSI and IVF populations.

#AGG ICSI IVF

0 1(1.3%) 0 (0.0%)

1 0 (0.0%) 2 (2.8%)

2 8 (10.7%) 9 (12.7%)
3 22 (29.3%) 25 (35.2%)
4 41 (54.7%) 30 (42.3%)
5 3 (4.0%) 5 (7.0%)

6 0 (0.0%) 0 (0.0%)
Total 75 71

Median #AGG 4 3

This control group was chosen for comparison to the groups in our
study because the women were representative of the general population
of a similar geographic region as our cases [4]. No premutation (55-
200 repeats) or full mutation (>200 repeats) alleles were detected in
the ICSI and IVF groups. Furthermore, no differences were found
between the ICSI, IVE and the previously published control group
[4] in the frequency of alleles within the 35-54 or 41-58 repeat ranges
(Table 2). The median allele repeat size of the ICSI, IVE and the
previously published control [4] populations were similar (Table 2).
A weak significance was observed between the ICSL, IVE, and general
population [4] groups in the distribution of CGG repeats (P=0.0456,
Kruskal-Wallis test). A Dunn’s Multiple Comparison Test revealed
that the difference in CGG repeat distribution was between the ICSI
and general population [4] groups (P<0.05).

FMR1 AGG Interspersion Number

The distribution of total AGG interspersion number and the
median number of AGG interspersions did not differ between the
ICSI and IVF populations (Table 3). One ICSI sample found to have
no AGG interspersions had both FMRI alleles within the normal
range (24 and 30 repeats).

FMR1 Genotypes

The frequencies of FMRI genotypes [10] classified by abnormal
alleles being above or below the range of 26-34 repeat were similar
between the ICSI and IVF populations (Table 4).

Table 4: FMR1 genotypes in ICSI and IVF populations.

Norm het- norm/ | het- norm/ | hom- high/ | hom-low/ | hom- high/
high low low low high

ICSI | 45 7(9.3%) |16 2(2.7%) | 3(4.0%) 2 (2.7%)
(60.0%) (21.3%)

IVF | 41 12 13 4(5.6%) | 1(1.4%) 0 (0.0%)
(57.7%) | (16.9%) (18.3%)

Total | 86 19 29 6 4 2

Discussion

Various sizes of FMRI alleles have been associated with POF
[4,7,9,28,29]. In this study, we set out to investigate whether females
conceived by ICSI and IVF are more at risk of developing POEF,
possibly due to FMRI allele sizes associated with reduced fertility,
repeat expansion in the germlines of subfertile parents, and repeat
expansion during in vitro embryo culturing. In addition, we wanted
to investigate whether FMRI repeats associated with infertility may
be more frequent in the IVF conceived population as female factor
infertility is a predominant reason for utilizing the IVF procedure to
conceive.

Premutation, intermediate, and even normal alleles have been
associated with varying degrees of POE. However, we did not observe
any differences between the ICSI, IVE and general populations in the
frequencies of alleles within these ranges, indicating that female infants
conceived by ARTs are not inheriting higher repeat FMR1 alleles than
females in the general population. It has also been observed that
repeats below and above the range of 26-34 repeats are associated with
a decreased ovarian reserve [30]. There were no differences between
the IVF and ICSI groups in the frequencies of genotypes based on
this range. In addition, the majority of females had normal genotypes,
suggesting that females conceived by ARTs are not at a greater risk of
a prematurely diminished ovarian reserve based on FMRI genotypes.
However, by splitting up the study populations into such small sub
groups based on the Gleicher et al. [30] classifications, our analysis of
FMRI genotypes did not allow for statistically sound conclusions. The
frequencies of FMRI repeat lengths and FMRI genotypes were similar
between the IVF and ICSI conceived female newborn populations.
This suggests that FMRI alleles associated with POF are not more
prominent in the specific population utilizing IVF versus the specific
population utilizing ICSI to conceive.

We observed a significant difference in the distribution of CGG
repeats between our ICSI group and the published general female
population group [4]. This suggests that females conceived by ICSI or
couples that are utilizing ICSI to conceive have a different CGG repeat
distribution than individuals in the general population. However, the
significance is weak and because there was not a higher prevalence of
FMRI alleles associated with infertility in either group, the clinical
implications of this finding is uncertain. Differences in CGG repeat
distribution are possibly due to other dissimilarities between our
ICSI population and the general population of Bretherick et al.
[4]. Differences in the distribution of CGG repeat sizes have been
observed between different ethnic population groups [31]. Therefore,
the differences in distribution observed between the ICSI group and
general population groups [4] may be due to differences in ethnicity
between the groups. Patients from both studies were ascertained
from the Canadian population. However, the Canadian population is
quite diverse and different ethnic groups may comprise more of one
group than the other. Unfortunately, the details of ethnic origin of our
subjects and of the general population [4] were not available.

The ability of FMRI repeat sizes to denote risk for POF may vary
between different ethnicities. One study found that the distribution
of FMRI alleles between infertile females of different ethnicities
were distinctly different [30]. Although Asian women experience
poorer IVF outcomes than Caucasian patients, they did not have
disproportionally more FMRI alleles with increased risk for POF
[10,30]. This shows that the ability of FMRI repeat length to denote
POF risk may be limited to certain ethnic populations. As previously
mentioned, ethnic information for the patients in our study and the
control group of Bretherick et al. [4] was unavailable. Therefore,
any observed differences or absence of differences may be due to
variations in the distribution of diverse ethnic groups within the three
populations.

Many studies have failed to find an association between CGG
repeats in the normal or intermediate range and susceptibility to POF
[32-34]. Furthermore, if increased expansions are occurring within
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the germlines of subfertile parents or during in vitro culturing of
ARTs, then there should be higher rates of FXS, FXTAS and POF in
children conceived by ARTs. However, this has yet to be observed in
the literature either because it has not yet been investigated or the
effect is not present. It is also possible that epigenetic factors are
controlling FMRI gene expression rather than solely CGG repeat
number. One study found that variability of FMRI expression is
found in POF patients independent of CGG triplet repeat number
[35]. It has been suggested that there could be multiple transcriptional
start sites for FMRI due to expansions beyond a normal range [35]. It
is also proposed that CpG methylation in the repeat region upstream
of FMRI and compaction of the chromatin around FMRI influence
the gene’s transcription rate [35].

Unfortunately, the comparison of repeat lengths between parents
and their offspring was not possible in this study as parental blood
was unavailable. A recent study investigated the transmission of
seven dynamic mutations, one of which was FMRI, between parents
and offspring conceived through IVE ICSI, and naturally [36]. No
significance differences were found in the frequency of unstable
FMRI transmissions between parents and offspring in the three
groups studied [36]. None of the subjects in the IVF (n=72), ICSI
(n=67), or natural conception (n=75) groups had FMRI repeats
outside the normal range (6-52 repeats) [36]. Zheng et al. found
no differences between the groups in the sizes of FMRI repeats or the
rates of expansions or contractions [36]. The findings of this group
are similar to ours in that there were no significant differences in
the frequency of abnormal repeats between study groups. Our study
complements Zheng et al’s study by also investigating the FMRI CGG
repeat length in ICSI and IVF conceived infants. Our study further
categorizes FMRI repeat sizes based on various ranges associated
with POF in the literature, rather than only using the classical repeat
categories which were developed to classify Fragile X syndrome. In
addition, we examined AGG interspersions in the FMRI repeat tract
which are thought to play a major role in repeat stability.

The distribution of total AGG interspersion number between the
ICSI and IVF populations was similar. Almost all the alleles had at
least one AGG interspersion, which implies that females conceived by
ART do not have FMRI alleles with greater instability. In the one ICSI
sample that had no AGG interspersions on either allele, the repeat
numbers of the alleles were both within the normal range (24 and 30
repeats). In one study, uninterrupted CGG tracts of greater than 34-38
repeats were observed to result in unstable transmission from parent
to offspring [37,38]. A recent study examining the expansion of 45-69
repeat alleles concluded that there is no apparent risk of full mutation
expansions within a single transmission for alleles with 45-49 repeats
and no AGGs. Therefore, it is unlikely that the uninterrupted alleles
for the ICSI case are unstable as the uninterrupted FMRI repeat
regions are below the ranges reported in both these studies.

To our knowledge, this is the first study to investigate FMRI
CGG repeat length concurrently with AGG interspersion number in
the alleles of females conceived by ARTs. We did not observe ICSI
and IVF populations to be at a greater risk of POF, FXTAS, or FXS
due to FMRI alleles with a greater number of repeats compared
to females in the general population [4]. In addition, we did not
observe a greater frequency of FMRI alleles associated with POF in

the IVF conceived female newborns compared to ICSI conceived
female newborns. However, due to the small sample size of our study,
there are limitations on what can be concluded. As this is one of the
first studies to investigate FMRI repeat length in infants conceived
by ARTs, further studies are needed to add to the results of this
study in order to generate more substantial conclusions regarding
the prevalence of different FMRI repeat lengths in our specific
populations. It would be ideal to genotype the parents as well as their
ART conceived newborns. We acknowledge that the lack of parental
FMRI genotypes limits our ability to detect the impact of ART on
the transmission or expansion of FMRI alleles. Further studies are
also required to further assess whether there is actually a difference
between the ICSI and general populations in the distribution of CGG
repeats. If a difference is present, details of the ethnic origins of the
patients is needed to determine whether the difference in CGG repeat
distribution is due to differences between the population born by
ICSI and the general population or due to differences in ethnicities
between the two groups.
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