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Abstract

We investigated the effect of AGG interruptions on fragile X repeat instability upon transmission
of fragile X intermediate and small premutation alleles with 45-69 CGG repeats. The FMR1
repeat structure was determined for 375 mothers, 48 fathers, and 538 offspring (457 maternal and
81 paternal transmissions) using a novel PCR assay to determine repeat length and AGG
interruptions. The number of AGG interruptions and the length of uninterrupted CGG repeats at
the 3’ end were correlated with repeat instability on transmission. Maternal alleles with no AGGs
conferred the greatest risk for unstable transmissions. All nine full mutation expansions were
inherited from maternal alleles with no AGGs. Furthermore, the magnitude of repeat expansion
was larger for alleles lacking AGG interruptions. Transmissions from paternal alleles with no
AGGs also exhibited greater instability than those with one or more AGGs. Our results
demonstrate that characterization of the AGG structure within the FMRL repeat allows more
accurate risk estimates of repeat instability and expansion to full mutations for intermediate and
small premutation alleles.
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INTRODUCTION

The fragile X syndrome (FXS, OMIM 300624), a common form of X-linked intellectual and
developmental disability, occurs in approximately 1/4,000 males and 1/8,000 females
[Crawford et al., 2001]. The mutation is an expansion of a CGG repeat in the 5" untranslated
region of the FMR1 gene [Kremer et al., 1991; Oberlé et al., 1991; Verkerk et al., 1991; Yu
et al., 1991] that prevents expression of the FMR1 protein through methylation of the
promoter region and results in the syndrome in affected individuals. The polymorphic CGG
repeat region has been divided into four classes based on repeat length [Maddalena et al.,
2001]: normal (6—44 repeats), intermediate (45-54 repeats), premutation (55-200 repeats)
and full mutation (>200 repeats). Normal alleles are highly stable when passed from parent
to child whereas some intermediate alleles may exhibit intergenerational instability.
Premutation alleles are unstable and may expand to the full mutation in one generation.
Although paternal premutation transmission to a daughter may be unstable, expansion to a
full mutation occurs almost exclusively when a premutation allele is transmitted from
mother to child, not from father to daughter. As documented in many studies, the risk for
full mutation expansion in female transmissions of premutation alleles increases rapidly with
increased repeat length [Fu et al., 1991; Nolin et al., 2003]. In families where full mutation
expansions have occurred, large changes in repeat size are frequently observed in other
transmissions within the family.

In the past, expanded alleles were ascertained from individuals affected with FXS. Thus, the
alleles in these families were known to be unstable and capable of expanding to a full
mutation. Recently, women in the United States and other countries have been screened for
their fragile X carrier status, which has resulted in the identification of intermediate and
premutation alleles with no known history of instability. Studies in Israel [Berkenstadt et al.,
2007] reported a carrier frequency of ~1:150 for women with premutation alleles while in
Canada a frequency of 1:259 has been observed [Rousseau et al., 1995]. In the United States
estimates range from 1:151 to 1:382 [Cronister et al., 2005, 2008; long et al., 2011; Seltzer
et al., 2012] with frequencies ~1:200 identified in recent studies. One U.S. prevalence study
determined that 75% of newly identified premutation alleles have fewer than 70 repeats
[Hantash et al., 2011]. While the prevalence of intermediate and small premutation alleles is
high, prenatal studies of these maternal alleles have shown that many undergo little or no
change in repeat size on transmission [Nolin et al., 2011]. The expansion risks for these
newly identified alleles contrasts sharply with the risk estimates based on studies of families
that include an affected individual. Thus, increased screening of women for their fragile X
status has led to the identification of intermediate and small premutation alleles whose risk
for expansion is unknown.

The number of AGG interruptions within the repeat region has been linked to repeat
instability and risk of expansion to a full mutation. Eichler et al. [1994, 1996] examined the
structure of the FMR1 repeat in the general population and families with FXS and observed
interspersed AGGs within the repeat region in nearly all alleles in the general population.
The most frequent allele pattern was two AGGs at positions 10 or 11, and 20 or 21 repeats.
Unstable alleles in families with FXS contained no or few AGGs in the 5’ region of the
repeat and long stretches of uninterrupted CGG sat the 3’ end of the repeat. The authors
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suggested that AGG interruptions that differentiate CGG repeat alleles are responsible for
most of the variance in stability. This hypothesis has been difficult to test, however, because
of the technical challenges in analyzing the AGG structures in the two X chromosomes in
females.

In this study, we used a PCR assay based on triplet CGG repeat primed PCR [Chen et al.,
2010; Nolin et al., 2011] to detect AGG interruptions in males and females with
intermediate and small premutation alleles. We examined the association of the repeat
instability on transmission with repeat length, AGG structure and 3’ uninterrupted repeat
length in a large cohort of maternal and paternal alleles to derive better predictors for
expansion of the repeat region. The results of our study have immediate implications in
predicting risk of CGG repeat expansion based on AGG status as well as repeat length for
intermediate and small premutation alleles.

MATERIALS AND METHODS

Subjects

The 377 families in the study with 45-69 CGG repeats in the FMR1 gene were ascertained
as follows: 214 from population screening, 70 from an individual with developmental
disabilities of unknown etiology, 48 with a history of FXS, three from individuals with
neurological symptoms, one from an individual with premature ovarian insufficiency, and
41 for whom ascertainment was unknown. Purified genomic DNA was collected under
Institutional Review Board approvals from four U.S. institutions (New York State Institute
for Basic Research in Developmental Disabilities, Rush University Medical School, Emory
University, and the UC Davis—MIND Institute).

PCR Protocol and Data Analysis

The AGG interruption pattern within the FMRL1 repeat was determined at Asuragen (Austin,
TX). Three PCR assays were performed to resolve the AGG status of each allele. The assays
included a CGG repeat primed PCR [Tassone et al., 2008; Chen et al., 2010] and two
additional PCR assays derived from a previously validated long-read PCR technique
[Filipovic-Sadic et al., 2010] that resolved ambiguities in the repeat primed assay.
Transmission data for the 377 families in this study were derived from CGG repeat length
and AGG analysis of 971 DNA samples. The DNA samples were diluted to 20 ng/ul and a
total of 120 ng of DNA was used across the PCR reactions. The PCR products,
approximately 2,900 in total, were analyzed using a 3500x| Genetic Analyzer (Life
Technologies, Carlsbad, CA). In general, samples were batched in groups of 94 samples and
two controls per microtiter plate. Using three thermal cyclers and one 3500xI, the
turnaround time for data acquisition was 24-36 hr per sample batch. Across 971 samples,
genotypes were resolved for 928 in the first run, resulting in an initial pass rate of 95.6%.
Only 1.6% (16/971) failed with all PCR assays. In cases where a failure was noted in any
assay from the first run, interpretable data were produced for 88% (38/43) of those samples
after repeat testing. Thus, 99.5% of all samples (966/971) were assigned a CGG repeat
length and AGG genotype using only PCR-based data.
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The specific AGG structure of each allele was deduced from the electropherogram data as
previously described [Chen et al., 2010]. To evaluate the performance of this method for
determining CGG repeat length and AGG genotyping, PCR results were compared to DNA
sequencing using a separate set of 10 male and five female genomic DNA samples. All
results were in agreement with DNA sequencing including additional comparisons to six cell
line DNA samples, NA20232, NA11472, NA20230, CD00014, NA20231, and NA06892
(Coriell Cell Repositories, Hampton, NJ) corresponding to 46, 47, 54, 56, 76, and 93 CGG
repeats, respectively. The AGG PCR genotyping was further verified by DNA sequencing
and haplotype analysis in a separate sample cohort [Nolin et al., 2011].

Allele instability was defined as any measurable repeat change from parent to child. The
CGG repeat primed PCR assay can identify a single repeat change [Chen et al., 2010]. The
average repeat difference from 18 parent—child alleles that were determined to differ by
exactly one CGG was 0.9 £ 0.2 CGG, compared to <0.3 CGG from multi-day and operator
testing of five alleles ranging from 20 to 120 CGGs (54 replicates of each allele). Thus, the
PCR method identified modest changes in repeat quantification and transmission stability. In
addition, a reproducibility study was performed to evaluate the consistency of the CGG
repeat number measured for five alleles ranging from 20 to 120 CGG. Across 28
independent PCR runs, the same number of CGG repeats and AGG interruptions was
determined for each of the five alleles tested.

Statistical Methods

RESULTS

All analyses were stratified by parental origin of the transmission. Logistic regression was
used to test which measures of repeat structure best predicted the risk for instability (any
change in overall repeat length during transmission = 1 vs. no change = 0). The predictor
variables included overall repeat length, the number of AGG interspersions in the parent and
the length of 3’ uninterrupted CGG repeats. Similarly, linear regression was used to test for
associations with the magnitude of instability, or the difference between the parental and
offspring repeat lengths for that transmitted allele, and the predicted variables outlined
above. ANOVA models were used to test for mean differences in magnitude of instability by
number of AGG interspersions (0, 1, or >1 AGG interspersions). All analyses were run
using SAS V9.2. All statistical models derived from the entire cohort were also tested using
only the subset of subjects who were recruited from screening. The results were similar
between sample sets; therefore, we report findings only for the larger dataset that includes
all samples ascertained.

Maternal Transmissions

To determine the relationship of AGG structure to repeat instability, we characterized the
number and allele-specific location of AGG interruptions within the FMR1 CGG repeat for
375 mothers with intermediate (45-54 repeats) and small premutation alleles (55-69
repeats) and examined the repeat length and AGG structure in their offspring. An unstable
transmission was defined as a change of one or more repeats from parent to child. Table |
summarizes the AGG structures and instability for 457 maternal transmissions. Of the 457
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transmissions, 103 (23%) contained no AGGs, 180 (39%) included one, 159 (35%) included
two, 13 (3%) included three, and two (0.4%) included four. In Table 11, the transmissions are
separated into groups of five repeats by maternal repeat size. Nine full mutation expansions
occurred among the 457 maternal transmissions: eight were from families with a history of
FXS and one was ascertained from a screening population. All of these full mutations
expanded from maternal alleles with no AGGs. The smallest maternal allele expanding to a
full mutation had 59 repeats. Two other maternal alleles with 60 and 64 repeats, and six with
65-69 repeats expanded to full mutations. Among the size categories, nearly all alleles with
no AGGs (97% [100/103]) were unstable on transmission (Table ).

The number of AGGs had a substantial impact on the risk and the magnitude of repeat
change from mother to child. The risk of instability associated with the number of AGGs
compared to total maternal repeat length alone is shown in Figure 1. For example, maternal
alleles with 55-59 repeats had a 42% overall risk of instability. However, for those with no
AGG the risk of instability was 96%, for one AGG the risk was 51%, and for two AGGs the
risk was only 5%, corresponding to a 19-fold range of risk based on AGG status alone.
Moreover, as shown in Figure 2, the number of AGGs impacted both the occurrence of
instability and the magnitude of repeat change. The largest range of change and all full
mutation expansions were observed in alleles lacking AGGs. Based on logistic regression
with instability as the outcome measure, the absence of AGGs within the repeat (0 AGG vs.
>1 AGGs) was found to confer the greatest risk for unstable transmissions (OR = 67.51
[20.96 —217.42]; P < 0.0001). Alleles with two or more AGGs exhibited greater stability
than did those with one or no AGGs (<2 AGGs = 1 vs. 22 AGGs = 0; OR = 0.12 (0.08-
0.19); P < 0.0001). Both the range and the median of the repeat change magnitude were
greatest for alleles with no AGGs and least for those with two AGGs (Table I11; Fp 454 =
99.14; P < 0.0001).

We also considered the contribution of the uninterrupted repeat size at the 3’ end following
any AGG interruptions to predict allele instability (Table V). As expected, the longest
uninterrupted CGGs were associated with the greatest risk for instability; the OR for
instability was 1.23 (1.18-1.28, P < 0.0001). The effect of the length of the 3’ uninterrupted
repeat on the magnitude of repeat change was also significant (R? = 0.23; F1 455 = 135.99, P
< 0.0001). All alleles with 61-69 uninterrupted CGGs (61/61) and 88% (80/91) of those
with 49-60 CGGs were unstable. Transmissions of maternal alleles with 39-48
uninterrupted CGGs were highly variable with 44% (66/149) unstable making this the most
difficult group for predicting allele instability. Adding the number of AGG interspersions
into this model did not increase the ability to predict instability for this specific group of
alleles (P = 0.23). Alleles with fewer than 39 uninterrupted CGGs were stably transmitted in
93% (145/156) of cases.

We examined the two repeat structure characteristics together to determine their influence
on the magnitude of instability because the instability appeared to increase among alleles
with no AGG compared with those with one, even though the length of the 3’ uninterrupted
CGGs was the same. For example, the magnitude of expansion for alleles with 59 CGG and
no AGG, (CGG)sg, was greater than that for alleles with one AGG and the same
uninterrupted repeat length, (CGG)gAGG(CGG)sg (Table V). Using regression analysis, we
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first examined the parameters separately. Compared to repeat length alone, the proportion of
explained variance in the magnitude of change increased 1.6-fold using maternal AGG
number and 1.9-fold using maternal 3’ uninterrupted repeat length. There was a similar
increase in the variance explained when we combined maternal repeat length or 3’
uninterrupted CGGs with the number of AGGs (Table VI). Attempting more complicated or
higher-order models with both variables included did not improve our ability to predict the
change in repeat size. Thus, although we observed patterns that suggested a combined effect
of AGG number and 3’ uninterrupted CGGs, we did not detect a statistically significant
effect. This result is not surprising since the instability observed in smaller intermediate
alleles was modest compared to the larger premutation alleles.

The same patterns of repeat instability were observed among families with more than one
offspring (Fig. 3). There were a total of 151 offspring among 68 sibships. Transmissions
within a sibship were scored as all stable, all unstable or mixed (both stable and unstable)
and grouped by the number of 3’ uninterrupted CGG repeats. As in the previous analysis,
transmissions from mothers with 39-48 uninterrupted repeats were the least predictable
group with regard to instability.

Contractions to smaller repeat sizes were observed in seven (1.5%) maternal transmissions.
These contractions had a median decrease of nine repeats and ranged from a loss of 2 to 20
repeats. The maternal sizes were 54, 54, 59, 62, 64, 69, and 69 repeats. The first three had
one AGG, the next two had two AGGs, and the last two had no AGG interruptions. All the
maternal alleles included 42 or more 3’ uninterrupted repeats. The contraction of one
maternal allele from 62 repeats with two AGGs to 45 repeats in the child resulted in the loss
of the two AGG interruptions. This was the only loss of AGGs observed among the 457
maternal transmissions. No loss of AGGs was identified concurrent with expansions of
repeat length from mother to child.

Paternal Transmissions

The 81 paternal transmissions from 48 fathers are summarized in Table VII with 50/81
(81%) unstable. While the number of transmissions was fewer than the maternal set, the
same patterns of instability were present in this range of 45-69 repeats. Specifically, alleles
with no AGG were least stable (33/35, 94%;0R = 28.13 [5.99 —132.23]; P < 0.0001) and
those with two or more were most stable (7/25, 28%; OR = 0.12 [0.04-0.34]; P < 0.0001).
The magnitude of change was also greatest for alleles with no AGG and for those with
larger repeats. The largest expansions occurred in two fathers each with 60 repeats and no
AGG. One had a daughter with 114 repeats and the other, one with 109 repeats. A
comparison of the uninterrupted CGG repeats at the 3’ end following any AGG interruptions
in paternal transmissions showed a pattern similar to maternal transmissions of increasing
instability from smaller to larger sizes. All alleles with >60 uninterrupted repeats (19/19)
were unstable and 85% of alleles with 49-60 uninterrupted CGGs (17/20) were unstable.
Alleles with 39-48 repeats had variable instability (54% [7/13]). Three (3.7%) contractions
were observed among the 81 paternal transmissions resulting in a loss of one or two repeats
and a median of two repeats without a loss of AGGs. These contractions occurred in
paternal alleles with 63, 65, and 66 repeats (two, one, and zero AGGs, respectively). Similar
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to maternal transmissions, we were able to increase the variance explained for the magnitude
of instability by 2.6-fold using either the number of paternal AGGs or the uninterrupted 3’
repeat compared to the traditional method of using repeat size alone (Table V1). Using both
predictor variables in a multivariate model did not improve our ability to predict the
instability (Table VI).

DISCUSSION

Our study demonstrates that AGG analysis identifies maternal FMR1 alleles with 45-69
repeats that are at greatest risk for instability as well as for expansion to the full mutation. In
recent years, fragile X carrier screening of pregnant women and women evaluated for
infertility has been performed at many centers. Normal alleles aside, these studies identified
primarily intermediate or small premutation alleles from 45 to 69 repeats. Two studies
[Cronister et al., 2008; Seltzer et al., 2012] identified 1.9-2.8% of women with no family
history of fragile X as carriers of intermediate alleles. In addition, 0.4-0.7% of women with
no family history were found to carry premutation alleles with more than 54 repeats. While
many of the alleles will be stably transmitted or increase by a small number of repeats, a few
will be highly unstable. To date, the major problem in screening women has been our
inability to predict the risk of instability and expansion to full mutation associated with
newly identified alleles since repeat size alone does not accurately predict instability for
intermediate and small premutation alleles.

Here, we have shown that either AGG structure or 3’ uninterrupted CGG length are better
predictors of instability compared with overall repeat length, the parameter that is currently
used in clinical settings. For example, irrespective of overall repeat length, the greatest risk
factor for an unstable transmission was the absence of AGGs within the FMR1 repeat. In our
study, 100 of 103 maternal transmissions with no AGGs were unstable. Maternal repeats
with no AGGs also exhibited the greatest magnitude of repeat instability as compared to
alleles with one or two AGGs. More importantly, the nine maternal alleles that expanded to
full mutations all contained no AGGs indicating that premutation maternal alleles without
AGGs are at greatest risk for full mutation expansion in a single transmission.

We considered different models to predict risk by including: AGG status alone, the 3’
uninterrupted repeat length alone and combinations of 3’ CGG or total repeat length and
AGG status. The length of the 3’ uninterrupted repeat was the single-factor variable that best
predicted the magnitude of change in repeat length for alleles of 45-69 repeats. However, in
a recent study that reported expansion risks for premutation alleles, the combination of total
length and number of AGG interruptions yielded the best predictive model for risk of
expansion to a full mutation upon transmission, particularly for alleles with fewer than 100
repeats [Yrigollen et al., 2012]. Our current study substantially improves upon those results
by analyzing a significantly larger cohort in the small premutation range that better
represents the allele sizes and expansion risks in the general population. Eichler et al. [1994]
suggested that alleles with >34 uninterrupted CGG repeats at the 3’ end are at risk for
instability. Analysis of 3’ CGG length in our dataset showed that all maternal alleles with
>60 uninterrupted repeats at the 3’ end were unstable. Setting a practical threshold for
instability below this length is more difficult as alleles with 39 ndash;48 3’ uninterruped
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repeats were variable with respect to instability. For clinical purposes, a threshold for
instability at 34 3’ uninterrupted CGG repeats may be too low. The difficulty of making
predictions for alleles with 39-48 3’-uninterrupted repeats may be due either to insufficient
data or to underlying DNA structural alternatives that occur within this allele range.

We also observed that the combination of repeat length with the number of AGGs had a
similar predictive effect on instability. In comparing alleles with equivalent 3’-uninterrupted
repeat lengths, the risks and magnitude of expansion are roughly equivalent regardless of
which model is used. However, as shown in Table V, in the 55-59 repeat class, repeat
expansion is highly dependent on the number of AGGs. Thus, a model that includes either
overall repeat length or 3’ uninterrupted CGG length along with AGG number may be more
predictive over the entire range of premutation alleles from 55 to 200. This is supported by
other studies that indicate better prediction when both repeat length and AGG number are
included [Nolin et al., 1999; Crawford et al., 2000; Yrigollen et al., 2012].

A greater percentage (81%) of paternal than maternal (47%) transmissions were unstable,
consistent with studies indicating greater instability of normal or intermediate paternal
alleles [Sullivan et al., 2002; Nolin et al., 2011]. Nevertheless, a comparison of maternal and
paternal transmissions here suggests that many of the same patterns of instability are present
in both. Alleles with no AGGs are most likely to be unstable for maternal (100/103) and for
paternal (33/35) transmissions. In addition, the greatest magnitude of change is also
observed in both maternal and paternal transmissions with no AGGs. Conversely, fewer
unstable transmissions are observed for alleles with two AGGs for both maternal (31/159)
and paternal (7/23) transmissions.

The only loss of an AGG interruption in 81 paternal or 457 maternal transmissions occurred
in a repeat contraction from 62 to 45 suggesting a loss of AGGs is a rare event. There has
been a single report of a loss of AGGs in a father who carried 52 repeats with two AGGs
and transmitted an allele with 56 repeats and no AGGs to his daughter [Fernandez-Carvajal
et al., 2009]. Our AGG analysis showed an increase in the proportion of alleles with no
AGGs from the smaller to the larger maternal repeat categories. We also showed that alleles
with no AGGs had a greater frequency and magnitude of instability on transmission than
those with one or two AGG interruptions. These patterns and the rarity of an observed loss
of an interrupting AGG sequence suggest that the enrichment of alleles with no AGGs in the
larger repeat categories results primarily from the gradual addition of CGG repeats. We
suggest that a major mutational pathway for increases in repeat size occurs in alleles with no
AGG interruptions rather than expansions accompanied by a loss of AGGs.

In this study, we show a 2—3-fold increase in our ability to predict magnitude of instability
with AGG/CGG repeat structure information relative to using repeat length alone. However,
only about 23% and 15% of the variance in the magnitude of the change in repeat length in
maternal and paternal transmissions, respectively, was explained by these features. Thus,
other factors must contribute to instability and expansion to a full mutation. A recent study
indicated that the inclusion of AGG interruption information has a major impact on the
accuracy of risk predictions for CGG repeat expansion from larger premutation alleles to a
full mutation [Yrigollen et al., 2012]. The authors noted that their observations were derived
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from a limited number of unique haplotypes and suggested the essential need to refine
models of repeat expansion from larger premutation alleles greater than 69 CGG using a
larger cohort and different populations.

The identification of AGG interruptions will allow more accurate risk estimations in
counseling women who carry FMR1 intermediate and small premutation alleles. Our study
demonstrates that alleles without AGGs are at greatest risk for instability and expansion to a
full mutation. This observation has different practical implications for the various repeat
sizes and will be most useful for women with alleles greater than 49 repeats.

For alleles with 45-49 repeats, prenatal testing or analysis of other family members is
unnecessary even in the absence of any AGGs. Size increases are small and there is no
apparent risk of full mutation expansion in a single transmission. Alleles with 50-54 repeats
and no AGGs are likely to be unstable and may expand into premutation alleles. One
maternal 54 repeat allele in our study did expand to 85 repeats in a child. However, this
study and others suggest there is little, if any, risk of expansion to a full mutation. For
women carrying alleles with greater than 54 repeats and no AGGs there is a clear risk for
expansion to a full mutation in the next generation. Women with these alleles should be
offered the option of fragile X prenatal testing. For other alleles in this repeat range with at
least one AGG, a consideration of prenatal testing is more complicated. While our study
suggests little or no full mutation expansion risk for these alleles, the numbers are
insufficient to provide specific guidelines at this time. Decisions about prenatal diagnosis
should be made on an individual basis for each woman taking into account her level of
anxiety, infertility issues, advanced maternal age or other relevant factors.
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Percentage of unstable maternal transmissions by repeat length and the number of AGG

interruptions. The gray columns represent the unstable transmissions for each repeat size
category using total repeat length.
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The change in repeat length from mother to offspring as a function of the number of AGGs.

Full mutation expansions are indicated by FM on the Y axis. Box plots represent the 25th to
the 75th percentiles of the repeat length change.
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FIG. 3.
Stability of transmissions within sibships compared to the maternal 3’ uninterrupted CGGs.

The X axis indicates the length of the maternal 3’ uninterrupted CGGs. The Y axis indicates
the number of sibships. Transmissions within sibships are shown as all stable (medium
gray), all unstable (dark gray), or mixed (light gray) with both stable and unstable
transmissions.
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TABLE |

AGG Structure and Percent Unstable Transmissions

No. AGGs
0

A W N e

Maternal no.
unstable/total %
100/103 97
85/180 47
31/159 19
1/13 8
0/2 0

Paternal no.
unstable/total

33/35
10/21
7123
0/1
0/1

%
94
48
30
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Range of Repeat Change in Unstable Transmissions Excluding Full Mutation Expansions

TABLE Il

Mater nal
repeat
size

45-49

50-54

55-59

60-64

65-69

No.
AGGs

0
1
2
0
1

2

1
2

No. unstable/total
transmissions

4/5
6/30
2143

7

10/382
3/34

21/22b
37/72¢
2/40
32/33b
21/25
15/278
27/2780
12/15
9/15

Range of
repeat
change

1-5
1-2
1-2
1-31
1-20
14
1-55

1-7
1-24
1-60

2-18

15
1
15
5
2

3
10

Median
repeat
change

a . .
Including two contractions.

bExcluding full mutations.

c . .
Including one contraction.
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TABLE IV

3’ CGG Uninterrupted Repeats and Percent Unstable Transmissions

No. unstable/total No. unstableftotal

3 uninterrupted mater nal paternal

CGG repeats transmissions % transmissions %
<25 0/10 0 0/1 0
25-32 2/59 3 1/9 11
33-38 9/87 10 6/19 32
39-48 66/149 44 7/13 54
49-60 80/91 88 17/20 85
61-69 61/61 100 19/19 100
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TABLE V
Comparison of Repeat Size in Offspring with 59 Uninterrupted CGGs in Maternal Alleles

Maternal repeat  Offspring ~ Repeat
structure? repeat size sizeincrease
59 61 2
59 69 10
59 82 23
59 85 26
59 98 39
59 114 114
59 >200 >140
9+59 69 0
9+59 72 3
9+59 72 3
9 +59 81 12
9+59 87 18

a . . . i .
Notation for repeat structure: the number represents the number of CGG repeats, + represents the AGG interruption within that series of CGG
repeats.
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