
Ancient genetics—Was Gilgamesh a mosaic? Routine genetic testing for Asperger syndrome

To the Editor:
We read with interest the guidelines on the clinical evalua-

tion of the etiology of autism spectrumdisorders by Schaefer et
al.1 Although we congratulate the authors on the development
of these guidelines, we question the need for routine studies for
chromosome anomalies and fragile X syndrome for patients
with Asperger syndrome (AspS). The authors state that the
generally reported rate of success for identifying a specific di-
agnosis for evaluations of patients with various categories of
autism spectrum disorders including AspS is 6–15%. The au-
thors cite three references in support of this. The study by
Abdul-Rahman and Hudgins2 reported on 101 patients in-
cluding 63 with pervasive developmental delay (PDD)/autism,
7 with AspS, 7 with autistic features, 20 with developmental
delay/mental retardation, and 4with other conditions.None of
the patients with AspS had an underlying genetic diagnosis
identified. Battaglia and Carey3 described 65 patients with au-
tism, 18 with PDD-not otherwise specified, and 2 with AspS.
An etiologic diagnosis wasmade for nine of these patients. The
report does not say if either of the AspS patients had an under-
lying diagnosis. Schaefer and Lutz4 recommend an evaluation
protocol for children with AspS or PDD yet their study reports
on 32 patients with autism. None were reported to have AspS.
They did however refer to six other studies in the development
of their recommendations. One of the studies cited was the
Battaglia and Carey3 study described above. The other studies
(Refs. 5–9) were reviewed. Challman et al.5 collected data on
five AspS patients but did not report those results. According
to our review, we are not aware of any patients with AspS in
those studies identified with a chromosome anomaly or fragile
X syndrome.
To determine if AspS patients have been reported with a

chromosome anomaly, we did a Medline search (as of July
2008), for “Asperger* Chromosome,” “Asperger* Chromo-
somal,” and “Asperger fragile X.” The following cases reports
were identified. Robertson et al.10 reported on a woman with
Gilles de la Tourette syndrome who had developmental delays
and some features of AspS or autism spectrum disorder. She
had a 22q11.2 deletion. Fontenelle et al.11 reported a patient
with AspS, obsessive-compulsive disorder, major depression,
and 45,X/46,XYmosaicism. Tentler et al.12 described two AspS
patients with balanced translocations [t(13;17)(q14;p13) and
t(17;19)(p13.3;cen)]. Their second patient was previously de-
scribed by Annerén et al.13 Saliba and Griffiths14 found an in-
herited fragile site on chromosome 2 in a patient with AspS.
We found several other studies15–23 that evaluated a series of
patients with autism spectrumdisorders including AspSwhere
fragile X testing and/or chromosome studies were done on all
or part of the group. These studies are summarized in the Ta-
ble.We also checked theAutismChromosomeRearrangement
Database.24 There were two additional unbalanced karyotypes
found in AspS patients. One unpublished case with possible
AspS with growth delay and dysmorphic features had a
47,XY,�mar/46,XY karyotype. The marker was identified as
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der(7)(q11.1q11.23). Another patient described by Akefeldt
and Gillberg25 had atypical autism/AspS in addition to hy-
pomelanosis of Ito had various clonal chromosomal abnor-
malities. In our own laboratory, we have done chromosome
studies on 24 patients whose diagnosis was stated to be AspS. All
had normal karyotypes. Nineteen of these patients had fragile X
molecular testing. None had fragile X syndrome. One female pa-
tient was a premutation carrier (55 CGG repeats). One male pa-
tient had 51 CGG repeats which is considered in the gray zone.

COMMENT

Most of the chromosome anomalies described are likely co-
incidental rather than causative, andmost are considered to be
normal variants that would normally not be associated with
any phenotypic effects, e.g., long Y; fragile sites; single cell low
grade mosaicism (query cultural artifact). The anomalies that
may be clinically significant are the XYY, the 45,X mosaic and
the “major abnormality of 5p,” the 22qdeletion and themosaic
derivative 7. The first two are unlikely etiologically causative of
AspS, but comorbid conditions. It is difficult to comment on
the significance the 5p abnormality without further details.
The patient with 22q deletion had more complex problems
including intellectual deficiency that would normally warrant
further genetic investigations. The patient with amosaic deriv-
ative 7 chromosome also had additional features. The chromo-
some anomalies seen in the patient with hypomelanosis of Ito

likely relate to that diagnosis rather than the AspS.26 Our find-
ing of one fragile X female carrier and one male with 51 CGG
repeats is interesting. Farzin et al.27 did report a higher fre-
quency of autism spectrum disorders in fragile X premutation
carriers although none were diagnosed with AspS. More re-
search in the area is needed before testing for a fragile X pre-
mutation becomes a standard of practice for AspS.
One limitation of a literature review is that the diagnostic

criteria forAspS used in the studies vary andhave changedwith
time. Kopra et al.28 described four diagnostic criteria for AspS,
i.e., International Classification of Disease-10, Diagnostic and
Statistical Manual of Mental Disorders-Fourth Edition, the
Gillberg & Gillberg, and the Szatmari criteria. The Interna-
tional Classification of Disease-10 criteria require lack of clin-
ically significant delay in language or cognitive development in
childhood. The Diagnostic and Statistical Manual of Mental
Disorders-FourthEdition criteria state that theremust be no clin-
ically significant delay in cognitive development in childhood.
The other two criteria sets donot specifically require a normal IQ.
Based on our review of the literature and our own experi-

ence we recommend a detailed history and physical examina-
tion of patients with AspS. If there are dysmorphic features,
intellectual impairment, or other concerns, including a family
history to suggest an X-linked disorder, further investigations
such as chromosome analysis, arrayCGH, fragile X testing, and
possibly other genetic studies associated with X-linked mental
retardation is recommended. In our opinion, routine genetic
investigations inuncomplicatedAspS, in the absence of anyof the
above findings, is not recommended.However, this groupof indi-
viduals may be useful for research using genetic markers to identify
genes that lead to susceptibility to autism spectrumdisorders.
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Summary of published AspS case series
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patients
AspS
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AspS
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15 71 4 0

16 104 ? 1 46,XYqs.ish (acro-p-arm�) i.e.,
a satellited-Yq, chromosome
studies and subtelomeric FISH
done, no fragile X testing)

17 82 11 0

18a 100 100 5 1- de novo reciprocal
translocation

2- inherited reciprocal
translocations

1- inherited fragile Y
1- 21p�, (extramaterial from
centromere of chromosome15)

19 30 2 0
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aStudies from same group, possible overlap between cases.
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ile X testing published in 20011 and updated in 20052 and the
Genetics Practice Guidelines statement on diagnostic and car-
rier testing for Fragile X syndrome published in 2005.3 In the
Practice Guidelines, a broad range of 41–60 trinucleotide re-
peats was described for the intermediate or “gray zone” in
Fragile X syndrome based on a research context. That is, re-
search groups used this broader range to identify high-risk
alleles. More relevant to the clinical setting, a range of 45–54
trinucleotide repeats was quoted for the gray zone in the Tech-
nical Standards and Guidelines publication. For a summary of
these ranges please see Table 1.
Differences in the intermediate range then led to discrepan-

cies in the reported ranges for Fragile X premutations. In the
Practice Guidelines, the premutation range is characterized as
61–200 repeats, whereas in the Technical Standards and
Guidelines, the premutation range is defined as 55–200 re-
peats. The American College of Obstetricians and Gynecolo-
gists based their committee opinion on the ACMG Practice
Guidelines, leading to confusion among physicians in inter-
pretation of Fragile X test reports. The ranges for intermediate
and premutation Fragile X alleles quoted in the 2005 Practice
Guidelines have never been used in laboratory practice. After
an extensive review of the literature in 2005, theQuality Assur-
ance Committee of the ACMG determined that no changes
were required to the ranges originally published in 2001.
In a recent article summarizing twomultidisciplinary work-

shops focused on reproductive counseling for FMR1 premuta-
tion carriers, Wittenberger et al.5 defined the four allelic forms
of FMR1 with respect to CGG repeat size. They stated that
consensus has been reached, both in the literature and in the
workshops regarding the size of the premutation at 55–200
repeats, and the full mutation at�200 repeats and these ranges
agree with those in the Technical Standards and Guidelines as
summarized in Table 1. Wittenberger et al. also stated that con-
sensus has not yet been reached for the lower limit of the interme-
diate or gray zone (i.e., 45–54 repeats or 40–54 repeats).
The clinical significance of intermediate and low premuta-

tion size alleles is 3-fold. First, it is the extent to which theymay
be prone to instability, particularly expansion, in future gener-
ations. At the present time, the smallest repeat known to ex-
pand to a full mutation in one generation is 59 CGGs.6,7 Rec-
ognizing this and the fact that there is variation between

laboratories and between laboratory methods when determin-
ing the exact CGG repeat number, the Laboratory Technical
Standards and Guidelines place the boundaries of the premu-
tation range at 55 and 200 CGG repeats. Quality Assurance
challenges through the College of American Pathologists have
shown that repeat lengths sized using polymerase chain reac-
tion–based techniques can vary by�3–4 repeats. The Techni-
cal Standards and Guidelines allowed for this variation in
choosing 55 repeats as the lower limit of the premutation range
to avoid missing any women at risk for having a child with the
Fragile X syndrome.
Second, the clinical significance is the extent to which these

repeat size alleles increase the risk for premutation-associated
Fragile X tremor ataxia syndrome (FXTAS). FXTAS is a late-
onset neurodegenerative disorder with predominant features
of cerebellar ataxia and intention tremor. Onset is usually in
persons older than 50 years. The risk and/or severity of the
disorder is associated with repeat size, the highest risk being
associated with larger repeats. Among individuals with late-
onset cerebellar ataxia, the prevalence of premutation alleles
was 13 times greater than expected based on its prevalence in
the general population as assessed by a recent meta-analysis.8

Lastly, the clinical significance of intermediate/low premu-
tation repeat size alleles is the extent to which they impose a
risk for premutation-associated ovarian insufficiency. The
prevalence of premature ovarian failure (POF) or cessation of
menses before 40 years of age is about 20%, although it is
highly associated with repeat size: the risk seems to increase
with increasing premutation repeat size between 59 and 99,
thereafter the risk of POF plateaus or even decreases for
women with repeat sizes over 100.9 Premutation carriers have
been identified in about 3% of women with sporadic POF and
in about 12% of women with familial POF.10

Thus, at this point, the risk and/or severity of all three dis-
orders associated with premutation alleles (i.e., instability dur-
ing transmission, FXTAS and POF) is established for alleles
55–200 repeats. The risk among the alleles in the lower part of
this range, 55–70 is significantly lower than that in the upper
range, 70–200, for all three disorders.
Table 2 shows the distribution of repeats among the allelic

forms of FMR1 between 41 repeats and 200 repeats as defined
in the two conflicting ACMG publications. The table demon-
strates that, were genetic counseling to be based on the Practice

Table 1
Comparison of the CGG repeat length ranges for each allelic class as defined

by the four reports

Interpretation
Technical
standards2

Practice
guidelines3

ACOG
committee
opinion4

Wittenberger
et al. 5

Unaffected �45 �41 �41 �45

Intermediate,
gray zone

45–54 41–60 41–60 45–54

Premutation 55–200 61–200 61–200 55–200

Full mutation �200 �200 �200 �200

Table 2
Comparison of the clinical interpretation of each allelic class by the two sets

of guidelines

No. repeats

Interpretation according to
technical standards and

guidelines
Interpretation according to

practice guidelines

41–44 Unaffected Intermediate, grayzone

45–54 Intermediate, grayzone Intermediate, grayzone

55–60 Premutation Intermediate, grayzone

61–200 Premutation Premutation
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Guidelines, individuals with 59 and 60 repeats, who are at risk
to have an affected child in the next generation, would not be
counseled appropriately. Furthermore, a greater number of
patients would be identified to have intermediate or gray zone
alleles. As stated above, carrying the label of intermediate or
gray zone currently has no established clinical significance and
may cause unwarranted concern to families.
In conclusion, the Quality Assurance Committee and the

Professional Practice andGuidelines Committee of the ACMG
have determined that no changes are required to the ranges
published originally in 20011 and restated in 2005 in the Tech-
nical Standards and Guidelines for Fragile X testing.2 The
ACMG Quality Assurance Committee and the Professional
Practice and Guidelines Committee recommend that the fol-
lowing ranges for CGG repeat size be used in the laboratory as
well as in clinical practice:

Unaffected: �45
Intermediate: 45–54
Premutation: 55–200
Full mutation: �200
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