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A case report of two brothers with ATR-X syndrome due 
to low maternal frequency of somatic mosaicism for an 
intragenic deletion in the ATRX 

 
Hiroko Shimbo1, Shinsuke Ninomiya2, Kenji Kurosawa3  and Takahito Wada1,4 

 
In clinical practice, it is important to diagnose the carrier state of female patients with X-linked diseases for genetic counseling 
to calculate the recurrent risk of offspring. Because some X-linked diseases show high rates of gonadal mosaicism, this 
diagnosis is sometimes difficult, when there are few offspring in a family and no mutation is detected in the maternal genomic 
DNA. Here, we report two male siblings with ATR-X syndrome carrying an intragenic deletion of 78.6 kb involving exons 2–5 out 

Q1 of the 35 exons in the ATRX, as revealed by PCR amplification of these exons. The mother was expected to be an obligate 
carrier, but we could not confirm her as a mutation carrier by quantitative PCR (qPCR) for the exons. However, we identified the 
breakpoint of ATRX, and qPCR with breakpoint-specific primers revealed gonosomal mosaicism, with a relative frequency of the 
mutation of o1% in genomic DNA of her peripheral blood. For these obligate carriers of X-linked disease, we should 
aggressively investigate the maternal genomic status, not only because her genetic condition is important for estimating the 
recurrent risk of her offspring but also because a diagnosis of her gonosomal mosaicism can render negligible the possibility  
that her female siblings are carriers. We should reconfirm that a female who has a risk of being a carrier has a gonosomal or 
somatic mutation, even if she is an obligate carrier or apparently harbors a mutation. 
Journal of Human Genetics (2014) 0, 000–000. doi:10.1038/jhg.2014.45 

 
 

INTRODUCTION 
X-linked a-thalassemia mental retardation syndrome (ATR-X 
syndrome; MIM# 603040) is characterized by severe intellectual 
disability, dysmorphic facies, hypotonia, genital and skeletal abnorm- 
alities and downregulation  of the a-globin genes (a-thalassemia).1 

More than 80 patients have been molecularly diagnosed in Japan and 
more than 200 patients worldwide.2 Most of their mutations are 
clustered in two functionally important regions: the ADD (ATRX- 
DNMT2-DNMT3) and helicase domains, resulting in loss of 
function.2 

Generally, in sporadic cases of severe X-linked disease with zero- 
fitness, the probability that the mother is a mutation carrier is 2/3 and 
the probability that the patient has a de novo mutation is 1/3.3 Thus, it 
is important to diagnose the mother’s mutation carrier state to 
calculate the probability of the recurrence risk in the offspring. On the 
other hand, even if no mutations are detected in genomic DNA 
extracted from their peripheral blood, we should consider the 
possibility of germline, somatic or gonosomal mosaicism. Germline 
and gonosomal mosaicism have been recently reported in several 
other X-linked diseases,4 and two cases of mosaicism, including 
gonosomal and germline, have been documented among 20 families 
of sporadic cases with ATR-X syndrome.5 

Here, we report the case of two brothers affected with ATR-X 
syndrome, having an intragenic deletion involving exons 2–5 of the 
35 exons in the ATRX, and their mother exhibiting gonosomal 
mosaicism, with the mutant allele at o1% incidence in the peripheral 
blood. This finding renders negligible the probability that his mother’s 
female siblings are carriers of the mutation. 

 
CASE REPORT 
Case 1 (Figure 1; III-2) is a 9-year-old boy. He was suspected of 
having ATR-X syndrome at the age of 2 years on the basis of severe 
motor and psychiatric developmental delay, characteristic hypotonic 
facies, spaced teeth and presence of HbH inclusions in his brilliant 
cresyl blue (BCB)-stained peripheral blood. PCR of all exons and 
exon–intron boundaries was performed with specific primers, and 
PCR amplifications were not observed for exons 2–5 out of all 35 
exons. His genomic DNA showed a deletion of exons 2–5 in the            Q2 
ATRX, confirming his diagnosis molecular genetically. His mother’s 
mutation carrier state could not be diagnosed. He had received 
surgery for undescended testes. He has a 1-week vomiting episode 
annually. He had gastroesophageal reflux  during  his  infancy  but 
has grown out of it. He was diagnosed  as  having  epilepsy  and 
takes valproic acid. He has recently begun walking with assistance. 
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He cannot speak any meaningful words but can understand simple 
words and situations around him. His weight, height and head 
circumference  are  18.3 kg  ( -1.9  s.d.),  116.3 cm  ( -3.1  s.d.)  and 
47.2 cm ( -2.5 s.d.), respectively. 

Case 2 (Figure 1; III-3) is a 5-year-old boy, a younger brother of 
Case 1. At birth, he presented with multiple congenital anomalies, 

including tetralogy of Fallot, heart anomaly, complete tracheal ring, 
bilateral severe deafness, total blindness due to bilateral persistent 
hyperplastic primary vitreous, hypospadias and bilateral undescended 
testis. He had operations in infancy for tetralogy of Fallot and 
gastroesophageal reflux. He had epilepsy at the age of 4 years. He 
shows  very  severe  psychomotor  developmental  delay  and  central 
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Figure 1 Family tree. III-2 and III-3 are patients. Their mother, II-2, is 
healthy and a carrier of the mutation in gonosomal mosaicism. 

 
Figure 3 The result of quantitative PCR using primers for exons 5 and 6. It 
did not detect a copy number difference between mother and a control for 
exon 5, which was deleted in the patient. HPRT (X-linked) is the reference 
gene. A full color version of this figure is available at the Journal of Human 
Genetics journal online. 
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Figure 2 (a) (top) Schematic presentation of the part of X chromosome around ATRX on Xq21; (middle) the direction of the ATRX; and (bottom) a schema 
of the deleted exons of the ATRX detected in the patient. The deletion spans approximately 78.6 kb (chromosome  X,  NC_000023.10:  77030517- 
76951924). (b) Sequence chromatogram showing breakpoint of genomic DNA from patient III-3. (c) PCR using the primers flanking the deletion from 
intron 1 to intron 5 in the ATRX amplifies 1141-bp products in 40 cycles (top) and 30 cycles (middle). GAPDH is the reference gene (bottom). CTR1 and 
CTR2 are normal control samples. A full color version of this figure is available at the Journal of Human Genetics journal online. 
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hypotonic facies. He can roll over but cannot sit unassisted.  He 
cannot speak any meaningful words. His clinical condition is much 
severer than that of his brother and initially ATR-X syndrome was not 
suspected for his diagnosis. 

He was referred to our medical center at 5 years. Approximately, 
60% of his BCB-stained peripheral blood revealed HbH inclusions, 
and he was diagnosed to have the same mutation in the ATRX. 
His weight, height and head circumference are 10.185 kg ( -3.0 s.d.), 
95.5 cm ( -3.4 s.d.) and 39.7 cm ( -6.4 s.d.), respectively. 

 
RESULTS 
Diagnosis of the patient (III-3) by PCR 
We could not amplify exons 2–5 of the 35 exons in ATRX in the 
genomic DNA extracted from the peripheral blood of the patient 
(III-3), indicating an intragenic deletion involving exons 2–5 in ATRX 
as well as in his elder brother (III-2). His cDNA shows that the 30 end 
of exon 1 abuts the 50 end of exon 6, indicating exon skipping of 
exons 2–5 resulting in a 350-bp deletion (Supplementary Figure S1). 
This transcript is expected to be translated into a prematurely 
truncated protein, p.Ser7Argfs*13. 

 
Identification of the breakpoint 
We designed PCR primers to amplify the flanking region of the 
deleted regions of genomic DNA from the patient (Figure 2a). No 
amplification of amplicons using the primers was observed in a 
normal control (Figure 2c). 

We sequenced the PCR product and identified the 50  end at the 
breakpoint in intron 1 and the 30 end of intron 5, with  primers 
flanking the deleted region. The deletion spans approximately 78.6 kb 
(chromosome  X, NC_000023.10: 77030517-76951924) (Figure  2b). 

 
Diagnosis of the mother’s carrier state 
Quantitative PCR (qPCR) using primers for each exon did not detect 
a copy number difference between exon 5, which was deleted, and 
exon 6, which was not deleted (Figure 3). 

Primers flanking the deletion amplified an 1144-bp  product  in 
both the patients and the mother at 40 cycles but not in the mother at 
30 cycles (Figure 2c). These findings suggest that the mother carried 
the same deleted mutation by gonosomal mosaicism, considering that 
she has two sons with ATR-X. 

 
Estimation of the relative frequency of the mutant allele 
Using qPCR with primers flanking the deletion, we estimated at o1% 
the relative frequency of the mutant allele in genomic DNA from 
peripheral blood of the mother. A dilution series of known template 
concentrations of the patient’s genomic DNA was used to establish 
a standard curve. The standard   curve  showed  a  linear  form 
(R2 ¼ 0.9996) (Supplementary Figure S2). 

 
DISCUSSION 
We report two affected brothers of ATR-X syndrome with an 
intragenic deletion  of 78.6 kb involving  exons  2–5 in the ATRX, 
resulting from their mother’s gonosomal mosaicism. It was technically 
difficult to confirm her mosaicism by qPCR for each exon of the 
ATRX, because the relative frequency of the mutant allele was low, at 
o1%. After we had identified the breakpoint in the patients’ genomic 
DNA and designed primers straddling the breakpoint, we could easily 
detect the mutant allele in her genomic DNA. 

When we diagnosed the first patient by the usual PCR, we did not 
know the mother’s carrier state. The second patient was diagnosed as 
having ATR-X syndrome with the same mutation, and their mother 
was expected to be an obligate mutation carrier. There were two 
problems in diagnosing her carrier state, which are as follows: first, Q3 
the mutation was a deletion that was not detected by conventional 
PCR and sequencing, and second, the relative frequency of the mutant 
allele in the peripheral blood was too low for the copy number to be 
determined by qPCR. 

In fact, the information about the mother’s mosaicism does not aid 
in genetic counseling to calculate the recurrent risk of subsequent 
offspring, because she is an obligate mutation carrier. But this 
information is important for genetic counseling of her two sisters 
(Figure 1, II-3 and II-4), because her mutation must have occurred 
de novo after fertilization, and the probability that her sisters carry the 
same mutation is expected to be negligible. Therefore, their genetic 
counseling was not required. 

In clinical practice, somatic, gonadal or gonosomal mosaicism 
presents several problems, particularly if a patient’s mother does not 
have the mutant allele in her blood; isolated gonadal mosaicism can Q4 
be suspected, if the same mutant allele is transmitted to a second 
offspring and he is found to be affected. The relative frequency of the 
mutant allele in the mosaicism of her peripheral blood is not helpful 
for estimating the frequency  in her ova. In our case, the relative 
frequency of the mutant allele in the ova could be o1% as in the 
peripheral blood or could be much higher, approximately 50%. 

It is often difficult to contact the families of maternal female 
siblings and provide them with clinical information. The  present 
study highlights the importance of thoroughly diagnosing  the 
mother’s mutation carrier status, even if only one offspring is affected 
or she does not exhibit the mutation. These findings allow us to 
decide whether to inform her female siblings and their families. 

In the next-generation sequencing era, we will encounter more 
patients or carriers with mosaicism of mutant alleles.6 We should 
reconsider mosaicism from the standpoint of genetic counseling. 
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