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Cryptic splice activation but not exon skipping
is observed in minigene assays of dystrophin
c.9361+1G4A mutation identified by NGS

Emma Tabe Eko Niba1, Atsushi Nishida1, Van Khanh Tran2, Dung Chi Vu3, Masaaki Matsumoto4,
Hiroyuki Awano4, Tomoko Lee5, Yasuhiro Takeshima5, Hisahide Nishio6 and Masafumi Matsuo1

Next-generation sequencing (NGS) discloses nucleotide changes in the genome. Mutations at splicing regulatory elements are

expected to cause splicing errors, such as exon skipping, cryptic splice site activation, partial exon loss or intron retention. In

dystrophinopathy patients, prediction of splicing outcomes is essential to determine the phenotype: either severe Duchenne or

mild Becker muscular dystrophy, based on the reading frame rule. In a Vietnamese patient, NGS identified a c.9361+1G4A

mutation in the dystrophin gene and an additional DNA variation of A4G at +117 bases in intron 64. To ascertain the

consequences of these DNA changes on dystrophin splicing, minigene constructs were prepared inserting dystrophin exon

64 plus various lengths of intron 64. Exon 64 skipping was observed in the minigene construct with 160 nucleotide (nt) of

intron 64 sequence with both c.9361+1A and +117G. In contrast, minigene constructs with larger flanking intronic domains

resulted in cryptic splice site activation rather than exon skipping. Meanwhile, the cryptic splice site activation was induced even

in +117G when intron 64 was elongated to 272 nt and longer. It was expected that cryptic splice site activation is an

in vivo splicing outcome.
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INTRODUCTION

Dystrophinopathies such as Duchenne or Becker muscular dystrophy
(DMD/BMD) are one of the most common inherited muscular
diseases and are caused by mutations in the dystrophin gene.
The gene spans 42 400 kb on the X chromosome and encodes a
14-kb complementary DNA (cDNA) consisting of 79 exons. Nearly
two-thirds of the identified mutations in the dystrophin gene are
deletions/duplications of one or more exons. The remaining one-third
of patients may be affected by heterogeneous small mutations,
including point mutations.1,2 The clinical application of next-genera-
tion sequencing (NGS) as a diagnostic tool has become increasingly
evident.3–5 Likewise, mutations in the dystrophin gene have been
disclosed using NGS.6–9

DMD is a fatal progressive muscle-wasting disease, with patients
succumbing in the second or third decades of life, whereas BMD is an
adult onset slowly progressive muscle-wasting disease. The differences
between severe DMD and mild BMD can be explained by the reading
frame rule, namely that mutations disrupting the reading frame of
the dystrophin mRNA result in severe DMD, whereas those
maintaining the reading frame result in mild BMD.10 This reading
frame rule is applicable to more than 90% of dystrophinopathy

patients. Therefore, it is essential to determine the reading frame
of aberrant dystrophin mRNA to predict the clinical phenotype of
dystrophinopathy, especially in splice site mutations.
Regulation of the splicing of dystrophin pre-mRNA is considered

to be extraordinarily sophisticated because the dystrophin gene
contains seven alternative promoters, huge introns11 and 14 cryptic
exons.12 Furthermore, activation of cryptic splice sites in dystrophin
introns has been reported in cultured human cells as well.13,14 Splicing
errors of dystrophin pre-mRNA have been identified in mutations
at not only the consensus sequences for splice sites, but also at
those for splicing regulatory elements.2,15–17

There is still no established method for predicting how
such mutations will affect pre-mRNA splicing.18,19 It has been
reported that the majority of splicing errors caused by mutations
at donor sites comprised exon skipping, whereas cryptic splice
site usage was predominant at acceptor sites.19–22 Minigene
splicing assays have been employed to disclose the pathogenicity of
nucleotide changes.23,24 In dystrophinopathy, splicing outcome of
splice site mutation has been investigated by minigene splicing
assay.25,26 For mutations at the first nucleotide of a dystrophin
intron (+1G), two patterns of splicing outcomes, exon skipping
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and cryptic splice site activation, have been identified, with
exon skipping being the most common (www.dmd.nl).27 In
our previous study, it was hypothesized that cryptic splice site
activation by +1G mutations occurs in the exons with high
exon recognition strength.27

In the present study, NGS disclosed a nucleotide change of
c.9361+1G4A in a Vietnamese patient. The splicing outcomes
of the +1G4A mutation accompanying +117A4G in dystrophin
intron 64 were analyzed by minigene splicing assays. The cryptic
splice site activation was expected to occur in in vivo splicing.
The index case was supposed to result in BMD.

MATERIALS AND METHODS

Patient
The index patient was an 11-year-old Vietnamese boy. He started independent
walking at 2 years. At 5 years, he showed signs of muscle weakness.
He exhibited a positive Gowers’ sign as well as pseudohypertrophy, and
his serum creatine kinase was 14 355 IU l− 1 (normal: o300 IU l− 1). He
was clinically diagnosed as dystrophinopathy and referred to the National
Hospital of Pediatrics, Hanoi, Vietnam, for genetic diagnosis. As the first
step, the deletion/duplication of the 79 dystrophin exons was examined
by a standard method of multiplex ligation probe amplification.6 However,
no abnormalities were identified in the amplified products (data not shown).

Ion torrent semiconductor sequencing
Targeted sequencing was performed using the Ion Torrent Platform
(Life Technologies, Carlsbad, CA, USA) in accordance with the manufacturer’s
specifications, as described previously.6 Briefly, an AmpliSeq Library
Kit 2.0 (Life Technologies) was used together with an AmpliSeq
IDP (Life Technologies) that targets 300 gene-encoding proteins related
to more than 700 inherited diseases. Filtered variants were annotated
using both Ion Reporter Software v4.6 (Life Technologies) and Ingenuity
Variant Analysis Software (Qiagen, Hilden, Germany), and the alignments were
visualized using Integrative Genomics Viewer (IGV v.2.1; Broad Institute,
Cambridge, MA, USA).

In vitro splicing analysis
In vitro splicing assays were conducted using the preconstructed minigene
expression vector H492 encoding two exons (A and B) and a multicloning
site for insertion of a test sequence consisting of an exon and its flanking
introns.28 The region encompassing exon 64 (157 nucleotides (nt) of the 3′ end
of intron 63, 75 bp of exon 64 and various lengths of intron 64 ranging
from 160 to 1196 nt) was polymerase chain reaction (PCR)-amplified
from the genomic DNA of the index case, a normal control subject
and a Japanese patient with the identical splice site mutation but no single-
nucleotide change at the 117th nt of intron 64 (manuscript in preparation).
For the Japanese patient, informed consent was obtained at Kobe
University Hospital, and the study was approved by the Kobe University
Ethical Committee. Five different lengths of intron 64 (160, 272, 404, 680 and
1196 nt) were PCR-amplified using different primer sets (one common
forward primer and five different reverse primers; Supplementary Table 1).
The products were then digested with restriction enzymes NheI and
BamHI (New England Biolabs, Ipswich, MA, USA) and inserted into
the H492 vector predigested with the same enzymes. All minigenes were
sequenced to confirm their structures.
For splicing assays, the minigenes were transfected into HeLa cells

obtained from ATCC (Manassas, VA, USA). The transfected cells
were harvested after 24 h and their total RNA was extracted using a High
Pure RNA Isolation Kit (Roche Diagnostics, Basel, Switzerland). The
extracted RNA was quantified using a NanoDrop 2000 spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA). An amount corresponding
to 500 ng of total RNA was used for cDNA synthesis with M-MLV
Reverse Transcriptase (Invitrogen, Carlsbad, CA, USA), RNaseOut Recombi-
nant Ribonuclease Inhibitor (Invitrogen), Random Hexamers
(Invitrogen) and dNTP mixture (TaKaRa Bio, Shiga, Japan) in a total

volume of 20 μl as described previously.29 For examination of the
splicing products, the T7 promoter forward and bGH reverse primers
(Supplementary Table 1) were used for PCR. PCR amplifications were
carried out using the conditions described in our previous report.27

The integrity and concentration of the cDNA were examined by
amplifying the mRNA of a housekeeping gene, glyceraldehyde 3-phosphate
dehydrogenase (GAPDH), using reverse transcriptase PCR (RT-PCR)
for 18 cycles using a specific primer set (Supplementary Table 1).
The RT-PCR-amplified products were separated and semi-quantified using

a DNA 1000 LabChip Kit and a 2100 Bioanalyzer (both from Agilent
Technologies, Santa Clara, CA, USA).

DNA sequencing
For confirmation of the mutation, the patient’s genomic DNA was extracted
from a peripheral blood sample, and the exon 64-encompassing region
was PCR-amplified using a specific primer set (Supplementary Table 1)
under previously described conditions.29 The PCR product was directly
sequenced. For analysis of minigene splicing products, the RT-PCR products
were sequenced after subcloning into the pT7 blue T vector (Novagen, San
Diego, CA, USA). Sequencing was conducted by Greiner Bio-One
(Tokyo, Japan).

Splice site strength and splicing motif analysis
The splice site strength and splicing motifs were analyzed using
Human Splicing Finder (www.umd.be/HSF3/) as described previously.30 The
splicing probability score was determined through the same website using
the algorithm of Yeo and Burge.31

RESULTS

For the index case, the mutation in the dystrophin gene was identified
by targeted NGS. The pile-up data obtained by the targeted
NGS showed that the 31241164th nt was T in the dystrophin gene
of the patient, whereas it was C in the normal control subject
(Figure 1a). This finding indicated a nucleotide change from
C to T, corresponding to a G-to-A change at the first nt of intron
64. Accordingly, Sanger sequencing of the exon 64-encompassing
genomic region confirmed an A nucleotide at the first nt (+1)
of dystrophin intron 64 (c.9361+1G4A; Figure 1b). Unexpectedly,
an additional single-nucleotide change was identified at the 117th
nt of intron 64, replacing A with G (c.9361+117A4G; Figure 1c).
c.9361+117G was considered to be a novel single-nucleotide
polymorphism in intron 64, and was not found in the Japanese
patient with the identical c.9361+1G4A mutation (Figure 1c).
Accordingly, the two nucleotide changes were not present in the
control subject (Figure 1c).
The mutation of c.9361+1G4A disrupted the conserved

GT dinucleotides at the splice donor site and decreased the splice
site consensus value from 82.62 to an un-nominated level. Skipping
of exon 64 was supposed to occur with this mutation
because mutations at +1G in the dystrophin gene were reported to
commonly induce upstream exon skipping.27 Although this supposi-
tion could be examined by analysis of dystrophin mRNA expressed
in the skeletal muscle of the patient, a muscle biopsy sample
of the index case was not available owing to a limitation
of the medical facilities in Vietnam.
Instead, the consequences of c.9361+1G4A were examined

by minigene-based in vitro splicing assays. The exon
64-encompassing region including 160 nt of intron 64 was
PCR-amplified and inserted into the H492 vector. The constructed
minigenes were subjected to splicing in HeLa cells and the resultant
mRNAs were RT-PCR-amplified. From the normal minigene
(DI64.160wA), one amplified product containing exons A, 64, and
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B was obtained, showing the normal splicing process (Figure 2a).
However, a smaller product was obtained from the minigene
with two mutations of c.9361+1A and +117G (DI64.160mG;
Figure 2a). Sequencing of the product revealed the absence of
exon 64 from the mature mRNA, indicating exon 64 skipping.
This strongly suggested that exon 64 skipping is the splicing
outcome caused by c.9361+1G4A, as expected. As exon 64 encodes
75 nt, the exon 64-skipped mRNA was considered to maintain
an ability to produce dystrophin deleting 25 amino acids.
As DI64.160mG contained the additional mutation of +117G,

another minigene replacing this mutation with A (DI64.160 mA)
was constructed and subjected to splicing. Unexpectedly, this
minigene produced a larger-size band (Figure 2a). Sequencing of the
product revealed a 57-nt insertion between exons 64 and B.
The inserted 57 nt completely matched with the 5′ end sequence
of intron 64, indicating retention of intron 64. Examination of
the genomic sequence of intron 64 showed that GT dinucleotides,
known as the splice donor site consensus sequence, were present

at the 58th and 59th nt of intron 64 (Figure 2b). The consensus
value for the donor splice site was calculated at 80.13, implying
a cryptic splice site, whereas the consensus value for the authentic
non-mutated site was 82.62. Therefore, it was concluded that the
cryptic splice site was activated in DI64.160 mA. Contrary to
the previous result, the cryptic splice site activation was suggested
to occur with c.9361+1G4A.
The above results showed that the splicing outcome of the

+1G4A mutation was influenced by the nucleotide composition at
the 117th position. In other words, the +117G mutation completely
hampered usage of the cryptic splice donor site, whereas
+117A allowed recognition of the site. The nucleotide at the
117th position was suggested to have a critical role in the recognition
of the cryptic splice site. Therefore, the sequences around the 117th
nt were examined for splicing motifs using Human Splicing Finder.
The results revealed the presence of a splicing silencer.32 In the case
of the wild-type +117A, the splicing silencer strength of tgttgcaa
(underline indicates A at the 117th position) was 64.64, whereas

Figure 1 Nucleotide changes within intron 64. (a) Read pile-up data obtained from the Ion Personal Genome Machine (PGM). The read pile-up data of the
boundary between exon 64 and intron 64 of the dystrophin gene are shown. In the index case, only T was detected at the 31 241 164th nucleotide (nt;
nucleotide number on X chromosome from Human Genome Resources at ncbi.nlm.nih.gov; upper arrow), while only C was detected in the normal control
subject (lower arrow). This nucleotide change corresponded to a G-to-A transition at the first nucleotide of intron 64 of the dystrophin gene (c.9361+1G4A).
(b) Sequence of the junction between exon 64 and intron 64. Sanger sequencing of the exon 64-encompassing region was conducted. A part of the
sequence of the boundary between exon 64 and intron 64 is shown. At the first nucleotide of intron 64, an A nucleotide was identified in the index case
(upper), whereas G was identified in the normal control subject (lower). The nucleotide change corresponded to c.9361+1G4A. (c) Sequences around
the 1st and 117th nt of intron 64. A part of the exon 64 and intron 64 sequence obtained by Sanger sequencing is shown. The index case had both A at
the 1st nt and G at the 117th nt in intron 64 (upper), whereas the normal control subject had G and A at both the 1st and 117th nt (lower), respectively.
A Japanese patient with c.9361+1A had A at the 117th nt (middle). A full color version of this figure is available at the Journal of Human Genetics
journal online.
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the splicing silencer strength of the mutant +117G (ttgttgcga)
increased to 75.30. It was indicated that the +117G suppressed
the usage of the cryptic splice site as a splicing silencer.
Although a striking difference in the splicing outcomes caused

by a single-nucleotide change at the +117th nt was observed in
minigenes with 160 nt of intron 64, it was of concern that this length
of intron 64 was too short to simulate in vivo splicing. Therefore, the
length of the added intron 64 was elongated to 272 nt in the respective
minigenes (DI64.272wA, DI64.272mA and DI64.272mG). For the
normal minigene (DI64.272wA), one product consisting of exons A,
64 and B was obtained. In contrast, two mutant minigenes encoding
c.9361+1G4A and +117A (DI64.272mA) or +117G (DI64.272mG)
produced the same size product (Figure 3). The product was
confirmed to have a 57-nt insertion between exons 64 and B.
In DI64.272 mA, a fairly visible band was revealed (Figure 3a).
Sequencing of this product revealed a 4-nt insertion between exons
64 and B. Other GT dinucleotides conserved at donor splice site were
identified at the 5th and 6th nt (Figure 3c). However, the donor site
consensus value was very low. This result indicated that another
cryptic splice site was activated at a very low level.
Remarkably, we obtained different splicing products from

two mutant minigenes encoding different sizes of intron 64. It was
postulated that the splicing silencer activity of +117G for the cryptic
splice site was blocked by elongation of intron 64 (DI64.272mG).
Therefore, the elongated sequence from 161 to 272 nt was anticipated

to contain a splicing enhancer for the cryptic splice site. Thus,
the sequence from 161 and 272 nt of intron 64 was examined
for a splicing motif. Remarkably, the sequence of agatat
(underline indicates the difference from the consensus sequence)
extending from the 228th to 233rd nt was found to be highly
homologous to the consensus hexamer for an intronic splicing
enhancer (aggtat).33 Therefore, this sequence was indicated to activate
the cryptic splice site usage.
The cryptic splice site usage was found to be influenced by

two separate intronic elements. It was suggested that another
motif would be present at a distant position. Thus, intron 64 was
elongated to 404 nt in minigenes, and the splicing products were
analyzed (Figure 3b). The splicing products obtained from the
three minigenes matched those of the respective minigenes with
272-nt intron 64. Different from the minigenes with 272-nt intron 64,
both DI64.404mG and DI64.404mA exhibited a fairly visible
product with a 4-nt insertion (Figure 3b). Furthermore, minigenes
with longer lengths of intron 64 (680 and 1196 nt) were prepared
and subjected to in vitro splicing (Figure 4). However, the result of
splicing of intron 64 presented similar results to that of figure 3, except
that there was no product with insertion of 4-nt intron 64 (data not
shown). These findings indicated that no more splicing regulatory
elements with significant effects on the cryptic splice site usage were
present in the downstream region of intron 64. Taking all of the above

Figure 2 Splicing analysis of minigenes with 160 nucleotides (nts) of intron 64. (a) Reverse transcription polymerase chain reaction (RT-PCR) products of
the minigene transcripts. Minigenes with 160-nt intron 64 were subjected to splicing and the resulting mRNAs were analyzed by RT-PCR amplification.
Electrophoregrams of the RT-PCR-amplified products are shown. Minigenes carrying the normal sequence (c.9361+1G and +117A; DI64.160wA), mutated
sequence from the Vietnamese patient (c.9361+1G4A and +117G; DI64.160mG) and mutated sequence from the Japanese patient (c.9361+1G4A and
+117A; DI64.160mA) produced one clear band with differing sizes. Sequencing of each product was conducted. The normal sequence (DI64.160wA)
produced a mature mRNA consisting of exons A, 64 and B. Meanwhile, DI64.160mG produced a small-size product with complete exon 64 skipping.
In contrast, DI64.160mA produced a large-size product with insertion of a 57-nt intron 64 sequence between exons 64 and B. M refers to the size markers.
The identities of the splicing products are indicated on either side. The boxes and numbers within the boxes indicate the exons and exon numbers,
respectively. The shaded box indicates the 57-nt intron 64 insertion. GAPDH mRNA was amplified to observe the amount of material (below). (b) Schematic
representation of the splicing of the minigenes with 160-nt intron 64. The boxes and bars indicate the exons and introns, respectively. The numbers in
the boxes refer to the exon number. The shaded box represents the inserted intron sequence (57 nt). A GT dinucleotide was identified downstream of the 3′
end of the inserted sequence. The upper and lower diagonal lines indicate splicing of +117G and +117A, respectively.
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Figure 3 Splicing analysis of the minigenes with 272 and 404 nucleotide (nt) of intron 64. (a) Reverse transcription polymerase chain reaction (RT-PCR)
products of the transcripts from the minigenes with 272-nt intron 64. Minigenes with 272-nt intron 64 were subjected to splicing, and the resulting mRNAs
were analyzed by RT-PCR amplification. Electrophoregrams of the RT-PCR-amplified products are shown. Minigenes carrying the normal sequence
(c.9361+1G and +117A; DI64.272wA), mutated sequence of c.9361+1G4A and +117A4G (DI64.272mG) and mutated sequence of c.9361+1G4A and
+117A (DI64.272mA) produced one clear band. The sequence of each product revealed that the normal sequence produced a mature mRNA consisting of
exons A, 64 and B. Both DI64.272mG and DI64.272mA produced a large-size product with insertion of the 57-nt intron 64 sequence between exons
64 and B. In addition, DI64.272mA revealed a very weak band (asterisk). The identities of the splicing products are indicated on the right. The boxes and
numbers within the boxes indicate the exons and exon numbers, respectively. GAPDH mRNA was amplified to observe the amount of material (below).
(b) RT-PCR products of the minigene transcripts with 404-nt intron 64. Minigenes with 404-nt intron 64 were subjected to splicing, and the resulting
mRNAs were analyzed by RT-PCR amplification. Electropherograms of the RT-PCR-amplified products are shown. The three minigenes produced one clear
band as described in a. Both DI64.404mG and DI64.404mA produced a tiny amount of product with 4-nt intron 64 insertion (asterisks). GAPDH mRNA was
amplified to observe the level of material (below). (c) Schematic representation of the splicing of the minigenes with 272 and 404 nt of intron 64. Trace
amounts of 4-nt intron 64 insertion were revealed in DI64.272mA, DI64.404mG and DI64.404mA. GT dinucleotides were presented at 5 and 6th nt of
intron 64. The upper and lower diagonal lines indicate splicing of the cryptic splice sites at the 5th and 58th nt of intron 64, respectively. The bold diagonal
lines indicate the major splicing pathway.

Figure 4 Splicing analysis of minigenes with 1196 nt of intron 64. (a) Minigenes with 1196-nt intron 64 were subjected to splicing and the resulting
mRNAs were analyzed by RT-PCR amplification. Electrophoregrams of the RT-PCR-amplified products are shown. The three minigenes produced one clear
band. The two mutant minigenes produced 57-nt intron 64-retaining transcripts in common (DI64.1196mG and DI64.1196mA), while the normal sequence
produced a mature transcript (DI64.1196wA). (b) Schematic representation of the splicing of the minigenes with 1196 nt of intron 64. The diagonal line
indicates splicing of the cryptic splice site.
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results together, it was indicated that cryptic splice site activation is
the splicing outcome of the index case.

DISCUSSION

In the present study, the NGS-based strategy successfully identified
a single-nucleotide mutation of c.9361+1G4A at the 5′ end of
intron 64 of the dystrophin gene in a Vietnamese patient (Figure 1).
The identical nucleotide change was previously reported once
in a dystrophinopathy case showing the clinical phenotype of an
intermediate between DMD and BMD.34 However, the splicing
outcome that arose from the mutation remained unclear because no
information on the dystrophin mRNA was available for this case.34

Our case was the second to have the c.9361+1G4A mutation,
but complicated with an additional nucleotide change at the
117th nt of intron 64 (Figure 1). Therefore, determination of the
splicing outcomes of the double mutations was conducted by
minigene splicing assays. When the downstream intron size was short,
exon 64 skipping was observed (Figure 2). In contrast, cryptic splice
site activation was observed in the presence of the wild-type
+117A. This dramatic splicing change was suggested to arise through
an increase in the splicing silencer strength provided by the
A-to-G change. In the same way, single-nucleotide changes in deep
introns have been shown to affect splicing.35,36 In the era of NGS,
it is an indication that even a single-nucleotide change in a deep intron
should be taken into account when explaining splicing outcomes.
Among the 78 dystrophin introns, 50 have been reported to be

mutated at +1G (www.dmd.nl). The most common mutation
was a G-to-A change.37 Even among these +1G4A mutations, the
splicing outcomes differed from intron to intron. The most remark-
able findings were obtained for c.4518 +1G4A and G4C in intron
32, which produced two splicing products with cryptic splice site
activation in both exon and intron.38 Therefore, it appears
very difficult to establish a rule that can predict splicing outcomes.
It has been proposed that exon skipping is the preferred pathway
when the immediate vicinity of the affected exon–intron junction is
devoid of alternative cryptic splice sites.20 However, it has remained
under discussion why a potentially high cryptic splice site is not
always activated by splice site mutations. Our results indicated that
cryptic splice site activation requires other elements. Previously,
we reported that the availability of a cryptic splice site is not a
determinant for splicing pathways of intron +1G4A mutations in the
dystrophin gene, and proposed a hypothesis that strong exon
recognition through the combination of a high splice acceptor site
score and a long exon length is a determining factor for splicing
pathways.27 However, exon 64 was defined as a strong exon and
should be skipped according to this definition.27 This again indicates
the difficulties associated with predicting splicing outcomes caused by
mutations.
The splicing regulation of the dystrophin pre-mRNA has

been attracting much attention because induction of exon skipping
with an antisense oligonucleotide is the most promising therapy
for DMD.39–41 This establishment of exon-skipping therapy was
initiated by the identification of exon skipping caused by a small
intraexonic deletion consisting of an exonic splicing enhancer in
a DMD patient.22,40–42 Our results showed that a single-nucleotide
change was able to induce dramatic changes in splicing (Figure 2).
More efforts are required to further understand the splicing regulation
toward the establishment of DMD treatments.
It was remarkable that the cryptic splice activation became

the splicing pathway when the intron size was elongated to 272 nt
or longer (Figures 3 and 4). The splicing results of the minigenes with

elongated intron 64 were considered to simulate in vivo splicing,
and it was conceived that cryptic splice site activation was the
splicing outcome in the index case. This activation created a novel
dystrophin mRNA retaining 57-nt-long intron 64 between exons
64 and 65. The retained 57 nt of intron 64 maintained the original
dystrophin reading frame. It was supposed that dystrophin
with additional 19 amino acids and two amino-acid changes
encoded at the junction between the exon and intron is produced
in the patient. The insertion of 19 amino acids was within the
dystroglycan-binding domain of dystrophin and exerted devastating
damage to dystrophin function, resulting in a severe DMD phenotype.
However, the 57-nt intron 64 retention observed in the 5th nt
mutation (c.9361+5G4C)43 has been identified in BMD. In our case,
the retained 57-bp sequence harbored no stop codon, implying that
the translational machinery was not disturbed. Therefore, there
is a possibility that some dystrophin is produced in our case as
well rendering the phenotype milder. The patient was supposed
to show a mild phenotype, but it is necessary to follow up long term
to conclude this.
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