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Intragenic multi-exon deletion in the FBN1 gene
in a child with mildly dilated aortic sinus:
a retrotransposal event

Maggie Brett1, George Korovesis1, Angeline HM Lai2,3, Eileen CP Lim1 and Ene-Choo Tan1,3

Marfan syndrome is an autosomal dominant disorder affecting mainly the skeletal, ocular and cardiovascular systems. Most cases

are caused by mutations in the fibrillin-1 gene (FBN1), although there are some reports on deletions involving FBN1 and other

additional genes. We report a male patient who was first evaluated at 4 years of age. Echocardiogram showed a mildly dilated

aortic sinus. He also had a history of muscular ventral septal defect which was closed spontaneously and trivial mitral

regurgitation. Other phenotypic features include frontal bossing, anteverted ears, joint hyperlaxity, learning disability, skin striae,

and height and weight in the 497th centile but no other diagnostic findings of MFS and does not fulfill the revised Ghent

criteria. Chromosomal microarray analysis showed a deletion of approximately 36.8 kb at 15q21.1, which starts in intron

6 and ends in intron 9 and includes three FBN1 exons. Sequence analysis of the breakpoint region confirmed the deletion and

revealed a concomitant insertion of a retrotransposon within the intron 6/intron 9 region. The intragenic deletion of exons

7–9 was likely the result of a retrotransposition event by a MAST2-SVA element mediated by repetitive sequences.
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INTRODUCTION

Marfan syndrome (MFS; MIM #154700), an autosomal dominant
connective tissue disorder, is mainly caused by mutations in the
fibrillin-1 gene (FBN1) and affects the skeletal, ocular and cardiovas-
cular systems.1 There is locus heterogeneity in that mutations in the
genes encoding transforming growth factor beta-receptors I and
II (TGFBR1 and TGFBR2) have been shown to cause MFS-related
disorders like MFS type II,2 Loeys–Dietz syndrome3 and thoracic
aortic aneurysms and dissections.4 To date, over 3000 FBN1mutations
have been reported in the FBN1 Universal Mutation Database
(UMD, http://www.umd.be/FBN1/) with point mutations accounting
for 73%, and large rearrangements for o2% of the reported
mutations. Of the point mutations, 80% were missense mutations.
The type and location of FBN1 mutations are known to correlate with
some phenotypic features. For example, neonatal MFS is usually
linked to FBN1 mutations located between exons 23–325 and missense
mutations involving cysteine have been associated with ectopia lentis.6

It has been estimated that about 35% of the genome is derived from
retrotransposed sequences,7 with about 0.27% of human genetic
diseases caused by retrotransposable elements (RE).8 The three major
types of RE are LINE-1 (long interspersed nucleotide element-1) or
L1, Alu and SVA (SINE-VNTR-Alu) and they comprise 17, 11 and
0.2% of the human genome mass, respectively.9 REs have been shown
to influence genome stability and retrotransposition has been
shown to cause genetic diseases and cancer.10 L1 is the most abundant

LINE element but most copies are inactive and only 80–100 elements
are currently active in any individual.11 SVAs are composite transpo-
sons comprising SINE-R, VNTR and Alu elements. L1 is the
only autonomous retrotransposon and has also been involved in
retrotransposition of the other non-autonomous elements like
Alu and SVA.12,13 In this study, we report for the first time
a retrotransposable element (RE) within the FBN1 gene concomitant
with the deletion of three exons in a child with mildly dilated
aortic sinus.

MATERIALS AND METHODS
The child first presented at 4 years of age in the Genetics Clinic, with a history
of muscular ventricular septal defect and trivial mitral regurgitation, and
echocardiogram findings of a mildly dilated aortic sinus. No family history is
available. He also had learning disability and attention deficit hyperactivity
disorder. His height was 106 cm (75th–90th centile), his weight was 15.9 kg
(50th–75th centile) and his head circumference was 52.5 cm (97th centile).
Initial clinical examination showed frontal bossing, downslanting palpebral
fissures, anteverted ears, joint hypermobility and bilateral 5th finger clinodac-
tyly. He did not have palate or chest wall abnormalities or flat feet. Karyotype
and Fragile X testing returned normal results.
From 6 years of age to the present, his height, weight and head circumference

increased to above the 97th centile. He has no cardiac symptoms and his
latest echocardiogram showed a prominent aortic sinus (Z-score +0.73).
Psychological assessment done at 7 years of age showed an IQ of 60 and he
has been attending a special school since. He developed obstructive sleep apnea
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(OSA), most probably related to his excessive weight gain, and required
tonsillectomy and adenoidectomy at 11 years of age. At his most recent clinic
visit when he was 15 years old, his height was 182.4 cm (497th centile), his
weight was 98 kg (497th centile) and his body mass index (BMI) was 29.5.
Apart from skin striae, he had no other systemic features of Marfan syndrome.
Based on the revised Ghent criteria,14 his systemic score was 1. Eye examination
showed no ectopia lentis. Therefore, he does not fulfill the revised Ghent
criteria for diagnosis of Marfan syndrome.
Study approval for the investigation of submicroscopic chromosomal

abnormalities was granted by the SingHealth Institutional Review Board which
oversees all research activities in the hospital. Peripheral blood sample was
collected with written informed consent. Chromosomal microarray analysis
(CMA) using the Agilent 1 M array kit (Agilent Technologies Inc., Santa Clara,
CA, USA) was performed according to manufacturer’s guidelines. DNA from
the patient was hybridized against the male human genomic DNA reference
from Promega (Promega Corp., Madison, WI, USA). Post-hybridization, the
slide was scanned with Agilent G2505C scanner at 5 μm resolution. Results
were analyzed using the Agilent Genomic Workbench Lite software (version
6.5) with the ADM-2 algorithm.
Breakpoint analysis was performed by long-range PCR followed by Sanger

sequencing. Long-range PCR was carried out using the TaKaRa PrimeStar
GXL kit (TaKaRa Bio Inc., Shiga, Japan). PCR products were sequenced
using the ABI BigDye Terminator (v3.1) and the ABI 3130 Genetic Analyser
(Applied Biosystems, Foster City, CA, USA). Sequences obtained were analyzed
using publicly available NCBI Blast, UCSC BLAT the sequence alignment
tool on UCSC (http://genome.ucsc.edu/cgi-bin/hgBlat?) and RepeatMasker
(http://www.repeatmasker.org) for interspersed repeat sequences.

RESULTS

Chromosome microarray analysis revealed a deletion of at least
36.8 kb at 15q21.1 (Figure 1) from chr15:48 815 355–48 852 135
(hg19). Long-range PCR followed by DNA sequencing showed that
the exact breakpoints were at chr15:48 814 550 and chr15:48 853 211
(Figure 2a and b). The deletion spans 38 662 bp with exons 7− 9 of
the FBN1 gene completely deleted. The telomeric breakpoint occurred
in intron 6 and the centromeric breakpoint was in intron 9 of the
gene. It is not known if the deletion was inherited or had occurred
de novo as DNA samples from biological parents were not available
for analysis.
Long-range PCR using primers from intron 6 and intron 9

(Figure 2a) resulted in a fragment of ~ 2.5 kb. On the basis of the
positions of the primers and the FBN1 sequences at the breakpoints,
the inserted element is estimated to be 1.5 kb. Analysis of the sequence
at the breakpoint junction using RepeatMasker showed that the
inserted sequence had high similarity with the SVA_F retrotranspo-
sable elements. Due to a long poly (A) tract, sequencing results

were only obtained for ~ 950 bp from the centromeric breakpoint.
A detailed analysis showed that it had the structure of a newly
described subfamily called MAST2-SVA. The inserted transposon in
the breakpoint junction comprised sequence from exon 1 of
the MAST2 gene, an Alu-like fragment, VNTR section, SINE-R
sequence and a polyA tail (Figure 2c). Alignment of the sequence
using BLAT showed 99.0% similarity to a sequence (Supplementary
Figure S1) from intron 1 of the COL23A1 gene on chromosome 5
(chr5: 177944877–177945942, hg19). This sequence was identified
as a SVA_F element by Repeat Masker and also included the MAST2
exon 1 sequence. RepeatMasker analysis of the sequence around the
breakpoints revealed the presence of a MER1A, family hAT-Charlie
element at the intron 9 breakpoint and an MIRb element at the intron
6 breakpoint.

DISCUSSION

The vast majority of MFS cases are caused by point mutations in the
FBN1 gene with only an estimated 1–2% of cases due to large
intragenic deletions or chromosomal imbalances. Interstitial deletions
involving 15q21 and the FBN1 gene are very rare. There have been at
least 18 reports of MFS patients with deletions of the whole FBN1 gene
and with variable phenotypic presentations varying from mild features
of MFS15–18 to the classical MFS phenotype.19,20 Two of these patients
with gross chromosomal deletions have intellectual disability as well
and this has been attributed to deletions of other genes in the
region.15,16 Interestingly, our patient has learning disability and
attention deficit hyperactivity disorder despite not having any
other neighboring gene deleted. Another patient with a cytogenetic
abnormality involving this region had azoospermia and Marfan
syndrome. He had an abnormal karyotype with an interstitial
chromosome 15 deletion and a supernumerary marker chromosome
with the `deleted' chromosome 15 material.21

Fibrillin is a large glycoprotein that is ubiquitous in connective
tissues and is the major component of microfibrils. Fibrillin contains
47 epidermal growth factor-like (EGF-like) domains and seven
transforming growth factor-like (TGF-β like) domains. Forty-three
of the EGF-like domains have a calcium-binding consensus
sequence.22 Exons 7 and 8 of FBN1 code for the first two
calcium-binding EGF (cbEGF-like) motifs and exon 9 and part of
exon 10 code for a TGF-β-like motif.23 The deletion of exons 7 and 8
is predicted to lead to the loss of the first two cbEGF-like motifs and
the deletion of exon 9 is predicted to cause a disruption of the TGF-β-
like motif. The cbEGF domains are highly conserved and are
important for correct folding of the fibrillin protein.24 The inserted

Figure 1 CMA result showing the deletion at 15q21.1 as depicted in Genomic Workbench Lite software. A full color version of this figure is available at the
Journal of Human Genetics journal online.
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SVA contains several acceptor and donor splice sites which may
further disrupt the coding sequence of the mRNA.
Large intragenic deletions of FBN1 involving single and multiple

exons represent o2% of reported cases of MFS patients, and some of
these patients have classical or severe MFS phenotypes.25,26 None of
the previous cases involved deletion of exons 7–9 as found in our
patient. The largest reported case was for 37 exons from exons 13–49.
Despite it being mosaic, the patient had severe MFS that was clinically

diagnosed when she was 3 years old.27 Singh et al.26 described another
patient with severe juvenile onset cardiovascular phenotype who
had a 10.5 kb genomic deletion from exons 58–63, which the
authors postulated would have disrupted cbEGF-like domain
functions. Other cases with deletions of exons that are more
3′ also had severe MFS.27,28 In contrast, our patient with deletion
of exons 7− 9 does not fulfill the revised Ghent criteria for diagnosis
of MFS.

Figure 2 Depiction of the deletion and the sequences at the breakpoints. (a) The vertical arrows in the top figure show the approximate position of the
breakpoints in introns 6 and 9 of the FBN1 gene and the bottom figure shows the structure of the MAST2-SVA element. The two arrows indicate the
approximate positions of the primers used to amplify the insert for dideoxy sequencing. The MAST2-SVA is divided into MAST2 (violet), Alu-like (red), VNTR
(green), SINE-R (blue), polyadenylation signal (black) and poly(A) tail (orange) based on sequence information in c. (b) Chromatograms and nucleotide
sequence at the telomeric (top) and centromeric (bottom) breakpoints showing the comparison between the wild-type FBN1 sequence and the mutant
sequence in the patient. (c) Sequence of the MAST2-SVA element, which is inserted at the intron 6 and intron 9 breakpoints of the FBN1 gene in the
patient. Nucleotides are shown in the respective colors of the various sections of the SVA (refer to the various regions shown in the bottom figure of a). A full
color version of this figure is available at the Journal of Human Genetics journal online.
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Retrotransposition has been shown to cause insertions, deletions
and rearrangements and can also affect gene expression by affecting
promoters, splice sites, polyadenylation signals and silencing.9

Retrotranspositional insertion of L1, Alu, SVA elements have been
shown to result in single gene disorders and over a hundred such
instances have been reported.29 The spectrum of diseases caused by
retrotransposition events include congenital muscular dystrophy,30

leukemia,31 CHARGE syndrome32 and neurofibromatosis type 1.33,34

Notably, none has been reported for FBN1 and Marfan-related
syndromes.
SVAs are composite transposons that are mobilized by L1 elements.

Its size in our patient is similar to the two cases reported by
Vogt et al.33 at for NF1 (1.3 and 1.7 kb). Analysis of the breakpoint
junction sequence in our patient showed the insertion of a MAST2-
SVA element with a minimum size of 951 bp between intron 6 and
intron 9 of the FBN1 gene. As far as we are aware, this is the first
instance of a retrotransposon inserting into the FBN1 gene resulting in
the loss of several exons. The MAST2-SVA subfamily likely originated
from one single source element by an alternative splicing event where
the first exon of the MAST2 gene spliced into an SVA, which
subsequently retrotransposed.35 This subfamily has been referred to
as SVA_F1,

35 CpG-SVA36 or MAST2-SVA.37 At least 84 members of
this subfamily have been identified, with sizes ranging from 662 to
4255 bp and variable lengths of the component parts, and it is
postulated that the CpG-rich portion of exon 1 of the MAST2 gene
may play a role as a transcriptional regulator.38 The MAST2-SVA
retrotransposon has also been reported in three unrelated patients
with leukemia caused by the deletion of the entire HLA-A gene
accompanied by the insertion of the retrotransposons.31,37 The
sequence similarity between the inserted sequence in our patient
and a MAST2-SVA retrotransposons in intron 1 of COL23A1 gene
suggests a possible source of the retrotransposon in our patient.
Examination of the breakpoint regions showed the presence of a MIRb
element at the intron 6 breakpoint and a MER1A, family hAT-Charlie
element at the intron 9 breakpoint. These repetitive elements could
have predisposed this region to the retrotransposition event by
the MAST2-SVA element.
In conclusion, we describe a patient with mildly dilated aortic

sinus but no other diagnostic findings of MFS, and a deletion of
exons 7–9 of the FBN1 gene that was the result of a retrotransposition
event by a MAST2-SVA element. The patient does not meet the
Ghent criteria for MFS but may have haploinsufficiency and
disruption of the FBN1 gene.
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