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Abstract. Congenital generalized lipodystrophy (CGL) is 
a clinically and genetically heterogeneous condition with 
autosomal recessive inheritance. CGL is classified into four 
subtypes on the basis of causative genes. This study reported 
on a 2‑month‑old male infant diagnosed with CGL with gener-
alized lipoatrophy and skin hyperpigmentation. Whole exome 
sequencing (WES) identified a heterozygous small insertion 
(c.545_546insCCG) in Berardinelli‑Seip congenital lipodys-
trophy 2 (BSCL2) that was inherited from the infant's mother. 
Copy number variation analysis using exome data suggested a 
heterozygous deletion involving exon 3 that was inherited from 
the infant's father. This finding was confirmed by multiplex 
ligation‑dependent probe amplification test. Gap‑PCR revealed 
breakpoints and confirmed a 1274 bp heterozygous deletion 
encompassing exon 3 of BSCL2 (c.213‑1081_c.294+111). This 
deletion is different from the founder 3.3 kb deletion involving 

exon 3 of BSCL2 in the Peruvian population. An 11‑bp micro-
homology at the breakpoints may mediate the deletion, and its 
presence indicates the independent origins of the exon 3 dele-
tion between Chinese and Peruvian populations. The present 
results expanded the mutational spectrum of the BSCL2 gene 
in the Chinese population and suggested that introns 2 and 3 
of BSCL2 are prone to recombination. Thus, exon 3 deletion 
should be considered for patients with CGL2 when only one 
BSCL2 variant is detected through WES.

Introduction

Congenital generalized lipodystrophy (CGL) is a group of 
rare inherited lipodystrophies characterized by lipoatrophy 
at birth or in early life  (1,2). The clinical presentation of 
CGL includes acromegaloid features, hypertriglyceridemia 
and complications related to insulin resistance  (1). Four 
subtypes of CGL have been reported, all of which are auto-
somal recessive disorders  (3). CGL1 (MIM #608594) and 
CGL2 (MIM #269700) result from pathogenic variants in 
the 1‑acylglycerol‑3‑phosphate O‑Acyltransferase  2 gene 
and Berardinelli‑Seip congenital lipodystrophy 2 (BSCL2) 
gene, respectively (3). These are the major forms of CGL, 
accounting for 95% of reported CGL cases  (4). CGL4 
(MIM #613327), which accounts for ~5% of cases, is caused by 
pathogenic variants in the polymerase 1 and transcript release 
factor (PTRF) gene (3,4). CGL3 (MIM #612526), which is due 
to pathogenic variants in the caveolin 1 (CAV1) gene, has been 
rarely reported (5). Given the genetic heterogeneity of this 
condition, exome sequencing has been the method of choice 
for the molecular diagnosis of CGL. Although whole exome 
sequencing (WES) can effectively detect single‑nucleotide 
variants (SNVs) and small insertions/deletions, its use to detect 
copy number variations (CNVs) remains challenging (6).

A founder deletion encompassing exon 3 of BSCL2 had 
been reported in Peruvian patients (7). Other than that, exonic 
deletions in BSCL2 are rare. In the present study a small 
heterozygous insertion and a large heterozygous deletion 
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similar to the Peruvian deletion in BSCL2 were detected in 
the patient. It was demonstrated that the deletions differ in size 
and breakpoints, indicating that they arose independently.

Materials and methods

Case presentation. A 2‑month‑old male infant was referred to 
the Pediatric Endocrine Department of Guangxi Maternal and 
Child Health Hospital for skin hyperpigmentation and devel-
opmental delay on April 20th, 2018. Written informed consent 
for the infant and his parents was obtained from the infant's 
parents. The present study was approved by the Medical 
Ethics Committee of Guangxi Maternal and Child Health 
Hospital. Abdominal ultrasound was applied to assess the 
presence of hepatomegaly, and cardiac function was assessed 
by echocardiography and electrocardiography. Blood glucose, 
blood lipid and C‑peptide levels were determined as previ-
ously reported (8). Serum insulin and sex hormone levels were 
measured by electrochemical luminescence immunoassay 
(Cobas E601; Roche Diagnostics).

WES and CNV analysis. Genomic DNA was extracted from 
2 ml peripheral blood of the infant and his parents in accordance 
with the standard method of the Lab‑Aid® DNA extraction kit 
(Xiamen Zeesan Biotech Co, Ltd.). Human exome sequencing 
libraries were constructed using Agilent SureSelect Human 
All Exon V5 kit (Agilent Technologies, Inc.), and generated 
amplicons were sequenced with Illumina HiSeq 2500 system 
(Illumina, Inc.). After sequencing, reads were aligned to 
an indexed human reference genome (GRCh37/hg19) with 
Burrows‑Wheeler transformation 0.7.15‑r1140 (9). Duplicate 
reads were removed using Picard  v.1.85 (http://picard.
sourceforge.net) before further processing. Base recalibra-
tion and variant calling were performed using the Genome 
Analysis Toolkit  v.2.3‑4Lite  (10). Finally, identified vari-
ants were saved in variant call format. In addition, in the 
present study there was an attempt to reveal CNVs with a 
read depth‑based CNV detection algorithm. Translational 
Genomics Expert (LifeMap Sciences, Inc.) was used for 
variant prioritization. Integrative Genomics Viewer 2.4.15 
(IGV 2.4.15) was used to visualize WES data and assess 
the coverage of the exons (http://software.broadinstitute.
org/software/igv/). Variants detected in the infant, but absent 
in the ClinVar (www.ncbi.nlm.nih.gov/clinvar/), Human 
Gene Mutation Database (www.hgmd.cf.ac.uk/ac/), Single 
Nucleotide Polymorphism Database (dbSNP; www.ncbi.nlm.
nih.gov/SNP), 1000 Genomes Project database (http://www.
internationalgenome.org/1000‑genomes‑browsers/), Ensembl 
(http://grch37.ensembl.org/index.html) and Genome 
Aggregation Database  2.1 (gnomAD 2.1; https://gnomad.
broadinstitute.org) were considered novel variants (11).

Sanger sequencing and multiplex ligation‑dependent probe 
amplification (MLPA). Sanger sequencing was performed to 
confirm the variant identified by WES. Specific primers for 
amplification and sequencing were designed in Primer3web 
version 4.1.0 (http://primer3.ut.ee/). The primer sequences of 
BSCL2 exon 6 were as follows: forward, 5'‑CTACTCAGGG 
GTGGTTGAGG‑3' and reverse, 5'‑CCCCACTTCCAGTCTCT 
CAG‑3'. A pair of primers encompassing exon 3 was used to 

determine the breakpoints (BSCL2_BP3‑forward: 5'‑TCCCTT 
AAGTCCCTGGTCCA‑3'; BSCL2_BP3‑reverse: 5'‑ACATTT 
CTAACACCTGCTGCAG‑3'). The PCR product was 
sequenced with the 3730xl  Genetic Analyzer (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). Sequence data 
were aligned with the consensus coding sequence [human 
genome assembly 37 in nucleotide Basic Local Alignment 
Search Tool (BLAST; http://blast.ncbi.nlm.nih.gov/blast/)]. 
Mutation Surveyor software (https://softgenetics.com/muta-
tionSurveyor.php; version 4.0.4) was used in visualizing the 
sequences.

To confirm the suspected exon 3 deletion in BSCL2, MLPA 
probes were designed and validated following a previous 
method  (12) and the protocol from MRC‑Holland  BV 
(https://support.mlpa.com/downloads/files/designing‑syntheti
c‑mlpa‑probes). A total of 11 pairs of MLPA probes were 
designed for BSCL2 (Table SI). These probes were dissolved 
and diluted in TE buffer, then added to the P200 reference 
probe mix, which was purchased from MRC‑Holland BV and 
included reference probes and control fragments. The MLPA 
experiment was performed in accordance with the manufac-
turers' protocols, with MLPA reagents provided by 
MRC‑Holland BV. Capillary electrophoresis was performed 
with the 3130 Genetic Analyzer (Applied Biosystems; Thermo 
Fisher Scientific, Inc.), and data were analyzed with Coffalyser 
(https://www.mrcholland.com/).

Results

Clinical evaluation. The infant was the second child born 
to nonconsanguineous healthy parents. He was a full‑term 
baby with normal delivery, and he had a healthy sister. His 
weight was 2,500 g (‑1 SD) at birth and 3,900 g (‑3 SD, which 
indicates that the weight of the infant was lower than healthy 
infants) at 2 months. He had a thin appearance and advanced 
bone age (3 months). Generalized lipoatrophy and skin hyper-
pigmentation were observed. Moreover, he had a triangular 
face, marked umbilical prominence, a long and large penis, 
and a swollen right scrotum (Fig. 1). Echocardiography and 
abdominal ultrasound indicated atrial septal defect and hepa-
tomegaly, respectively, and no splenomegaly. Liver function 
tests were normal. Other abnormal biochemical examinations 
were as follows: Insulin and C‑peptide levels were elevated 
[956.6  pmol/l, normal range  (NR):  17.8‑173  pmol/l and 
>21.85  ng/ml, NR: 1.1‑4.4  ng/ml, respectively], which 
indicated insulin resistance. The triglyceride level was 
increased (26.63 mmol/l, NR: 0.56‑1.70 mmol/l), whereas the 
levels of high‑density lipoprotein cholesterol (0.52 mmol/l, 
NR: 1.16‑1.55 mmol/l), low‑density lipoprotein cholesterol 
(2.36  mmol/l, NR:  2.70‑3.13  mmol/l), apolipoprotein  A1 
(0.52 g/l, NR: 1.20‑1.60 g/l), and apolipoprotein B (0.67 g/l, 
NR:  0.80‑1.05  g/l) were all decreased, indicating hyper-
triglyceridemia. Sex hormone levels were decreased also 
(testosterone: 0.85  ng/ml, NR:  1.75‑7.81  ng/ml; estradiol: 
5.00 pg/ml, NR: 20.00‑75.00 pg/ml).

Genetic findings. WES revealed a c.545_546insCCG hetero-
zygous variant in exon 6 of the BSCL2 gene (GenBank 
accession no. NM_032667.6). This variant was confirmed by 
Sanger sequencing (Fig. 2B). It led to a disruptive inframe 
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indel at position 182 (p.Glu182delinsAspArg). The variant was 
inherited from the mother. This variant has been documented 
in the dbSNP database (rs747297291) and at an extremely 
low frequency in the gnomAD database. It has been detected 
in trans with a pathogenic variant in a Chinese patient with 
CGL (13), indicating that it is a recurrent pathogenic variant in 
the Chinese population.

There were no additional SNVs detected in BSCL2 or 
any other rare SNVs that could explain the phenotypes. CNV 
assessment by the visual review of BSCL2 coverage using the 
IGV browser suggested a heterozygous deletion at 11q12.3 
(62,469,824‑62,470,137) involving exon 3 of BSCL2 (Fig. 2A). 
To confirm this heterozygous deletion, MLPA probes covering 
exon 3 of BSCL2 and other control regions were designed. 
The copy number ratios of the BSCL2 exon 3 of the infant, his 
father and his mother were 0.65, 0.62 and 1.01, respectively 
(Fig. 2C), indicating the presence of an Ex3del in the infant 
and his father. The Ex3del was a null variant and absent in 
the dbSNP, the 1000 Genomes Project database, Ensembl, 
gnomAD and local normal controls. Notably, a similar exon 3 
deletion has been reported as a founder mutation in Peruvian 
patients with CGL (7).

Gap‑PCR was performed to further confirm and map 
the exact breakpoints of the exon 3 deletion. As revealed 
in Fig. 3A, a 483‑bp amplicon that represented the deleted 
allele was present in the proband and in the father but not 
in the mother. Sequencing this amplicon confirmed the 

deletion and revealed the breakpoints of a 1,274 bp dele-
tion (chr11:62,469,829‑62,471,102; c.213‑1081_c.294+111), 
including complete exon  3 and part of introns  2 and  3 
(Fig. 3B and C). An 11‑bp microhomology was identified 
at the breakpoints. Thus, this deletion is different from the 
founder deletion variant detected in Peruvian patients with 
CGL (7). The deletion would lead to a frameshift and prema-
ture termination (p.Thr72Cysfs*2) that is predicted to result in 
nonsense‑mediated mRNA decay.

The maternally inherited variant c.545_546insCCG is 
rare in the general population (PM2)  (13,14). It has been 
reported in trans with a pathogenic variant at least twice 
(PM3_Strong) and shortens the protein product (PM4) (13). 
The patient's phenotype is consistent and specific with 
CGL (PP4). This variant is classified as likely pathogenic on 
the basis of ACMG/AMP guidelines for variant classifica-
tion (15). In the present study, it was speculated that Ex3del 
was a loss‑of‑function variant (PVS1) that was absent from the 
general population (PM2), and PP4 was also applicable; thus, 
it can be classified as pathogenic.

Discussion

The main clinical feature of CGL is adipose tissue loss 
resulting in abnormal carbohydrate and lipid metabolism. The 
accumulation of ectopic fat can lead to hepatomegaly, dyslipid-
emia, insulin resistance and diabetes (16). The patient reported 

Figure 1. Clinical features of the infant with congenital generalized lipodystrophy. (A and B) Images showing pigmentation of skin, triangular face, marked 
umbilical prominence, long and large penis and swelling of the right scrotum. (C) X‑ray revealing advanced bone age.
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in this study presented with facial abnormalities, marasmus, a 
macropenis, hepatomegaly and hypertriglyceridemia, which 
were in accordance with the diagnosis of CGL.

Given that CGL is a genetically heterogeneous disorder, 
identifying the causative mutation for patients by Sanger 
sequencing is challenging. In the present study, WES was 
demonstrated to be useful in detecting small insertions, as well 
as CNVs that cannot be identified by Sanger sequencing.

CNV detection may increase the diagnostic yield of 
WES (17), an important issue in genetic diagnosis. There are 
several algorithms to call CNV from WES data, but no one can 

detect all CNVs in different size ranges (18‑20). A read‑depth 
based algorithm was developed to predict CNVs, which are 
confirmed in the IGV browser. Although it cannot identify the 
precise breakpoint of the deletion, the CNV‑calling program 
was successful at predicting heterozygous deletions, including 
BSCL2 exon 3.

CNV analysis based on exome data is useful but must 
be confirmed with orthogonal methods. CNV validation 
methods include chromosomal microarray analysis, reverse 
transcription‑quantitative PCR and MLPA (21). In the present 
study, MLPA probes were designed to confirm the Ex3del 

Figure 2. Genetic findings in the family. (A) IGV image of partial sequences in BSCL2 gene in the infant and controls. (B) Sequencing chromatograms of the 
infant and the parents of the infant for the variant of c.545_546insCCG. The red frame indicates the inserted sequence ‘CCG’. (C) Multiplex ligation‑dependent 
probe amplification targeted to BSCL2 gene that revealed the heterozygous deletion intron 2 and exon 3 for the infant and his father. IGV, Integrative Genomics 
Viewer; BSCL2, Berardinelli‑Seip congenital lipodystrophy 2. 
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by designing specific MLPA probes for the region. Further 
breakpoint analysis by Sanger sequencing revealed a 1,274 bp 
deletion (chr11:62,469,829‑62,471,102), including the complete 
exon 3 and part of introns 2 and 3. A BLAST search of the 
flanking junction sequences of the breakpoints was performed, 
and it was detected that the breakpoint in intron 2 is part 
of the 303‑bp repeat AluY (chr11:62,470,820‑62,471,122), 
and the breakpoint in intron 3 is part of the 293‑bp repeat 
AluSp (chr11:62,469,545‑62,469,837). The overall similarity 
of AluSp and AluY is 80%, and both of the Alu elements 
are at the same orientation at the two  sites. In particular, 
an overlapping sequence CGGTGGCTCAC is present at 
chr11:62,471,103‑62,471,114 and chr11:62,469,817‑62,469,828. 
The overlapping 11‑bp sequences may mediate a crossover 
event that lead to deletion. To date, nearly one‑quarter of 
the mutations in BSCL2 reported in patients with type  2 
CGL are missense mutations; the others are null mutations, 
including nonsense, splicing, small indels, small insertions 
and deletions (3,22). Large deletions have rarely been reported, 

except for the exon 3 deletion. A 3.3‑kb homozygous deletion 
of exon 3 was reported as a founder mutation in Peruvian 
population, which appeared to be mediated by recombination 
between AluSq2 and AluSx3 in introns 2 and 3 (7). The size 
of the deletions and the breakpoints of Ex3del are different 
in the Chinese and Peruvian CGL patients, indicating they 
are independent events (7). However, as aforementioned, both 
events may be mediated by a similar mechanism and result 
in the same consequence. Thus, this independent deletion is 
suggestive of a recurrent event involving exon 3. Therefore, 
the exon 3 deletion should be considered for patients with 
CGL2 when only one BSCL2 variant was detected by exome 
sequencing.

Glu182, a site that is highly conserved among numerous 
species, is localized in the conserved loop of the ER lumen (13,23). 
The variant of c.545_546insCCG resulted in a disruptive inframe 
indel at position 182 (p.Glu182delinsAspArg), which may cause 
the misfolding of the secondary structure of the seipin protein 
due to the insertion of the basic amino acid arginine and could 

Figure 3. Breakpoint analysis of the BSCL2 Ex3del. (A) Gap‑PCR results in the infant (I), father (F) and mother (M), using BP3‑foward and BP3‑reverse 
primers. (B) Partial chromatogram of the breakpoint sequence in the DNA of the infant. The blue frames and red underlines indicate the sequences near 
upstream and downstream breakpoints and the homologous sequences, respectively. (C) Illustration of the deleted sequence among introns 2 and 3. Green 
lowercase letters indicate the deleted nucleotides in introns 2 and 3. Purple uppercase letters are the deleted exon 3. Red lowercase letters are the homologous 
sequences of ‘CGGTGGCTCAC’. Sequences near upstream and downstream breakpoints are presented as blue lowercase letters. BSCL2, Berardinelli‑Seip 
congenital lipodystrophy 2.
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destabilize the protein structural domain. Given that this variant 
has only been reported in Chinese patients with CGL (13,14), it is 
a recurrent pathogenic variant in the Chinese population.

In conclusion, a novel compound heterozygous variant 
(p.Glu182delinsAspArg/Ex3del) in the BSCL2 gene was iden-
tified in a Chinese infant with CGL by WES. The present study 
revealed an independent recombination event in introns 2 
and 3 that resulted in exon 3 deletion (c.213‑1081_c.294+111). 
This finding expanded the mutational spectrum of the BSCL2 
gene while providing further evidence of exonic deletion in the 
BSCL2 gene in patients with CGL.
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