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Case Report

A Stop-gain Variant c.220C>T (p.(Gln74*)) in 
FLNB Segregates with Spondylocarpotarsal 
Synostosis Syndrome in a Consanguineous 
Family
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Aqeela Nawazb, Sajid Malikb,*, and Sara Mumtaza,*
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Spondylocarpotarsal synostosis (SCT) syndrome is a very rare and severe form of skeletal dysplasia. The 
hallmark features of SCT are disproportionate short stature, scoliosis, fusion of carpal and tarsal bones, 
and clubfoot. Other common manifestations are cleft palate, conductive and sensorineural hearing loss, 
joint stiffness, and dental enamel hypoplasia. Homozygous variants in FLNB are known to cause SCT. This 
study was aimed to investigate the phenotypic and genetic basis of unique presentation of SCT syndrome 
segregating in a consanguineous Pakistani family. Three of the four affected siblings evaluated had severe 
short stature, short trunk, short neck, kyphoscoliosis, pectus carinatum, and winged scapula. The subjects 
had difficulty in walking and gait problems and complained of knee pain and backache. Roentgenographic 
examination of the eldest patient revealed gross anomalies in the axial skeleton including thoracolumbar 
and cervical fusion of ribs, severe kyphoscoliosis, thoracic and lumbar lordosis, coxa valga, fusion of 
certain carpals and tarsals, and clinodactyly. The patients had normal faces and lacked other typical 
features of SCT like cleft palate, conductive and sensorineural hearing loss, joint stiffness, and dental 
enamel hypoplasia. Whole exome sequencing (WES) of two affected siblings led to the discovery of a rare 
stop-gain variant c.220C>T (p.(Gln74*)) in exon 1 of the FLNB gene. The variant was homozygous and 
segregated with the malformation in this family. This study reports extensive phenotypic variability in SCT 
and expands the mutation spectrum of FLNB.
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INTRODUCTION

Exome sequencing has made it possible to identify 
causal mutations in a variety of varied and complex ill-
nesses, according to several recent studies [1,2]. In skele-
tal dysplasias, patients may be in a critical condition and 
have a phenotypically complex presentation; confirming a 
conclusive molecular diagnosis in such cases is frequent-
ly challenging and expensive. Using conventional meth-
ods like Sanger sequencing is not just expensive but also 
very time-consuming. Because skeletal dysplasias are 
clinical and genetically heterogeneous disorders, gene-
by-gene sequencing is sometimes impractical. Simulta-
neous analysis of all genes by whole exome sequencing 
(WES) is a more practical approach. Exome sequencing 
has the additional advantage of not needing prior knowl-
edge of the genes causing a medical condition [3].

The actin-binding protein FLNB, which is produced 
by the human FLNB gene on chromosome 3p14.3, is 
hypothesized to transmit signals from different mem-
brane receptors and intracellular proteins onto the actin 
cytoskeleton. It controls cell proliferation, differentia-
tion, and migration that are cytoskeleton-dependent [4]. 
In 2004 a novel study reported homozygous and het-
erozygous FLNB mutations in four human skeletal dis-
orders including spondylocarpotarsal syndrome (SCT, 
OMIM 272460), the perinatal lethal atelosteogenesis I 
and III phenotypes (AOI, OMIM 108720; AOIII, OMIM 
108721), and Larsen syndrome (LS, OMIM 150250) [5]. 
Later on, it was found that Boomerang dysplasia (BD; 
OMIM 112310) is also caused by mutations in this gene 
[6]. Loss of function mutations were found in cases of au-
tosomal recessive SCT while gain of function mutations 
were found in autosomal dominant AOI, AOIII, and BD 
and Larsen syndrome [4].

Spondylocarpotarsal synostosis syndrome (SCT) is 
characterized by spinal deformity and disproportionately 
short stature. Clinical characteristics comprise conduc-
tive hearing loss, facial dysmorphism, cleft palate, dental 
enamel hypoplasia, clubbed feet, and joint laxity (Table 
1). Block vertebrae and the fusion of the carpal and tarsal 
bones are typical radiologic findings. Epiphyseal dyspla-
sia of the femur and a delay in the ossification of the car-
pal bones’ epiphyses have both been noted [7].

In the present study, we had a familial case of com-
plex skeletal dysplasia and clinicians were not able to 
give an accurate diagnosis just based on clinical presen-
tation. Therefore, we performed whole exome sequenc-
ing (WES) and identified a variant in the Filamin B gene 
(FLNB) that segregated in the family and likely causes 
the phenotype.

CASE PRESENTATION

Family Recruitment and Pedigree
All information and biological material were collect-

ed according to the Helsinki II declaration. The approval 
of the study was taken by ethical review boards of Quaid-
i-Azam University and National University of Medical 
Sciences, Rawalpindi, Pakistan. The family originates 
from a rural area of northern Pakistan. A four-generation 
pedigree drawn with the help of family elders strongly il-
lustrated autosomal recessive pattern of inheritance (Fig-
ure 1A). The unaffected parents had a consanguineous 
union and there were four affected siblings of which one 
was deceased in early childhood.

Clinical Presentation
The parents and two unaffected siblings physically 

examined were free of any musculoskeletal or limb mal-
formation. The patients had disproportionately short stat-
ure with short trunks and short necks (Figure 1B; Table 
2). The elder patients 405 and 407 had kyphoscoliosis, 
protruding sternum and abdomen, and winged scapula. 
They had round faces, mild frontal bossing, and other-
wise unremarkable facial features.

The subjects have difficulty in walking and problems 
with gait. Patients complained of knee pain and back-
ache. The eldest patient 405 had the most severe symp-
toms while 408 had a mild appearance. Reportedly, one 
of the deceased patients 404 also had severe symptoms. 
According to the parents, the patients appear asymp-
tomatic at birth. The malformation was progressive and 
symptoms appeared in 5-6 months of infancy. They all 
have normal IQ, hearing, and vision. All patients were at-
tending a normal school. Anthropometric measurements 
showed severe short stature and failure to achieve devel-
opmental landmarks (Table 3).

Radiological Observations
Roentgenographic examination of eldest patient 405 

revealed gross anomalies in the axial skeleton including 
thoracolumbar fusions, cervical fusion of ribs, kypho-
scoliosis, and thoracic and lumbar lordosis (Figure 1C). 
There were pelvic girdle anomalies, including sacral 
agenesis and coxa valga. There was delayed epiphyseal 
maturation on all the long bones. In the upper limbs, there 
was carpal synostosis remarked as capitate-hamate coali-
tion and lunate-triquetrum fusion. There was clinodactyly 
more pronounced in the right hand, however, there was 
no shortening of metacarpals. In the lower limbs, there 
was fusion of tarsal bones. The patient had generalized 
delayed bone age.

Genetic Findings
Two affected individuals, 405 and 407, underwent 
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Figure 1. A. Pedigree of the family. Horizontal lines above individuals indicate that physical examination was 
performed. *indicates subjects participated in genetic study; “E,” subjects underwent WES. B. Phenotype in affected 
subjects 405 and 407. C. Roentgenographic examination of 405. D. Electropherograms showing the segregation of 
identified variant c.220C>T in FLNB.

whole exome sequencing (WES). The standard filtra-
tion scheme of the exome data (as per [8-10]) showed 28 
rare exonic, homozygous, and nonsynonymous variants 
shared by the two affected subjects (Appendix A: Supple-
mental Table 1). Among those, only the variant c.220C>T 
(p.(Gln74*)) in exon 1 of FBLN (NM_001164317) was 
the best candidate. Sanger sequencing confirmed the seg-
regation of the variant with the malformation (Figure 1D). 
This variant is extremely rare and no homozygous form 
has been reported so far (only two alleles out of 251,294 
in global diversity panel with allele frequency 7.96 x 10-6 
and in South Asian population, only two alleles in the het-
erozygous state out of 30,602). This variant showed com-

plete conservation in deep phylogenetic analyses (Verte-
brate Multiz Alignment & Conservation Track of UCSC 
Genome Browser; Supplemental Figure 1).

DISCUSSION

The characteristic features in our patients were post-
natal disproportionate short stature, scoliosis, and lordo-
sis. As a differential diagnosis, we considered Larsen syn-
drome (OMIM 150250), atelosteogenesis type I (OMIM 
108720), multiple synostosis syndrome (MSS; OMIM 
186500), Klippel-Feil syndrome 1 (OMIM 118100), and 
spondylocostal dysplasia (OMIM 277300). The malfor-
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mation in the present family is different from Larsen syn-
drome because of the absence of certain features like con-
genital dislocations of the hip, knee, elbow, and shoulder, 
depressed nasal bridge, and widely spaced eyes. The 
condition in our patients is also distinct from atelosteo-
genesis type I which is characterized by perinatal lethal 
short-limbed dwarfism and severe dislocated hips, knees, 
and elbows. Multiple synostosis syndrome (MSS) shares 

features of vertebral dysplasia with our family but could 
be excluded because of progressive symphalangism and 
distinct facial findings in multiple synostosis. MSS seg-
regates as an autosomal dominant entity. Further, Klip-
pel-Feil syndrome 1 which segregates autosomal domi-
nantly, generally does not show carpal or tarsal fusions, 
instead, there are isolated cervical fusions which do not 
occur in SCT syndrome. Another vertebral malformation, 

Table 2. Phenotypic Variability in Patients
Subject ID 405 407 408 Feature reported in 

OMIM
Sex, age (years) M, 12 M, 10 F, 8
Structural features
Short stature, disproportionate + + + +
Short neck + + + +
Short trunk + + + +
Kyphoscoliosis + + − +
Winged scapulae + + − +
Crowded ribs + + − +
Cervical fusion of ribs + NA NA +
Pectus carinatum + + − +
Thoracolumbar fusions + NA NA +
Thoracic and lumbar lordosis + NA NA +
Protruding abdomen (secondary to lordosis) + + − +
Pelvic girdle anomalies and coxa valga + NA NA +
Joint laxity + + + +
Craniofacial
Dysmorphic face − − − −

Face type Round Round Round
Frontal bossing, mild + + + +
Hearing loss, conductive − − − +
Ocular findings − − − +
Anteverted nares − − − +
Tooth enamel hypoplasia − − − +
Failure of eruption of permanent teeth − − − +
High arched palate − − − +
Cleft palate − − − +
Limb
Clinodactyly + − − +
Brachydactyly − − − +
Clubfoot − − − +
Flat foot + + + +
Delayed epiphyseal maturation + NA NA +
Carpal and tarsal synostosis + NA NA +

+, feature present; −, feature absent; NA, not assessed.
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or ectopic activation, shift of substrate or binding target 
specificity, or protein aggregation [11]. Recently, Huang 
et al. reported two heterozygous variants (c.1321C>CA 
and c.1693C>A) in two different families with nonsyn-
dromic clefts of lip/palate [12]. The authors argued that 
the variants resulted in loss-of-function. Heterozygous 
variants in FLNB were also reported in isolated con-
genital talipes equinovarus and osteochondrodysplasia 
(Piepkorn type) [13,14]. On the other hand, homozygous 
or compound heterozygous missense, nonsense or frame-
shift truncating variants are known to cause recessively 
inherited SCT syndrome [7]. SCT associated variants 
generally affect FLNB actin-binding domains and repeat 
domains. Nonsense or frameshift variants in FLNB gen-
erally result in the truncated version or absence of the 
encoded protein which is because of nonsense-mediated 
decay of mRNA and result in loss of function (LOF) [15]. 
The LOF mutations are predicted to cause impairment of 
protein, preventing its production or decrease the activi-
ty of the product [16]. At least 20 pathogenic variants in 
FLNB, mostly in homozygous state, have been shown to 
be segregating in SCT syndrome families (Appendix B: 
Supplemental Table 2).

In the present family, heterozygotes were asymptom-
atic. Curiously however, one of the heterozygous carriers 
in the family reported by Yasin et al. exhibited mild short 
stature [17]. The authors remarked that this may indicate 
a semi-dominant less severe heterozygous effect of the 
variant or co-inheritance of pathogenic variants in other 
genes. However, they did not report any second candi-
date variant likely contributing to the phenotype. Among 
all the reported variants, the variant in the present family 
is causing most early termination in the reading frame. 
This may explain the severe skeletal manifestations in 
our family.

Farrington-Rock et al. and Lu et al. independent-
ly generated Flnb deficient mice and shed light in the 

ie, spondylocostal dysplasia also accompanies rib anom-
alies different from SCT. Finally, the candidate genes for 
the aforementioned syndromes (i.e., DLL3, FGF9, GDF5, 
GDF6, HES7, LFNG, MESP2, MYH3, NOG, RIPPLY2, 
and TBX6) were excluded for any rare pathogenic variant 
in the exome data analyses.

The malformation in this family was presented with 
disproportionate short stature with short trunk and short 
neck, kyphoscoliosis, protruding sternum and abdomen, 
and winged scapula. The malformation was progressive 
and severity was increasing with age. The patients had 
rather unremarkable facial features, and normal IQ, hear-
ing, and vision. The roentgenographic study revealed 
characteristic gross anomalies in the axial skeleton in-
cluding thoracolumbar fusions, cervical fusion of ribs, 
kyphoscoliosis, thoracic and lumbar lordosis, pelvic gir-
dle anomalies and coxa valga, delayed epiphyseal mat-
uration of long bones, and carpal and tarsal synostosis. 
However, other features of SCT such as hearing loss, 
visual anomalies, anteverted nares, tooth enamel hypo-
plasia, failure of eruption of permanent teeth, high arched 
palate and cleft palate, and brachydactyly were not wit-
nessed among the affected subjects (Table 2). This unusu-
al combination cautioned further molecular genetic in-
vestigations. Hence, in order to reach a correct molecular 
diagnosis, WES was launched which led to the detection 
of c.220C>T (p.(Gln74*)) in exon 1 of FBLN. No other 
rare pathogenic variant in genes related to skeletal mor-
phogenesis was detected in the exome data.

FLNB is known to be associated with several allel-
ic disorders. Heterozygous variants in FLNB are known 
to cause at least four autosomal dominant anomalies, ie, 
AOI, AOIII, BD, and LS [3-6]. Most of these variants 
are missense and tend to be clustered in actin-binding do-
mains and repeat domains 13–15 of FLNB and are predict-
ed to cause gain-of-function (GOF). GOF may exert their 
effect through various mechanisms such as constitutive 

Table 3. Anthropometric Measurements of Affected Siblings
Features 405 407 408
Sex, age (years) M, 12 M, 10 F, 8
Standing height* 85 (−5) 83 (−5) 62 (−5)
Sitting height† 49 (−4) 54 (−3.5) 43 (−3.5)
Arm span§ 86 (−3.5) 92 (−3.5) 78 (−3.5)
Head circumference‡ 54 (+0.5) 53 (+0.25) 48 (−2)
Chest circumference 48 57 43

Standard deviations are given in parentheses. All measurements are in cm. Head circumference is with respect to age and sex. Arm 
span is with reference to height. *Standard deviations are from WHO Growth Reference: http://www.who.int/growthref/who2007_
height_for_age/en/. †Kelly AM, Shaw NJ, Thomas AM, Pynsent PB, Baker DJ. Growth of Pakistani children in relation to the 1990 
growth standards. Arch Dis Child. 1997;77:401-5. §Chen WY, Lin YT, Chen Y, Chen KC, Kuo BI, Tsao PC, Lee YS, Soong WJ, 
Jeng MJ. Reference equations for predicting standing height of children by using arm span or forearm length as an index. J Chin 
Med Assoc. 2018;81:649-56. ‡James HE, Perszyk AA, MacGregor TL, Aldana PR. The value of head circumference measurements 
after 36 months of age: a clinical report and review of practice patterns. J Neurosurg Pediatr. 2015;16(2):186-94.



Shahid et al.: FLNB mutation in SCT syndrome 389

participation of the family in this study and the physicians 
for clinical assessment of the family.

Data Availability: The datasets generated during and/or 
analyzed during the current study are available from the 
corresponding author on reasonable request.
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role of FLNB gene in skeletal development [18,19]. In 
the experience of Farrington-Rock et al. a remarkable 
similarity was observed between this mouse model and 
human SCT syndrome [18]. Skeletal abnormalities and 
short stature and fusion of neural arches of the vertebrae 
in the cervical and thoracic spine of newborn Flnb-/- mice 
were evident. The authors further showed that the Flnb 
deficient mice had progressive vertebral fusions, which is 
contrary to the previous hypothesis that SCT results from 
failure of normal spinal segmentation. Hence, the authors 
proposed that spinal segmentation can occur normally in 
the absence of filamin B, but the protein is required for 
maintenance of intervertebral, carpal and sternal joints, 
and the joint fusion process commences antenatally. 
Concordantly, Lu et al. also demonstrated that Flnb de-
ficient mice have developed fusion of the ribs and verte-
brae, abnormal spinal curvatures, and dysmorphic facial/
calvarial bones, similar to the human phenotype [19]. 
In addition, Flnb-/- also exhibited shortened distal limbs 
with small body size. These minor differences between 
the phenotypes of Flnb-/- mice generated by Lu et al. and 
Farrington-Rock et al. could be due to the use of different 
sizes of clones, vectors, cell lines, transfection methods, 
and the genetic background of mice, in addition to other 
stochastic factors.

In vertebrate species, morphogenesis necessitates the 
fusion of extracellular signals with modifications to the 
cytoskeleton. Cytoskeletal F-actin is organized by fila-
ments into orthogonal gel networks or parallel bundles 
[20]. Additionally, filamins mediate connections between 
transmembrane receptors and subcortical actin networks 
to modify cell-matrix, cell-cell, and intracytoplasmic sig-
nal transduction [5]. Three filamin genes, FLNA, FLNB, 
and FLNC, are present in mammals. The expression of 
FLNA and FLNB appears to be widespread while FLNC 
expression is seen mainly in the muscle [21,22]. The wide 
range of skeletal defects brought on by FLNB mutations 
suggests that filamin B plays a crucial function in skeletal 
development.

CONCLUSION

The malformation in our family was molecularly 
diagnosed as SCT syndrome and hence it supports the 
published reports. We identified a very rare stop-gain 
variation c.220C>T (p.(Gln74*)) in the first exon of the 
FLNB gene causing a very early termination of the read-
ing frame and hence, explaining a rather severe skeletal 
manifestation in this family. This expands the mutation 
spectrum of the FLNB gene. Our results will help in the 
genetic counseling of affected families to prevent reoc-
currence of disease in future generations.
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Chr Start End Ref Alt Func.refGe Gene.refGeGeneDetail ExonicFunc AAChange. cytoBand ExAC_ALL ExAC_AFR
chr1 13223492 13223492 A G exonic PRAMEF18 . nonsynony PRAMEF18 1p36.21 . .
chr1 13223511 13223511 T C exonic PRAMEF18 . nonsynony PRAMEF18 1p36.21 . .
chr1 13223511 13223511 T C exonic PRAMEF18 . nonsynony PRAMEF18 1p36.21 . .
chr1 1.2E+08 1.2E+08 T G exonic NBPF8 . nonsynony NBPF8:NM_1p11.2 . .
chr1 1.49E+08 1.49E+08 T C exonic NBPF9 . nonsynony NBPF9:NM_1q21.2 . .
chr10 45826906 45826906 G C exonic AGAP4 . nonsynony AGAP4:NM10q11.22 . .
chr10 87234695 87234695 G A exonic NUTM2A . nonsynony NUTM2A:N10q23.2 0 .
chr10 95068566 95068566 T C splicing CYP2C8 NM_00119 . . 10q23.33 . .
chr11 1629969 1629969 - GGCTGTGGexonic KRTAP5-5 . nonframes KRTAP5-5:N11p15.5 0.0065 0.0261
chr11 71527629 71527629 - CTGCTGCCAexonic KRTAP5-7 . nonframes KRTAP5-7:N11q13.4 . .
chr11 1.24E+08 1.24E+08 C G exonic OR8G1 . stopgain OR8G1:NM11q24.2 . .
chr11 1.25E+08 1.25E+08 G A exonic ROBO4 . nonsynony ROBO4:NM11q24.2 0.0052 0.0004
chr13 1.13E+08 1.13E+08 G A exonic LOC101928. nonsynony LOC10192813q34 . .
chr18 63712604 63712604 G T exonic SERPINB11 . stopgain SERPINB11 18q21.33 . .
chr19 7032419 7032419 G C exonic MBD3L5 . nonsynony MBD3L5:N 19p13.2 . .
chr19 44477666 44477666 G C exonic ZNF180 . nonsynony ZNF180:NM19q13.31 . .
chr19 44479350 44479350 G C exonic ZNF180 . nonsynony ZNF180:NM19q13.31 . .
chr19 44497294 44497294 A G exonic ZNF180 . nonsynony ZNF180:NM19q13.31 . .
chr2 1.12E+08 1.12E+08 C A exonic RGPD5;RGP. nonsynony RGPD8:NM2q14.1 . .
chr20 18630471 18630471 G T exonic DTD1 . nonsynony DTD1:NM_ 20p11.23 . .
chr21 46152330 46152330 G A exonic FTCD-AS1 . nonsynony FTCD-AS1:N21q22.3 . .
chr22 15528913 15528913 C T exonic OR11H1 . nonsynony OR11H1:NM22q11.1 1.65E-05 0
chr22 16783675 16783675 G T exonic XKR3 . nonsynony XKR3:NM_022q11.1 . .
chr22 16784234 16784234 A C exonic XKR3 . nonsynony XKR3:NM_022q11.1 0.0037 0.0094
chr22 25039061 25039061 G T exonic KIAA1671 . nonsynony KIAA1671:N22q11.23 . .
chr3 58008784 58008784 C T exonic FLNB . stopgain FLNB:NM_03p14.3 . .
chr7 76533992 76533992 T A exonic SPDYE16 . nonsynony SPDYE16:N 7q11.23 . .
chr9 39358957 39358957 C T exonic SPATA31A1. nonsynony SPATA31A19p12 . .

Appendix A: Supplemental Table 1. List of shared, rare homozygous variants in two exomes.

ExAC_AMR ExAC_EAS ExAC_FIN ExAC_NFE ExAC_OTH ExAC_SAS avsnp150 DamagePreSIFT_pred SIFT4G_prePolyphen2_Polyphen2_LRT_pred
. . . . . . rs55667172 0.1 . . . . .
. . . . . . rs28609879 0.1 . . . . .
. . . . . . rs28609879 0.1 . . . . .
. . . . . . rs3882061 . . . . . .
. . . . . . rs77814877 0.2 . T . . .
. . . . . . . 1.2 T T B B N
. . . . . . rs19953079 0.18 T T B B N
. . . . . . rs2071426 . . . . . .

0.0031 0.0009 0.0011 0.0098 0.0135 0.0009 rs71025763. . . . . .
. . . . . . . . . . . . .
. . . . . . rs4268525 0 . . . . .

0.0029 0.0003 0.0011 0.0045 0.0092 0.0169 rs14627674 1.19 T T B B N
. . . . . . rs9603837 1.4 . D . . .
. . . . . . rs4940595 0 . . . . .
. . . . . . rs87920922 7.19 D D D D D
. . . . . . rs1897820 1.3 . D . . .
. . . . . . rs2253563 1.3 . D . . .
. . . . . . rs2571108 0.3 . T . . .
. . . . . . rs71227755 0.19 T T B B .
. . . . . . rs6045525 0.3 . . . . .
. . . . . . rs4819208 . . . . . .

0 0 0 3.00E-05 0 0 rs78350717 5.16 D D . . D
. . . . . . rs5748622 0.17 T . P B U

0.0019 0.0046 0 0.0045 0.0086 0 rs5748623 0.18 T T B B N
. . . . . . rs73157984 0.19 T T B B N
. . . . . . . 6.6 . . . . D
. . . . . . rs1754169 0.5 . T . . .
. . . . . . rs10125162 0.12 . T . . N
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MutationTaMutationAsFATHMM_pPROVEAN_ VEST4_scorMetaSVM_ MetaLR_pr M-CAP_preREVEL_scorMutPred_s MVP_scoreMPC_scorePrimateAI_
. . . . . . . . . . . . .
. . . . . . . . . . . . .
. . . . . . . . . . . . .
. . . . . . . . . . . . .
. . . . 0.059 . . . . . . . .
N N T N 0.072 T T D 0.179 0.296 0.03 . T
P . T N 0.05 T T . 0.034 . . . T
. . . . . . . . . . . . .
. . . . . . . . . . . . .
. . . . . . . . . . . . .
. . . . 0.073 . . . . . . . .
N L T N 0.134 T T . 0.068 . 0.727 0.312 T
. . . . 0.037 . . . . . . . .
. . . . 0.36 . . . . . . . .
N M . D 0.691 T T T 0.094 . . . T
. . . . 0.204 . . . . . . . .
. . . . 0.191 . . . . . . . .
. . . . 0.064 . . . . . . . .
N N T N 0.05 T T T 0.039 . 0.03 . T
P . . . . . . . . . . . .
. . . . . . . . . . . . .
. . T D 0.323 T T T 0.05 . 0.474 . T
P N T N 0.142 T T . 0.078 0.093 0.319 2.5 .
P N T N 0.034 T T . 0.059 . . 2.05 .
N L . N 0.143 T T T 0.011 0.245 0.048 . T
A . . . 0.871 . . . . . . . .
N . . . 0.33 . . . . . . . .
N . . . 0.182 T T T 0.028 . 0.014 . .

DEOGEN2_ BayesDel_aBayesDel_nClinPred_p LIST-S2_preCADD_raw CADD_phreDANN_scorfathmm-M fathmm-XF Eigen-raw_ Eigen-phredEigen-PC-ra
T . . . . -1.04 0.006 . . . . . .
T . . . . -0.711 0.041 . . . . . .
T . . . . -0.711 0.041 . . . . . .
. . . . . . . . . . . . .
. . . . T -0.317 0.287 . . . . . .
T T T T T -0.55 0.093 0.187 N N -1.963 0.011 -1.906
T T T T T -0.06 1.005 0.459 N N -2.089 0.006 -2.103
. . . . . . . . . . . . .
. . . . . . . . . . . . .
. . . . . . . . . . . . .
. . . . . 5.025 33 . . . . . .
T T T T T 1.561 16.12 0.992 D N -0.57 1.042 -0.498
T . . . T 1.053 12.27 0.89 N . . . .
. . . . . 4.806 33 . . . . . .
T T T T T 1.975 19.07 0.955 N N -0.232 1.79 -0.561
T . . . T 1.601 16.38 . . . . . .
T . . . T 1.158 13.3 . . . . . .
T . . . T 0.209 3.23 . . . . . .
T T T T T -0.257 0.384 0.138 N N -1.967 0.011 -1.852
. . . . T -0.23 0.441 0.366 N . . . .
. . . . . . . . . . . . .
T T T T D 1.867 18.24 0.996 N N -0.162 1.986 -0.435
T T T T T 0.705 8.501 0.5 N N -1.163 0.254 -1.311
T T T T T -0.023 1.2 0.435 N N -1.684 0.039 -1.637
T T T T T -0.446 0.154 0.639 N N -1.534 0.071 -1.673
. D D . . 7.929 40 0.998 D D 1.186 22.543 1.045
T . . . T 0.78 9.195 0.167 N . . . .
. T T T T 1.29 14.32 0.986 N N -0.943 0.468 -1.063
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Eigen-PC-phGenoCanyointegrated_GM12878_ H1-hESC_fi HUVEC_fitCLINSIGHT GERP++_NRGERP++_RSphyloP100wphyloP30w phyloP17w phastCons1
. . . . . . . . . -8.328 -3.489 -1.339 0
. . . . . . . . . -3.619 -1.636 -2.207 0
. . . . . . . . . -3.619 -1.636 -2.207 0
. . . . . . . . . . . . .
. . . . . . . . . -0.631 -0.813 -1.042 0.001

0.021 0 0.638 0.588 0.574 0.668 . . . 0.994 -1.32 -1.235 0.054
0.008 0 0.428 0.547 0.547 0.613 . 1.05 -0.525 -0.852 -0.488 -0.947 0

. . . . . . . . . . . . .

. . . . . . . . . . . . .

. . . . . . . . . . . . .

. . . . . . . . . -0.597 0.002 -0.452 0
1.205 0.999 0.722 0.59 0.59 0.735 . 4.35 3.44 1.09 1.176 0.674 0.876

. 1 0.057 0.063 0.074 0.063 0.079 5.09 4.24 0.246 0.187 -0.165 0

. . . . . . . . . -2.106 -1.454 -1.727 0
1.106 0 0.554 0.588 0.574 0.564 . 1.65 0.572 1.233 0.653 0.449 0.011

. . . . . . . . . 1.373 1.176 0.676 0.004

. . . . . . . . . 0.964 0.128 -0.174 0.244

. . . . . . . . . 0.134 -0.138 -0.774 0.063
0.027 0 0.638 0.67 0.618 0.668 . 2.33 2.33 0.391 0.226 -0.593 0

. 0.489 0.078 0.094 0.084 0.063 0.047 0.046 0.046 -1.863 -1.278 -1.682 0

. . . . . . . . . . . . .
1.311 0 0.487 0.574 0.574 0.564 . 0.585 0.585 1.603 -0.869 0.339 0.004
0.202 0.802 0.487 0.574 0.547 0.564 . 0.762 -0.592 0.287 0.33 0.3 0.015
0.065 0.999 0.534 0.611 0.616 0.584 . 0.771 -0.723 0.053 -0.558 -0.641 0.995
0.057 0.952 0.563 0.563 0.616 0.636 . 3.07 -6.13 -1.394 -0.81 -0.135 0

21.934 1 0.442 0.522 0.522 0.562 . 5.52 5.52 7.749 1.023 0.549 1
. 0 0.054 0.061 0.063 0.057 0.045 . . 0.198 0.268 0.223 0.002

0.415 0 0.487 0.574 0.574 0.564 . 2.01 1.09 0.585 0.037 -0.296 0.003

phastCons3phastCons1bStatistic Interpro_doGTEx_V8_gGTEx_V8_t cosmic92 CLNALLELE CLNDN CLNDISDB CLNREVSTACLNSIG Otherinfo
0 0 . . . . . . . . . . 1
0 0 . . . . . . . . . . 1
0 0 . . . . . . . . . . 1

. . . . . . . . . . . . 1
0.003 0.014 889 Neuroblast . . . . . . . . 1
0.019 0.011 751 Pleckstrin_ . . . . . . . . 1

0 0.004 920 Nuclear_Te. . ID=COSV67. . . . . 1
. . . . . . ID=COSV64 389841 not_specifi MedGen:CNcriteria_proBenign 1
. . . . . . . . . . . . 1
. . . . . . . . . . . . 1

0.534 0.013 751 GPCR,_rhodVWA5A;ORTestis;Colo . . . . . . 1
0.107 0.033 711 . . . . . . . . . 1
0.002 0.002 976 . ADPRHL1;GSpleen;ColoID=COSV50. . . . . 1

0 0.014 969 Serpin_domSERPINB3;STestis;Esop . . . . . . 1
0.001 0.003 964 Methyl-CpG. . ID=COSV99. . . . . 1
0.994 0.911 900 . ZNF285B;Z Skin_Not_S. . . . . . 1
0.212 0.241 900 Krueppel-a ZNF285B;Z Brain_Fron . . . . . . 1
0.004 0.017 884 . ZNF285B;Z Skin_Not_S. . . . . . 1
0.211 0.021 915 . . . ID=COSV56. . . . . 1

0 0 641 . . . . . . . . . 1
. . . . . . . . . . . . 1

0.017 0.305 . GPCR,_rhod 0 Thyroid;TesID=COSV53. . . . . 1
0.006 0.004 . . 0 Whole_Blo . . . . . . 1
0.031 0.025 . . 0 Whole_Blo ID=COSV58. . . . . 1

0 0.001 934 . . . . . . . . . 1
0.999 0.999 721 Calponin_h. . . . . . . . 1
0.003 0.003 904 . . . ID=COSV58. . . . . 1
0.004 0.014 988 SPATA31/F . . ID=COSV66. . . . . 1
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1 1 1 1 1 1 1 1 1 1 1 1
830.06 19 chr1 13223492 . A G 830.06 . AC=2;AF=1 GT:AD:DP:G1/1:0,19:19:57:844,57,
830.06 19 chr1 13223511 . T C 830.06 . AC=2;AF=1 GT:AD:DP:G1/1:0,19:19:57:844,57,
830.06 19 chr1 13223511 . T C 830.06 . AC=2;AF=1 GT:AD:DP:G1/1:0,19:19:57:844,57,
822.06 21 chr1 1.2E+08 . T G 822.06 . AC=2;AF=1 GT:AD:DP:G1/1:0,21:21:63:836,63,

78.14 4 chr1 1.49E+08 . T C 78.14 . AC=2;AF=1 GT:AD:DP:G1/1:0,4:4:12:92,12,0
158.97 6 chr10 45826906 . G C 158.97 . AC=2;AF=1 GT:AD:DP:G1/1:0,6:6:18:173,18,0
280.06 10 chr10 87234695 . G A 280.06 . AC=2;AF=1 GT:AD:DP:G1/1:0,10:10:30:294,30,

1290.06 45 chr10 95068566 . T C 1290.06 . AC=2;AF=1 GT:AD:DP:G1/1:0,45:45:99:1304,13
737.01 74 chr11 1629969 . A AGGCTGTG 737.01 . AC=2;AF=1 GT:AD:DP:G1/1:0,74:74:99:2819,22

3940.03 95 chr11 71527629 . C CCTGCTGCC 3940.03 . AC=2;AF=1 GT:AD:DP:G1/1:2,93:95:99:3954,19
3265.06 110 chr11 1.24E+08 . C G 3265.06 . AC=2;AF=1 GT:AD:DP:G1/1:0,110:110:99:3279
2063.06 66 chr11 1.25E+08 . G A 2063.06 . AC=2;AF=1 GT:AD:DP:G1/1:0,66:66:99:2077,19

112.14 4 chr13 1.13E+08 . G A 112.14 . AC=2;AF=1 GT:AD:DP:G1/1:0,4:4:12:126,12,0
4363.06 142 chr18 63712604 . G T 4363.06 . AC=2;AF=1 GT:AD:DP:G1/1:0,142:142:99:4377

200.02 7 chr19 7032419 . G C 200.02 . AC=2;AF=1 GT:AD:DP:G1/1:0,7:7:21:214,21,0
3377.06 103 chr19 44477666 . G C 3377.06 . AC=2;AF=1 GT:AD:DP:G1/1:0,103:103:99:3391
2829.06 92 chr19 44479350 . G C 2829.06 . AC=2;AF=1 GT:AD:DP:G1/1:0,92:92:99:2843,27
2425.06 84 chr19 44497294 . A G 2425.06 . AC=2;AF=1 GT:AD:DP:G1/1:0,84:84:99:2439,25

216.04 8 chr2 1.12E+08 . C A 216.04 . AC=2;AF=1 GT:AD:DP:G1/1:0,8:8:24:230,24,0
37.32 2 chr20 18630471 . G T 37.32 . AC=2;AF=1 GT:AD:DP:G1/1:0,2:2:6:49,6,0
98.84 3 chr21 46152330 . G A 98.84 . AC=2;AF=1 GT:AD:DP:G1/1:0,3:3:9:112,9,0

4096.06 153 chr22 15528913 . C T 4096.06 . AC=2;AF=1 GT:AD:DP:G1/1:4,149:153:99:4110
1320.06 43 chr22 16783675 . G T 1320.06 . AC=2;AF=1 GT:AD:DP:G1/1:0,43:43:99:1334,12
1819.06 58 chr22 16784234 . A C 1819.06 . AC=2;AF=1 GT:AD:DP:G1/1:0,58:58:99:1833,17
5127.06 169 chr22 25039061 . G T 5127.06 . AC=2;AF=1 GT:AD:DP:G1/1:0,169:169:99:5141

19389.06 651 chr3 58008784 . C T 19389.06 . AC=2;AF=1 GT:AD:DP:G1/1:0,651:651:99:1940
240.04 8 chr7 76533992 . T A 240.04 . AC=2;AF=1 GT:AD:DP:G1/1:0,8:8:24:254,24,0

1644.06 53 chr9 39358957 . C T 1644.06 . AC=2;AF=1 GT:AD:DP:G1/1:1,52:53:99:1658,13

,0
,0
,0
,0

,0
35,0
21,0
95,0

9,330,0
95,0

7,426,0

1,307,0
76,0
52,0

0,342,0
29,0
74,0

1,501,0
03,1949,0

31,0
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Appendix B: Supplementary Table 2: Homozygous and compound heterozygous variants in FLNB causing SCT 

Variant Variant type Pathogenecity Zygosity Accessio
n 

Reference 

c.28G>T
p.(Glu10Ter)

Stop-gain Pathogenic Homozygous - Salian et al., 2018 

c.220C>T
p.(Gln74Ter)

Stop-gain Pathogenic Homozygous - This study 

c.1429delinsCT
p.(Val477LeufsX
2)

Framshift Pathogenic Homozygous - Salian et al., 2018 

c.1204delG
(p.Val402fs)

Deletion Pathogenic Homozygous SCV0020
53948.1 

Submitted by Kasturba Medical College, Manipal, India: 
https://www.ncbi.nlm.nih.gov/clinvar/variation/1332815/ 
Salian et al., 2018 

c.1243C>T
(p.Arg415Ter)

Stop-gain 
Pathogenic 

Homozygous SCV0020
53837.1 

Submitted by Kasturba Medical College, Manipal, India: 
https://www.ncbi.nlm.nih.gov/clinvar/variation/1332749/ 
Salian (2018) Clin Genet 94, 159; Salian et al., 2018 

c.1429delinsCT
(p.Val477fs)

Indel/ 
termination 

Pathogenic Homozygous SCV0020
54000.1 

Submitted by Kasturba Medical College, Manipal, India: 
https://www.ncbi.nlm.nih.gov/clinvar/variation/1332844/ 

c.1493delA
(p.Glu498fs) Deletion/ 

termination 

Pathogenic Homozygous SCV0020
53989.1 

Submitted by Kasturba Medical College, Manipal, India: 
https://www.ncbi.nlm.nih.gov/clinvar/variation/1332839/ 
Salian et al., 2018 

c.1592dup
(p.His532fs)

Duplication/ 
termination 

Pathogenic Homozygous RCV0007
82185 

Salian et al., 2018 

c.1945C>T
(p.Arg649Ter)

Stop-gain Pathogenic Homozygous VCV000
021280 

Krakow et al., 2004 

c.1945C>T
(p.Arg649Ter)

Stop-gain Pathogenic Compound 
heterozygous* 

VCV000
021280 

Farrington-Rock et al., 2008 

c.2452C>T
(p.Arg818Ter)

Stop-gain Pathogenic Compound 
heterozygous** 

RCV0000
06768 

Submitted by OMIM 
https://www.ncbi.nlm.nih.gov/clinvar/variation/6396/ 
Krakow et al., 2004 

c.2911dupG
(p.Ala971fs)

Duplication/ 
termination 

Pathogenic Homozygous VCV002
190805 

Yasin et al. 2021 

c.4671G>A 
(p.Ser1505ArgfsX
33) 

Termination  Pathogenic  Compound 
heterozygous*   

- Farrington-Rock et al., 2008 

c.4819C>T 
(p.Arg1607Ter) 

Stop-gain Likely 
pathogenic 

Compound  
heterozygous** 

RCV0000
06769 

Submitted by Johns Hopkins Genomics, Johns Hopkins 
Univ. 
Krakow et al., 2004 

c.5548G>T 
(p.Gly1850Ter) 

Stop gain Pathogenic  Homozygous  RCV0000
06777 

Brunetti-Pierri et al. (2008) 

c.5917G>A 
(p.Glu1973Lys) 
 

single 
nucleotide 
variant 

Uncertain 
significance  
 

 SCV0027
86225.1 

Submitted by Fulgent Genetics, Fulgent Genetics 
https://www.ncbi.nlm.nih.gov/clinvar/variation/346353/ 

c.6010C>T 
(p.Arg2004Ter) 
 

Stop-gain Pathogenic 
 

Homozygous RCV0000
06776 

Submitted by OMIM 
https://www.ncbi.nlm.nih.gov/clinvar/variation/6407/ 
Mitter et al., 2008; Farrington-Rock et al., 2008 

c.6317delC Deletion  Pathogenic    Salian et al., 2018 
c.6408delC 
(p.Ser2137fs) 

Deletion Pathogenic Homozygous RCV0000
06767 

Submitted by OMIM 
https://www.ncbi.nlm.nih.gov/clinvar/variation/6395/ 
Krakow et al., 2004 

c.7029 T>G 
(p.Tyr2343Ter) 

Stop-gain Pathogenic Homozygous VCV000
021297 

Krakow et al., 2004 

c.7621dupG 
(p.Ser2542Leufs*

82) 

Duplication  Pathogenic Homozygous  - Yang et al., 2017 

 FLNB (NM_001457.4) 

*, compound heterozugous detected in patient  

**, compound heterozugous detected in patient  
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