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1 | INTRODUCTION

Orofaciodigital syndrome (OFD) comprises a heteroge-
neous group of disorders characterized by short stature,
micrognathia, hypertelorism, cleft lip and palate, poly-
dactyly, and various brain structural anomalies. Variable
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Abstract

Orofaciodigital syndrome (OFD) is clinically heterogeneous and is characterized
by abnormalities in the oral cavity, facial features, digits, and central nervous
system. At least 18 subtypes of the condition have been described in the liter-
ature. OFD is caused by variants in several genes with overlapping phenotypes.
We studied a consanguineous Pakistani family with two affected siblings with an
atypical form of OFD type 4 (OFD4). In addition to the typical features of OFD4
that include limb defects and growth retardation, the siblings displayed rare fea-
tures of scaphocephaly and seizures. Exome sequencing analysis revealed a novel
homozygous splice site variant ¢.257-1G>A in TCTN3 that segregated with dis-
ease. This homozygous splice site variant in TCTN3 is most likely the underlying
cause of the atypical form of OFD4 observed in this family. Our results contribute
to the phenotypic spectrum of TCTN3 associated ciliopathies and will facilitate
better clinical diagnosis.
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expressivity and appearance of atypical features can also
occur making it difficult to diagnose.

Based on genetic etiology and clinical description, OFD
has been classified into 18 subtypes. At least 10 of these
subtypes display an autosomal recessive (Bruel et al., 2017;
Thevenon et al., 2016) and two an X-linked recessive/
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dominant mode of inheritance (Bouman et al., 2017;
Edwards et al., 1988). Additionally, there are few cases
for which the classification status of OFD subtype is
uncertain (Saari et al., 2015; Thevenon et al., 2016). Nine-
teen genes involved in OFD etiology have been reported,
some of which are involved in ciliogenesis, apoptosis, and
RNA metabolism (Bruel et al., 2017; Yamada et al., 2019).
Variants in some of these genes also cause other condi-
tions including Joubert syndrome (MIM: 614615) (Srour
et al., 2012), Meckel syndrome (MIM: 617562) (Shaheen
et al., 2015), short-rib thoracic dysplasia with or with-
out polydactyly (MIM: 615630) (Halbritter et al., 2013),
Bardet-Biedl syndrome (MIM: 615992) (Kim et al., 2010),
and Simpson-Golabi-Behmel syndrome (MIM: 300209)
(Budny et al., 2006).

In this study, we have clinically and genetically charac-
terized a consanguineous family segregating OFD type 4
(OFD4) (MIM: 258860) with an autosomal recessive mode
of inheritance. Exome and Sanger sequencing was used to
identify a novel homozygous splice site variant in TCTN3
that segregates with OFD4.

2 | MATERIALS AND METHODS

2.1 | Ethical approval

The study was approved by Institutional Review Board
(IRBs) at Quaid-i-Azam University, Islamabad, Pak-
istan (IRB# QAU-155) and Columbia University (IRB#
AAAS3421). Members of the consanguineous family
(BD432) segregating with orofaciodigital syndrome type
4 were recruited from the Punjab province of Pakistan
(Figure 1a). Informed written consent to conduct clinical
and genetic studies was obtained from adult family mem-
bers and parents consented for their children. Genomic
DNA from blood samples of two affected (IV-1, IV-2) and
four unaffected (IV-3, IV-4, III-1, I1I-2) family members
were extracted using QIAamp DNA Mini DNA extraction
kit (QIAGEN).

2.2 | Exome sequencing

Genomic DNA obtained from affected family member
(IV-2) underwent exome sequencing (Figure 1a). Exome
library preparation was performed using the SureSelect
Human All Exon V6 kit (60.45 MB). Barcoded libraries
were pooled, and paired-end sequencing was performed
on an Illumina HiSeq with average on-target coverage of
130%. Reads were aligned to GRCh37/Hg19 using Burrows-
Wheeler Aligner (BWA-MEM) (Li & Durbin, 2009). Dupli-
cate removal was performed using Picard (Picard toolkit,

2019) and indel-realignment, quality recalibration, and
single nucleotide and small insertion/deletion variant
detection and calling were performed using the Genome
Analysis Toolkit (GATK) (McKenna et al., 2010).

Variants were annotated using ANNOtate VARiation
(ANNOVAR) (Wang et al., 2010). Variants selected for
further analysis were those affecting structure of exons
and splice sites (12 bp). The filtering was performed
using a population specific minor allele frequency (MAF)
of < 0.005 in every population included in the Genome
Aggregation Database (gnomAD) (Karczewski et al., 2020)
and the Greater Middle East Variome Project (GME) (Scott
etal., 2016) along with Kaviar allele count of < 10. Homozy-
gous and compound heterozygous variant was selected fol-
lowing an autosomal recessive or X-linked pattern of inher-
itance. Homozygous variants present in local exomes were
excluded. A CADD-Phred score of > 20 and at least one
pathogenicity prediction from MutationTaster, PolyPhen-
2 or SIFT obtained from dbnsfp35a (Liu et al., 2016) and
dbscSNV1 (Jian et al., 2014) was used. Finally, litera-
ture review of gene functions and phenotypic reports in
human and mice helped in prioritizing variants to be tested
for segregation in all six family members using Sanger
sequencing.

3 | RESULTS

3.1 | Clinical description

Affected male family member (IV-1) was 3 years and 8
months of age at the time of recruitment. He was born to
a consanguineous healthy couple. He had a mild degree of
short stature, scaphocephaly (Figure 1b(ii)) and metatar-
sus adductus in the right foot caused mainly by shorten-
ing of the medial cuneiform bone (Figure 1b(vi)). He also
has bent radii (Figure 1b(vii) and growth retardation of
skeletal elements on the right side of the body which is
prominent in tarsals, carpals, and greater trochanter bone
(Figure 1b(vi—uviii)). Skull radiograph revealed beaten cop-
per skull appearance (Figure 1b(iv)). His affected brother
(IV-2) displayed similar features including a mild degree
of short stature, scaphocephaly, and metatarsus adductus
in both feet. He also had unclassified seizures.

3.2 | Exome analysis

Exome analysis revealed homozygous variants in two
genes: TCTN3 (NM_015631.6:¢.257-1G>A) and ARHGAP17
(p.(Arg35His); Table S1). Both variants were tested for seg-
regation using Sanger sequencing which showed that only
the TCTN3 splice site variant [NM_015631.6: ¢.257-1G>A]
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Genetic and clinical data. Pedigree drawing for consanguineous Pakistani pedigree BD432 segregating OFD4 (Panel a). Two

affected individuals (IV-1 and IV-2) were homozygous for the TCTN3 variant [c.257-1G>A]. Three individuals (III-1, III-2, and IV-4) were
carriers and IV-3 was homozygous wildtype. Variant genotypes are shown under each individual with an available DNA sample. Pictures and
x-rays for affected individual IV-1 (Panel b). Pictures showing scaphocephaly (i-ii) and metatarsus adductus (iii). X-rays of affected individual
IV-1 displaying scaphocephaly and beaten copper skull appearance (iv-v), smaller cuneiform bone of right foot (vi), short carpal bones in the
right hand and bowed radii (vii) and hypoplastic greater trochanter of right femur (viii). Sanger sequencing chromatograms showing splice
site variant [c.257-1G>A] for a wildtype normal (IV-3), a heterozygous carrier (III-1) and a homozygous affected (IV-2) individual (Panel c)

(ClinVar accession number SCV001162780.1) segregated
with the phenotype (Figure 1a,c; Table S2). This variant
was not observed in gnomAD and GME. It has a CADD
score of 25.1 and a GERP++_RS score of 5.03. The variant
islocated at a conserved canonical 3’ acceptor splice site in
the first intron of the gene. It is predicted to be disease caus-
ing by MutationTaster and to impact splicing by both dbsc-
SNV1.1 (ADA: 1.00; RF: 0.95), human splicing finder v3.1
(Desmetetal.,2009) and SpliceAl (Jaganathan et al., 2019).

SpliceAl predicted a complete loss of the canonical accep-
tor site, c.257-1G>A, and a gain of an acceptor site within
intron 1 at position —37. It is predicted to lead to retention
of 36 bp of intronic sequence in the mRNA which trans-
lates 12 amino acids longer protein without a frameshift
(Figure S1). The splice site variant in TCTN3 was classified
as pathogenic (PVS1, PM2, PP1) according to the American
College of Medical Genetics (ACMG) guidelines (Richards
et al., 2015).
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4 | DISCUSSION

We report on a novel homozygous splice site variant in
TCTN3 causing OFD4 in a consanguineous family with
two affected children. Previously, a compound heterozy-
gous and five homozygous TCTN3 variants with OFD4
have been reported in families of different ancestries (Al-
Dewik et al., 2019; Thomas et al., 2012; Yadava & Ashki-
nadze, 2019). Variants in TCTN3 have also been reported to
be involved in the etiology of Joubert syndrome and con-
genital heart defects (Chen et al., 2019; Huppke et al., 2015).
Frameshift and nonsense variants have been observed
more often with OFD4, whereas missense variants are
more closely associated with other disorders. (Table S3).

TCTN3, located on chromosome 10q24.1, encodes a 607
amino acid transmembrane protein which localizes to the
ciliary transition zone and regulates protein trafficking
into the cilium (Garcia-Gonzalo et al., 2011). The cilium
has essential role in osteogenesis and patterning of skeletal
elements (Haycraft et al., 2007). Additionally, it also acts
as a regulator of apoptosis (Park et al., 2007). The role of
TCTN3 in the sonic hedgehog and apoptotic pathways was
uncovered in Tctn3-knockout mice that displayed neuronal
apoptosis with malformations of neural tube and limbs
(Wang et al., 2018). Neuronal apoptosis has been associ-
ated with epileptic seizures (Méndez-Armenta et al., 2014),
implicating the role of TCTN3 in seizures observed in this
family.

OFD is a severe condition, with a few subtypes reported
to be lethal. OFD type 1, is X-linked male-lethal (Bouman
et al., 2017). The phenotype in the presented family is
less severe than the earlier reports with TCTN3 variants,
polydactyly and oral abnormalities being absent and long
bone hypoplasia being milder (Thomas et al., 2012). In
the affected family members of BD432 two clinical fea-
tures scaphocephaly and seizures were observed that are
not usually associated with OFD4. Scaphocephaly was
reported in a patient with OFD4 in a clinical report, for
which the underlying genetic cause is unknown (Rosing
et al., 2008). Epilepsy and seizures have been reported in
patients with other subtypes of OFD but not with OFD4
(Degner et al., 1999; Wentzensen et al., 2016). It should be
noted that since seizures were only observed in one brother
(IV-2) it is possible that this phenotype may be unrelated
to OFD4. Metatarsus adductus, observed in both affected
family members, is emerging as a pathognomonic feature
of OFD4 along with talipes and bowing and hypoplasia
of long bones (Bruel et al., 2017). Previously, talipes has
been associated with three out of six variants in TCTN3
reported with OFD4 (Thomas et al., 2012; Yadava & Ashk-
inadze, 2019). The absence of typical features of OFD such
as cleft lip/plate, tongue hamartoma, and polydactyly and

the presence of features not usually observed in OFD make
this case a unique clinical entity.

The presence of consanguinity suggests the role of rare
homozygous variants in the disease pathogenesis. These
variants may be coding or noncoding and have variable
effects on the phenotype. However, the nature of variant
in the key gene is important in defining the overall pheno-
type. The splice site variant in TCTN3 was predicted to lead
to a longer protein which might have a different effect on
the protein function compared to both loss of function and
missense variants, explaining the atypical presentation of
the syndrome in this family.

In conclusion, we have identified a novel homozygous
splice site variant in TCTN3 segregating with a rare presen-
tation of OFD4 in a consanguineous family. The phenotype
expansion will be helpful in aiding accurate clinical diag-
nosis in the future.

ACKNOWLEDGMENTS

The authors would like to thank the family members who
participated in this study. This work was partially funded
by Higher Education Commission (HEC) of Pakistan.

AUTHOR CONTRIBUTIONS

SH drafted the manuscript and performed experimen-
tal work, SN prepared samples for Sanger sequencing,
HK performed clinical evaluation, AA prepared sam-
ples for exome sequencing, IS analyzed exome sequence
data analysis, WA and SML designed the study and
revised the manuscript. All authors read and approved the
manuscript.

CONFLICTS OF INTEREST
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
Data obtained for this study is available from the corre-
sponding author.

REFERENCES

Al-Dewik, N., Mohd, H., Al-Mureikhi, M., Ali, R., Al-Mesaifri,
F., Mahmoud, L., Shahbeck, N., El-Akouri, K., Almulla, M.,
Sulaiman, R. A., Musa, S., Al-Nabet Al-Marri, A., Richard, G.,
Juusola, J., Solomon, B. D., Alkuraya, F. S., & Ben-Omran, T.
(2019). Clinical exome sequencing in 509 middle eastern fami-
lies with suspected mendelian diseases: The Qatari experience.
American Journal of Medical Genetics Part A, 179(6), 927-935. https:
//doi.org/10.1002/ajmg.a.61126

Bouman, A., Alders, M., Oostra, R. J., van Leeuwen, E., Thuijs, N.,
van der Kevie-Kersemaekers, A. M., & van Maarle, M. (2017). Oral-
facial-digital syndrome type 1 in males: congenital heart defects
are included in its phenotypic spectrum. American Journal of
Medical Genetics Part A, 173(5), 1383-1389. https://doi.org/10.1002/
ajmg.a.38179


https://doi.org/10.1002/ajmg.a.61126
https://doi.org/10.1002/ajmg.a.61126
https://doi.org/10.1002/ajmg.a.38179
https://doi.org/10.1002/ajmg.a.38179

HUSSAIN ET AL.

Bruel, A. L., Franco, B., Duffourd, Y., Thevenon, J., Jego, L., Lopez,
E., Deleuze, J.-F., Doummar, D., Giles, R. H., Johnson, C. A.,
Huynen, M. A., Chevrier, V., Burglen, L., Morleo, M., Desguerres,
1., Pierquin, G., Doray, B., Gilbert-Dussardier, B., Reversade,
B., ... Thauvin-Robinet, C. (2017). Fifteen years of research on
oral-facial-digital syndromes: From 1 to 16 causal genes. Jour-
nal of medical genetics, 54(6), 371-380. https://doi.org/10.1136/
jmedgenet-2016-104436

Budny, B., Chen, W., Omran, H., Fliegauf, M., Tzschach, A,
Wisniewska, M., Jensen, L. R., Raynaud, M., Shoichet, S. A,
Badura, M., Lenzner, S., Latos-Bielenska, A., & Ropers, H. H.
(2006). A novel X-linked recessive mental retardation syndrome
comprising macrocephaly and ciliary dysfunction is allelic to oral-
facial-digital type I syndrome. Human Genetics, 120(2), 171-178.
https://doi.org/10.1007/s00439-006-0210-5

Chen, H. X,, Yang, Z. Y., Hou, H. T., Yang, Q., Liu, L., & He, G.
W. (2019). Identification of two novel mutations from congenital
heart defects and related cellular function. The FASEB Journal,
33(S1), 374-376. https://doi.org/10.1096/fasebj.2019.33

Degner, D., Bleich, S., Riegel, A., & Riither, E. (1999). Orofaciodigi-
tal syndrome-a new variant? Psychiatric, neurologic and neurora-
diological findings. Fortschritte der Neurologie-psychiatrie, 67(12),
525-528. https://doi.org/10.1055/s-2007-995229

Desmet, F. O., Hamroun, D., Lalande, M., Collod-Béroud, G.,
Claustres, M., & Béroud, C. (2009). Human splicing finder: an
online bioinformatics tool to predict splicing signals. Nucleic Acids
Research, 37(9), e67-e67. https://doi.org/10.1093/nar/gkp215

Edwards, M., Mulcahy, D., & Turner, G. (1988). X-linked recessive
inheritance of an orofaciodigital syndrome with partial expression
in females and survival of affected males. Clinical Genetics, 34(5),
325-332. https://doi.org/10.1111/j.1399-0004.1988.tb02886.x

Garcia-Gonzalo, F. R., Corbit, K. C., Sirerol-Piquer, M. S.,
Ramaswami, G., Otto, E. A., Noriega, T. R., Seol, A. D., Robinson,
J. F., Bennett, C. L., Josifova, D. J., Garcia-Verdugo, J. M., Katsanis,
N., Hildebrandt, F., & Reiter, J. F. (2011). A transition zone complex
regulates mammalian ciliogenesis and ciliary membrane compo-
sition. Nature Genetics, 43(8), 776. https://doi.org/10.1038/ng.891

Halbritter, J., Bizet, A. A., Schmidts, M., Porath, J. D., Braun, D. A., &
Gee, H. Y., McInerney-Leo, A. M., Krug, P, Filhol, E., Davis, E. E.,
Airik, R., Czarnecki, P. G., Lehman, A. M., Trnka, P., Nitschké, P.,
Bole-Feysot, C., Schueler, M., Knebelmann, B., ... UK10K Consor-
tium. (2013). Defects in the IFT-B component IFT172 cause Jeune
and Mainzer-Saldino syndromes in humans. The American Jour-
nal of Human Genetics, 93(5), 915-925. https://doi.org/10.1016/j.
ajhg.2013.09.012

Haycraft, C. J., Zhang, Q., Song, B., Jackson, W. S., Detloff, P. J,,
Serra, R., & Yoder, B. K. (2007). Intraflagellar transport is essen-
tial for endochondral bone formation. Development (Cambridge,
England), 134: 307-316. https://doi.org/10.1242/dev.02732

Huppke, P., Wegener, E., Bohrer-Rabel, H., Bolz, H. J., Zoll, B,
Girtner, J., & Bergmann, C. (2015). Tectonic gene mutations in
patients with Joubert syndrome. European Journal of Human
Genetics, 23(5), 616-620. https://doi.org/10.1038/ejhg.2014.160

Jaganathan, K., Panagiotopoulou, S. K., McRae, J. F., Darbandi, S.
F., Knowles, D., Li, Y. L., Kosmicki, J. A., Arbelaez, J., Cui, W,
Schwartz, G. B., & Chow, E. D. (2019). Predicting splicing from
primary sequence with deep learning. Cell, 176(3), 535-548. https:
//doi.org/10.1016/j.cell.2018.12.015

WILEY 2%

Jian, X., Boerwinkle, E., & Liu, X. (2014). In silico prediction of splice-
altering single nucleotide variants in the human genome. Nucleic
Acids Research, 42(22), 13534-13544. https://doi.org/10.1093/nar/
gkul206

Karczewski, K. J., Francioli, L. C., Tiao, G., Cummings, B. B,
Alfsldi, J., & Wang, Q., Collins, R. L., Laricchia, K. M., Ganna,
A., Birnbaum, D. P., Gauthier, L. D., Brand, H., Solomonson, M.,
Watts, N. A., Rhodes, D., Singer-Berk, M., Seaby, E. G., Kosmicki,
J. A, Walters, R. K., ... Genome Aggregation Database Consor-
tium. (2020). Variation across 141,456 human exomes and genomes
reveals the spectrum of loss-of-function intolerance across human
protein-coding genes. Nature, 581(7809), 434-443. https://doi.org/
10.1038/s41586-020-2308-7

Kim, S. K., Shindo, A., Park, T. J., Oh, E. C., Ghosh, S., Gray,
R. S., Lewis, R. A., Johnson, C. A., Attie-Bittach, T., Katsanis,
N., & Wallingford, J. B. (2010). Planar cell polarity acts through
septins to control collective cell movement and ciliogenesis. Sci-
ence, 329(5997), 1337-1340. https://doi.org/10.1126/science.1191184

Li, H., & Durbin, R. (2009). Fast and accurate short read alignment
with Burrows-Wheeler transform. Bioinformatics, 25(14), 1754—
1760. https://doi.org/10.1093/bioinformatics/btp 324

Liu, X., Wu, C., Li, C., & Boerwinkle, E. (2016). dbNSFP v3. 0: A
one-stop database of functional predictions and annotations for
human nonsynonymous and splice-site SNVs. Human Mutation,
37(3), 235-241. https://doi.org/10.1002/humu.22932

McKenna, A., Hanna, M., Banks, E., Sivachenko, A., Cibulskis, K.,
Kernytsky, A., Garimella, K., Altshuler, D., Gabriel, S., Daly, M.,
& DePristo, M. A. (2010). The genome analysis toolkit: A MapRe-
duce framework for analyzing next-generation DNA sequencing
data. Genome Research, 20(9), 1297-1303. https://doi.org/10.1101/
gr.107524.110

Méndez-Armenta, M., Nava-Ruiz, C., Judrez-Rebollar, D., Rodriguez-
Martinez, E., & Yescas Gomez, P. (2014). Oxidative stress associ-
ated with neuronal apoptosis in experimental models of epilepsy.
Oxidative Medicine and Cellular Longevity, 2014. 293689. https://
doi.org/10.1155/2014/293689

Park, K. M., Kang, E., Jeon, Y. J.,Kim, N., Kim, N. S., Yoo, H. S., Yeom,
Y., & Kim, S. J. (2007). Identification of novel regulators of apop-
tosis using a high-throughput cell-based screen. Molecules & Cells,
23(2), 170-174.

Richards, S., Aziz, N., Bale, S., Bick, D., Das, S., Gastier-Foster, J., &
Voelkerding, K. (2015). Standards and guidelines for the interpre-
tation of sequence variants: a joint consensus recommendation of
the American College of Medical Genetics and Genomics and the
Association for Molecular Pathology. Genetics in medicine, 17(5),
405-423. https://doi.org/10.1038/gim.2015.30

Rosing, B., Kempe, A., Berg, C., Kahl, P., Knopfle, G., Gembruch, U.,
& Geipel, A. (2008). Orofaciodigital syndrome Type IV (Mohr-
Majewski): early prenatal diagnosis in siblings. Ultrasound in
Obstetrics and Gynecology. The Official Journal of the Interna-
tional Society of Ultrasound in Obstetrics and Gynecology, 31(4),
457-460. https://doi.org/10.1002/u0g.5285

Saari, J., Lovell, M. A., Yu, H. C., & Bellus, G. A. (2015). Compound
heterozygosity for a frame shift mutation and a likely pathogenic
sequence variant in the planar cell polarity—ciliogenesis gene
WDPCP in a girl with polysyndactyly, coarctation of the aorta, and
tongue hamartomas. American Journal of Medical Genetics Part A,
167(2), 421-427. https://doi.org/10.1002/ajmg.a.36852


https://doi.org/10.1136/jmedgenet-2016-104436
https://doi.org/10.1136/jmedgenet-2016-104436
https://doi.org/10.1007/s00439-006-0210-5
https://doi.org/10.1096/fasebj.2019.33
https://doi.org/10.1055/s-2007-995229
https://doi.org/10.1093/nar/gkp215
https://doi.org/10.1111/j.1399-0004.1988.tb02886.x
https://doi.org/10.1038/ng.891
https://doi.org/10.1016/j.ajhg.2013.09.012
https://doi.org/10.1016/j.ajhg.2013.09.012
https://doi.org/10.1242/dev.02732
https://doi.org/10.1038/ejhg.2014.160
https://doi.org/10.1016/j.cell.2018.12.015
https://doi.org/10.1016/j.cell.2018.12.015
https://doi.org/10.1093/nar/gku1206
https://doi.org/10.1093/nar/gku1206
https://doi.org/10.1038/s41586-020-2308-7
https://doi.org/10.1038/s41586-020-2308-7
https://doi.org/10.1126/science.1191184
https://doi.org/10.1093/bioinformatics/btp
https://doi.org/10.1002/humu.22932
https://doi.org/10.1101/gr.107524.110
https://doi.org/10.1101/gr.107524.110
https://doi.org/10.1155/2014/293689
https://doi.org/10.1155/2014/293689
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1002/uog.5285
https://doi.org/10.1002/ajmg.a.36852

HUSSAIN ET AL.

2 | WILEY

Scott, E. M., Halees, A., Itan, Y., Spencer, E. G., He, Y., Azab,
M. A., Gabriel, S. B., Belkadi, A., Boisson, B., Abel, L., Clark,
A. G., Greater Middle East Variome Consortium, Alkuraya, F.
S., Casanova, J.- L., & Gleeson, J. G. (2016). Characterization of
Greater Middle Eastern genetic variation for enhanced disease
gene discovery. Nature Genetics, 48(9), 1071-1076. https://doi.org/
10.1038/ng.3592

Shaheen, R., Almoisheer, A., Faqeih, E., Babay, Z., Monies, D.,
Tassan, N., Abouelhoda, M., Kurdi, W., Mardawi, E. A., Khalil,
M. M. L, Seidahmed, M. Z., Alnemer, M., Alsahan, N., Sogaty,
S., Alhashem, A., Singh, A., Goyal, M., Kapoor, S., Alomar, R., &
Alkuraya, F. S. (2015). Identification of a novel MKS locus defined
by TMEM107 mutation. Human Molecular Genetics, 24(18), 5211-
5218. https://doi.org/10.1093/hmg/ddv242

Srour, M., Schwartzentruber, J., Hamdan, F. F.,, Ospina, L. H., Patry,
L., Labuda, D., Massicotte, C., Dobrzeniecka, S., Capo-Chichi, J.-
M., Papillon-Cavanagh, S., Samuels, M. E., Boycott, K. M., Shevell,
M. 1., Laframboise, R., Désilets, V., FORGE Canada Consortium,
Maranda, B., Rouleau, G. A., Majewski, J., & Michaud, J. L. (2012).
Mutations in C50RF42 cause Joubert syndrome in the French
Canadian population. The American Journal of Human Genetics,
90(4), 693-700. https://doi.org/10.1016/j.ajhg.2012.02.011

The Picard toolkit. Available: http://broadinstitute.github.io/picard/
Accessed (2019).

Thevenon, J., Duplomb, L., Phadke, S., Eguether, T., Saunier, A.,
Avila, M., Carmignac, V., Bruel, A. -L., Onge, J., Duffourd, Y.,
Pazour, G. J, Franco, B., Attie-Bitach, T., Masurel-Paulet, A.,
Riviere, J. -B., Cormier-Daire, V., Philippe, C., Faivre, L., &
Thauvin-Robinet, C. (2016). Autosomal recessive IFT57 hypomor-
phic mutation cause ciliary transport defect in unclassified oral-
facial-digital syndrome with short stature and brachymesopha-
langia. Clinical Genetics, 90(6), 509-517. https://doi.org/10.1111/
cge.12785

Thomas, S., Legendre, M., Saunier, S., Bessieres, B., Alby, C,
Bonniére, M., Toutain, A., Loeuillet, L., Szymanska, K., Jossic, F.,
Gaillard, D., Yacoubi, M. T., Mougou-Zerelli, S., David, A., Barthez,
M. -A,, Ville, Y., Bole-Feysot, C., Nitschke, P., Lyonnet, S., ... Attié-
Bitach, T. (2012). TCTN3 mutations cause Mohr-Majewski syn-
drome. The American Journal of Human Genetics, 91(2), 372-378.
https://doi.org/10.1016/j.ajhg.2012.06.017

Wang, B., Zhang, Y., Dong, H., Gong, S., Wei, B., Luo, M., Wang,
H., Wu, X., Liu, W,, Xu, X., Zheng, Y., & Sun, M. (2018). Loss of
Tctn3 causes neuronal apoptosis and neural tube defects in mice.
Cell Death & Disease, 9(5), 1-12. https://doi.org/10.1038/s41419-
018-0563-4

Wang, K., Li, M., & Hakonarson, H. (2010). ANNOVAR: functional
annotation of genetic variants from high-throughput sequencing
data. Nucleic Acids Research, 38(16), el64—el164. https://doi.org/10.
1093/nar/gkq603

Wentzensen, I. M., Johnston, J. J., Patton, J. H., Graham, J. M., Sapp,
J. C., & Biesecker, L. G. (2016). Exome sequencing identifies a
mutation in OFD1 in a male with Joubert syndrome, orofaciodigi-
tal spectrum anomalies and complex polydactyly. Human Genome
Variation, 3(1), 1-4. https://doi.org/10.1038/hgv.2015.69

Yadava, S. M., & Ashkinadze, E. (2019). Whole exome sequencing
for prenatal diagnosis in cases with fetal anomalies: Criteria to
improve diagnostic yield. Journal of Genetic Counseling, 28(2), 251-
255. https://doi.org/10.1002/jgc4.1045

Yamada, M., Uehara, T., Suzuki, H., Takenouchi, T., Fukushima,
H., Morisada, N., Tominaga, K., Onoda, M., & Kosaki, K. (2019).
IFT172 as the 19th gene causative of oral-facial-digital syndrome.
American Journal of Medical Genetics Part A, 179(12), 2510-2513.
https://doi.org/10.1002/ajmg.a.61373

SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher’s website.

How to cite this article: Hussain, S., Nawaz, S.,
Khan, H., Acharya, A., Schrauwen, 1., Ahmad, W.,,
& Leal, S. M. (2022). A splice site variant in TCTN3
underlies an atypical form of orofaciodigital
syndrome IV. Annals of Human Genetics, 86,
291-296. https://doi.org/10.1111/ahg.12462


https://doi.org/10.1038/ng.3592
https://doi.org/10.1038/ng.3592
https://doi.org/10.1093/hmg/ddv242
https://doi.org/10.1016/j.ajhg.2012.02.011
http://broadinstitute.github.io/picard/
https://doi.org/10.1111/cge.12785
https://doi.org/10.1111/cge.12785
https://doi.org/10.1016/j.ajhg.2012.06.017
https://doi.org/10.1038/s41419-018-0563-4
https://doi.org/10.1038/s41419-018-0563-4
https://doi.org/10.1093/nar/gkq603
https://doi.org/10.1093/nar/gkq603
https://doi.org/10.1038/hgv.2015.69
https://doi.org/10.1002/jgc4.1045
https://doi.org/10.1002/ajmg.a.61373
https://doi.org/10.1111/ahg.12462

	A splice site variant in TCTN3 underlies an atypical form of orofaciodigital syndrome IV
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Ethical approval
	2.2 | Exome sequencing

	3 | RESULTS
	3.1 | Clinical description
	3.2 | Exome analysis

	4 | DISCUSSION
	ACKNOWLEDGMENTS
	AUTHOR CONTRIBUTIONS
	CONFLICTS OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES
	SUPPORTING INFORMATION


