
This is a repository copy of Homozygous single base deletion in TUSC3 causes 
intellectual disability with developmental delay in an Omani family.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/102499/

Version: Accepted Version

Article:

Al-Amri, A, Saegh, AA, Al-Mamari, W et al. (6 more authors) (2016) Homozygous single 
base deletion in TUSC3 causes intellectual disability with developmental delay in an 
Omani family. American Journal of Medical Genetics Part A, 170 (7). pp. 1826-1831. ISSN 
1552-4825 

https://doi.org/10.1002/ajmg.a.37690

© 2016, Wiley. This is the peer reviewed version of the following article: "Al-Amri A, Saegh 
AA, Al-Mamari W, El-Asrag ME, Ivorra JL, Cardno AG, Inglehearn CF, Clapcote SJ, Ali M. 
2016. Homozygous single base deletion in TUSC3 causes intellectual disability with 
developmental delay in an Omani family. Am J Med Genet Part A 170A:1826–1831" which 
has been published in final form at http://dx.doi.org/10.1002/ajmg.a.37690. This article 
may be used for non-commercial purposes in accordance with Wiley Terms and 
Conditions for Self-Archiving. Uploaded in accordance with the publisher's self-archiving 
policy. 

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reuse 

Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright 
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy 
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The 
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White 
Rose Research Online record for this item. Where records identify the publisher as the copyright holder, 
users can verify any specific terms of use on the publisher’s website. 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 

mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/


1 
 

 

Homozygous Single Base Deletion in TUSC3 Causes Intellectual Disability with 

Developmental Delay in an Omani Family. 

 

Ahmed Al-Amri1,2,3, Abeer Al Saegh4, Watfa Al-Mamari5, Mohammed E. El-Asrag1,6, 

Jose L. Ivorra1,2, Alastair G. Cardno7, Chris F. Inglehearn1, Steven J. Clapcote2, Manir 

Ali1. 

 

1. Section of Ophthalmology & Neuroscience, Leeds Institute of Biomedical and 

Clinical Sciences, University of Leeds, United Kingdom. 

 

2. School of Biomedical Sciences, University of Leeds, United Kingdom. 

 

3. National Genetic Centre, Directorate General of Royal Hospital, Ministry of Health, 

Muscat, Oman. 

 

4. Genetic & Developmental Medicine Clinic, Genetics Department, Sultan Qaboos 

University Hospital, Muscat, Oman.  

 

5. Developmental Pediatric Unit, Child Health Department, Sultan Qaboos University 

Hospital, Muscat, Oman.  

 

6. Department of Zoology, Faculty of Science, Benha University, Benha, Egypt. 

 

7. Academic Unit of Psychiatry and Behavioural Sciences, Leeds Institute of Health 

Sciences, University of Leeds, United Kingdom.  

 

 

Correspondence to: 

Manir Ali, Section of Ophthalmology & Neuroscience, Leeds Institute of Biomedical 

and Clinical Sciences, Wellcome Trust Brenner Building, St. James�s University 

Hospital, Leeds LS7 9TF, UK. E-mail: medma@leeds.ac.uk 

  



2 
 

ABSTRACT  

 

Intellectual disability (ID) is the term used to describe a diverse group of 

neurological conditions with congenital or juvenile onset, characterized by an IQ score 

of less than 70 and difficulties associated with limitations in cognitive function and 

adaptive behavior. The condition can be inherited or caused by environmental factors. 

The genetic forms are heterogeneous, with mutations in over 500 known genes shown 

to cause the disorder. We report a consanguineous Omani family in which multiple 

individuals have ID and developmental delay together with some variably present 

features including short stature, microcephaly, moderate facial dysmorphism and 

congenital malformations of the toes or hands. Homozygosity mapping combined with 

whole exome next generation sequencing identified a novel homozygous single base 

pair deletion in TUSC3, c.222delA, p.R74fs. The mutation segregates with the disease 

phenotype in a recessive manner and is absent in 60,706 unrelated individuals from 

various disease-specific and population genetic studies. TUSC3 mutations have been 

previously identified as causing either syndromic or non-syndromic ID in patients from 

France, Italy, Iran and Pakistan. This paper supports the previous clinical descriptions 

of the condition caused by TUSC3 mutations and describes the seventh family with 

mutations in this gene, thus contributing to the genetic spectrum of mutations. This is 

the first report of a family from the Arabian peninsula with this form of ID.  
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INTRODUCTION 

 

Intellectual disability (ID), previously called mental retardation, is an early-onset 

neurodevelopmental disorder that impacts on daily living skills. An affected individual 

struggles with memory, problem solving, language and visual comprehension as well 

as daily living skills such as self-care, independence and interpersonal communication. 

These deficits are reflected by an IQ (intelligence quotient) score of less than 70 

[Salvador-Carulla et al., 2011; American Psychiatric Association, 2014]. ID affects 1 

to 3% of the general population [Leonard and Wen, 2002] and can be caused by 

genetic or environmental factors. Environmental causes include problems with 

pregnancy or childbirth, post-natal toxicity, malnutrition, infection or injury. There is 

considerable genetic heterogeneity underlying familial ID (syndromic or not) 

[Najmabadi et al., 2011]. Chromosomal abnormalities can account for up to 15% of 

these cases [Miller et al., 2010]. There are also over 500 genes that have been linked 

to ID [Sun et al., 2015] including genes with de novo mutations in isolated cases 

[Hamdan et al., 2014]. The proteins that are disrupted in ID consist of components of 

the neuronal synaptic complex as well as molecules involved in vesicle trafficking and 

exocytosis, cell-cell and cell-matrix interactions, glutamate receptors and their 

downstream effectors, the Rho and ERK/MAPK pathways, zinc finger transcription 

factors and chromatin remodelling [Kaufman et al., 2010].  

 

In this report, we describe clinical features and molecular analysis in a 

consanguineous Omani family with multiple affected members that have ID with 

developmental delay caused by a novel TUSC3 homozygous mutation. Biallelic 

TUSC3 mutations have previously been shown to cause both non-syndromic and 

syndromic ID [Garshasbi et al., 2008; Molinari et al., 2008; Garshasbi et al., 2011; 

Khan et al., 2011; Loddo et al., 2013; El Chehadeh et al., 2015]. These findings support 

a presumed role of normal TUSC3 in the glycosylation of neurodevelopmental proteins 

[Kelleher and Gilmore, 2006; Mohorko et al., 2014].  
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MATERIALS AND METHODS 

 

The family was contacted and ascertained through the Genetic and 

Developmental Medicine Clinic at the Sultan Qaboos University Hospital, Muscat, 

Oman. This study was approved by the Sultan Qaboos University Ethical Committee. 

The affected individuals were recruited to the study with the informed consent of their 

parents using a process that adhered to the tenets of the Declaration of Helsinki. 

Peripheral blood was sampled from each individual by venipunture for genomic DNA 

extraction by the Qiagen spin column method (Qiagen Ltd., Manchester, UK) 

according to standard procedures. Ethnically-matched Omani controls were recruited 

from students of the Leeds Omani Society, using a process approved by the Leeds 

Central Research Ethics Committee (reference number 08/H1313/17). Control DNAs 

were sampled using Oragene saliva collection tubes (DNA Genotek Inc., Ontario, 

Canada) and genomic DNA was extracted using the manufacturer�s protocol. Array 

comparative genomic hybridization (array-CGH) was performed using the Agilent 

Human Genome CGH 105A arrays according to the supplier�s instructions (Agilent 

Technologies Limited, Wokingham, UK). Whole-genome homozygosity mapping was 

performed using Affymetrix SNP 6.0 arrays (AROS Biotechnologies Ltd., Aarhus, 

Denmark) and the data analyzed and presented using AgileMultiIdeogram software 

(http://dna.leeds.ac.uk/autozygosity/). Whole exome next generation sequencing was 

carried out using the SureSelect Target Enrichment V.4 reagent (Agilent Technologies 

Limited) for library preparation, followed by deep sequencing using paired end reads 

on an Illumina HiSeq 2500 (Illumina Incorporation, Little Chesterford, UK) according 

to the manufacturer�s protocols. The sequencing reads were aligned to the human 

genome reference hg19 using Bowtie2 software and processed in the SAM/BAM 

format using Picard and the Genome Analysis Toolkit. Annovar software 

(http://www.openbioinformatics.org/annovar/) was used to annotate the variants. To 

check for homozygous regions in the exome data, the sequence variant list was 

analysed using AgileVariantMapper and presented as a multi-Ideogram as described 

above (http://dna.leeds.ac.uk/autozygosity/). In looking for pathogenic variants of 

disease significance, any variants with a read depth of less than 10 were excluded, as 

were variants lying outside the exons and flanking splice site regions, synonymous 

variants, variants with a minor allele frequency >1% in the exome variant server or 

1000 genomes databases as well as heterozygous variants. For PCR and Sanger 
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sequencing, oligonucleotide primers were designed with Primer3 

(http://primer3.ut.ee/). PCR was performed on genomic DNA through thermal cycling 

with an initial denaturing step of 95°C for 2 minutes then 35 cycles of 94°C for 30 

seconds (denaturing), 65°C for 30 seconds (annealing) and 72°C for 45 seconds 

(extension) followed by a final extension step of 72°C for 5 minutes. The products were 

treated with ExoSAP-IT (GE Healthcare, Freiburg, Germany) and sequenced using 

the BigDye terminator v.1.1 cycle sequencing kit (Applied Biosystems, Darmstadt, 

Germany) on an ABI3130xl Genetic Analyzer (Applied Biosystems). Results were 

analyzed using Sequence Analysis v.5.2 software (Applied Biosystems). 

 

 

RESULTS 

 

Clinical Features 

There were 4 patients with ID as the consensus feature that were identified in 

the pedigree (Figure 1 and Table I). Patient V.5, a male, was initially referred to the 

clinic at 7 years old for short stature (below the 3rd centile) and developmental delay 

of language and motor skills. In school, V.5 has difficulties with reading and writing. 

The patient also had a myopathic elongated face with a pointed chin, downslanting 

palpebral fissures, apparent hypertelorism, a downturned mouth with thin lips as well 

as very thin nails and bilateral 2-3 syndactyly of the toes. In view of the child�s features 

which are reminiscent of Smith-Lemli-Opitz syndrome, 7-dehydrocholesterol was 

tested and found to be within normal limits. Further investigations including 

chromatography of plasma amino acids, urine organic acids, lactate, ammonia and 

creatinine kinase were all within normal reference ranges. Magnetic resonance 

imaging (MRI) of the brain was normal. His behavior included a fascination with the 

sight and sound of water. Family history revealed that his deceased older brother (V.I) 

also had similar clinical features as well as camptodactyly of the right fingers which 

were confirmed by reading his hospital notes and reviewing family pictures. He had 

also been assessed by the developmental team and was found to fulfil the DSM-5 

diagnostic criteria for autism spectrum disorder (ASD). Patient V.I drowned in water at 

the age of 10. Patients V.8 and V.9, a female and male respectively, share a similar 

developmental and clinical profile as patient V.5 and his deceased brother (see Table 

I), though patient V.9 does not have any congenital malformations of the hands or toes. 
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Patient V.8 has shown some delay of motor functions including problems with balance 

and a poor hand grip and was unable to hold a pencil between the thumb and finger, 

resulting in her being unable to draw a circle or a straight line. She has had difficulty 

chewing food and swallowing, and sometimes drools when performing a focused task. 

Her communication comprises a few single words, vowel sounds and non-verbal 

gestures including pointing and facial expressions. It is worth highlighting that the 

unaffected female sibling V.10 also appears to have some of the facial features 

described in the affected patients, so the mild dysmorphic features described in this 

pedigree may not be disease-specific.    

 

Molecular Analysis 

In order to determine whether a chromosomal rearrangement was the cause of 

ID, comparative genome hybridization (array-CGH) was performed in V.5, who 

showed no chromosomal rearrangement. To locate the pathogenic mutation in this 

family, genomic DNA from V.8 and V.9 was initially analyzed. These individuals have 

similar manifestations to their affected cousins V.1 and V.5, and so are likely to harbor 

the same causative genetic mutation. Analysis of DNA from V.8 by homozygosity 

mapping highlighted several regions, any of which could harbor the causative mutation 

(Figure 2A). These included regions on chromosomes 2, 3, 5, 7, 8, 10, 13, 14 and 19. 

To identify the mutation, whole exome next generation sequencing was performed on 

V.9. An initial list of 61,905 variants was used to check for homozygous regions. 

Combining the single nucleotide polymorphism data of V.8 with the whole exome 

sequencing data from V.9 highlighted a single ~11.5Mb homozygous region on 

chromosome 8 common to both affected individuals. To look for the pathogenic 

mutation, the initial variant list was reduced to 113 following variant filtration, and this 

was further reduced by excluding those variants that lay outside the common 

homozygous region on chromosome 8. This left only one candidate, a novel variant in 

TUSC3 (tumor suppressor candidate 3) [MIM 610385] which is a known ID gene. 

Sanger sequencing confirmed the presence of this single base deletion, which causes 

a frameshift mutation (NM_006765/NM_178234:c.222delA:p.R74fs) (Figure 2B). This 

mutation segregated in all the affected cases in the family as expected for recessive 

inheritance. The mutation was absent from 60,706 subjects on the ExAc database 

(http://exac.broadinstitute.org/, February 2015), and was also not present in 50 
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ethnically matched Omani control DNAs, providing further support as to the scarcity of 

this allele in the human population. 
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DISCUSSION 

 

TUSC3, also known as N33 or OST3A (oligosaccharyl transferase 3 homolog 

A), encodes a 348 amino acid protein containing a signal peptide, membrane 

anchored thioredoxin fold and four transmembrane domains. The protein is localised 

to the endoplasmic reticulum, where it forms part of the multimeric oligosaccharyl 

transferase complex that is likely to be involved in post-translational glycosylation of 

selected proteins which are essential for normal brain development [Kelleher and 

Gilmore, 2006; Mohorko et al., 2014]. It has been suggested that TUSC3 may be a 

magnesium transporter [Zhou and Clapham, 2009], though the results of that study 

could also be explained by the ability of TUSC3 to modulate the glycosylation 

efficiency of such a membrane transporter. It has also previously been observed that 

the chromosome 8p22 genomic region containing TUSC3 is frequently deleted in 

somatic cells in prostate [Bergerheim et al., 1991] and ovarian cancers [Pribill et al., 

2001]. Furthermore, silencing TUSC3 in ovarian cancer cell lines enhanced 

proliferation and migration, suggesting that the protein may be a tumour suppressor 

[VaĖhara et al., 2013]. The affected patients described in this study have not 

developed tumors, but all are relatively young and it may be appropriate to monitor for 

increased tumor risk in the future.   

 

Here we describe a novel null mutation in TUSC3 causing ID with dysmorphic 

features in a consanguineous family from Oman. This is the seventh family that has 

been identified with TUSC3 mutations causing syndromic or non-syndromic ID (Figure 

2C). Previous reports have identified a premature stop codon mutation [Garshasbi et 

al., 2011], frameshift insertion [Molinari et al., 2008], gross deletion [Garshasbi et al., 

2008; Khan et al., 2011; Loddo et al., 2013] and an intragenic duplication [El Chehadeh 

et al., 2015], all of which would be expected to produce no functional TUSC3 protein 

product. The mutation reported herein is a frameshift mutation in exon 2, which may 

lead to nonsense mediated decay of the RNA transcript, or may give rise to a truncated, 

non-functional protein. It is interesting to note that primary fibroblast cell cultures 

derived from patients with a null homozygous mutation and controls showed no 

significant differences in glycosylation of selected proteins suggesting that TUSC3 

may not have a major role in the glycosylation of extracerebral proteins [El Chehadeh 

et al., 2015]. Given the spectrum of TUSC3 mutations observed in ID cases and 
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families, it seems likely that the condition is caused by lack of functional TUSC3 protein 

during neurodevelopment rather than build-up or activity of defective mutated protein.  

 

Previous reports [Garshasbi et al., 2008; Molinari et al., 2008; Garshasbi et al., 

2011; Khan et al., 2011; Loddo et al., 2013; El Chehadeh et al., 2015] have shown 

that patients with biallelic TUSC3 mutations have moderate to severe ID with speech 

delay as the prominent features. These findings are consistent with the patients 

described in this report. Additional characteristics observed in some of the reported 

cases included short stature, microcephaly and moderate facial dysmorphism, and 

these signs were also present in some of our patients. It is worth highlighting that three 

of the four patients studied here also had congenital malformations of the toes or 

hands, which have been seen before in a single patient who also had unilateral 

cryptorchidism [Loddo et al., 2013]. Overall, there appears to be no obvious genotype-

phenotype correlation between type of mutation and the presence of additional 

features [El Chehadeh et al., 2015].  

 

This is the first time that mutations in this gene have been described in the Arab 

population. The family could be expected to benefit from this knowledge through 

genetic counselling and also through carrier screening of additional family members 

and/or potential marriage partners. Omani genetic services, which are government 

funded, have been developed and improved significantly within the healthcare system 

over the last 10 years [Rajab et al., 2013]. This coincided with a growing understanding 

of the increased burden of recessive conditions and congenital abnormalities due to 

consanguinity, with over 50% of marriages in this population being consanguineous 

[Rajab and Patton, 2000; Rajab et al., 2013]. Although consanguinity is rooted in the 

culture and reflects the preservation of traditions, religion and tribal groups, genetic 

health education and the culturally-sensitive implementation of technologies such as 

prenatal screening and pre-implantation genetic diagnosis may offer some hope for 

the family described in this report. 

 

To summarize, we have identified a novel TUSC3 mutation in a 

consanguineous family from Oman. Our findings contribute further data on the 

spectrum of mutations causing this form of ID and the phenotype associated with them. 

 



10 
 

 

ACKNOWLEDGMENTS 

 

We would like to thank the families who participated in this study for their full 

cooperation. The study was funded by a scholarship awarded to AAA by the Oman 

Ministry of Higher Education.  

 

The authors have no conflict of interest to declare. 

 
 
REFERENCES 
 
 
American Psychiatric Association. 2014. Diagnostic and statistical manual of mental 

disorders (DSM-5), 5th Edition. Washington, DC: American Psychiatric 
Association.  

 
Bergerheim US, Kunimi K, Collins VP, Ekman P. 1991. Deletion mapping of 

chromosomes 8, 10, and 16 in human prostatic carcinoma. Gene Chromosome 
Canc 3:215-220. 

 
El Chehadeh S, Bonnet C, Callier P, Béri M, Dupré T, Payet M, Ragon C, Mosca-

Boidron AL, Marle N, Mugneret F, Masurel-Paulet A, Thevenon J, Seta N, 
Duplomb L, Jonveaux P, Faivre L, Thauvin-Robinet C. 2015. Homozygous 
truncating intragenic duplication in TUSC3 responsible for rare autosomal 
recessive nonsyndromic intellectual disability with no clinical or biochemical 
metabolic markers. JIMD Rep 20:45-55.  

 
Garshasbi M, Hadavi V, Habibi H, Kahrizi K, Kariminejad R, Behjati F, Tzschach A, 

Najmabdi H, Ropers HH, Kuss AW. 2008. A defect in the TUSC3 gene is 
associated with autosomal recessive mental retardation. Am J Hum Genet 
82:1158-1164.  

 
Garshasbi M, Kahrizi K, Hosseini M, Nouri Vahid L, Falah M, Hemmati S, Hu H, 

Tzschach A, Ropers HH, Najmabadi H, Kuss AW. 2011. A novel nonsense 
mutation in TUSC3 is responsible for non-syndromic autosomal recessive mental 
retardation in a consanguineous Iranian family. Am J Med Genet A 155A:1976�
1980. 

 
Hamdan FF, Srour M, Capo-Chichi JM, Daoud H, Nassif C, Patry L, Massicotte C, 

Ambalavanan A, Spiegelman D, Diallo O, Henrion E, Dionne-Laporte A, Fougerat 
A, Pshezhetsky AV, Venkateswaran S, Rouleau GA, Michaud JL. 2014. De novo 
mutations in moderate or severe intellectual disability. PLoS Genet 10:e1004772. 

 
Kaufman L, Ayub M, Vincent J. 2010. The genetic basis of non-syndromic intellectual 

disability: a review. J Neurodevelop Disord 2:182�209. 



11 
 

 
Kelleher DJ, Gilmore R. 2006. An evolving view of the eukaryotic 

oligosaccharyltransferase. Glycobiology 16:47R-62R.  
 
Khan MA, Rafiq MA, Noor A, Ali N, Ali G, Vincent JB, Ansar M. 2011. A novel deletion 

mutation in the TUSC3 gene in a consanguineous Pakistani family with autosomal 
recessive nonsyndromic intellectual disability. BMC Med Genet 12:56.  

 
Leonard H, Wen X. 2002. The epidemiology of mental retardation: challenges and 

opportunities in the new millennium. Ment Retard Dev Disabil Res Rev 8:117-134. 
 
Loddo S, Parisi V, Doccini V, Filippi T, Bernardini L, Brovedani P, Ricci F, Novelli A, 

Battaglia A. 2013. Homozygous deletion in TUSC3 causing syndromic intellectual 
disability: a new patient. Am J Med Genet A 161A:2084�2087. 

 
McLaren J, Bryson SE. 1987. Review of recent epidemiological studies of mental 

retardation: prevalence, associated disorders, and etiology. Am J Ment Retard 
92:243-54.  

 
Miller DT, Adam NP, Aradhya S, Biesecker LG, Brothman AR, Carter NP, Church DM, 

Crolla JA, Eichler EE, Epstein CJ, Faucett WA, Feuk L, Friedman JM, Hamosh A, 
Jackson L, Kaminsky EB, Kok K, Krantz ID, Kuhn RM, Lee C, Ostell JM, 
Rosenberg C, Scherer SW, Spinner NB, Stavropoulos DJ, Tepperberg JH, 
Thorland EC, Vermeesch JR, Waggoner DJ, Watson MS, Martin CL, Ledbetter 
DH. 2010. Consensus statement: chromosomal microarray is a first-tier clinical 
diagnostic test for individuals with developmental disabilities or congenital 
anomalies. Am J Hum Genet. 86: 749�764.  

 
Mohorko E, Owen RL, Malojcic G, Brozzo MS, Aebi M, Glockshuber R. 2014. 

Structural basis of substrate specificity of human oligosaccharyl transferase 
subunit N33/Tusc3 and its role in regulating protein N-glycosylation. Structure 
22:590�601. 

 
Molinari F, Foulquier F, Tarpey PS, Morelle W, Boissel S, Teague J, Edkins S, Futreal 

PA, Stratton MR, Turner G, Matthijs G, Gecz J, Munnich A, Colleaux L. 2008. 
Oligosaccharyltransferase-subunit mutations in nonsyndromic mental retardation. 
Am J Hum Genet 82:1150-1157. 

 
Najmabadi H, Hu H, Garshasbi M, Zemojtel T, Abedini SS, Chen W, Hosseini M, 

Behjati F, Haas S, Jamali P, Zecha A, Mohseni M, Püttmann L, Vahid LN, Jensen 
C, Moheb LA, Bienek M, Larti F, Mueller I, Weissmann R, Darvish H, Wrogemann 
K, Hadavi V, Lipkowitz B, Esmaeeli-Nieh S, Wieczorek D, Kariminejad R, 
Firouzabadi SG, Cohen M, Fattahi Z, Rost I, Mojahedi F, Hertzberg C, Dehghan 
A, Rajab A, Banavandi MJ, Hoffer J, Falah M, Musante L, Kalscheuer V, Ullmann 
R, Kuss AW, Tzschach A, Kahrizi K, Ropers HH. 2011. Deep sequencing reveals 
50 novel genes for recessive cognitive disorders. Nature 478:57-63. 

 
Pribill I, Speiser P, Leary J, Leodolter S, Hacker NF, Friedlander ML, Birnbaum D, 

Zeillinger R, Krainer M. 2001. High frequency of allelic imbalance at regions of 
chromosome arm 8p in ovarian carcinoma. Cancer Genet Cytogenet 129:23-29. 



12 
 

 
Rajab A, Al Rashdi I, Al Salmi Q. 2013. Genetic services and testing in the Sultanate 

of Oman. Sultanate of Oman steps into modern genetics. J Community Genet 
4:391�397. 

 
Rajab A, Patton M. 2000. A study of consanguinity in the Sultanate of Oman. Annals 

of Hum Biol 3: 321-326.   
 
Salvador-Carulla L, Reed GM, Vaez-Azizi LM, Cooper SA, Martinez-Leal R, Bertelli M, 

Adnams C, Cooray S, Deb S, Akoury-Dirani L, Girimaji SC, Katz G, Kwok H, 
Luckasson R, Simeonsson R, Walsh C, Munir K, Saxena S. 2011. Intellectual 
developmental disorders: towards a new name, definition and framework for 
�mental retardation/intellectual disability� in ICD-11. World Psychiatry 10:175-180. 

 
Sun Y, Ruivenkamp CA, Hoffer MJ, Vrijenhoek T, Kriek M, van Asperen CJ, Dunnen 

JT, Santen GW. 2015. Next generation diagnostics: gene panel, exome or whole 
genome? Hum Mut. doi: 10.1002/humu.22783. 

 
VaĖhara P, Horak P, Pils D, Anees M, Petz M, Gregor W, Zeillinger R, Krainer M. 

2013. Loss of the oligosaccharyl transferase subunit TUSC3 promotes 
proliferation and migration of ovarian cancer cells. Int J Oncol. 42:1383-1389.  

 
Zhou H, Clapham DE. 2009. Mammalian MagT1 and TUSC3 are required for cellular 

magnesium uptake and vertebrate embryonic development. Proc Natl Acad Sci 
USA. 106:15750�15755. 

 
 
 

 
 
  



13 
 

LEGENDS 

 

Figure 1. Family pedigree of Omani family with affected members that have ID with 

developmental delay. 

 

Figure 2. Molecular analysis. 

(A) AgileMultiIdeogram representation of the homozygosity mapping data using 

GRCh38 reference assembly. The homozygous regions in the SNP data from subject 

V.8 (outer circle) and the WES data from subject V.9 (inner circle) are highlighted (in 

pink). A common homozygous region (in blue) on chromosome 8 (6,420,534-

17,915,526) is shown. TUSC3 maps to chromosome 8 at 15,540,087 � 15,766,649. 

(B) Sanger sequencing chromatograms depicting the one base pair deletion mutation, 

c.222delA, in an affected individual from the family and a normal control subject for 

comparison. 

(C) Diagram showing TUSC3 mutations that have been identified to date mapped onto 

the GRCh38 reference genomic DNA sequence, with exons highlighted according to 

the transcript with accession code, NM_006765.3. n denotes the number of patients 

with that mutation. So far a total of 25 patients have been described with TUSC3 

mutations. The superscript notation assigns the reference that reports the mutation as 

follows: 1. Molinari et al, 2008; 2. Garshasbi et al, 2008; 3. Khan et al, 2011; 4. 

Garshasbi et al, 2011; 5. Loddo et al, 2013; 6. El Chehadeh et al, 2015 and #  

represents the mutation reported in the current study.  
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Table I. Summary of clinical features in affected cases from the studied Omani 
family. 

 

ID (Gender) V.1 (M) V.5 (M) V.8 (F) V.9 (M)  V.10 (F) 

TUSC3 
genotype 
(status) 

M/M   
(affected) 

M/M 
(affected) 

M/M 
(affected) 

M/M 
(affected)  M/+ 

(unaffected)

Growth 
parameters (at 

birth) 

Wt = 50th centile 

Ht = 10th centile 

HC = 25th centile 

Wt = 3rd centile 

Ht = 10th centile 

HC = 3rd centile 

Wt = 3rd centile 

Ht = <3rd centile 

HC = <3rd centile 

Wt = 3rd centile 

Ht = <3rd centile 

HC = <3rd centile 

 

Wt = 90th centile 

Ht = 50th centile 

HC = 50th centile 

Congenital 
malformations 

Unilateral 
camptodactyly 

- hand 

Bilateral 2-3 
syndactyly 

- toes 

Bilateral 2-3 
syndactyly 

- toes 
-  - 

Growth 
parameters 

(age) 

Wt = 3rd centile 

Ht = <3rd centile 

HC = 3rd centile 

(9 years) 

Wt = <3rd centile 

Ht = <3rd centile 

HC = 3rd centile 

(7 years) 

Wt = 50th centile 

Ht = 10th centile 

HC = 25th centile 

(3 years) 

Wt = 3rd centile 

Ht = <3rd centile 

HC = <3rd centile 

(1 year) 

 

Wt = 3rd centile 

Ht = 10th centile 

HC = 50th centile 

(5 years) 

Facial features 

Hypertelorism 

Long face 

Deep set eyes 

Thin philtrum 

Pointed chin 

Hypertelorism 

Long face 

Thin philtrum 

Pointed chin 

Hypertelorism 
Hypertelorism 

Thin philtrum 
 

Hypertelorism 

Thin philtrum 

Brain imaging N/R Normal MRI N/R N/R  Normal MRI

IQ N/R 53 40 50  81 

Autism 
spectrum 
disorder 

+ - - -  + 

Developmental 
profile N/R 

Motor and 
language skills 

delayed 

Poor reading and 
writing ability 

Motor and 
language skills 

delayed 

Walked at 20 
months 

Can say ~5 words 
with meaning at 1 

year 

 

Walked at 19 
months 

Single words at 
2.5 years 

Current language 
normal but has 

delayed 
echolalia; also 
has hyperlaxia

Growth parameters were measured using the World Health Organisation child growth 
standards and IQ was measured using the Stanford Binet intelligence test (5th edition). 
N/R = not recorded, + = presence and - = absence. 


	15-0332_R3_Revision_AJMG-TUSC3
	15-0332_R3_010416_TUSC3_Figure_1
	15-0332_R3_010416_TUSC3_Figure_2
	15-0332_R3_010416_TUSC3_Table_I

