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Introduction

Intellectual disability (ID) and global developmental delay are
genetically heterogeneous, and in many cases, it is difficult to
arrive at a diagnosis in affected children. A specific molecular
diagnosis can aid in deciding potential treatment options, has
prognostic implications, and helps families in planning future
pregnancies through prenatal and preimplantation genetic
diagnosis.1 However, with more than 800 separate genes
involved in specific genetic types of monogenic ID,2 such a
diagnosis is extremely difficult using conventional means. In
recent years, chromosomal microarrays (CMA) and more
recently, whole exome sequencing (WES) techniques have
been used successfully in the molecular diagnosis of ID and
global development delay disorders.3

Here,we report a Lebanese patientwith global developmen-
tal delay and intellectual disability who is homozygous for a
novel nonsensemutationof theTRAPPC6Bgene. This is thethird
report so far of a variant in this gene causing nonsyndromic ID.

Case Report

The patient, a boy, was born at term after a C-section to
healthy consanguineous Lebanese parents (►Fig. 1A) after an
uncomplicated pregnancy. At birth, his weight was 3,500 g,
his length 51 cm, and his head circumference 35 cm. At the
age of 3 months, the parents noticed that he was unable to
make eye contact, unable to focus on objects or follow
movements, and was not grabbing things with his hands.

At first examination at the age of 15 months, he was
hypotonic, could sit when helped, and was saying two mono-
syllabic words, but interacted well. His head circumference
was 43.3 cm (<3rd centile); length 74 cm (15th centile); and
weight 10.2 Kg (25th centile). He showed axial hypotonia,
microcephaly, and a beaked nose. Brain MRI showed a mild
periventricular delay inmyelination,while brain spectroscopy
showed a small lipid peak.

Paraclinical work-up showed lactic acidosis (39.1 mg/dL),
normal chromatographyofaminoacids inbloodandoforganic
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acids in urine, and normal thyroid stimulating hormone (TSH),
coenzyme Q10 and total and free carnitine blood levels. The
lactate level was repeated at 1 year 8 months and was at
29.1 mg/dL. The patient was started on L-carnitine and coen-
zyme Q10 and Vitamin B2.

By the age of 20 months, he started to stand-up correctly
and to walk assisted and started to show better verbal
interaction. At 2 years of age, he started walking alone and
showed normal muscle tone. At this point in time, he was
able to say five words. Six months later, he started climbing
stairs and opening doors easily, and was able to say up to 10
clear words. At 3 and a half years, his occipito-frontal
circumference (OFC) was 46.5 cm (<3rd centile), his height
96.5 cm (25th centile), and his weight 15 kg (25th centile).
He could say more than 20 words and was able to express
himself correctly with gestures.

Brain MRI showed mild enlargement of the body of both
lateral ventricles, loss of periventricular white matter with
high signal intensity on T2-weighted fluid-attenuated inver-
sion recovery (T2/FLAIR), and thinning of the corpus callosum.

Molecular Analysis

Informed consent for genetic analysis was obtained from the
family in compliance with national ethics regulation. Geno-
mic DNAwas isolated from the patient’s blood sample using
standard techniques.

Approximately 37 Mb (214,405 exons) of the consensus
coding sequences (CCS) were enriched from fragmented
genomic DNA bymore than 340,000 probes designed against
the human genome (Nextera Rapid Capture Exome; Illumina,
CA, United States). The generated library was sequenced on
an Illumina NextSeq platform (Illumina) to an average cov-
erage depth of 70 to 100�. An end to end in-house bioinfor-
matics pipeline, including base calling, primary filtering of
low quality reads and probable artifacts, and annotation of
variants was applied. All disease-causing variants reported
in HGMD, ClinVar or CentoMD (class 1) as well as all variants
with minor allele frequency (MAF) of less than 1% in ExAc
database were considered. Evaluation was focused on exons
and intron boundaries � 20.

Whole exome sequencing revealed the presence of a
homozygous variant in the patient in the TRAPPC6B gene.
This NM_001079537.1:c.23T > A substitutionwas predicted
to result in an early truncation of the protein (p.Leu8�).
Sanger sequencing confirmed the presence of this variant
in homozygous state in the patient and heterozygous state in
the mother (►Fig. 1B).

Discussion

Members of the TRAPP (transport protein particle) family of
protein form multisubunit complexes that have been shown
to function principally in membrane trafficking, autophagy,

Fig. 1 (A) Pedigree of the studied family. Blackened symbols indicate affected individuals. (B) Chromatograms from the patient (V.2), one
parent (IV.1) and a control showing the homozygous mutation detected in the family; the c.23T > A (p.Leu8�) nonsense mutation in the
TRAPPC6B gene (NM_001079537). (C) Alignment of TRAPPC6B amino acid sequences of the protein region comprising the mutation under
investigation between different species using CLUSTAL 2.1. Leucine 8 of TRAPPC6B (NP_001073005), highlighted in red, is highly conserved
across different species.
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andmitosis.4,5 The 12 humanTRAPP proteins associate in two
separate complexes, TRAPP II and TRAPP III, with a common
core of proteins in each complex. Mutations in individual
TRAPP genes have been shown to be associatedwith a diverse
range of disorders, ranging from skeletal dysplasia (TRAPPC2),
and muscular dystrophy (TRAPPC11) to neurodevelopmental
delay and brain abnormalities.6 The latter phenotype has been
reported inpatientswithmutations inTRAPPC9,7,8TRAPPC6A,9

TRAPPC6B,10 and TRAPPC2L11 genes. The TRAPPC6B protein
demonstrates an α/β-plait topology, capable of forming both
homo and heterodimers.12 In fact, a TRAPPC6-BET3 hetero-
dimer could very likely function as the starting point of the
TRAPP complex assembly at the Golgi membrane.12,13

Mutations in the TRAPPC6B gene have so far been reported
in only a handful of familiesworldwide. Thefirst of thesewas a
substitutionmutation involving thesplicesite (c.150–2A > G),
whichwas reported in three unrelated Egyptian consanguine-
ous families affected by neurodevelopmental disorder with
microcephaly, epilepsy, and brain atrophy (NEDMEBA;OMIM:
617862).10 This is an extremely rare autosomal recessive
disorder characterized by global developmental delay, se-
vere intellectual disability and speech delay, microcephaly,
stereotypic autistic traits, and early-onset generalized
seizures. In addition, another report identified a separate
homozygous nonsense mutation (c.124C > T) in this gene
in a patient with intellectual disability in the absence of any
obvious dysmorphic features or comorbidities.14 Similar to
the Egyptian patients, the patient reported in our study also
shows a phenotype of microcephaly from birth, global
developmental delay, intellectual disability, severe speech
delay, global hypotonia, and thin corpus callosum on MRI.
Interestingly, our patient did not show any autistic features
or seizures (►Table 1).

The c.23T > A substitution identified byWES in our study
creates a premature stop codon resulting in a severely
truncated protein. Mutation Taster classifies it as disease
causing with a prediction probability of 1, indicating the
highest security of prediction. combined annotation depen-
dent depletion (CADD) predicted it to be deleterious with a
phred-like scaled C-score of 37. The variant was not available
on dbSNP, GnomAD, or ClinVar. In addition, the leucine
residue affected here is fairly conserved across species
(►Fig. 1C), all of which point toward a likely pathogenic
status for the variant. Both NEDMEBA mutations reported
previously in this gene result in truncated proteins (p.
Glu28Valfs�11 and p. Arg42�), albeit longer than the 8-
residue peptide our variant generates. Functional studies
on one of these variants using a zebrafish model showed a
reduced head size, as well as neuronal hyperexcitability.10

Considering that the variant we report here results in a
severely truncated polypeptide, the lack of generalized seiz-
ures in our patient is noteworthy. However, all previously
reported NEDMEBA patients reported with multifocal seiz-
ures have been older children, with the youngest being
8 years of age. At the time of reporting, our patient was
3.5 years of age, and he will be monitored in follow-up visits
for generalized and focal seizures.

With the progressive reduction in the cost of high
throughput molecular diagnostic techniques, their use in
the clinic is increasingly becoming more and more common.
This is especially true in the diagnosis of rare, monogenic
neurological disorders.15,16 Clear molecular diagnoses of
these rare disorders will not only assist in understanding
the pathogenesis of these disorders, but also help the families
in planning for both managing the condition and future
pregnancies.

Table 1 Clinical comparison between all patients reported to date with TRAPPC6B mutations

Patient Age at
diagnosis
(y)

Micro-
cephaly

ID Autistic
features

Hypotonia Ataxia Seizures Lactic
acidosis

MRI findings TRAPPC6B
mutation

Reference

1 8 þ þ þ þ þ þ NA NA p.E28VfsTer11 10

2 3 þ þ þ þ þ þ NA NA p.E28VfsTer11 10

3 12 þ þ þ þ þþ þ NA Cortical atrophy, thin
corpus callosum,
cerebellar atrophy; all
progressive

p.E28VfsTer11 10

4 10 þ þ þ þ þþ þ NA Cortical atrophy, thin
corpus callosum,
cerebellar atrophy

p.E28VfsTer11 10

5 10 þ þ þ þ þ þ NA Thin corpus callosum p.E28VfsTer11 10

6 2 þ þ þ þ þ þ NA Cortical atrophy, thin
corpus callosum

p.E28VfsTer11 10

7 NA – þ – – – – – NA p.Arg42Ter 14

8 3.5 þ þ � þ � – þ Thinning of corpus
callosum,
periventricular
leucomalacia

p.Leu8Ter Present
study

Abbreviation: ID, intellectual disability.
Note: þ indicates presence of indicated sign, þþ indicates presence of sign with increased severity, – indicates absence of indicated sign, and NA
indicates nonavailability of information.
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