
Saudi Journal of Biological Sciences 27 (2020) 3125–3131
Contents lists available at ScienceDirect

Saudi Journal of Biological Sciences

journal homepage: www.sciencedirect .com
Original article
Next generation sequencing reveals novel homozygous frameshift in
PUS7 and splice acceptor variants in AASS gene leading to intellectual
disability, developmental delay, dysmorphic feature and microcephaly
https://doi.org/10.1016/j.sjbs.2020.09.033
1319-562X/� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author at: Center of Excellence in Genomic Medicine Research
(CEGMR), King Abdulaziz University, Saudi Arabia.

E-mail addresses: minaseer@kau.edu.sa (M.I. Naseer), aabdulkareem@kau.edu.sa
(A.A. Abdulkareem), mmjan@kau.edu.sa (M.M. Jan), chaudhary@kau.edu.sa
(A.G. Chaudhary), s.alharazy@surry.ac.ik (S. Alharazy), mhalqahtani@kau.edu.sa
(M.H. AlQahtani).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Muhammad Imran Naseer a,b,⇑, Angham Abdulrahman Abdulkareem a, Mohammed M. Jan c,
Adeel G. Chaudhary a,d,e, Shatha Alharazy f, Mohammad H. AlQahtani a,b

aCenter of Excellence in Genomic Medicine Research, King Abdulaziz University, Jeddah, Saudi Arabia
bDepartment of Medical Laboratory Technology, Faculty of Applied Medical Sciences, King Abdulaziz University, 21589 Jeddah, Saudi Arabia
cDepartment of Pediatrics, Faculty of Medicine, King Abdulaziz University, Box 80215, Jeddah 21589, Saudi Arabia
dDepartment of Medical Genetics, King Fahad General Hospital, 21589 Jeddah, Saudi Arabia
eCenter for Innovation in Personalized Medicine, King Abdulaziz University, 21589 Jeddah, Saudi Arabia
fDepartment of Physiology, Faculty of Medicine, King Abdulaziz University, Jeddah, Saudi Arabia

a r t i c l e i n f o a b s t r a c t
Article history:
Received 10 August 2020
Revised 30 August 2020
Accepted 15 September 2020
Available online 23 September 2020

Keywords:
IDDABS
Intellectual developmental disorder
PUS7
AASS
Dysmorphic facies
WES
Saudi family
Intellectual developmental disorder with abnormal behavior, microcephaly and short stature (IDDABS),
(OMIM# 618342) is an autosomal recessive condition described as developmental delay, poor or absent
speech, intellectual disability, short stature, mild to progressive microcephaly, delayed psychomotor
development, hyperactivity, seizure, along with mild to swear aggressive behavior. Homozygous frame-
shift mutation in Pseudouridine Synthase 7, Putative; (PUS7) OMIM# 616,261 NM_019042.3 and splice
acceptor variants in Alpha-Aminoadipic Semialdehyde Synthase; (AASS) OMIM# 605,113
NM_005763.3 was funded. Whole exome sequencing (WES) technique was used as tool to identify the
molecular diagnostic test. Different bioinformatics analysis done for WES data and we identified two
novel mutations one as frameshift mutation c.606_607delGA, p.Ser282CysfsTer9 in the PUS7 gene and
splice acceptor variants c.1767–1 G > A in the AASS gene has been reported. The pattern of family segre-
gation maintained the pathogenicity of this variation associated with abnormal behavior, intellectual
developmental disorder, microcephaly along with short stature IDDABS. Further, the WES data was val-
idated in the family having other affected individuals and healthy controls (n = 100) was done using
Sanger sequencing. Finally, our results further explained the role of WES in the disease diagnosis and elu-
cidated that the mutation in PUS7 and AASS genes may lead an important role for the development of
IDDABS in Saudi family.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Intellectual developmental disorder with abnormal behavior,
microcephaly and short stature (IDDABS) is an autosomal recessive
disorder is caused by homozygous mutation in the PUS7 gene
(616261) that is located on chromosome 7q22. De Brouwer et al.,
2018 and Shaheen et al., 2019, reported five unrelated consan-
guineous families from Pakistan, Egypt, Syrian, Moroccan and
Saudi descent with nine patients ranged in age from 2 to 18 years
old with developmental delay and impaired intellectual develop-
ment (ID). They all had poor overall growth with short stature,
low weight, and microcephaly and some patients had normal
motor development, whereas others had delayed walking. The
patients had moderate intellectual disability, poor or absent
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speech, and behavioral abnormalities, including aggression and
short temper with variable dysmorphic features, including smooth
philtrum, epicanthal folds, down slanting palpebral fissures, broad
nasal root, full lips, everted lower lip, hypodontia, and misaligned
or conical shaped teeth. All the patients showed different homozy-
gous and frameshift mutations in the PUS7 gene (De Brouwer et al.,
2018, Shaheen et al., 2019). Patient-derived cells showed
decreased pseudouridylation signals specifically for PUS7 sub-
strates at position 13 of at least 10 different cytosolic tRNAs, but
not at other positions. Pseudouridylation of mRNA was also
decreased, but the functional significance of this observation was
unclear. The findings indicated that RNA pseudouridylation, along
with tRNA modification is important for proper neural develop-
ment (De Brouwer et al., 2018).

Studies in pus7 mutant yeast showed that the D478Y mutant
(equivalent to D503Y in humans) was unable to complement a
growth defect, indicating that this missense mutation has a loss-
of-function effect (Shaheen et al., 2019).

PUS7 gene encodes the RNA-independent pseudouridylate syn-
thase 7. Pseudouridylation is the most abundant post transcrip-
tional modification in RNA, which is primarily thought to
stabilize secondary structures of RNA (Charette and Gray, 2000;
Zebarjadian et al., 1999). Pseudouridine (5-ribosyluracil, W) is the
5-ribosyl isomer of uridine. Pseudouridylation in human is cat-
alyzed by 13 pseudouridine synthases (PUSs), which are either
guided to their targets via small nucleolar RNAs (snoRNAs) or
directly recognize their targets in an RNA-independent manner.
(Charette and Gray, 2000; Spenkuch et al., 2014).

PUS7 gene is known that it translates RNA-independent pseu-
douridylate synthase 7. It has been explained previously that in
yeast and human PUS7 identify a core motif UGW AG. (Schwartz
et al., 2014; Safra et al., 2017). In the Yeast at position 35 PUS7
modifies U2 snRNA, (Yu et al., 2011; Schwartz et al., 2014) reported
modifications of numerous tRNAs at position 13 and position 35 in
pre-tRNA(Tyr) (Behm-Ansmant et al., 2003), and further modifies a
abundance of mRNAs, in specific upon a heat shock. Moreover, the
PUS7 in human was known to transform tRNAs and tRNA-derived
small fragments (tRFs) (Guzzi et al., 2018). Pseudouridylation of
tRFs is very important step that is obligatory for early embryogen-
esis and for hematopoiesis. Furthermore, human PUS7 gene play an
important role to targets hundreds of different mRNAs associated
in a range of functions (Schwartz et al., 2014; Safra et al., 2017;
Li et al., 2015)

Our WES study also identified a novel splice acceptor variants
c.1767–1 G > A in the Alpha-Aminoadipic Semialdehyde Synthase
(AASS) gene in same family. The AASS gene encodes two enzymes
lysine alpha-ketoglutarate reductase (LKR) along with saccha-
ropine dehydrogenase (SDH) are recognized to play a significant
role for synthesis of alpha-aminoadipic semialdehyde synthase.
The lysine degradation pathway this bifunctional protein translate
by AASS gene involved in the first 2 steps of catalyzes. These steps
of enzyme activities involved in the adaptation of lysine to alpha-
aminoadipic semialdehyde (Sacksteder et al., 2000; Tondo et al.,
2013).

Patient with hyperlysinemia Type 1 (OMIM# 238700) having
nonspecific seizure, hypotonia, mildly delayed psychomotor devel-
opment, while patients with Saccharopinuria (OMIM# 268700)
show mild developmental delay, hyperactivity and speech delay.
Dancis et al., 1976; Sacksteder et al., 2000 reported homozygosity
of 9-bp deletion in the AASS gene at 15th exon in a consanguineous
family resulting a early stop codon at 534 location of the protein
leading to hyperlysinemia type I. In 2 unrelated patients with
hyperlysinemia type I, infantile seizures, and mild cognitive defi-
cits, Tondo et al., 2013 reported a compound heterozygous splice
site mutations in the AASS gene in an Argentinian girl that was
leading to a deletion/insertion mutation (c.2662 + 1_2662 + 5delG
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TAAGinsTT) resulting as a frameshift, and premature termination.
While in other patient a c.874A-G transition in intron 8
(605113.0003), resulting in a heterozygous in-frame deletion of
the 21 bp in exon 8 (c.874_894del) A loss of function occurs due
to splicing mutations leading to resulted in truncated proteins
reported by (Tondo et al., 2013). Further, a Spanish 8 years old
boy with hyperlysinemia type I, reported having a compound
heterozygous mutations in the AASS gene again there was a 2-bp
deletion (c.976delCA), result in a frameshift and premature termi-
nation (Gln326fs), and a c.1925C > G transversion, resulting in a
ser642-to-ter (S642X) replacement (Tondo et al., 2013). Moreover,
another study on 3 patients, including 2 sibs, with variable neuro-
logic deficits and hyperlysinemia type I) reported a c.194G-A
mutation in AASS gene, resulting a replacement of highly conserved
residue in an arg65-to-gln (R65Q) in exon 2. One patient was
homozygous for the mutation, whereas the 2 sibs were compound
heterozygous for R65Q and a c.1256 T-G transversion in exon 11,
resulting in a leu419-to-arg (L419R) (Houten et al., 2013).

In this study, we described a consanguineous Saudi family hav-
ing two mutations one in PUS7 and other in AASS genes for the first
time and both variants are segregating a different like homozygous
variant in PUS7 as frameshift deletion and splice acceptor variants
in AASS gene. The related phenotype is consistent and includes
intellectual disability seizure, hypotonia, short stature and pro-
gressive microcephaly. Our findings further expand the possible
role of WES for diagnosis of disease and explained that the muta-
tion in PUS7 and AASS genes play an important role for the devel-
opment of IDDABS in Saudi family.
2. Materials and methods

2.1. Ethical approval and samples collection

The recruitment of the family for blood samples was done
according to the ethical protocols and established guidelines. Blood
samples were taken after signing the consent from all the partici-
pants following the protocol according to the Declaration of Hel-
sinki. Ethical approval for this study was taken from the ethical
committee of the CEGMR, KAU. Peripheral blood samples was used
to extract the DNA using the MegNA Pure 96 kit using the protocol
as mentioned (Roche Life Science). Family pedigree was drawn
after having the information from the parents as shown in the
Fig. 1. The DNA concentration was checked by using NanodropTM

2000/2000c spectrophotometers Thermo Fisher Scientific. Samples
for WES was prepared using the Agilent Sure Select Target Enrich-
ment Kit. Samples were collected from all family members and 100
healthy samples from Saudi Arabia. Family pedigree was drawn as
shown in Fig. 1.
2.2. Clinical report of the patient

Patient (IV-1) is 4 years old boy was born by cesarean section
delivery at full term without any complication. Newborn under-
went for the oxygen supply immediately after delivery as was feel-
ing problem in breathing. He has one brother with abnormal
growth conditions. The proband has dysmorphic features, develop-
mental delay and intellectual disability. He has hearing loss can’t
speak. He was diagnosed as microcephaly with head circumference
of 39.4 (-2.8SD), dysmorphic features and brain atrophy. He started
walking with support at the age of 2 years. He had ID, gross motor
delay along with hypotonia. He was also reported difficulties in
swallowing with nonspecific seizure, hypotonia, mildly delayed
psychomotor development.

Patient (IV-2) is 7 years old boy was born by cesarean section
delivery at full term having no complication. The proband has dys-



Fig. 1. A detailed family pedigree was drawn after having the detailed information from the parents. The available samples were marked as symbol satiric.
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morphic features, speech delay developmental delay and intellec-
tual disability. He has hearing loss can’t speak. At the age of one
and half years he started walking without support. He also had
hypotonia, gross motor delay along with intellectual disability.
2.3. Whole exome sequencing

To do the WES DNA of the affected individual was enriched for
the whole coding region and splice site junctions of all the genes.
The products are sequenced on an illumine NextSeq instrument
with 2x76 paired end reads as previously done (Naseer et al.,
2020). The sequence is compared to a reference sequences
GRCH37/UCSC hg19 human genome build. All sequence alterations
are defined by using the Human Genome Variation society nomen-
clature guidelines. Various bioinformatics analyses were carried to
identify causative variant in PUS7 and AASS genes. Variants
obtained from sequencing were filtered for novel and rare
(MAF = 0.01%), functional (predicted damaging by SIFT/Polyphen),
the heterozygous/homozygous state in the affected individual lit-
erature search and database queries were also performed. WES

data were mapped against the information in the dbSNP (http://

www.Ncbi.Nlm.Nih.Gov/snp/), and population based data base
such as genome aggregation database genomAD, Exome Variant

Servise (ESP) and 1000 Genomes databases (http://www.1000gen-

omes.Org/data) and disease based database such as ClinVar (Data-
base of assertions about the clinical significance and phenotype
relationship of human variations), OMIM (Database of human
genes and genetic conditions that also contains a representative
sampling of disease-associated genetic variants) and Human Gene
Mutation (Database of variant annotations published in the litera-
ture). Following by the standard guideline of ACMG.

In silico functional study was done for the current mutations to
check deleterious effect and abnormalities caused by mutations.
For the in silico predictions we used software’s like Mutation Tester

(http://www.mutationtaster.org/), 1000 Genomes (http://www. in-

ternationalgenome.org/), PhyloP (https://www.ncbi.nlm.nih.gov/

pmc/articles/ PMC4702902/), PhyloP GERP++ (http://mendel.stan-

ford.edu/SidowLab/ downloads/gerp/), SIFT (http://sift.bii.a-star.

edu.sg/), PhastCons (http://compgen.cshl.edu/phast/), CADD

(https://cadd.gs.washington.edu/), SiPhy (https://omictools.com/

siphy-tool) and Exome Aggregation Consortium (http://exac.broad-

institute.org/), PROVEAN and MAPP for Protein structure/function
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and evolutionary conservation. All the software predict this variant
as disease causing.
2.4. Sanger sequencing

Mutations identified using WES were further validated by San-
ger sequencing analysis. Data files of sequencing were obtained
from the AB1 sequencing unit. Sequencing file was aligned with
reference sequence using the BioEdit software. We followed guide-
lines to search for the variations in the National Center for Biotech-
nology Information SNP database. Further, to rule out this
mutation in normal population 100 control samples were also
sequenced for these identified variants.
3. Results

3.1. Whole Exome sequencing

After the WES the variant call format (vcf) file having total of
101,755 variants were identified. Bioinformatics analysis were
used to find out the causative variant by applying different filters
based on the pathogenicity, genomic position, frequency, quality,
protein effect and having any relations with the diseased pheno-
type. Further the variants obtained from WES were filtered to
include only novel/rare (MAF = 0.01%), present in the heterozygous
or homozygous state predicted damaging by Polyphen/SIFT soft-
ware. We detected two mutations one homozygous frameshift
mutation c.606_607delGA, p.Ser282CysfsTer9 in the PUS7 gene
and other splice acceptor variants c.1767–1 G > A in the AASS gene
in the analysis. These variant are absent in gnomAD and dbSNP
database. Moreover, multiple in silico tools also used and they pre-
dict a harmful effect of these mutations as shown in Table 1.
3.2. Sanger sequencing analysis

Sanger sequencing technique was used to validate the WES
sequencing results by designing the primers that were designed
for the observed mutation. The results of Sanger sequencing
showed homozygous frameshift mutation c.606_607delGA, p.
Ser282CysfsTer9 in the PUS7 as shown in Fig. 2. Moreover, Sanger
sequencing also confirmed a splice acceptor variants c.1767–1
G > A in the AASS gene as shown in Fig. 3. This resulted mutations
were ruled out in 100 healthy controls samples from the
population.
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Table 1
Showing the details of in silico analysis done for this study.

S.
No

Online Tools Pathogenicity
Score for mutation
in PUS7 gene
c.606_607delGA

Pathogenicity Score
for mutation AASS
position gene
c.1767–1 G > A

1 SIFT 0.01 0.01
2 Exome Aggregation

Consortium
Version 0.3.1

0.0 0.0

3 1000 Genomes 0.0 0.0
4 Polyphen-2

(v2.2.2, released in Feb
2013)

0.72 0.82

5 MutationTaster Disease causing Disease causing
6 MutationAssessor 2.0 1.23 2.22
7 Phastcons 1.4 1.0 1.0
8 PhyloP

(phyloP46way_placental)
0.98 1.06

9 SiPhy 0.5 17.07 19.27

M.I. Naseer et al. Saudi Journal of Biological Sciences 27 (2020) 3125–3131
3.3. Gene interactions and pathways

Gene interactions along with pathways from curated databases
and text mining was done to find out the relations of identified
genes with other top 30 genes. UCSC gene browser was used to find
out the possible interactions of PUS7 and AASS gene with other
genes as shown in Fig. 4(a,b). Moreover, the intensive database
search and literature reviewwas done to limit the variants to genes
relevant to the clinical history.
Fig. 2. Chromatogram of Sanger sequence analysis III-1 and III-2 are the normal paren
frameshift mutation c.606_607delGA, p.Ser282CysfsTer9 in the PUS7 gene.
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4. Discussion

A large number of studies have been done to explain tRNAmod-
ification in different human diseases that are linked Mendelian dis-
orders (Ramos and Fu, 2018; Torres et al., 2014). In spite of the
plenty of these post translation modifications of tRNA, its biologi-
cal significance has been limited to the phenotypes in human that
is associated with PUS1 and PUS3 mutations (Fernandez-Vizarra
et al., 2007; Shaheen et al., 2016).

In previous studies it has reported that mutations in PUS1 and
PUS3 (MIM #600462, 616283) genes respectively leading to speech
and motor impairments along with ID syndromes (Bykhovskaya
et al., 2004; Shaheen et al., 2016). Further, current identification
of three unrelated families with ID showed pathogenic PUS7
c.382G > A (p.Gly128Arg) mutations reinforced the possibility of
as the disease causing mutation (De Brouwer et al., 2018). More-
over, this pathogenic PUS7 mutation was segregated with disease
and result of change an evolutionary conserved glycine residue.
Further the mutation of p.Gly28Arg in PUS7 present in the TruD
domain of Pseudouridine synthase suggest that this change disrupt
pseudouridylation as described. Darvish et al., 2019 gave father
evidence by providing the clinical and genetic information of fam-
ily reported with ID, motor impairments, speech delay, and mild to
aggressive behavior as a result of pathogenic mutation in PUS7
gene and these changes are associated with pseudouridylation.
Furthermore, the two other families having the point mutation in
a highly conserved residue of PUS7 that is involved in a salt bridge
in the E. coli TruD homolog (Kaya et al. 2004).
ts, while (IV-1 and IV-2) are the affected member of the family showing a novel



Fig. 3. Sanger sequencing analysis showed a novel splice acceptor variants c.1767–1 G > A in the AASS gene in the affected member of the family.

Fig. 4. PUS7 and AASS genes pathways was drawn from databases and text-mining according to USCS gene browser.

M.I. Naseer et al. Saudi Journal of Biological Sciences 27 (2020) 3125–3131
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Furthermore, any damaging effect or change during protein
synthesis due to the mutations in tRNA modification genes in cen-
tral nervous system may lead to the Mendelian diseases (Kirchner
and Ignatova, 2015; Ramos and Fu, 2018; Shaheen et al., 2015;
Torres et al., 2014). Recently, a number of studies explain the
promising role of the protein translation in many brain disorders
that increased the list of the number of diseases due to mutation
in different component of protein translation and its modifications
(Kapur and Ackerman, 2018; Tahmasebi et al., 2018). Although the
advantage of discovering these link of the gene with disease as
described in this study, is currently limited to build an accurate
molecular diagnosis and prevention through informed reproduc-
tive choices, it is likely that these revelations will inform the devel-
opment of therapeutics in the future. The associated consistent
defect in pseudouridylation provides hints at the potential patho-
genesis of this syndrome. In addition, this may also serve as a very
helpful assay for the proper classification of variants of unknown
significance that will inevitably be encountered in this gene as
exome/genome sequencing of children with intellectual disability
will incorporate it in their annotation. The presence of similar phe-
notypes such as ID, short stature or microcephaly in this family
reflect genotype phenotype correlation, since this family presented
with a homozygous frameshift mutation in PUS7 gene similar as
previously reported families carried nonsense or frameshift muta-
tions that may cause loss of function. This is the first report of a fra-
meshift mutation in PUS7 gene as a pathogenic gene for ID
syndromes with speech impairments and aggressive behaviors in
Saudi population. Finally, it is established that in humans PUS7
gene mutations produce a syndrome of ID, progressive micro-
cephaly delayed psychomotor development, hyperactivity, along
with mild to swear aggressive behavior and many other variable
features.

Moreover, the role of AASS gene is also very important. In the
animal model study of C. elegans it was observed that mutations
affecting only the SDH domain of Aass1, of AASS gene, resulting
the abnormal enlargement of mitochondrial in hypodermis (Zhou
et al. 2019). In C. elegans animal model the mutations disturbing
the LKR domain only or both the SDH and LKR domains that
resulted in lysine accumulation, whereas mutations in the SDH
domain only resulted in saccharopine accumulation. Expression
of human AASS in mutant C. elegans rescued these phenotypes,
indicating evolutionarily conserved function between C. elegans
and mammals. Furthermore, these defects may lead to growth
abnormailties at postnatal stages and death of Aass SDH mutant
mice (Zhou et al., 2019). Mostly, the amino acid catabolism take
place in mitochondria, so any anomalous amino acid catabolism
may result in defect of mitochondria and functional loss. Any
mutation may lead to mitochondrial homeostasis related to meta-
bolic stresses and leads to the aminoacidopathies of unknown
etiology.
5. Conclusions

In conclusion in this study we identified a family having two
novel mutations one as frameshift mutation c.606_607delGA, p.
Ser282CysfsTer9 in the PUS7 gene and splice acceptor variants
c.1767–1 G > A in the AASS gene. The pattern of family segregations
support the pathogenicity of this variant associated with abnormal
behavior, intellectual developmental disorder, microcephaly along
with short stature leading to IDDABS. Finally, our results further
explained the role of WES in the efficient disease diagnosis and elu-
cidated that the mutations in PUS7 and AASS genes may play a sig-
nificant role for the development of IDDABS for the first time in
Saudi family.
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