J.Natn.Sci.Foundation Sri Lanka 2023 51 (4): 643 - 650
DOI: http://dx.doi.org/10.4038/jnsfsr.v51i4.11256

RESEARCH ARTICLE

Moleculalar Pathology

Whole exome sequencing coupled with in silico functional analysis
identified NID1 as anovel candidate gene causing neuro-psychiatric

disorder in a Pakistani family

M Muzammal', S Ahmad', MZ Ali', S Fatima', S Abbas!, J Khan? H Ullah', W Shah?, L Duan*" and

MA Khan'*

' Gomal Centre of Biochemistry and Biotechnology, Gomal University Dera Ismail Khan, KP, Pakistan.
2 Institute of Biological Sciences, Gomal University Dera Ismail Khan, KP, Pakistan.

3 University of Science and Technology of China, Hefei, Anhui, China.

* Department of Reproduction Andrology, Sichuan Jinxin Xinan Woman & Childern Hospital, Chengdu, Sichuan, China.

Submitted: 23 June 2022; Revised: 6 June 2023; Accepted: 27 June 2023

Abstract: Intellectual disability (ID) is a neuro-developmental
condition that affects a person’s cognitive ability and
results in a learning defect. It affects 1-3% of the general
population; however, the ratio may be expected to be more
in a consanguineous population. Herein in the present study,
we identified a nuclear family from Dera Ismail Khan City in
Pakistan. Whole exome sequencing was performed to map the
pathogenic variant. Protein structural modeling and interaction
studies were carried out to validate the variant with disease-
association. Molecular modeling of normal and mutated
proteins was performed through I-TASSER and Chimera
tools, while docking and interaction analysis was carried out
using Cluspro. Clinical analysis of the patient determined
mild intellectual disability and gait problem. Candidate gene
analysis in this family found a homozygous missense mutation
NM_002508:c.C2512T (p.Arg838Cys) in the 12" exon of
NIDI gene. Molecular modeling of wild-type and mutant
NID1 proteins determined a significant effect on the protein’s
secondary and tertiary structure. Hence, based on the exome
sequence analysis, NIDI is proposed to be a strong novel
candidate ID gene in this family. The genetic mapping of the
present family led us to determine a novel candidate gene to be
associated with intellectual disability. Linkage of additional ID
families with genes would confirm its validity and strengthen
our notion. Furthermore, expression studies and pathway
analysis will help in exploring the biological mechanism of
learning and memory.

Keywords: Exome sequencing, ID, NIDI1, novel candidate
gene, Pakistani family.

INTRODUCTION

Intellectual disability (ID) is a neurological defect that
occurred due to anomalies of the brain. Previously, ID
was also known as mental retardation, learning defect
or developmental delay (Ropers, 2010). Intellectual
defect results in loss of social adaptive skills and
usually occurs before the age of 18 (WHO, 1992). The
worldwide prevalence of ID ranges from 1 to 3% (APA,
2013). Precisely, its prevalence is 1 to 2% in developed
countries and 2 to 3% in less developed countries like
Pakistan (Durkin, 2002; Maulik et al., 2011). However,
its incidence is speculated to be high in those countries
where the rate of cousin marriages is high (Salvador-
Carulla et al., 2008). Based on the intelligence
quotient (IQ) value, ID is characterized into mild
(IQ range 55> - >69), moderate (IQ range 35> - >54),
severe (IQ range 20> - >34) and profound (IQ range
below 19) (Ahmed et al., 2021). Phenotypically,
ID is categorized as syndromic and non-syndromic
intellectual disability (NS-ID). In syndromic ID, the
individual suffers from additional biological anomalies,
while in NS-ID, the individual is merely suffering from
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learning defect, as in the case of autosomal recessive
non-syndromic intellectual disability (ARNSID) (Bittles
& Black, 2010). Much research has documented that
approximately 10% of marriages worldwide are between
blood relatives (https://www.ncbi.nlm.nih.gov/omim/),
but its frequency is much higher in Central Asian regions
especially Pakistan, India, and Iran. In Pakistan, the
exact number of intellectually disabled children is still
unknown due to unavailability of any proper survey.
According to the census of 1998, Pakistan has 2.5% of
people suffering from different kinds of disabilities. Until
now, 75 genes/loci are enlisted in the Online Mendelian
Inheritance in Man (OMIM) database (https://www.ncbi.
nlm.nih.gov/omim/) involved in NS-ARID.

Almost 560 genes have been associated with
intellectual disability (Attps://www.omim.org). All the
modes of Mendelian heredity (i.e., autosomal recessive,
autosomal dominant, or X-linked) are associated with
intellectual disabilities. Physiologically, these reported
genes are involved in various cellular signaling cascades,
inter-neuronal  connectivity, neuronal proliferation,
neuronal migration, and the extensive guideline
of genetic/epigenetic transcription and translation
(Muzammal et al., 2022). Improvement in identifying
genes accountable for the worldwide developmental
delays and intellectual impairment has expanded our
knowledge of the molecular mechanism in learning and
memory, which is essential for understanding cognition
and intelligence from a neurological perspective. Growing
awareness of molecular pathology will assist in finding
new pharmacological methodologies (Muzammal et al.,
2022).

The current genetic study reported a Pakistani family
to have the causative genetic factors of ARID. The
current ID family was recruited from Dera Ismail Khan
City of Pakistan. Exome sequence analysis in this family
found a novel missense mutation NM_002508:¢.C2512T
(p-Arg838Cys) in the NIDI gene.

MATERIALS AND METHODS

The current study was approved by the institutional
Ethical Review Board of Gomal University, D.I. Khan,
Pakistan, and supported by the Higher Education
Commission (HEC) of Pakistan through an NPRU grant
(project #5564/KPK/NRPU/R&D/HEC/2016). Venous
blood samples were obtained from patients and normal
individuals (including parents) of the affected family
as per the standard protocols, and kept at 4°C in EDTA
tubes. and DNA was extracted using DNeasy Blood Kit

(Qiagen).
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Genetic analysis

The positional cloning approach was adopted for gene
mapping, which involved whole exome sequencing
(WES), homozygosity mapping (based on SNP data of
WES), and candidate gene and/or variant prioritization.
The detailed description of gene mapping and mutation
analysis is outlined as follows.

Whole exome sequencing

Whole exome sequencing was done on NextSeq500
platform, using Nextera rapid capture exome kit for
library construction, following the manufacturer’s
protocol (Illumina, San Diego, USA).

For candidate gene analyses, several online tools were
employed, e.g., Exomiser (https://monarch-exomiser-
web dev.monarchinitiative.org), PhenlX (http://compbio.
charite.de/PhenlX/), ENDEVOUR (https://endeavour.
esat.kuleuven.be), and ToppGene (https://www.toppgene.
cchme.org).

Protein Secondary structure prediction

The secondary structure of the protein was predicted
through PSI-blast based secondary structure Prediction
(PSIPRED) tool (McGuffin ef al., 2000). This method is
used to examine the folding pattern of protein secondary
structure.

Protein 3D Modeling and docking

I-TASSER online (Yang & Zhang, 2015) tool was used
to design the 3D models of normal and mutant NID1
protein and its close interactor. Model with top confidence
score (C-Score) was selected for further investigation
(Muzammal et al., 2022). Chimera 1.13.1 (Goddard
et al., 2007) was used to visualized the designed 3D
models (Ali et al., 2022). Protein-protein docking was
carried out with its close functional interactors through
an online tool called Cluspro server (Kozakov et al.,
2017).

RESULTS AND DISCUSSION

The current genetic study was conducted on a Saraiki
origin consanguineous Pakistani family suffering from
NS-ID, and NIDI was identified as novel candidate gene
involved in NS-ID.

The family was recruited from Dera Ismail Khan
City. The nuclear family consisted of an affected father
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(I:1), normal mother, and six children with one affected
daughter (II: 3). The pedigree analysis apparently
determined autosomal recessive mode of disease
inheritance (Figure la). The patients were suffering
from mild intellectual impairment with low IQ. The
affected father also had some psychiatric problems and

045

had attention deficit. The female patient (II: 3) had Gait
issue, attention deficits, and kidney issues. The general
phenotypes of patients were consistent with AR-NSID.
Whole exome sequencing was selectively performed on
patient II:3. The rest of the clinical details are described
in Table 1.
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Figure 1:

a) Pedigree of the family showing autosomal recessive mode of inheritance, (b) screenshot homozygosity mapper

showing the homozygous region, largest region on chromosome is highlighted in the blue box. (c) Presence of

candidate gene NID1 variant in the exome file.

Genetic analysis
Candidate gene analysis

Whole exome analysis found a total of 23,600 variants.
Through homozygosity mapper, HBD analysis found a
large significant homozygous region on chromosome 1
(chr1:206579936-240371106),spanninga33.7 Mbregion
on DNA. The subsequent exome analysis, with primary
target on the large homozygous region coupled with
screening of the top 10 candidate genes identified
through different candidate gene analysis tools,

identified homozygous single nucleotide substitution
in NM_002508: ¢.C2512T:(p.Arg838Cys) in the 12%
exon of the NID1 gene (Figure 1 b & 1c¢). The identified
variant (rs763658641) has a minor allele frequency of
0.000003 in ExAC and 0.000015 in the gnomAD exomes
databases.

However, the clinical significance of this variant
is not reported in the Clinvar database. ACMG-AMP
classification categorized this variant as VUS (variant of
unknown significance).

Journal of the National Science Foundation of Sri Lanka 51(4)

December 2023



646 M Muzammal et al.

Table 1: Clinical features of patients (I:1 and 11:3)

1I:3
Female
Mild
Yes
Yes

I:1
Male
Mild

Phenotypes
Gender
Level of intellectual disability

Kidney stone
Muscular degeneration
Gait problem

Epileptic fits

Hearing problem

No

Dermal lesion No

Late responsive, Late responsive,

Psychiatric phenotypes
Y P typ i.e., attention deficit

Yes
Yes
No
No

i.e., attention deficit

Jerking of limbs

Self-feeding

Microcephaly features

Macrocephaly features

Digit anomaly

Facial dysmorphism

Obesity

Normal
No

Shape and length of digits

Ophthalmic issues

In silico analysis pattern (highlighted in red boxes). These changes were
detected both in upstream and downstream regions from
the site of mutation (highlighted in the purple box). These
changes were present on the mutant protein’s strand,
helix, and coil. Changes observed in the mutant protein

can be clearly seen in the Figure 2b.

Secondary structure prediction of wild-type and
mutant NID1 proteins

Secondary structure comparison of normal and mutant
NID1 protein revealed different changes in the folding

RAAWTRALLLPL MEPENGC L sSHOEL FPFGPGAGOLELEDGD
LELSGALRFYORSODIDAVYVITNGI | ATSEPPAKESHPGLEPPT

' MU Allllllllllllllllllllllllc LSHEELFPFGPGAGODLELEDGD

S OFVSPALELSGAL DRSOIDAVYVITNGIIATSEPPAKESHPGLFEPPT

TP SRIYIYQWRQTI TFOQECVHODOSRPALPSTOALSVOSVFEVEYNQEEKI LR

FGAVAPFLADLOTTOGLGKVYYREDL S HENNERANEEVNEG: P e sraps

SAVVVIWESVAPYQGP SROPODQKGKRNTFOAVLASSOSSSYAIFLYPEDG

EQODGFKNGFSI TGGEFTROAEVTIFVGHPGNLVI KQRFSGIDEHGHLTI DT
ELEGRVPQIPFGSSVHI EPYTELYHYSTSVITSSSTREYTVIEPERDGAS

YAUSNSIGPVREGSPOALONPCYI GTHGCOTNAACRPGPRTIQFTCECSI G

protein
structure after
mutation

(a)

“t

(b)

P GAVAPELUABLOTT 0O LGKYYYRED L s EENMONEREERERE: » €1 55 ar s
sAvvvvva!vor.rsunrnoxc.lnuvvaAvLAssossstullvv(nf."c

# LQFHTTFSKKENNQVPAVYAFSQGSVGFUWKSNGAYNI FANDRESVENER = 2 LQENTTESKKENNGVPAVVAFSaosEarcwes ol ni ¢ axoElESMENER =
2 KBS NSGQAQGVWVFEI GSPATTNGYVPAOVI LGTEDGAEYDOEDEDYOLAT % 2 KBS NSGQQGVWYFEIGSPATTNGVYPADVI LGTEDGAEYDDEDEDYDOLAT 0
¥ TRLGLEDVGTTPFSYKALRRGGADTYSVPSVLSPRRAATERPLGPPTERT ¥ ¥ TRLGLEDVGTITPFSYKALRRGGADTYSVPSVLSPRRAATERPLGPPTERT ¥
% RSFQUAVENIF HOQHPQVI DVOEVEETGVVESYNTOSROTEMNNRHQC SV H & s rsrFauAav[ET]Fnaanravi OVOEVEETGVETIsYNTOSROTEMNNRHQC SV H 20
4 AECROYATGFCCSCVAGYTGNGRQOQCVAEGSPORVNGKVKGRIFVGSSQVP & “ AECROYATGFCCSCVAGYTGNGR AEGSPOQRVNGKVEKGRI FVGSSaQVP
G UVFENTOLMNSYVVMNHGRSYTAI STIPETVGYSULPLAPVGGI I GWHEAV m'|lllN'Dll!'vvlllﬂllvl‘Eﬂ??'!IVGVSll'lAPVGGIIGIE:A

€ a0 5 x X ofEJ NI 6 G € ¥ MR UAN LT G 7 GEIYNXHREEGI 5 € X o X RO R0H %

[Eleorvearrrasfluuiery [ yNysTsvITSsSsTREYIVIEPERDGAS &
FsRivryawraritfrafcvuoosreatesraatfsyfosvENtynaeexi LR %

YALSNSIGPVREGSPOALONPCYI GTHGCOTNAACRPGPRTIQFTCECSI G /™

1 FRGDGRTCYDIDECSEQPRSVCOSHIICHNNPGTERCECYEGYQESDEGTE ™ ¢ n 6o GRICETE]N 0ECSEQPSVCOSHTIENNHPGTFERCECYEGYRSDEGTE ™
™ WAVVODQRPI NYCETGLNNCOI PORAQCI YTGGSSYTECSCLPGFSGDGQAC & ™ fAVJVOGRPI NYCETGLHNCDI PORAGCT YTGGSSITESCLPGFSGDGQAC &0
W ERENILGAAGATOPQRRI PRGUFVPECOANGHYAPTOCKGSTGYeWeyo = Il o WeneWili cAAcATOPaRP I PPGLFEVPECOANGHY AP T[cHGS TGYEWEY D %
% ROGREVEGITRTRPGMTIPPCLSTVAPPIHQGPAVPTAVIPLPPGTHLLFAQG % ¥ RODGREVEGTRTIRPGMIPPCLSTIVAPPI HQGPAVPTA LPPGTHLLFAQ *
* moXNERERCEGNTMAX T EAXABERVEAXEINSEREScyexuyymuonrE - = W = voEluEKnrecxy s RKTEAK VPAKNINGUAEDCY D KMV Y {TBuTE s *
%! $1 GRASLMNGGEPTTI I RADLGSPEGI AVONLGRNI FWITDSNLODRI EVAKL "W W' S  GRASLNGGEPTTI I ROOLGSPEGI AVONLGRNI FWTOSNLORI EVAKL "
%' DGTQRRVLFETOLVNPRGI VIDSVRGNLYWIOWNRONPKI ETSYMDGT NR " ¥ DGTQRRVLFETOLVNPRGI VIODSVRGNLYWTOWNRONPKI ETSYMOGT NR "™
™ RI LVODDLGLPNGLTFODAFSSOQLCWVDAGTNRAECLNPSQOQPSRRKALEGL "¥ ™ R LVYODOLGLPNGLTFOAFSSQLCWVDAGTNRAECLNPSQPSRRKALEGL "
™' QY P FAVTISYGKNLYFTOWKMNSVVALOLAI SKETODAFQPHKQTRLYGI T T ' M QY PFAVISYGKNLYFTOWKMNSVVALOLAI SKETDAFQPHKQTRLYGH T 1 '
™ AL SQCPOGHNYCSVNNGGCTHLCLATPGSRICRCPONTLGVOC!I EQK e W ALSQCPOGHNYCSVNNGGCTHLCLATPGSRICRCPONTLGVOCI EQK e
- e » wea »  [Jouates «
[ Omorternd, protein tinding [ = o
Normal Protein D Site of Mutation Upstream and [ Exvecetuder I o st ot Cpcptonmic St Pt
downstream
changes in

Figure 2:

Secondary structure wild-type (a) and mutant NID1 protein (b) predicted through PSIPRED tools. Showing the site of

mutation in green box, upstream and downstream changes after mutation are highlighted in red boxes.
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Protein tertiary structure and interaction analysis

Superimposed 3D models of NID1 wild-type and mutant
proteins determined a similarity index of 77.15% and
different changes in folding of the 3D structure were
observed (Figure 3). Protein-protein interaction of wild-
type and mutant NID1 protein were done with their close
functional interactor LAMCI1 protein, which showed
great changes in the interacting residues of all the wild-

Figure 3:
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type and mutant proteins with their interactors (Figure 4).
The mutant NID1 protein showed less interaction with
its close interactor LAMCI protein, i.e., via 4 hydrogen
bonds and 1 salt bridge only, while in the case of wild-
type NIDI protein, its interaction with LAMCI protein
was through 17 hydrogen bonds and 2 salt bridges.
Complete details of all the interacting residues of wild-
type and mutant NID1 proteins with their close interactor
are shown in Table 2.

Changes in the
3D structure

Site of
Mutation

(a) 3D structure of wild-type NID1 protein; (b) 3D structure of mutant NID1 protein;

(c) superimposed structure of wild-type and mutant NID1 protein.
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Figure 4: (a) Protein-protein interaction of wild-type NID1 and its

of mutant NID1 and its close interactor LAMCI1 protein

close interactor LAMCI protein; (b) protein-protein interaction

Journal of the National Science Foundation of Sri Lanka 51(4)

December 2023



648

Table 2:

M Muzammal et al.

Protein-Protein interaction of wild-type and Mutant NID1 proteins with LAMC1 protein

Protein

Interacting resides with LAMC1 protein

No and type of bonds

Wild-type NID1 protein

Glul030, Arg1036, GIn1224, Thr1225, Ile1124, Argl116,

17 hydrogen bonds and 2 salt bridges

Glul125, Asn1129, Asp1013, Serl1115, Asn119, Cys968,
Argl004, Phe973, Glu978, Gly979, GIn963

Mutant NID1 protein

Cys807, Thr799, Lys802, Asp814 and Glu393, and Tyrl16

4 hydrogen bonds and 1 salt bridge

Discussion

The present family was recruited from Dera Ismail
Khan city and ethnically it belonged to a Saraiki origin
population. This family had 2 affected individuals,
i.e., an affected father (I: 1) and his daughter (II: 3).
Both the patients were suffering from mild intellectual
disability. The patient (II: 3) had some additional
anomalies like attention deficits, a walking problem,
and a kidney problem (Table 1). Molecular investigation
in this family found a homozygous missense variant

NM _002508: ¢.C2512T:(p.Arg838Cys) in the 12"
exon of the NIDI gene. Allele frequency of this variant
in multiple population databases was found to be very
low. The additional convincing evidence for NIDI
gene involvement included the presence of the variant
in a large stretch of homozygous regions (Figure 1c),
high expression of NID/ gene in the brain, and strong
evolutionary conservation of the substituted amino acid
(p-Arg838) due to missense mutation (Figure 5). Not only
p-Arg838 was conserved but the entire region was highly
conserved throughout different species (Figure 5).

R838
Pongo abelii CYNTPGSFTCQCKPGYQGDGFRICVPGEVEK TRCQHEREHILGAAGAADPQRPIPPGLFVP | 876
Nomascus leucogenys CYNTPGSFTCQCKPGYQGDGFRICVPGEVEKTRCQHEREHI LGAAGAADPQRPIPPGLFVP 876
Gorilla gorilla CYNTPGSF TCOCKPGYQGDGFRCVPGEVEKTRCOHEREHI LGAAGAADPQRPIPPGLFVP 876
I Homo sapiens CYNTPGSFTCQCKPGYQGDGHRICVPGEVEKTRCQHEREHI LGAAGATDPQRPIPPGLFVP 876 |
Pan troglodytes CYNTPGSFTCQCKPGYQGDGHRCVPGEVEKTRCQHEREHI LGAAGAADPQRPIPPGLFVP 876
Pan paniscus CYNTPGSFTCQCKPGYQGDGHRICVPGEVEKTRCQHEREHI LGAAGAADPQRPIPPGLFVP 876
Macaca nemestrina CYNTPGSF TCQCKPGYQGDGHRICVPGEVEKTRCQHEREHI LGAAGAADTQRPIPPGLFVP 877
Chlorocebus sabaeus CYNTPGSFTCQCKPGYQGDGHRICVPGEVEKTRCQHEREHI LGAAGAADPQRPIPPGLFVP 878
Theropithecus gelada CYNTPGSF TCQCKPGYQGDGHRICVPGEVEK TRCQHEREHI LGAAGAADPQRPIPPGLFVP 876
Papio anubis CYNTPGSF TCQCKPGYQGDGFRCVPGEVEK TRCQHEREHI LGAAGAADPQRPIPPGLFVP | 876
Cercocebus atys CYNTPGSF TCQCKPGYQGDGHRICVPGEVEKTRCQHEREHI LGAAGAADPQRPIPPGLFVP 876
Macaca mulatta CYNTPGSFTCQCKPGYQGDGHRCVPGEVEKTRCQHEREHI LGAAGAADPQRPIPPGLFVP 876
Macaca mulatta CYNTPGSF TCQCKPGYQGDGHRICVPGEVEKTRCQHEREHI LGAAGAADPQRPIPPGLFVP 803
Macaca fascicularis CYNTPGSFTCQCKPGYQGDGHRICVPGEVEKTRCQHEREHI LGAAGAADPQRPIPPGLFVP 876
Piliocolobus tephrosceles CYNTPGSFTCQCKPGYQGDGHRICVPGEVEKTRCQHEREHI LGAAGAADTQRPIPPGLFVP 876
Colobus angolensis palliatus|CYNTPGSF TCQCKPGYQGDGHRCVPGEVEKTRCQHEREHI LGAAGAADPQRPIPPGLFVP 876
Callithrix jacchus CYNTPGSF TCQCKPGYQGDGHRICVPGEVEKTRCQHEREHI LGAAGAADPQRPIPPGLFVP 876
Figure 5: Conserved sequence alignment of substituted amino-acid. Position of substituted amino acid (R838) is

given in red box.

Mattei et al. (1989) localized the human NIDI gene to
chromosome 1. Later in 1995, Zimmermann et al. (1995)
described the NID! and documented that it consists of
20 exons with a genomic size of about 90kb. The NID1
protein consists of 1247 amino acids. Each exon encodes
individual protein subdomains. The NID/ gene codes a

member of the nidogen family of basement membrane
glycoproteins. The protein interacts with several other
components of basement membranes, and may play
a role in cell interactions with the extracellular matrix
(Zimmermann ef al., 1995). Jenkins et al. (1991) mapped
the nidogen gene (Nid) to mouse chromosome 13 and
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found a linkage to the beige (bg) mutation. The bg
mutation is supposed to be the mouse homologue of the
Chediak-Higashi syndrome (CHS). Major phenotypes of
CHS comprise muscle stiffness, developmental delay,
mental deficiency, and skin problems etc. (Jenkins ef al.,
1991).

Murshed et al. (2000) produced Nid1-deficient mice
and noted that homozygous mice produced neither mRNA
nor protein. Astonishingly, the homozygous mice were
fertile and their basement membranes appeared normal,
though Nid2 expression was much greater in certain
basement membranes (Murshed et al., 2000). Darbo et al.
(2013) described a large Vietnamese family with Dandy-
Walker malformation with occipital cephalocele. They
found a heterozygous mutation c.C1162T (p.GIn388*) in
the NIDI gene, which probably results in the complete
truncation of the G2 and G3 regions of NIDI (Darbo
etal., 2013).

Dong and his co-workers in 2002 targeted the
disruption of the N/D! in the mouse presented in their
study and found a duplication of the entacin-1 locus.
Homozygous mutants for the functional locus lacked
NIDI mRNA and protein and often displayed seizure-
like symptoms and loss of muscle control in the back
legs (similar features were present in patient I1:3) (Dong
et al., 2002; Alazami et al., 2015). The behavior patterns
suggested the presence of neurologic deficits in the CNS,
thus providing genetic evidence linking entactin-1 to
proper neuromuscular system functions. In homozygous
mutants, structural alterations in the basement membranes
were found only in selected tissues, i.e., brain capillaries
and the lens capsule. The structure of the basement
membranes in other tissues were observed to be normal.
These findings showed that the lost functions of NID1
protein results in pathologic alterations that are extremely
tissue specific.

Based on the expression and animal studies, it can be
showed that NID1 has significant linkage with intellectual
functioning and cognition. Our patients did not disclose
previously documented features, except ID, due to NID/
gene mutation. Hence, to the best of our knowledge,
NIDI is a novel candidate gene to be involved in a new
phenotype of non-syndromic ID.

CONCLUSION

The present genetic study reported a novel candidate
NIDI (c.C2512T; p.Arg838Cys) responsible for causing
non-syndromic ID. Mutagenesis and cellular based
expression studies on the novel identified N/DI gene
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will further explore the molecular function of this gene.
Linkage of additional ID families with this gene will
strengthen the power of this study and assist in molecular
diagnostics.
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