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CASE REPORT

Co-segregation of variant NSUN2 Lue198Arg 
among Iranian family with intellectual disability: 
a case report
Mahdiyeh Moudi1,2 , Mohammad Yahya Vahidi Mehrjardi3 , Seyed Mehdi Kalantar3 , Mohsen Taheri4 , 
Zahra Metanat4, Nasrin Ghasemi5  and Mohammadreza Dehghani3*  

Abstract 

Background: Intellectual disability is characterized by impairments in adaptive behavior and cognitive function-
ing manifested during the developmental period. Since disabilities are heterogeneous, variant analysis can help us 
confirm and accurately diagnose children with intellectual disabilities. Some papers reported that bi-allelic variants of 
the NSUN2 gene caused a group of neurological disorders, including non-syndromic autosomal recessive intellectual 
disability (NS-ARID), Dubowitz syndrome, and familial restrictive cardiomyopathy 1 (RCM1). We report on a consan-
guineous family with three siblings diagnosed with intellectual disability.

Case presentation: The 7-year-old female was referred to Ali-Asghar hospital, Zahedan, Iran, with clinical manifesta-
tions comprising moderate intellectual disability, ptosis, long face, and short stature. Chromosome banding, meta-
bolic testing, and magnetic resonance imaging examinations revealed no abnormalities. Accordingly, other affected 
siblings born of the same parents were considered. Whole-exome sequencing (WES) was conducted on the sufferer 
to consider NS-ARID variants. Findings identified a variant with uncertain significance (NM_017755.6: c.593 T > G) in 
the NSUN2 gene in the proband. This variant was confirmed through Sanger sequencing of the affected and unaf-
fected family members. Besides, the computational results showed that the L198R exchange could change the inter-
action between wild-type and other residues in the protein. The affected patients with NS-ARID had similar clinical 
characteristics and genetic abnormalities.

Conclusion: Taken together, we described the variant in three Iranian siblings; further expanding of the other vari-
ants involved in the disease will be evident by using high-throughput sequencing technologies.
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Background
Intellectual disability (ID) is classified as a neurodevelop-
mental impairment with remarkable cognitive and adap-
tive functioning deficits before age 18 and an IQ score of 
less than 70% [1]. There are various degrees of ID cate-
gorized according to their level of intelligence quotient: 
mild, moderate, severe, and profound. Sufferers with 

intense ID may manifest signs such as decreased nasal 
bridge, seizures, poor or absent speech, delayed psy-
chomotor development, self-mutilating behavior, global 
developmental delay, generalized hypotonia, epileptic 
spasms, and abnormal facial features within the first two 
years of life. Identifying children with mild ID may not 
be achieved until early school age [2]. The prevalence of 
ID is estimated at between 1–3% in diverse populations 
worldwide [3]. Respiratory illnesses are one of the major 
leading causes of demise in these sufferers [4].

Moreover, it is genetically a heterogeneous disorder 
that follows different inheritance models. Also, many 
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essential genes are involved in the etiology of the disease 
[5]. Next-generation sequencing technology helps us 
determine a precise genetic diagnosis in children with ID 
[6].

Some research has found a link between NSUN2 gene 
variants and ID disease [7–9]. The  NSUN2  (NOP2/Sun 
RNA methyltransferase 2) gene, also known as MISU, is 
located at 5p15 and spans 33  kb, comprising 19 exons. 
The gene transcribes a 2.1 kb mRNA molecule expressed 
in brain tissue and generates a methyltransferase enzyme. 
Cytosine at positions 34 and 48 of tRNA precursors is 
methylated to 5-methylcytosine (m5C). This modifica-
tion can promote tRNA stability and mRNA export [8, 
10, 11]. Enzymatic failure of the enzyme leads to Dubow-
itz syndrome, non-syndromic autosomal recessive intel-
lectual disability (NS-ARID), and familial restrictive 
cardiomyopathy 1 (RCM1) [9]. ARID is characterized by 
impairments in adaptive behavior and cognitive func-
tioning that manifest during the developmental period 
[12]. As a result of using whole-exome sequencing, our 
research found a novel homozygous missense variant 
in an Iranian patient diagnosed with ARID from a large 
consanguineous family.

Case presentation
This family was racially Baloch, with five generations, 
including 25 members (Fig.  1a). This study considered 
three affected siblings born of the same parents (Fig. 1b–
d). They all had normal hearing and vision.

Patient V:4
The patient is a 16-year-old male referred to Ali-Asghar 
hospital, Zahedan, Iran, due to ID. A physician and a 
genetic counselor thoroughly examined the patient’s 

clinical features and family history. He was the first child 
(first pregnancy) born by vaginal delivery at 40  weeks 
gestation. His mother had a normal pregnancy with no 
fetal decelerations or bleeding. After birth, he experi-
enced severe developmental delay and could only walk 
with assistance at the age of four. On examination, he 
showed severe ID retardation, speech delay, seizures, 
a long face, broad nose, and short stature. Additionally, 
he was never capable of living independently. A group of 
medical laboratory assessments, including cytogenetic 
analysis, metabolic testing, magnetic resonance imag-
ing, and array comparative genome hybridization, were 
performed on the sufferer. Nonetheless, there were no 
abnormal signs (Fig. 1b).

Patient V:5
A 14-year-old female showed a range of clinical features, 
including moderate mental retardation, ptosis, beaked 
nose, long face, poor speech, seizure, and short stature 
(Fig.  1c). The girl presented with moderate develop-
mental delay and could only walk at two years old. Her 
birth weight was 2100 g (-2SD), and her length and head 
circumference at birth were 45  cm (-3SD) and 33  cm 
(-2SD), respectively. Furthermore, her karyotype analy-
sis showed a standard 46, XX without any chromosomal 
abnormalities.

Patient V:6
The proband in this family is a 7-year-old female with a 
similar phenotype to her older sister V:5, but she had just 
the ptosis phenotype without the beaked nose (Fig. 1d). 
She could only walk at 26  months, and her speech was 
slow. She was born through a cesarean (C-section) deliv-
ery earlier than the spontaneous delivery course.

Fig. 1 a Pedigree of the family. The family members with ID phenotype are shown at Pedigree (in black) with segregation of the p.(Lue198Arg) 
variant in the NSUN2 gene. Squares represent males; circles stand for females; ± , heterozygote for p.(Lue198Arg) variant; -/- homozygous for 
p.(Lue198Arg) variant. Clinical features of the individual V-6 showing ptosis, broad nasal bridge, and long face. b–d Photographs of individual 4–6
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Molecular analyses
The bioinformatics analyses were narrowed 
down to a novel homozygous missense variant 
(NM_017755.6:c.593 T > G) in exon 6 of the NSUN2 gene 
(NP_060225.4; NG_028215.1), which can create a mis-
sense variant in the protein sequence (p. Leu198Arg) 
(Fig.  2). The variant was categorized according to the 
American College of Medical Genetics and Genomics 
(ACMG) as potential pathogenic (PM1, PM2, PP1, and 
PP3) [13] after manual adjustment for the clinical inter-
pretation using the InterVar database. In other words, the 
variant is located in a conserved region (PP3) and a well-
established functional domain (PM1), was not reported 
in the gnomAD exomes and genomes and Iranome pro-
jects (PM2), and was predicted to be pathogenic based 
upon nine  in silico prediction tools (PP3). Furthermore, 
Sanger’s results confirmed the homozygote variant in 
the three affected siblings and the heterozygote variant 
in their normal parents (PP1). Furthermore, the variant 
was perfectly co-segregated through other family mem-
bers (Fig.  2). According to Jarvik’s report (2016), the 
probability of observed cosegregation for three affected 
siblings who carried the same variant is 1/16. Thus, these 
data demonstrated an ACMG-AMP evidence level of 
pathogenic moderate [14]. In addition, all carriers of the 
p. Leu198Arg variant were clinically normal without any 
abnormalities.

Computational analysis
Following the creation of protein modeling through the 
SWISS-MODEL server, a crystal structure of the YebU 
(methyltransferase from E. coli) with PDB ID c2frxD was 
the best template for the model, which has a sequence 
identity of 30% with the NSUN2 protein. Moreover, the 
structure was validated by the Ramachandran plot cal-
culations. Phyre2’s results predicted that the variant is 
located in the disordered regions, is significant in the 
protein’s function, and has phenotypic effects (Fig.  3a). 
Substituting an arginine residue (mutant) can also con-
siderably alter the interactions between the wild type and 
other residues (Fig.  3b). The output of the I-Mutant2.0 
indicated that the variant decreased the protein stability.

On the other hand, the pathogenicity of the novel 
variant (p. Lue198Arg) was evaluated by multiple  in 
silico  prediction tools. Nine of them (Polyphen-2, 
CADD, REVEL, ClinPred, DANN, MutPred, Provean 
(SCR_005762), MutationTaster (SCR_010777), and SIFT 
(SCR_012813)) expected it to be pathogenic (Table  1). 
Multiple sequence alignment by the WebLogo and Con-
Surf server revealed that the leucine is highly conserved 
among different species (Fig.  3d). In the novel variant, 
arginine was replaced with leucine (Fig.  3e). The HOPE 

results anticipated that the arginine (mutant residue) 
could change the main secondary structure of the wild-
type protein from α-helices to B-sheets. As a result, the 
variant might disrupt significant interactions with differ-
ent targets.

Methods
Three affected individuals were in one generation, 
from parents with a consanguineous relationship. The 
affected family members’ clinical features and IQ scores 
were assessed by the psychiatrist and genetic counse-
lor at Ali-Asghar hospital. The study was approved by 
the ethics committee of Shahid Sadoughi University of 
Medical Sciences (IR.SSU.MEDICINE.REC.1399.199). 
Before the study, written informed consent forms for 
publishing and participating were obtained from all fam-
ily members. According to the manufacturer’s instruc-
tions, DNA extraction was performed on peripheral 
blood from leukocytes using the QIAamp DNA Mini kit 
(Qiagen). Library preparation and sequencing were per-
formed on DNA from the proband (V-6) by the SureSe-
lect Human All Exon V6 kit (Agilent Technologies, CA) 
and HiSeq4000 machine sequencer (The coverage and 
sensitivity of the method were 100X and > 99%). We per-
formed the quality analysis of the raw data (FASTQ file) 
from Hiseq4000 using IlluQC.pl and FastQC software. 
Next, the UCSC hg19/GRCh37 reference sequence was 
aligned with BWA mem (version 0.7.17-r1188). [15]. For 
post alignment, variant calling, and annotation, GATK 
(version 4.1.9.0) [16], Picard-tools [17], BCF tools [18], 
SAM tools [19], HaplotypeCaller [20], and ANNOVAR 
software [21] were applied, respectively. In our filter-
ing strategy, we applied a list of the related panels of ID 
on VCF files. Then, the exonic, non-synonymous, non-
benign variants were selected from the filtered files. The 
shortlisted variants’ pathogenicity was assessed using 
the Varsome, InterVar, and ClinVar databases. Further-
more, we filtered out the common variants specific to 
the Iranian population by comparing them with the Ira-
nome database, a catalog of genomic variations from 800 
exomes from individuals belonging to eight ethnic groups 
[22]. The reported phenotypes of the selected variants 
were reviewed in the OMIM, Genecards, Malacard, and 
NCBI databases. We performed Sanger sequencing to 
confirm the variant in other family members (III-2, III-8, 
IV-4, IV-5, IV-6, IV-9, IV-10, IV-11, V-4, V-5, V-6). Prim-
ers F 5′-CTT GAA CTG AGG TTA CGG -3′ and R 5′-TTT 
GTT TGA GTA CTA CTG ACG-3′ designed by Gene run-
ner software were applied (version 6.5.52). Subsequently, 
we performed the polymerase chain reaction (PCR) 
according to the aforementioned kit. The PCR products 
were sequenced using the BigDye™ Terminator v3.1 
Cycle Sequencing Kit and the Applied Biosystems 3700 
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Fig. 2 Sanger sequence analysis of the NSUN2 gene revealing the c.593 T > G variant
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(Thermo Fisher). The results were analyzed with Finch 
TV and Chromas software.

In‑silico structural modeling and protein stability
As the 3D structure of the NSUN2 protein has not been 
reported in the protein data bank (PDB), the SWISS-
MODEL online server (https:// swiss model. expasy. org) 
was applied to build the 3D structure of the protein 

(UniProt ID: Q08J23). This server is a computational 
tool for building protein models using the homology of 
protein structures and energy minimization. Afterward, 
Phyre2 investigator (Protein Homology/analogY Recog-
nition Engine) (PHYRE2 Protein Fold Recognition Server 
(https:// ic. ac. uk)) was used to assess the effect of the 
amino acid variant in the top model [23]. Also, we applied 
the I-TASSER server (Iterative Threading Assembly 

Fig. 3 The impact of the novel variant on the model of NSUN2 protein. a The amino acid sequence of NSUN2 is colored based on mutational 
sensitivity using Phyre2 investigator. The server predicts the discrimination between disease-causing variants with high and low (neutral variants) 
sensitivity. b The novel variant creates a beta-sheet structure between mutant and other residues in the enlarged image. c the schematic structure 
of conservation in the different regions. The purple and green colors show a highly and lowly conserved region, respectively. Lue198 is located in a 
conserved middle area. The B-factors provide information about the atomic displacement and dynamic parameters in the protein’s crystal structure. 
The image shows that wild-type residue is located in a functional and structural region. d The graph shows the conservation of multiple sequence 
alignments from multiple species. The overall height of each symbol in that position presents the relative frequency of each nucleotide in the 
sequence. e The original (Leucine) and the mutant (Arginine) amino acid schematic structure

https://swissmodel.expasy.org
https://ic.ac.uk


Page 6 of 11Moudi et al. Egyptian Journal of Medical Human Genetics           (2022) 23:82 

Ta
bl

e 
1 

Th
e 

pa
th

og
en

ic
ity

 o
f (

p.
 L

eu
19

8A
rg

) u
si

ng
 s

ev
er

al
 p

re
di

ct
io

n 
to

ol
s 

in
 th

e 
fa

m
ily

D
: D

am
ag

in
g

G
en

e
N

M
Ex

on
A

lte
rn

at
io

n
Po

ly
ph

en
‑2

M
ut

at
io

n 
Ta

st
er

M
ut

Pr
ed

SI
FT

Pr
ov

ea
n

D
A

N
N

CA
D

D
Cl

in
Pr

ed
RE

VE
L

N
SU

N
2

N
M

_0
17

75
5.

6
6

c.
59

3 
T 

>
 G

; p
.L

eu
19

8A
rg

,
D

D
D

D
D

D
D

D
D



Page 7 of 11Moudi et al. Egyptian Journal of Medical Human Genetics           (2022) 23:82  

Refinement) to predict the impact of a missense variant 
(p. Lue198Arg) on the structure and function of the pro-
tein (https:// zhang lab. ccmb. med. umich. edu/I- TASSER) 
[24]. The ConSurf server was used to predict the con-
served and dynamic areas in the NSUN2 protein [25]. 
Highly and lowly conserved areas are colored purple and 
green, respectively. Following the collection of amino 
acid sequences from the UniProt database (http:// www. 
unipr ot. org), the WebLogo server (http:// weblo go. three 
pluso ne. com/ create. cgi) was applied to determine the 
conservation among different species of multiple amino 
acid sequence alignments. The I-Mutant2.0 (https:// foldi 
ng. biofo ld. org/i- mutant/ i- mutan t2.0. html) measured the 
changes in free energy (ΔΔG) for each variant in the pro-
tein sequences and was used to predict the impact of the 
variant on the protein stability [26]. Furthermore, HOPE 
as an online service (https:// www3. cmbi. umcn. nl/ hope) 
was used for analyzing the structural assessment of a 
missense variant in the protein sequence [27].

Discussion
In the present study, we found a novel homozy-
gous missense variant in the  NSUN2 
gene  NM_020919.3:c.593  T > G in the three siblings 
diagnosed with autosomal recessive intellectual dis-
ability (ARID) from a large consanguineous family. This 
form of the disease has a heterogeneous molecular basis, 
caused by variants in many genes, such as DDX3X, NHS, 
WDR45, MECP2, and DYRK1A genes [5]. Several studies 
have reported that variants in the NSUN gene are linked 
to ARID in countries with frequent parental consanguin-
ity. Abbasi-Moheb et  al. (2012) reported a homozygous 
transition in the NSUN2 gene, associated with the ID in a 
consanguineous Iranian family [7]. In another study, vari-
ant analysis of candidate genes by homozygosity mapping 
showed that NSUN2-flanking STR markers might be a 
powerful strategy for ARID diagnosis in medical genetic 
labs [28].

The  NSUN  gene encodes the methyltransferase, 
which is responsible for modifying tRNAs by methyla-
tion. Improper functioning of this enzyme may lead to 
the absence of tRNA-Leu (CAA) in the cytoplasm and, 
consequently, could cause some alterations in transla-
tional efficiency or fidelity, which might manifest some 
changes in the tissue-specific protein expression in 
ID patients. The protein was strongly conserved from 
bacteria to humans, and it was the first SUN-domain-
containing protein characterized by invertebrates [29]. 
The NSUN2 gene expression analysis in the fetal brain 
has shown that NSUN2  is expressed in the early stages 
of brain development. Therefore, it is conceivable that 
the absence of NSUN2 protein could result in prot-
eomic shifts in the affected individuals during brain 

development and may involve human neurocognitive 
development [30, 31].

NSUN2  variant-associated clinical features in the 
studied family included broad nasal bridge, severe and 
moderate intellectual disability, developmental delay, 
long face, short stature, and ptosis. As Abbasi-Moheb 
et al. previously reported, there is a range of overlapped 
phenotypes among individuals with  NSUN2  variants; 
these clinical features include moderate to severe ID 
and facial dysmorphisms [7]. Recently, some papers 
reported that Nsun2 (− / −) knockout mice had a 
remarkable reduction in their size; these results might 
explain the short stature observed in several affected 
individuals [8]. Compared to the clinical symptoms of 
present cases related to other intellectual disabilities, 
molecularly-confirmed patients are reported in Table 2. 
Our bioinformatics results predicted that the wild-
type residue (leucine) rather than the mutant residue 
(arginine) at p. L198R substitution is more significant, 
hydrophilic, and its charge changes from NEUTRAL 
to POSITIVE. So, hydrophobic interactions will be 
lost either in the core of the protein or on the surface. 
Besides, the results obtained from the HOPE software 
demonstrated that the p. L198R, which is located in a 
SUN-domain, is necessary for the protein’s main activ-
ity. The variant of the residue may reduce the activity 
of methyltransferase, which could cause the disease 
(Fig. 3).

Using next-generation sequencing (NGS), we can iden-
tify rare and heterogeneous diseases like ARID, which 
have irreparable consequences for health care [6]. More-
over, due to the high rate of consanguineous marriages in 
Iran, especially in the Baloch ethnicity, considering the 
NGS panels, including the  NSUN2  gene for individuals 
with ID, could shed light on the way of pediatricians and 
geneticists in confirming a molecular diagnosis of ID and 
probably distinguishing this disease from others [32].

Conclusion
In conclusion,  this paper described a novel variant in 
the NSUN2 gene in three Iranian siblings. High-through-
put sequencing technologies might be promising to 
expand further our knowledge of the potential patho-
genic variants involved in heterogeneous disease. Also, 
according to the results from Sanger sequencing, this 
variant was co-segregated in this family, and the in silico 
analyses predicted its high level of pathogenicity. In this 
regard, this study’s results are consistent with the results 
of previous publications and emphasize that analysis of 
the different variations of NSUN2, as a genetic test, might 
play a key role in ARID diagnosis.

https://zhanglab.ccmb.med.umich.edu/I-TASSER
http://www.uniprot.org
http://www.uniprot.org
http://weblogo.threeplusone.com/create.cgi
http://weblogo.threeplusone.com/create.cgi
https://folding.biofold.org/i-mutant/i-mutant2.0.html
https://folding.biofold.org/i-mutant/i-mutant2.0.html
https://www3.cmbi.umcn.nl/hope
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