
1 of 9Journal of the Peripheral Nervous System, 2025; 30:e70046
https://doi.org/10.1111/jns.70046

Journal of the Peripheral Nervous System

RESEARCH REPORT

GDAP1-Related Charcot–Marie–Tooth Disease: Axonal or 
Demyelinating Subtype? Autosomal Recessive or Autosomal 
Dominant Inheritance?
Moez Ravanbod1  |  Mahsa Mohammadi1  |  Aida Ghasemi2  |  Solmaz Jabbarzadeh2,3,4  |  Ali Asghar Okhovat2,3  |  
Marzieh Khani2,5  |  Elahe Elahi2,5  |  Mahtab Ramezani2  |  Shahriar Nafissi2,3  |  Afagh Alavi1,2

1Genetics Research Center, University of Social Welfare and Rehabilitation Sciences, Tehran, Iran  |  2Neuromuscular Research Center, Tehran University 
of Medical Sciences, Tehran, Iran  |  3Neurology Department, Shariati Hospital, Tehran University of Medical Sciences, Tehran, Iran  |  4Department of 
Neurology, Urmia University of Medical Sciences, Urmia, Iran  |  5School of Biology, College of Science, University of Tehran, Tehran, Iran

Correspondence: Shahriar Nafissi (nafissishahriar@gmail.com)  |  Afagh Alavi (afaghalavi@gmail.com)

Received: 9 April 2025  |  Revised: 10 June 2025  |  Accepted: 11 July 2025

Funding: This work was supported by Tehran University of Medical Sciences (Grant number: 1403-4-499-79679).

Keywords: Charcot–Marie-Tooth | GDAP1 gene | intronic variant | whole exome sequencing

ABSTRACT
Background and Aims: The GDAP1 gene encodes a mitochondrial outer membrane protein crucial for mitochondrial func-
tion. Mutations in this gene are associated with different subtypes of Charcot–Marie-Tooth (CMT) disease, inherited in either 
an autosomal recessive or dominant manner. In this study, we discuss the clinical and genetic aspects of 11 unrelated Iranian 
GDAP1-related CMT families.
Methods: The probands were selected from a large CMT cohort after whole exome sequencing (WES) analysis. 11 GDAP1-
related CMT families–16 patients—were included in this study. Co-segregation analysis was performed to confirm the candidate 
variants.
Results: In total, eight exonic variants in GDAP1 were identified; two were novel. Among all known variants, a deep intronic 
variant, c.311-23A>G, was found in two families. 11/16 patients were AR-CMT2K, three were CMT4A, and only two had 
AD-CMT2K.
Interpretation: Among our variants, two were more significant: c.311-23A>G, which has only been documented in another 
Iranian family and may represent a founder mutation within our population, and c.347T>G, which has exclusively been reported 
within the Italian population and is recognized as a founder mutation in that country. We found this variant in three unrelated 
families, suggesting that this variant is not confined to Italy and that codon 347 may be a hotspot codon. Our findings extend 
the clinical and genetic aspects of GDAP1-related CMT and emphasize the need to consider intronic variants in genetic analysis. 
Additionally, we highlight that AD-CMT2K has a milder phenotype than other GDAP1-related disease types, which could result 
in an underestimation of the number of AD-CMT2K cases.
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1   |   Introduction

Hereditary motor and sensory neuropathy (HMSN), commonly 
referred to as Charcot–Marie-Tooth (CMT) disease, is the most 
prevalent hereditary peripheral neuropathy, affecting approxi-
mately 1 in 2500 people worldwide. This group of disorders is 
clinically and genetically heterogeneous, impacting both motor 
and sensory nerves. Patients typically experience progressive 
distal limb weakness, foot deformities such as pes cavus, sen-
sory impairments, and reduced deep tendon reflexes [1, 2].

Clinically, CMT can be categorized into three forms based on 
electromyography (EMG) results, classified by nerve conduc-
tion velocity (NCV) in the upper limbs. These categories include 
demyelinating (NCV < 38 m/s), axonal (NCV > 45 m/s), and in-
termediate (35 < NCV < 45) forms. This parameter, along with 
the pattern of inheritance, helps classify CMT into four major 
subtypes: CMT1, the demyelinating subtype with an autoso-
mal dominant (AD) inheritance; CMT2, the axonal subtype in-
herited in either an AD or autosomal recessive (AR) manner; 
CMTX, inherited in an X-linked (XL) manner with intermediate 
NCV; and CMT4, another demyelinating subtype with an AR 
inheritance. In recent years, genetic knowledge of CMT has ex-
panded, and causal genes are now represented by alphabetic let-
ters, such as CMT1A [1, 3, 4]. Though more than 120 genes have 
been related to CMT, some are more prevalent. These comprise 
the most prevalent genetic subtype, CMT1A, which is caused by 
the duplication of the PMP22 gene, followed by pathogenic vari-
ants in the GJB1 (CMTX1), MPZ (CMT1B), MFN2 (CMT2A), and 
GDAP1 (CMT4A, CMT2K) genes [4, 5].

The GDAP1 gene, containing six exons, located on chromosome 
8q21, encodes ganglioside-induced differentiation-associated 
protein 1, an integral protein residing in the mitochondrial outer 
membrane (MOM). GDAP1 plays a crucial role in regulating mito-
chondrial function and calcium homeostasis. This protein consists 
of two major glutathione-S-transferase (GST) domains: GST-N 
and GST-C. Other important domains of this protein include a 
hydrophobic domain (HD) and a transmembrane domain (TMD) 
located near the C-terminal and an alpha 4–5 loop located near the 
N-terminal (Figure 1) [6, 7]. Mutations in the GDAP1 gene can lead 
to a spectrum of phenotypes, including AR CMT4A, AD or AR 
CMT2K, and an intermediate form known as CMTRIA (CMT re-
cessive intermediate A), exhibiting variable degrees of phenotypic 
severity. Previous studies suggest that AR forms generally result 
in a more severe, early-onset neuropathy, whereas AD forms pres-
ent with a milder phenotype and a later age at onset. Additionally, 
some symptoms like vocal cord palsy are more commonly reported 
in certain forms of the disease such as GDAP1-related CMT [2, 4].

In the present study, we discuss the genetic and clinical features 
of 11 unrelated Iranian families afflicted by GDAP1-related CMT.

2   |   Methods and Materials

This study was conducted in accordance with the Helsinki 
Declaration and was approved by the Ethics Committee 
of Tehran University of Medical Sciences (TUMS: 
IR.TUMS.SHARIATI.REC.1404.022) in Iran. Written informed 
consent was obtained from all participants.

FIGURE 1    |    Schematic structure of the human GDAP1 gene and protein, and the variants found in this study. The number in parenthesis indi-
cates the number of families with this variant. Red dotted lines: Pathogenic variants, Green dotted lines: Likely pathogenic variants, Blue dotted 
lines: Variants of uncertain significance (VUS), N: Amino terminal of the protein, GST: Glutathione-S-transferase, HD: Hydrophobic domain, TMD: 
Transmembrane domain, C: Carboxyl terminal of the protein. The numbers below the protein indicate the number of amino acids.
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2.1   |   Subjects

In the past 10 years, more than 200 CMT families were referred 
to the Neuromuscular Research Center (NRC) at the Department 
of Neurology of Shariati Hospital, affiliated with Tehran 
University of Medical Sciences. The probands underwent thor-
ough clinical and paraclinical evaluations. Genetic analysis was 
recommended by the neurologist to establish a definitive diag-
nosis. Therefore, all cases with demyelinating neuropathy were 
initially assessed for the PMP22 duplication/deletion using the 
multiplex ligation-dependent probe amplification (MLPA) kit 
(MRC Holland, Amsterdam, the Netherlands) according to the 
manufacturer's protocol. Demyelinating cases with a negative 
PMP22 duplication/deletion and all axonal neuropathy cases 
were evaluated by whole exome sequencing (WES). In total, 16 
patients from 11 unrelated Iranian families with variants in the 
GDAP1 gene were identified and included in this study.

2.2   |   Genetic Analysis

DNA was extracted from the peripheral blood of all participants, 
including probands and their family members, using the salting-
out protocol [8]. The exon enrichment process was carried out 
using the SureSelect V6-Post kit, and sequencing was conducted 
with the Illumina HiSeq 4000 system for all probands. The se-
quences were aligned to the human reference genome (UCSC 
NCBI38/hg38). Various tools, including Burrows-Wheeler 
Aligner (BWA), SAMTools, Picard, and the Genome Analysis 
Toolkit (GATK), were utilized for the variant calling process. 
Variants with a minor allele frequency (MAF) greater than 
0.01 in population databases (e.g., gnomAD, 1000 Genomes, 
and IRANOME) were excluded. In the second step, variants 
located in non-coding regions (intronic, intergenic, and UTRs) 
as well as synonymous exonic variants with no effect on splic-
ing were filtered out. The remaining variants were assessed to 
identify those located in neuropathy-associated genes. It should 
be mentioned that in families 101 and 102, where we did not 
find any mutations in the CMT-related genes, the intronic re-
gions of these genes were evaluated more closely. In silico tools 
such as PolyPhen2 (http://​genet​ics.​bwh.​harva​rd.​edu/​pph2/​), 
SIFT (https://​sift.​bii.​a-​star.​edu.​sg/​), MutationAssessor (http://​
mutat​ionas​sessor.​org/​r3/​), MutationTaster (https://​www.​mutat​
ionta​ster.​org/​), and combined annotation dependent depletion 
1.7 (CADD) (https://​cadd.​gs.​washi​ngton.​edu/​) were used to pre-
dict the pathogenicity of candidate variants. Subsequently, vari-
ants were classified based on the guidelines from the American 
College of Medical Genetics and Genomics (ACMG) [9]. Primers 
were designed for each candidate variant, and fragments con-
taining these variants were amplified using polymerase chain 
reaction (PCR). Primer sequences are available upon request. 
The PCR products were subjected to Sanger sequencing using 
the ABI3130 genetic analyzer (Applied Biosystems, Foster City, 
CA) to confirm the presence of the candidate variants, first in 
the probands and later in their family members to co-segregate 
analysis [10].

Copy number variations (CNVs) were also analyzed in genes 
associated with CMT disease, as CNVs are frequent in some 
of these genes. The DetermineGermlineContigPloidy module 
within GATK was specifically used to assess autosomal and 

allosomal contig ploidy. Finally, potential CNVs in CMT-related 
genes were evaluated through a read-depth detection method 
[11, 12].

3   |   Results

The current study includes 16 patients from 11 unrelated Iranian 
families, four males and 12 females. 11/16 patients (~68.7%) 
were born to consanguineous parents (the total number of pa-
tients was considered because some patients were from different 
generations and had different parents). A positive family history 
of CMT was observed in 5/11 families (~45%). Detailed demo-
graphic and clinical data of all patients were provided in Table 1.

3.1   |   Clinical and EMG Results

All patients presented symptoms before the age of 15 years ex-
cept CMT101-III2, who manifested the disease at age 45 years. 
Distal limb weakness and frequent falling were the most com-
mon initial symptoms (each one was observed in ~31% of total 
cases). It should be noted that in most patients, distal limb weak-
ness was also present indirectly and manifested itself as an ab-
normal gait. Pes cavus deformity, distal limb atrophy, abnormal 
gait, distal limb paresthesia, and foot drop were observed in 4/16 
(25%), 12/16 (75%), 15/16 (~93.7%), 5/16 (~31%), and 4/16 (25%), 
respectively. All patients exhibited upper and lower limb weak-
ness except CMT101-III2, who did not have upper limb weak-
ness by the time of the last examination (50 years old). None of 
our patients had vocal cord palsy, even though it is a relatively 
common symptom of GDAP1-related CMT.

Some patients manifested unusual symptoms. For example, 
unilateral scapular winging and seizures were observed in 
CMT102-III9 and CMT107-IV3, respectively. None of our pa-
tients had Babinski sign.

Nerve conduction studies (NCS) were consistent with axonal 
neuropathy for all patients except CMT109-III5, CMT111-IV1, 
and CMT111-IV2, who showed a severe demyelinating type of 
neuropathy. Detailed NCS results, as well as the CMT neurop-
athy score (CMTNS) of all patients were summarized in S1 and 
S2, respectively.

3.2   |   Genetic Findings

In this study, nine GDAP1 variants were detected in our pa-
tients; two were novel, including c.157G>T:p.Glu57*, and 
c.791delC:p.Ala264Glufs*21. The patients of three families, 
CMT105, CMT107, and CMT109, shared the same known vari-
ant, c.347T>G. Additionally, the subjects belonging to families 
CMT101 and CMT102 carried an identical noncanonical splice 
site variant, c.311-23A>G, which has been documented in an-
other Iranian family [1].

The disease-causing variants within the GDAP1 gene were 
found to be homozygous in eight families, while in one fam-
ily, CMT103, variants were compound heterozygous (c.112C>T 
and c.347 T>C); in another family, CMT104, the variant was 

http://genetics.bwh.harvard.edu/pph2/
https://sift.bii.a-star.edu.sg/
http://mutationassessor.org/r3/
http://mutationassessor.org/r3/
https://www.mutationtaster.org/
https://www.mutationtaster.org/
https://cadd.gs.washington.edu/
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heterozygous (c.602A>G; no additional mutant allele, including 
a single nucleotide variant (SNV) or a copy number variation 
(CNV), was detected in this family). Notably, in family CMT101, 
both homozygous and heterozygous variants were present. In 
this family, the individual CMT101-IV3 carried a GDAP1 variant 
in a homozygous state, whereas her affected mother, CMT101-
III2, harbored the variant in a heterozygous state.

The identified variants were distributed across various exons 
within the GDAP1 gene, with exon 3 exhibiting the highest fre-
quency. Correspondingly, at the protein level, the majority of 
these variants were found within the GST-N domain. Figure 1 
shows the distribution of all variants at the gene and protein 
levels.

One of the notable points in the WES study of these families was 
the absence of a disease-causing variant found during the pre-
liminary analysis, mentioned in the “Methods and Materials” 
section, of families CMT101 and CMT102. In the preliminary 
analysis of the proband CMT101-IV3, two heterozygous variants 
in CMT-related genes, DHTKD1: NM_018706.7, c.1756+1G>T 
and DYNC1H1: NM_001376.5, c.7203A>C:p.Lys2401Asn, were 
detected; however, these variants did not co-segregate with the 
disease in the family. Consequently, we analyzed intronic vari-
ants within the probands of CMT101 and CMT102 families and 
detected an identical intronic variant in the GDAP1 gene, c.311-
23A>G,  in these families. This variant was located in intron 
2 of GDAP1 and co-segregated with the disease status in both 
families.

According to ACMG guidelines, of the nine variants identified 
in this study, three variants were classified as pathogenic (P), 
four were considered as likely pathogenic (LP), and two were 
classified as variants of uncertain significance (VUS). Details of 
all variants were summarized in Table 2.

4   |   Discussion

The ganglioside-induced differentiation-associated protein 1 is 
a 387-amino-acid protein that is encoded by the GDAP1 gene 
and localized in the MOM. It is expressed ubiquitously through-
out the body but mainly in neurons. Although the protein is a 
member of the GST superfamily, it lacks glutathione binding 
activity and only shares 20% sequence homology with other ca-
nonical GSTs. Thus, it is considered a noncanonical GST [13, 14]. 
Mutations in the GDAP1 gene lead to abnormal mitochondrial 
activity and are associated with some different subtypes of 
CMT, including AR-CMT4A, AD-CMT2K, AR-CMT2K, and 
CMTRIA. Mitochondrial dysfunction in GDAP1-related CMT 
cases is different based on the mode of inheritance. Monoallelic 
mutations in GDAP1 induce an abnormal gain of function, 
which leads to defective mitochondrial fusion, increased pro-
duction of reactive oxygen species (ROSs), and ultimately causes 
apoptosis initiation. On the other hand, biallelic mutations act 
through a loss of function mechanism that reduces mitochon-
drial fission activity and leads to the formation of abnormal 
mitochondria [15, 16]. According to earlier research in the lit-
erature, AD-CMT2K manifests as a mild sensory predominant 
neuropathy with a slow disease progression, whereas AR types 
of GDAP1-related CMT (AR-CMT2K and CMT4A) typically Fa
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present as an early-onset severe neuropathy, frequently accom-
panied by vocal cord palsy. A moderate neuropathy that starts 
in early childhood has also been documented in certain cases, 
albeit this is uncommon. The presence of both affected and as-
ymptomatic carriers in a single family is evidence of decreased 
penetrance in the dominant GDAP1 variants, according to some 
studies [2, 7, 17–19].

Among 16 patients included in this study (File S3), 11 patients 
were AR-CMT2K, three were CMT4A, and only two had AD-
CMT2K (subject CMT104-III2 is also affected with AD-CMT2K, 
but since she was unavailable for a thorough examination, she 
was not included in Table  1). Based on research conducted in 
different countries including China, America, Spain, and Italy, 
CMT2K appears to be more frequent than CMT4A [20–24]. This 
was also evident in our cases, and CMT4A was only observed in 
3/16 (~18.7%) of affected individuals with GDAP1-related CMT.

The clinical and genetic data of our patients encompassed signif-
icant aspects that were delineated below.

CMT104-IV2 and CMT101-III2, both exhibiting the AD-
CMT2K phenotype of CMT, demonstrated considerable variable 
expressivity. In contrast to the typical features of AD-CMT2K 
previously elucidated, the CMT104-IV2 case exhibited delayed 
ambulation during early childhood. Her disease progression 
was rapid, and she developed distal weakness and atrophy, mus-
cle cramps, scoliosis, and visual problems before the age of 15. 
According to the proband, her heterozygote mother also man-
ifested similar symptoms such as severe distal limb weakness 
and pain since the age of 42 (she was unavailable for further ex-
amination by a neurologist). Although her parents are consan-
guine, it is still possible that she has a compound heterozygous 
mutation, which could explain her severe disease pattern. The 
second mutation in the proband might be in a part of the gene 
that the WES does not detect. Or, it is possible that other genetic, 
epigenetic, and environmental factors contribute to this severe 
disease pattern.

Conversely, the CMT101-III2 case presented with the disease 
at the age of 45 years, characterized by a milder phenotype and 
typical features of AD-CMT2K; however, by the age of 50, she 
exhibited no sensory involvement. These observations under-
score the clinical variability, encompassing the age at onset, 
symptoms, and severity associated with AD-CMT2K disease. 
This clinical variability is pronounced to such an extent that 
within the majority of our cohorts, heterozygote parents exhibit 
exceedingly mild manifestations, leading them to refrain from 
seeking consultation with a neurologist, despite their having 
AD-CMT2K. Of course, it should be mentioned that because of 
their relatively young ages or the low penetrance of mutations in 
this specific gene, some of these parents are actually asymptom-
atic. Consequently, our findings emphasize the underestimation 
of the prevalence of AD-CMT2K cases and the low penetrance 
of mutations in the GDAP1 gene.

Diaphragmatic dysfunction and vocal cord palsy are notable 
symptoms that can be highlighted in our cases. Although these 
symptoms are not specific to any one CMT subtype, they have 
been more frequently found in some CMT subtypes, including 
AR types of GDAP1-related CMT, DCTN1-related neuropathy, 

and CMT2C (linked to TRPV4 variants) [25]. Of our 16 patients, 
none had vocal cord problems by the time of the last examina-
tion. The absence of vocal cord issues might be due to the young 
age of these cases, and some of them may develop vocal cord 
palsy later in life.

To our knowledge, unilateral scapular winging has not been 
widely reported as a typical feature of GDAP1-related CMT. 
While most of these cases focus on distal limb weakness, atro-
phy, and sensory loss, shoulder girdle involvement has not been 
systematically documented. Therefore, the unilateral scapular 
winging we observed in patient CMT102-III9 may reflect an 
atypical presentation, secondary mechanical factors, or possi-
bly an underrecognized manifestation. As for seizures, based 
on current literature, seizures are not a known or common fea-
ture of GDAP1-related CMT. However, one patient in our cohort 
(CMT107-IV3) had a confirmed epilepsy diagnosis, treated with 
ethosuximide and valproate, and has remained seizure-free for 
the past 6 years. Given GDAP1's role in mitochondrial function 
and oxidative stress regulation, pathways implicated in some 
neurological disorders, including epilepsy, it is theoretically 
plausible that GDAP1 variants could have broader neurological 
effects. Nonetheless, without direct evidence, we consider this 
an incidental finding but highlight it as a novel observation war-
ranting further investigation.

In our study, a total of 9 variants were identified in GDAP1, of 
which two were common: variants c.347 T>G and c.311-23A>G, 
which were observed in three and two families, respectively. 
The 347T>G variant was first described in three unrelated 
Italian families with the same haplotype. This mutation was 
therefore proposed as a potential founder mutation in the Italian 
population [26]. The likelihood of a founder mutation was fur-
ther supported when this specific variant was later discovered 
in four Italian patients [23]. Interestingly, this variant was found 
in 3/11 (~27%) of our families, indicating that this variant is not 
confined to the Italian population and has the potential to be 
detected in other populations as well. Notably, another family, 
CMT103, had a different known variant in the same codon 347, 
c.347T>C. Given that different mutations in codon 347 have 
been found in multiple cases from other populations [23, 26, 27], 
this codon may also function as a hotspot codon.

The second common variant, c.311-23A>G, has been previously 
reported in a consanguineous Iranian family [1]. Interestingly, 
this family and both our families, CMT101 and CMT102, orig-
inated from a province in the West of Iran. So, we suggest this 
variant may be a founder mutation in our population. Based on 
WES data of the CMT101-IV3 individual, a total of nine vari-
ants were identified throughout the GDAP1 gene, seven of which 
were also found in CMT102-III9 (including the causal variant, 
c.311-23A>G), revealing a shared haplotype between these two 
probands. Upon further examination of WES data from an in-
house database (approximately 100 WES files) no such haplo-
type was found. These findings further support the notion of a 
founder mutation (File S4). The c.311-23A>G variant was pre-
dicted to create a new splice acceptor site by various prediction 
tools, including NNSPLICE 0.9 and human splice finder ver-
sion 3.1 (HSF 3.1). These tools indicated that this new accep-
tor site (NNSPLICE score 0.86 out of 1; HSF score 91.99 out of 
100) is probably stronger than the canonical splice acceptor site 
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(NNSPLICE score: 0.80; HSF score: 77.16). From the data taken 
from these tools, it can be assumed that this new splice acceptor 
site would potentially introduce 22 additional nucleotides to the 
mature mRNA. Upon translation, the mutation would lead to 
15 altered amino acids after aspartic acid 103, followed by two 
consecutive premature stop codons. As a result, the majority of 
the 358 amino acids in the wild-type protein would be missing. 
Functional studies by Khani et al. have confirmed the presence 
of the additional 22 nucleotides in the mature transcript [1]. The 
mother of family CMT101, individual III2, was a heterozygote 
carrier of this variant. She manifested distal limb weakness 
at age 45 years, and her NCS showed mild axonal neuropathy. 
She did not develop any other features by the age of 50 years. 
The fact that the proband's carrier father (CMT101-III1), carrier 
brother (IV2), and carrier sister (IV4) did not exhibit any periph-
eral neuropathy features, while the carrier mother did, suggests 
variable expressivity and reduced penetrance. In these cases, 
their symptoms may appear later in life. On the other hand, the 
c.311-23A>G variant highlights the importance of studying in-
tronic regions, particularly among CMT patients who have not 
yet been given a genetic diagnosis.

Comparing all families carrying the c.311-23A>G variant, de-
spite sharing some similar symptoms, marked clinical heteroge-
neities were noticed. This was also evident in the case of families 
with the c.347T>G variant. This heterogeneity was evident to 
such an extent that patients with the same variant showed dif-
ferent types of neuropathy [1, 26]. The detailed clinical informa-
tion was provided in File S5.

Other notable variants included c.157G>T:p.Glu57* and 
c.791delC:p.Ala264Glufs*21, which were considered novel. 
c.157G>T results in a premature stop codon and was classified 
as pathogenic based on ACMG criteria (PS4, PVS1, PM2), with 
prediction tools unanimously indicating a damaging effect. 
Whereas, the c.791delC variant caused a frameshift deletion and 
it was considered a likely pathogenic (PVS1, PM2) variant. This 
variant alters a conserved nucleotide (PhyloP100 score = 7.41) 
and according to a nonsense-mediated decay (NMD) prediction 
tool (https://​nmdpr​edict​ions.​shiny​apps.​io/​shiny/​​), the variant 
undergoes mRNA degradation by NMD.

In this study, in total, three additional known variants were also 
identified. C.112C>T and c.458C>T were categorized as patho-
genic [(PS4, PVS1, PM2) and (PS4, PM1, PP2, PM2, PM5, PP3), 
respectively] and c.385G>C was a likely pathogenic variant 
(PM1, PP2, PM2, PP3) according to ACMG recommendations 
that expands the mutational spectrum of the GDAP1 gene.

5   |   Conclusion

In the present study, we describe the genetic and clinical fea-
tures of 11 Iranian families affected by GDAP1-related CMT to 
increase our understanding of this specific CMT subtype. These 
patients showed genetic heterogeneity with different inheritance 
patterns. We identified two novel and six known exonic vari-
ants in the GDAP1 gene as well as a previously reported intronic 
variant resulting in mis-splicing in two families. Probands also 
presented with phenotypic heterogeneity, and mutations in 
the GDAP1 gene were linked to three phenotypes of CMT4A, 

AR-CMT2K, and AD-CMT2K. Of these CMT subtypes, AD-
CMT2K cases exhibited reduced penetrance and a mild form of 
the disease, meaning that this form of the disease may be under-
estimated. Together, these findings highlight the importance of 
genetic testing to consolidate a definite diagnosis in peripheral 
neuropathies.
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