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Abstract
Mutations in ganglioside-induced differentiation-associated-protein 1 (GDAP1) have been associated with both subtypes 
of Charcot–Marie–Tooth (CMT) disease, autosomal recessive (CMT4A and AR-CMT2K) and autosomal dominant (AD-
CMT2K). Over 80 different mutations have been identified so far. With the use of Sanger sequencing and Next Generation 
Sequencing (NGS) technologies, we screened a cohort of 306 unrelated Chinese CMT patients and identified 8 variants in 
the GDAP1 gene in 4 families, 5 of which were novel (R41H, N201Kfs*5, Q38X, V215I and Q38R). Application of Bioin-
formatics tool and classification according to the American College of Medical Genetics (ACMG) predicted them of being 
likely pathogenic with the exception of one variant of uncertain significance (VUS). In addition, we detected the presence 
of a single heterozygous variant of uncertain significance H256R in one additional family from the CMT cohorts. We found 
a GDAP1 prevalence rate of 1.63% (5/306). Three families (families 1, 2 and 3) were found to have an autosomal recessive 
(AR) pattern of inheritance while family 4 displayed an autosomal dominant (AD) mode of inheritance. Electro-physiologic 
studies revealed an axonal type of neuropathy (AR-CMT2K and AD-CMT2K) in all affected individuals. Clinical character-
istics and findings in our study demonstrated that the recessive form presented earlier in life and exhibited severe symptoms 
and rapid evolution compared to the dominant form. We observed a marked intra-familial variability within the AD family 
in terms of age at disease onset, symptom severity and clinical progression. Our study expands the mutational spectrum of 
GDAP1-related CMT disease with the identification of new and unreported GDAP1 variants and demonstrates the predomi-
nance of the axonal form of neuropathy in CMT disease associated with GDAP1. We highlight the clinical characteristics 
associated with these genotypes and describe the relative frequency of GDAP1 variants amongst the Chinese population.
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HGVS	� Human Genome Variation Society
CMTES	� Charcot–Marie–Tooth examination score
EMG	� Electromyography

Introduction

Charcot–Marie–Tooth (CMT) disease is the most common 
inherited neuropathy and is a clinically and genetically het-
erogeneous group of disorders. The classical phenotype is 
characterized by an early age at onset with slowly progres-
sive weakness and atrophy of the distal muscles predomi-
nantly affecting the lower limbs, foot deformities, reduced 
or absent deep tendon reflexes and mild sensory deficit [1], 
with an estimated prevalence of 1 in 2500 [2]. The mode 
of inheritance of CMT includes autosomal dominant (AD), 
autosomal recessive (AR), and X-linked inheritance. How-
ever, sporadic cases have also been largely reported in lit-
eratures. Neurophysiology differentiates CMT into 3 groups: 
CMT1 (demyelinating) with very slow motor nerve conduc-
tion velocity (MNCV) (< 38 m/s) at upper limbs with nerve 
biopsy demonstrating segmental de- and remyelination in 
association with onion bulb formation; CMT2 (axonal) with 
normal or a slight reduction of MNCV (> 38 m/s) at upper 
limbs with histopathology showing signs of axonal impair-
ment characterized by axonal loss and regeneration clus-
ters and ICMT (intermediate) with MNCV between 25 and 
45 m/s at upper limbs and features of both demyelination and 
axonal degeneration [3, 4].

The ganglioside-induced differentiation-associated pro-
tein 1 (GDAP1) is an integral membrane protein of the outer 
mitochondrial membrane with a ubiquitous tissue distribu-
tion but predominantly expressed in neurons, particularly 
in the brain, spinal cord and dorsal root ganglion [5, 6]. It 
has a strong influence and impact on the maintenance and 
regulation of normal functioning, structural integrity and 
intracellular networking of the mitochondria [6]. It is one of 
the few genes linked to both autosomal recessive and auto-
somal dominant forms of CMT disease. The recessive forms 
include a demyelinating subtype CMT4A (OMIM 214400) 
[7], an axonal subtype AR-CMT2K (OMIM 607831) [8, 9] 
and an intermediate form RI-CMT (OMIM 608340) [10, 
11]. The dominant form AD-CMT2K (OMIM 607831), 
accounts for a relatively few cases [12–14].

Population data and prevalence rate of GDAP1 mutations 
are extremely limited and highly variable within the general 
population. This is attributed to numerous factors such as the 
geographical distribution, ethnic background, areas of high 
consanguinity and the effects of founder mutations. The rar-
ity of GDAP1-related CMTs in the Asian population can be 
acknowledged by the very few cases reported in literatures 
so far [15–19]. The relationship between the genotype and 
the phenotype is poorly understood because of the complex 

heterogeneity. In the present study, we performed both 
Sanger sequencing and targeted multi-gene panel analysis 
in a large cohort of Chinese patients with CMT to inves-
tigate genotype–phenotype correlation and determine the 
frequency of distribution.

Subjects and methods

Patients and evaluation

We analyzed 306 unrelated Chinese CMT patients/families, 
enrolled from the outpatient neurology clinic of The Third 
Xiangya Hospital and Xiangya Hospital from 2000 to 2016. 
All patients underwent a complete neurological examination 
by two neurologists and met with the CMT diagnosis crite-
ria based on the clinical phenotype, mode of inheritance, 
electro-physiologic findings and molecular analyses [20]. 
Ethics approval was acquired at all institutions and written 
informed consent was obtained from all participants and/or 
their parents prior to their inclusion in this study. Disease 
severity was evaluated with the application of CMT neu-
ropathy score (CMTNS) [21].

Molecular genetic analysis

Genomic DNA was isolated from peripheral blood obtained 
from index patients, their family members and healthy 
controls using standard procedures. All the demyelinating 
patients were found to be negative for PMP22 duplication/
deletion as identified by multiplex ligation probe amplifica-
tion (MLPA). From 2000 to 2014, we carried out GDAP1 
mutation screening by direct sequencing. GDAP1 cod-
ing exons were amplified by Polymerase Chain Reaction 
(PCR) and the PCR products were analyzed on ABI 3730 
XL DNA analyzer (Applied Biosystems, Waltham, MA, 
USA), according to the manufacturer’s protocol. From 2014, 
molecular diagnosis of CMT patients was established by a 
designed targeted gene panel, which covered 60 genes. The 
sample was captured by SureSelect Human All ExonV5 Kit 
(Agilent). Genomic DNA sequencing was performed on the 
IlluminaHiseq 2500 platform (San Diego, CA, USA).

Data analysis for the determination of pathogenic 
mutations

The co-segregation analysis of the candidate sequence 
variants was performed using PCR and Sanger sequencing. 
Sequence variants were filtered against the following data-
base: dbSNP129 (http://www.ncbi.nlm.nih.gov/SNP), Hap-
Map 8, Exome Aggregation Consortium (http://exac.broad​
insti​tute.org/), and 1000 Genome project (http://www.1000g​
enome​s.org). All variants were screened in 200 healthy 

http://www.ncbi.nlm.nih.gov/SNP
http://exac.broadinstitute.org/
http://exac.broadinstitute.org/
http://www.1000genomes.org
http://www.1000genomes.org
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controls and numbered according to the Human Genome 
Variation Society (HGVS) nomenclature on the basis of 
standard reference sequences of mRNA (NM_018972) and 
protein (NP_061845). To assess their functional effects, 
in silico analysis was performed using PolyPhen2 (http://
genet​ics.bwh.harva​rdPed​u/pph2/), SIFT (http://sift.jcvi.
org/), PROVEAN (http://prove​an.jcvi.org/) and Mutation 
Taster (http://www.mutat​ionta​ster.org/). ACMG standards 
and guidelines were applied to determine the pathogenicity 
of each variation.

Result

Genetic findings and analysis

We identified 7 pathogenic and/or likely pathogenic GDAP1 
variants and 1 variant of uncertain significance (VUS) in 4 
families, and 5 of them were novel. These included 3 mis-
sense (p.R41H, p.V215I and p.Q38R), 1 nonsense (p.Q38X) 
and 1 frame-shift variant (p.N201Kfs*5). Proband from fam-
ily 1 harbored 2 missense pathogenic mutations N178S and 
H256R and have previously been reported [16]. Proband in 
family 2 carried a likely pathogenic missense variant R41H 
and a likely pathogenic frame-shift variant N201Kfs*5. Both 
were novel variants. Proband from family 3 carried a non-
sense variant Q38X and a missense variant V215I. Both var-
iants were novel and likely pathogenic. Proband from family 
4 harbored a likely pathogenic missense variant V219G and 
a novel missense variant of uncertain significance Q38R. 
The former was found to be inherited from the mother and 
has been described previously in a Korean family [18], 
whereas the latter was inherited from the father. Eight other 
affected individuals in this family carried only the V219G 
variant. In addition, we detected the presence of a single 
heterozygous variant of uncertain significance H256R in one 
family (family 5) from the CMT cohorts. We summarize the 
pedigree and genotypes of families with GDAP1 variants in 
this study in Fig. 1 and the location and distribution of these 
variants in a 2D schematic representation of the GDAP1 
protein in Fig. 2, respectively.

To establish the functional effects and determine the path-
ogenicity of the GDAP1 variants, we utilized the application 
of Bioinformatics tool and classified them according to the 
standard and guidelines of American College of Medical 
Genetics (ACMG). We illustrate the results of in silico anal-
ysis and predicted pathogenicity of these variants in Table 1.

Prevalence and frequency distribution

Of the 306 CMT patients, 120 patients (39%) presented 
with the axonal phenotype and 112 patients (37%) with the 
demyelinating phenotype. Of the remaining 74 patients, 57 

(18.5%) presented with the intermediate type and the rest 17 
patients (5.5%) remained unclassified.

We detected 5 families with GDAP1 variants amongst 
the CMT cohorts and they demonstrated a GDAP1 mutation 
frequency rate of 1.63% (5/306).

Clinical features

All affected individuals belonging to the AR families (fami-
lies 1,2 and 3) initially presented with onset of symptoms in 
the first decade of life, with the mean age of onset at 5 years 
(range 1–7). The most common initial clinical symptom 
included walking difficulties. They shared a common phe-
notype characterized by a symmetric distal muscle weakness 
and atrophy of the lower limbs, foot deformities, walking dif-
ficulties, reduced or absent deep tendon reflexes and a mild 
sensory deficit localized primarily over the ankles. Walking 
abilities were limited or reduced in all but they maintained 
the ability to walk without assistance. None of the patients 
were wheelchair dependent. The disease severity was moder-
ate as evidenced by the CMTNS (range 11–17).

Electro-physiologic studies classified all affected individ-
uals as having an axonal type of neuropathy (AR-CMT2K). 
The average MNCV of the median nerve was 51 m/s (range 
41.8–61.9) and the mean compound muscle action potential 
(CMAP) value was 4.9 mv (range 3.6–6.2).

The autosomal dominant family (family 4) included the 
proband and 8 other affected family members. The proband, 
2-year-old female developed foot drop and frequent falls as 
the initial clinical symptoms observed at first year of life. 
She presented with limited and reduced dorsiflexion of both 
feet and clubfeet. Over the course, she failed to squat, walk 
and climb stairs unaided and this was evident when she was 
seen in our clinic at the age of 2 years.

Muscle atrophy and weakness were mainly restricted to 
the distal lower limbs along with absent reflexes in the lower 
extremities. The symptoms were predominantly motor. Elec-
tro-physiologic study revealed a median MNCV of 40.9 m/s 
with a marked reduction in CMAP value of 2.1 mv, dem-
onstrating a strong association with an axonal type of neu-
ropathy (AD-CMT2K). The disease severity was moderate 
with a CMTNS of 13. She presently uses an orthotic device 
for ambulation. Most of the other affected individuals could 
lead an independent life and developed mild symptoms such 
as mild distal leg atrophy and weakness, foot deformity, gait 
instability and preserved walking but with reduced pace. 
Nerve conduction studies were not performed due to their 
unavailability. The average age of onset among all affected 
members was 15.8 (range 1–22) years, higher than that of 
AR cases. The proband presented with an earlier disease 
onset and a more severe phenotype than other affected mem-
bers in the family.

http://genetics.bwh.harvardPedu/pph2/
http://genetics.bwh.harvardPedu/pph2/
http://sift.jcvi.org/
http://sift.jcvi.org/
http://provean.jcvi.org/
http://www.mutationtaster.org/
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Discussion

We identified 8 GDAP1 variants (2 pathogenic, 5 likely 
pathogenic and 1 with uncertain significance) in 4 families, 
which included 5 novel variants, expanding the mutational 
spectrum of GDAP1 variants associated with CMT. Three 
previously reported pathogenic and likely pathogenic vari-
ants were also identified. Most variants were distributed in 

the glutathione S-transferase (GST) domains (3 variants 
each in GST-N and GST-C), 1 in the α4–α5 loop and 1 in 
the inter domain between α4–α5 loop and GST-C. Exon 5 
was most commonly affected.

Additionally, a single heterozygous variant H256R was 
identified in one family (family 5) belonging to the CMT 
cohorts. The parents were found to be normal by history, 
clinical examination and Nerve Conduction Studies. The 

Fig. 1   Pedigree and geno-
types of families with GDAP1 
variants in this study. Circles 
represent females; squares, 
males; shaded symbols, patients 
affected; arrows, probands
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father carried a single heterozygous H256R variant in the 
GDAP1 gene while the genetic screening in the mother 
detected no abnormalities. The proband and her affected 
younger sister were symptomatic for CMT disease and car-
ried the same H256R variant as their father. Further, we 
performed a sequencing analysis of this heterozygous vari-
ant in the family and we show the results of this analysis 
in Fig. 3.

We examined all 6 exons of GDAP1 gene in the proband 
and did not find any variations except for H256R. None-
theless, we cannot rule out two possibilities that may have 
existed. First is the presence of a pathogenic mutation in a 
different gene other than GDAP1 and the second is the exist-
ence of an intronic variant predicting altered splicing or a 
large deletion that was undetectable by the genetic screening 
methods employed in our study.

In the absence of a standard database, we could not iden-
tify the control frequency for this variant in the Chinese 
population. However, we found out that in the East Asian 
population, its allele count is 4 with an allele frequency 
of 0.0002120 (http://gnoma​d.broad​insti​tute.org/varia​nt/8-
75276​292-A-G).

In a recent study published in North China, two unrelated 
patients (patient 1 and patient 2) were found to carry the 
H256R variant in the GDAP1 gene in a compound heterozy-
gous state with another mutant allele [15]. Patient 1 was 
found to carry a de novo H256R mutation while the parental 
origin of patient 2 was not available. The phenotypes of the 
H256R mutations were found to be similar sharing common 
characteristics such as an early age of onset, common initial 
symptoms, a moderate disease severity and belonging to the 
axonal subtype. This study also observed the H256R variant 
to be the most frequent mutation in their series suggesting 
that it might be a common mutation in GDAP1 associated 
Chinese CMT patients. Based on the combined observations 
from this series and our study, the frequent occurrence of 
this variant in the Chinese population has led us to speculate 
that this is a common mutation amongst the Chinese CMT 
cohorts associated with GDAP1. In addition, this mutation 
has also been reported in GDAP1 associated CMT disease 
in other Chinese CMT populations [16, 19].

To date, more than 80 GDAP1 variants have been impli-
cated in the pathogenesis of CMT (http://www.hgmd.cf.ac.
uk/ac/index​.php), excluding those identified in this study. 

GST-N 
α4–α5 loop

GST-C HD TMD N-TER C-TER
0

26 119 152 195 210 287 292 309 319 340

0 39
Exon 1

104
Exon 2

161 194 232 358
Exon 3 Exon 4 Exon 5 Exon 6

# V215I

# Q38X

# Q38R

# R41H

N178S

V219G

# N201Kfs*5

H256R

Fig. 2   Schematic representation of GDAP1 with the location and 
distribution of all variants identified in the present series. Novel 
mutations are marked by a hash tag (#). Mutations inherited in an 
autosomal recessive manner are highlighted in black and those with 

autosomal dominant inheritance in red. GST glutathione-S trans-
ferase, HD hydrophobic domain, TMD trans-membrane domain, 
N-TER N terminal, C-TER C terminal

http://gnomad.broadinstitute.org/variant/8-75276292-A-G
http://gnomad.broadinstitute.org/variant/8-75276292-A-G
http://www.hgmd.cf.ac.uk/ac/index.php
http://www.hgmd.cf.ac.uk/ac/index.php
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These include missense, non-sense, frame-shift, deletions, 
mutations generating truncated and non-functional proteins 
and those altering the splice sites in the GDAP1 transcripts 
[22, 23]. Overall, exon 6 is the most common exon to be 
affected followed by Exon 3. Mutations are mostly located 
in the GST domains of the protein indicating their important 
roles in the protein function. Most frequent protein conse-
quences are missense followed by frame-shift, nonsense and 
splice site mutations.

GDAP1 variants were identified in 5 families out of 306 
CMT cohorts in our study, corresponding to a frequency 
distribution of 1.63%. A recently published study in North 
China has reported a GDAP1 mutation frequency rate of 
2.37% [15]. Our study, however, included a larger number 

of patients enrolled (306) as compared to this study (169). 
Combining the data on the prevalence rate as identified in 
previous studies in Japan [24], Taiwan [19], China [15] and 
present study, we find that the mean frequency distribution 
rate of GDAP1 variants in the Asian population is 1.3% 
(20/1541), a range of (1–2.8%). This figure is quite similar 
to the data from previous studies conducted in the US (1.1%) 
[25] and the UK (0.7%) [26], but very low as compared to 
the findings described in studies from European countries 
and the mediterranean basin [27–32].

Some specific pathogenic GDAP1 variants have fre-
quently been observed and reported in certain geographic 
areas and ethnic backgrounds. These include the nonsense 
variant S194X reported in Spain, Morocco and Tunisia [7, 

Table 1   Molecular features and predicted pathogenicity of variants in our study

D disease causing, – unable to predict using this software, NF variant was not found in this database, VUS variation of uncertain significance

Family Nucleotide change Amino acid change Pathogenicity Database ACMG

Muta-
tion 
taster

SIFT Polyphen2 PROVEN ExAC 1000G Evidence Classification

Family 1 c.533A>G p.N178S D 0.142 0.408 − 1.76 NF NF PS1
PM2
PM3
PP1

Pathogenic

c.767A>G p.H256R D 0.012 1.000 − 3.62 NF NF PS1
PM2
PM3
PP1
PP3

Family 2 c.122G>A p.R41H D 0.000 1.000 − 5.0 NF NF PM2
PM3
PP1
PP3

Likely pathogenic

c.603delT p.N201Kfs*5 D – – – NF NF PSV1
PM2
PM3
PP1
PP3

Family 3 c.112C>T p.Q38X D – – – NF NF PSV1
PM2
PM3
PP1
PP3

Likely pathogenic

c.643G>A p.V215I D 0.075 0.747 − 0.15 NF NF PM2
PM3
PP1
PP3

Family 4 c.656T>G p.V219G D 0.001 0.999 − 5.15 NF NF PS1
PM2
PP1
PP3

Likely pathogenic

c.113A>G p.Q38R D 0.000 0.961 − 4.0 NF NF PM2
PP3

VUS

Family 5 c.767A>G p.H256R D 0.012 1.000 − 3.62 NF NF PM2
PP3

VUS
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8, 10, 33]; Q163X reported mainly in Spain [8], missense 
variant R120W reported mainly in Belgium [34, 35] and 
L239F reported across Eastern and Central Europe [36–39]. 
This distribution has mainly been attributed to the founder 
effect and the high rate of consanguinity among population 
belonging to this region. We show the frequency distribution 
of GDAP1 variants as described in some previous studies 
in Table 2.

Affected individuals from the recessive families were 
found to have an axonal (AR-CMT2K) form of neuropathy. 
They shared common clinical characteristics with an early 
age of onset and walking difficulties as the most prominent 
initial clinical manifestation. These patients presented with a 
moderate disease severity and phenotype, contrary to previ-
ous findings [40, 41] but consistent with studies from Taiwan 
[19] and China [15]. None of the patients were wheelchair 

Fig. 3   Pedigree and chroma-
tograms showing sequenc-
ing analysis of heterozygous 
c.767A>G; (p. H256R) of 
GDAP1 in Family 5

Table 2   Frequency distribution of GDAP1 variants

AD autosomal dominant

Number of CMT patients enrolled in the 
study/number of patients genetically diag-
nosed

Number of patients with 
GDAP1 variants identified

Frequency (%) Origin References

1030 10 1 Japan Yoshimura et al. [24]
109 8 7.3 Italy Pezzini et al. [31]
155 17 10.9 Turkey, Belgium, USA Zimon et al. [30]
27/23 1 4.3 Germany Schabhüttl et al. [45]
17,377/3216 23 0.7 USA Divincenzo et al. [46]
197/148 8 5.4 Campania, Italy Manganelli et al. [32]
438/365 42 11.5 Spain Sivera et al. [29]
425/266 2 0.7 UK Murphy et al. [26]
787/527 6 1.1 USA Saporta et al. [25]
36 1 2.7 Taiwan Lin et al. [19]
354/302 1 0.3 Japan Abe et al. [17]
125 12 9.6 Spain Claramunt et al. [12]
11 AD families 3 families (AD) 27 Italy Crimella et al. [27]
28 families 4 families (AD) 14 Finland Auranen et al. [28]
169 4 2.37 China Fu et al. [15]
306 5 1.63 China This study (2017)
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dependent. No evidence of vocal cord paresis or diaphrag-
matic weakness [40, 42] and hoarseness [43] was observed. 
In comparison to the previously reported patients with vocal 
cord paresis and diaphragmatic weakness, patients in our 
study presented with a similar clinical phenotype with an 
early age of disease onset, walking difficulties as the most 
common and initial clinical symptom, presence of foot 
deformities, variable degree of sensory deficits and reduced 
or absent deep tendon reflexes.

However, the disease severity and progression in the 
former was more intense and rapid. Most patients devel-
oped functional disability early in life and were wheelchair 
dependent by the second or third decade. Some patients pre-
sented with hypotonia, hoarseness of voice and dysphonia 
associated with significant weakness and wasting of proxi-
mal muscles of upper and lower limbs. The most striking 
difference was the absence of wheel chair dependence in the 
patients from our series.

Patients belonging to the AD family shared a common 
clinical presentation of mild weakness and atrophy of the 
distal lower limbs, foot deformities and gait instability, with 
a later age of onset and milder phenotype as compared to 
the recessive families [13, 14]. All affected members in the 
family were found to carry the V219G variant. The proband, 
however, had an earlier age of onset, severe phenotype and a 
rapid progression of symptoms compared to the rest of the 
affected individuals in the family, as opposed to previous 
reports [35, 41]. In addition to the dominant variant V219G, 
she also carried a novel variant Q38R, which was inherited 
from the father who was found to be normal and healthy by 
history and clinical examination. Due to his unwillingness 
to do the tests, data on EMG/NCV was not available. Nerve 
conduction study of the proband demonstrated an axonal 
(AD-CMT2K) form of neuropathy.

Given the mild symptoms and slow progression in other 
affected members, the presence of V219G alone does not 
explain the severe symptoms in the proband. To add to 
this, this variant has previously been reported in a Korean 
family along with the presence of another mutant allele, 
demonstrating a similar clinical picture in the proband and 
associated with a severe clinical phenotype and rapid dis-
ease progression [18], findings consistent with our study. 
Considering these observations, we strongly assume that 
the V219G variant when present with another mutant allele 
has a more pronounced and severe phenotypic effect and 
hence, the disease severity in the proband from our study 
is probably due to the co-existence of the novel variant 
Q38R, which may have caused an additional effect over 
the dominant variant V219G. In addition, evaluation of 
Charcot–Marie–Tooth examination score (CMTES) in the 
proband revealed a higher score (9) as compared to the other 
affected individuals (range 3–5) potentially reflecting this 
phenotypic variability.

Nonetheless, we cannot exclude the possibility of uniden-
tified genetic and/or epigenetic factors and environmental 
entities that may have contributed to the phenotype. We thus 
observed a marked intra-familial variability within the fam-
ily, which is consistent with previous findings [27, 44]. We 
have included two separate videos of the proband and her 
mother, who upon clinical examination was found to have a 
mild weakness of the distal lower limbs, a normal gait but 
with reduced pace and a slightly decreased knee reflex bilat-
erally. We hope that the videos will be very helpful and add 
to the paper. Please refer to the supplementary material for 
the videos. As this study utilized the application of a targeted 
multi-gene panel approach, the data obtained in this family 
could not be extensively analyzed for the investigation of 
larger deletions/insertions.

This study demonstrates the presence of an axonal form 
of CMT associated with GDAP1 variants. The predomi-
nance of this axonal subtype is synonymous to previous 
reports published in North China [15] and Japan [24]. A 
similar observation has been documented in literatures pub-
lished in the past [24, 25, 29, 31]. Moreover, this finding 
can be supported by the observation of a summary of all 
GDAP1 variants and their phenotypes reported so far (see 
Supplementary material).

Conclusion

Our study broadens the genetic spectrum of CMT associ-
ated with GDAP1 mutations with the identification of novel 
GDAP1 variants. We detected the presence of an axonal 
(AD-CMT2K and AR-CMT2K) form of neuropathy in all 
affected individuals, indicating that axonal CMT is more 
common than demyelinating CMT in GDAP1-associated 
CMT disease. Recessive variants presented with an earlier 
age of onset and severe clinical manifestations as compared 
to the dominant ones, findings consistent with previous 
studies. Marked phenotypic variability was observed in the 
dominant family. In addition, we believe that the H256R 
mutation is a common mutation in GDAP1-associated CMT 
Chinese cohorts. A larger number of cases with CMT dis-
ease associated with GDAP1 mutations and a comprehen-
sive genetic, clinical, electro-physiologic and pathological 
evaluation will be needed to further understand and eluci-
date the complex and heterogeneous correlation between the 
genotypes and the clinical phenotypes and determine a more 
approximate and accurate frequency of distribution.
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