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Abstract
Introduction  Ataxia is one of the clinical findings of the movement disorder disease group. Although there are many under-
lying etiological reasons, genetic etiology has an increasing significance thanks to the recently developing technology. The 
aim of this study is to present the variants detected in WES analysis excluding non-genetic causes, in patients with ataxia.
Methods  Thirty-six patients who were referred to us with findings of ataxia and diagnosed through WES or other molecular 
genetic analysis methods were included in our study. At the same time, information such as the onset time of the complaints, 
consanguinity status between parents, and the presence of relatives with similar symptoms were evaluated. If available, the 
patient’s biochemical and radiological test results were presented.
Results  Thirty-six patients were diagnosed through WES or CES. The rate of detected autosomal recessive inheritance 
disease was 80.5%, while that of autosomal dominant inheritance disease was 19.5%. Abnormal cerebellum was detected on 
brain MRI images in 26 patients, while polyneuropathy was detected on EMG in eleven of them. While the majority of the 
patients were compatible with similar cases reported in the literature, five patients had different/additional features (variants 
in MCM3AP, AGTPBP1, GDAP2, and SH3TC2 genes).
Conclusions  The diagnosis of ataxia patients with unknown etiology is made possible thanks to these clues. Consideration 
of a genetic approach is recommended in patients with ataxia of unknown etiology.

Keywords  Genetics · Ataxia · WES

Introduction

Ataxia originated from the Greek word, meaning “disor-
derly’ or “lack of order.” It is a general term formerly used 
for heartbeat, gait, and movement disorders. The defini-
tion of ataxia is loss of function such as gait abnormality, 
speech changes, and abnormalities in eye movements [1]. 
The causes for this damage are ischemic or hemorrhagic 
cerebellar strokes, alcohol, toxins, medications, infections, 
multiple sclerosis, thyroid problems, autoimmune diseases, 

head trauma, paraneoplastic cerebellar degeneration, brain 
tumors, or genetic mutation.

Clinical exome sequencing (CES) and whole exome 
sequencing (WES) analyses are frequently performed while 
diagnosing genetic diseases, most of which are neurological 
diseases [2]. Whole exome sequencing (WES) is a genomic 
technique for sequencing all protein-coding regions of genes 
in a genome (known as the exome). Humans have approxi-
mately 180,000 exons, constituting nearly 1% of the human 
genome, or approximately 30 million base pairs. The human 
exome contains ~ 85% of known disease-related variants. 
The remaining 15% of disease-causing variants are located 
within introns (non-coding regions) [3]. CES, on the other 
hand, consists of targeted next-generation sequencing (NGS) 
panels containing approximately 4800–5000 genes associ-
ated with known clinical phenotypes.

In OMIM (Online Mendelian Inheritance in Man), which 
is one of the largest databases of genetic diseases, there 
are 926 phenotypes that include “ataxia” and have known 
molecular basis. Genetic approach, especially next-genera-
tion sequencing analysis, has therefore become important in 
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ataxia patients. Studies have shown that 52–35% of ataxia 
patients have been diagnosed through new-generation 
sequencing analysis [4–7].

The aim of this study is to present the variants detected 
in WES analysis performed in patients with ataxia. Non-
genetic causes were excluded in these patients. This study 
supports the importance of genetic evaluation in ataxia 
patients when all etiologic causes are excluded. At the same 
time, the study presents diversity of degree and variability 
on phenotype of complex diseases accompanied with ataxia.

Methods

The aim of this study is to present clinical and genetic 
data of ataxia patients diagnosed through next-generation 
sequencing analysis. This is a retrospective study and 
single-center experience. For this purpose, the patient file 
was reviewed and re-evaluated. The patient criteria to be 
included in this study are as follows:

•	 Referral to Afyonkarahisar Health Sciences University 
(AFSU), Department of Medical Genetics from the 
Afyonkarahisar Health Sciences University (AFSU), 
Department of Neurology between 2012 and 2023

•	 To have genetic results over 18 years old, acquired 
through only next-generation sequencing analysis like 
WES

•	 To have signs of ataxia in physical examination
•	 Not have acquired ataxias and nongenetic ataxias such as 

those related to infection, trauma, or stroke

The exclusion criteria are as follows:

•	 Patients who did not have WES or CES results as well as 
other genetic tests were not included in the study

•	 Patients whose WES or CES result did not reveal a 
variant that would explain the patient’s symptoms were 
not included in the study

Thirty-six patients were included in the study, according 
to these criteria. The anamnesis information of the patients 
was evaluated via the patient database information system 
of AFSU. The onset time of the complaints of the patients, 
presence of consanguinity between the parents, and similar 
cases in the family were questioned. Detailed physical 
examination findings of the patients were evaluated. 
Biochemical and radiological (magnetic resonance imaging, 
computed tomography, etc.) test results of the patients were 
reviewed using the patient database information system. In 
addition, electromyography and additional diagnostic test 
results of the patients were examined, if available.

WES analyses of the patients were performed by 
contracted institutions. The variants responsible for the 
phenotype of the patients were reported to us. Segregation 
analysis was not performed on the patients. The classification 
of variants by the American College of Medical Genetics 
was evaluated with Franklin database. Changes detected with 
pathogenic, likely pathogenic and variant of significance 
categories, were considered. If mutations in the gene with 
detected variant caused more than one disease in the OMIM 
database, differential diagnosis was performed with physical 
examination and test results. Possible genetic etiology 
responsible for ataxia signs was determined for the patients.

Following the exclusion of non-genetic etiologies, the 
finding of ataxia may be a single disease or a component 
of complex diseases. At the same time, the onset time and 
variety of the disease may differ even among the members 
of the same family. In this study, the variability of genetic 
etiology and phenotype in patients with ataxia symptoms 
is presented. The power of next-generation sequencing 
analysis, such as WES and CES, in detecting the etiology 
of patients with ataxia of unknown cause was evaluated. 
Informed consent forms were obtained from all patients. 
Data usage approval was taken from Afyonkarahisar Health 
Sciences University Ethics Board.

Results

Demographical data, family history, and clinical findings of 
36 patients included in the study are summarized in Table 1. 
Based on the table, the onset age of the disease in 15 of the 
patients is 18 years or younger. In 21 of them, the symptoms 
started after the age of 18. Parents of 66.6% of the cohort 
had consanguineous marriage, while 27.7% did not describe 
consanguinity between their parents, but they were from the 
same village. According to the physical examination, 77.7% 
of the patients had dysmetria, 66.6% had dysdiadokinesia, 
and 61.1% had dysarthria.

Brain MRI, electromyography, laboratory, and other 
test results of the patients are presented in Table 2. Thirty-
three of the patients had brain MRI images and 26 of them 
had abnormal cerebellum image (mostly atrophy). In 
addition, 20 of them had EMG results and 10 of them had 
polyneuropathy.

WES analysis was performed on all patients. In total, 36 
patients had 38 different variants. Two different variants 
were found in 6 of 37 patients (patient numbers 4, 12, 13, 
15, 18, and 20). In addition, the same variants were present 
in 3 pairs of siblings in the cohort (patient numbers 5 and 6, 
19 and 20, and 22 and 23). The variants compatible with the 
phenotypes of the patients with autosomal dominant inher-
itance are presented in Table 3, and those with autosomal 
recessive inheritance are presented in Table 4. Patient #17 
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is not included in both tables. In the WES analysis of this 
patient, no point mutation compatible with the phenotype 
was found. The Franklin genetic analysis program provides 
CNV (copy number variations) analysis in the WES. When 
CNV analysis was performed for this patient, approximately 
3.5 kilobases of homozygous deletion was detected at 
coordinate chr11:118.895.610–118.899.076. Other genetic 
diagnostic methods subsequently confirmed this deletion 
for this patient. Homozygous mutations of the TRAPPC4 
gene located between these regions cause autosomal reces-
sive inheritance disease “Neurodevelopmental disorder with 
epilepsy, spasticity, and brain atrophy—NEDESBA.” The 
phenotype of the patient is compatible with this disease.

Discussion

This study presented the genetic results of patients who 
were referred to medical genetics and had ataxia symptoms. 
Genetic testing should be considered in patients in whom 
an organic cause for ataxia cannot be found through current 
diagnostic methods. In addition, finding of the genetic cause 
for complex diseases with ataxia component provides a 
holistic approach in follow-up.

In the literature review, the prevalence of hereditary was 
found to be higher than autosomal recessive inheritance 
ataxias in autosomal dominant inheritance [8, 9]. In our 
study, autosomal recessive inheritance was found in 28 of 
36 patients, and autosomal dominant inheritance was found 
in 9 patients. High rate of consanguineous marriages in our 
region (66.6% consanguineous marriage and 27.7% parents 
from the same village) was interpreted as the reason behind 
the higher detection of patients with autosomal recessive 
inheritance. In a similar study conducted by Galatolo 
et al., similar to our results, recessive genetic diseases were 
detected more frequently than dominant diseases in ataxia 
patients [10]. The age of onset of the disease in 41.6% 
of patients was before the age of 18. In a similar study 
conducted by Coutelier et al., the age of onset of the disease 
was younger than 25 years in 44% of the patients. This 
situation was found to be similar to our study [11]. Thirty-
eight different variants were detected. Among them, 12 were 
VUS (1 autosomal dominant and 11 autosomal recessive), 
19 were likely pathogenic (9 autosomal dominant and 10 
autosomal recessive), and 8 were pathogenic (7 autosomal 
recessive). None of VUS variants were in the autosomal 
dominant group, while 11 of them were in the autosomal 
recessive group. We think that the possible reason for this is 
that autosomal recessive diseases are seen less frequently in 
the population and therefore fewer cases are reported.

The most common brain MRI result, reported in patients 
with ataxia, is cerebellar atrophy. Other cerebellar changes 
and atrophy of brain cortex, brain stem, striatum, and 

spinal cord have also been reported [12, 13]. In our study, 
2 of the 36 patients with brain MRI results were normal. 
Patient #25 and patient #27 are patients diagnosed with 
“Niemann-Pick disease, type C1 / D,” carrying homozy-
gous variants in the NPC1 gene. Although behavioral 
changes are usually reported as the first symptom in these 
patients, the first findings in our patients were cerebellar 
findings due to cerebellar atrophy [14] (Fig. 1). Additional 
tests for intracellular cholesterol homeostasis in cultured 
fibroblasts, “Sea-blue” histiocytes appearance, and bio-
chemical tests are planned for the patients. It should be 
taken into consideration that metabolic diseases can also 
be seen in adult patients, and clinical findings may be dif-
ferent compared to pediatric patients. All radiological and 
biochemical tests performed on patients are important 
clues in the approach from phenotype to genotype. Patient 
#28 was referred to us with findings of ataxia, dementia, 
and severe cognitive impairment. Additionally, the patient 
had ataxia for 1 year as widespread cerebral and cerebellar 
atrophy had developed. As a result of the WES analysis, 
a likely pathogenic heterozygous variant was detected in 
the NF1 gene. Thereupon, the patient was re-evaluated fol-
lowing the genotype-to-phenotype approach. The patient 
did not have the necessary findings for “Neurofibromato-
sis, type 1” diagnosis. In 2021, Kallionpää et al. reported 
an increased risk of dementia in NF1 patients [15]; thus, 
dementia and severe cognitive impairment findings of the 
patient were considered as possible results of this muta-
tion. As a result of WES analysis of patient #30, a het-
erozygous likely pathogenic variant was detected in the 
SH3TC2 gene. The resultant clinical findings are not fully 
responsible for “Mononeuropathy of the median nerve, 
mild.” Cerebellar findings are prominent in the patient’s 
clinic. Homozygous variants in the SH3TC2 gene cause 
Charcot-Marie-Tooth disease, and cerebellar atrophy has 
been reported in 20% of patients [16]. A definitive diag-
nosis could not be made for this patient, and two possible 
options were considered. (1) There is a different variant on 
the other allele in the patient’s somatic tissue (especially 
the central nervous system), and, therefore, the CMT clinic 
remains mild, but cerebellar findings are apparent. (2) The 
detected variant is actually responsible for the clinic, but 
there are no reported cases yet.

Multiple involvement is expected in long-term diseases 
such as neurological diseases. In this case, all examinations 
such as EMG, as well as the patient’s MRI image, become 
important. In addition, some diseases can manifest them-
selves in different clinical components like ataxia and poly-
neuropathy. In our study, EMG was performed on 20 of 36 
patients with ataxia, and polyneuropathy was detected in 10 
of them. Many diseases accompanied by ataxia and poly-
neuropathy have been reported, and EMG is recommended 
in ataxias of unknown etiology [17–19].
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Two variants one patient

WES and CES analyze thousands of genes that cause thou-
sands of diseases. According to the results, a patient may 
sometimes have variants that can cause more than one dis-
ease [20]. The outcome report in this study presented two 
different variants that may cause disease in six patients 
(patient numbers 4, 12, 13, 15, 18, and 20).

WES analysis of patient #13 detected homozygous variants 
in GDAP2 and PLA2G6 genes. The variant detected in the 
GDAP2 gene is pathogenic according to ACMG classification 
and causes “Spinocerebellar ataxia, autosomal recessive 27” 
disease. The clinical findings of the patient were thought to 
be compatible with this disease. Clinical signs of the patient 
started in childhood. However, the symptoms started over 
the age of 30 in the reported cases [21]. In addition, while 
dementia was present in these reported cases, our case had an 
intellectual disability present since childhood. The variant in 
the PLA2G6 gene detected as a result of WES was classified 
as VUS according to ACMG. This variant was previously 
reported in the ClinVar database (SCV001992003). Three dif-
ferent diseases caused by the variant in this gene have been 
reported in the OMIM database. Among these three diseases, 
it was considered that “Neurodegeneration with brain iron 
accumulation 2B—Atypical neuroaxonal dystrophy” could be 
compatible with the patient’s clinic. The intellectual disability 
and the onset of speech and gait problems in childhood are 
consistent with this disease [22]. However, the MR images of 

the patient are not compatible with the MR images reported 
in the disease [23]. Considering the onset age of the patient’s 
symptoms and the signs of intellectual disability, the condition 
could be compatible with “Atypical neuroaxonal dystrophy” 
[24]. In addition, the variant detected in the GDAP2 gene was 
considered to be responsible for the patient’s phenotype like 
cerebellar atrophy in brain MRI. However, it differed from 
the cases reported in the literature in that he had much ear-
lier onset. It was thought that both variants of this patient’s 
phenotype could be responsible. The overlap of some clinical 
findings of the patient with both diseases caused them to be 
considered in the diagnosis.

Another patient with two different variants is patient #15. 
Homozygous variants in the LPIN1 gene and MCM3AP 
gene were detected in this patient. Homozygous variants 
in the LPIN1 gene cause “Myoglobinuria, acute recurrent, 
autosomal recessive” disease. When the patient was ques-
tioned again after obtaining the WES result, it was learned 
that she had recurring mild elevated CK, proteinuria, and 
hematuria since childhood and is being followed up by the 
nephrology department. The present nephrological findings 
of the patient were considered because of this variant [25]. 
Variants in the MCM3AP gene cause “Peripheral neuropa-
thy, autosomal recessive, with or without impaired intel-
lectual development.” Ataxia, dysarthria, muscle weakness, 
hyporeflexia, drop foot, loss of ambulation, loss of sensa-
tion in the feet, obesity, and motor axonal polyneuropathy 
on EMG were detected in the patient. The variant in the 

Fig. 1   A, B Brain MRI image of patient #25 (sagittal and coronal). 
C, D Brain MRI image of patient #27 (sagittal and coronal). Both 
patients have a homozygous variant in the NPC1 gene and were diag-
nosed with “Niemann-Pick disease, type C1/D.”

Fig. 2   A, B Brain MRI image of patient #19 (sagittal and coronal). 
C, D Brain MRI image of patient #20 (sagittal and coronal). Diffuse 
cerebral and cerebellar atrophy were present in both patients
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MCM3AP gene is thought to be responsible for these clini-
cal findings of the patient. The onset of clinical findings at 
the age of seven was also considered important [26, 27]. In 
addition, intellectual disability was reported in the patients, 
which was not present in our case [27]. In our literature 
review, increased signal intensity in temporal lobes, mild 
ventriculomegaly, and white matter cysts were reported in 
the MRI image, but cerebellar atrophy was not reported in 
this patient group. Observance of mild cerebellar atrophy in 
the MRI image of our patient [27] suggested that this vari-
ant could be responsible for cerebellar atrophy.

In this study, two different variants compatible with the 
phenotype, both autosomal dominant inheritance (PRKCG 
c.1381G > A) and autosomal recessive inheritance (SYNE1 
c.18658C > A), were detected in one patient (#18). The 
patient who has ataxia, pes cavus, dysarthria, impaired cog-
nition, onset at ages 6–40, and motor neuropathy on EMG 
suggests that it is compatible with “Spinocerebellar ataxia, 
autosomal recessive 8” caused by homozygous mutation 
in the SYNE1 gene [28]. Also, likely pathogenic variant in 
the PRKCG gene detected in this patient was previously 
reported in ClinVar. Heterozygous variants in this gene 
cause “Spinocerebellar ataxia 14” disease. The patient’s 
ataxia, dysarthria, and cognitive impairment symptoms are 
compatible with the disease [29]. However, the finding of 
motor neuropathy on EMG and the onset of the disease at 
the age of 20 are incompatible with this disease. In addi-
tion, the patient’s brain MR image was reported as normal. 
In this case, while the neuropathy findings of the patient 
were compatible with the variant in the SYNE1 gene, the 
variant in the PRKCG gene could not be ruled out and it is 
thought to be effective on the phenotype.

Patient #19 and patient #20 are siblings with similar 
clinical findings. A pathogenic homozygous change in the 
KIF1C gene was detected in both patients. The clinical 
findings are compatible with “Spastic ataxia 2, autosomal 
recessive” caused by variants in the KIF1C gene. Litera-
ture reported that the symptoms in this group of patients 
start in their teens [30, 31]. However, the onset age of the 
symptoms of our patients was in their forties. Cerebellar 
atrophy is not a very common finding in these patients, 
and cerebellar atrophy was present on brain MRI images 
in both of our patients [30] (Fig. 2). Additionally, a het-
erozygous pathogenic variant in the CCDC88C gene was 
detected in patient #20, unlike his sister. The disease “Spi-
nocerebellar ataxia 40” caused by this variant matches the 
clinical findings of patient #20. At this point, it is very dif-
ficult to pinpoint the variant responsible for his phenotype. 
A good anamnesis explaining the natural history of the 
disease in detail is important at this point. These two sib-
lings have exactly the same anamnesis and similar clinical 
findings. In this case, their sharing of the same mutation 
like KIF1C gene variant is considered to be more likely.

Treatment option

Patient #12 was referred to our department with signs of nys-
tagmus, ataxia (episodic—one day a week), headache, atten-
tion deficit, and increased deep tendon reflex in the lower 
extremities. Also, the 8-year-old son of the proband has speech 
problem (like dysarthria) and balance disorder. Two different 
variants were found in the WES analysis of the patient (“CAC-
NA1A gene c.5248C > T as heterozygous” and “SCN2A gene 
c.5011A > G as heterozygous”). Since these two variants 
were classified as likely pathogenic, they were considered 
to be responsible for the patient’s phenotype. According to 
the OMIM database, variants in the CACNA1A gene cause 
“Developmental and epileptic encephalopathy 42,” “Episodic 
ataxia, type 2,” “Migraine, familial hemiplegic, 1,” “Migraine, 
familial hemiplegic, 1, with progressive cerebellar ataxia,” and 
“Spinocerebellar ataxia 6” diseases. The clinical findings of the 
patient were considered to be compatible with “Episodic ataxia, 
type 2.” In the family history information obtained from the 
patient, no individual with similar clinical findings was found. 
There may be two reasons for this situation; first, it may be a de 
novo variant; second, incomplete penetrance may be the case 
for this family [32]. Variants in the SCN2A gene cause three 
diseases according to the OMIM database: “Developmental and 
epileptic encephalopathy 11,” “Episodic ataxia, type 9,” and 
“Seizures, benign familial infantile, 3.” Since the 34-year-old 
patient had no history of seizures, the condition was thought to 
be compatible with “Episodic ataxia, type 9.” In this disease, 
most patients have a history of seizures [33, 34]. In the study 
by Schwarz et al., seizures were not reported in 3 of 21 patients 
with SCN2A-associated episodic ataxia. The age of onset of 
ataxia in these 3 patients reported variances between 1 and 3 
years [35]. In our case, the onset age of ataxia was 29. Since 
the variant detected in the patient was likely pathogenic, it was 
considered that the variant could be responsible for the pheno-
type. However, the absence of epilepsy and the late onset of 
ataxia differed our case from others reported in the literature. 
In addition, acetazolamide is used in the treatment of both dis-
eases [36]. In this patient, acetazolamide treatment was decided 
based on the WES result. It is an exemplary case showing the 
significance of WES test in medical treatment.

CNV results

Patient #17 is a good example of the tests being developed 
considerably for genetic diagnosis in recent years. The WES 
analysis performed on the patient detected approximately 3.5 
kilobases of homozygous deletion. This deletion involving 
the TRAPPC4 gene is consistent with the patient’s clinical 
findings. This patient is a good example for large CNV 
analysis with WES [37, 38]. Over time, it will become 
possible to detect all kinds of mutations with a single 
molecular genetic analysis such as WES or similar.
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Mild phenotype

The homozygous variants in the AGTPBP1 gene detected 
in patient #1 and patient #6 constitute another result that 
is different from the literature. Homozygous variants in 
this gene cause “Neurodegeneration, childhood-onset, with 
cerebellar atrophy.” Although the known symptoms of the 
disease are severe, they appear in infancy and death occurs 
in childhood [39]. Our patients have ataxia accompanied 
by different neurological findings. Definitive genetic 
diagnosis was not possible for these two patients. In the 
future, the literature may report that homozygous variants 
in the AGTPBP1 gene cause a disease with a milder clinical 
condition.

Limitations

The major limitations of the study are that we cannot detect 
some variants like trinucleotide repeat expansions that 
cannot be detected by WES nor CES. This can be avoided 
by choosing another sequencing approach.

Conclusions

For neurological diseases with unknown etiology and 
treatment today, medical genetic aspect is like a light at the 
end of a dark tunnel. A variety of technologies and tests 
have been developed for diagnosis in medical genetics. 
New genetic tests have recently become more important in 
the ataxia patient group with an undeterminable etiology. 
With the development of technology, the increasing power 
of genetic diagnosis has enabled the diagnosis of patients 
with clinical findings not yet fully established. If there are 
individuals in the family with the same clinical findings 
or if parents had a consanguineous marriage constituting 
a clue for recessive diseases, a genetic cause should be 
considered. The diagnosis of ataxia patients with unknown 
etiology, which can be described, is made possible thanks 
to these clues.
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