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Abstract
SMA (spinal muscular atrophy) is an autosomal recessive neuromuscular disease that causes muscle
atrophy and weakness. SMA is diagnosed by homozygous deletion in exon 7 of the SMN1 gene. However,
mutations in other genes in the SMA region may contribute to the disease. These include SMN2, which is
a pseudogene of SMN1, as well as NAIP and GTF2H2. Within the scope of our study, 58 SMA patients
and 40 healthy controls were analyzed in 2018–2021. SMN1 and SMN2 copy numbers were
retrospectively included in the study. NAIP gene analyzes were performed by multiplex PCR method and
GTF2H2 analyzes were performed by RFLP method respectively. We detected a signi�cant correlation
between clinical subtypes (type 2 and type 3) and ambulation status (p = 0.003) and HFMSE scores (p = 
0.0063) of 27 pediatric SMA patients compared with separately. Highly differences were determined
between SMN2 copy numbers and the SMA subtypes (p = 0.00001). Also, the NAIP gene (p = 0,0095) and
the GTF2H2 gene (p = 0,0049) revealed a signi�cant difference between the healthy subjects and SMA
subjects, whereas in the SMA subtypes indicated no signi�cant difference. Our investigation is the �rst to
examine the relationship between SMA clinical severity and SMN locus genes in the Turkish population.
This small-scale study may be regarded as a pilot study, and it may pave the way for future research to
better understand the molecular pathophysiology of SMA disease.

Introduction
Spinal muscular atrophy (SMA) is a neuromuscular recessive disease in which the anterior horn cells of
the spinal cord are damaged and is characterized by hypotonia and decreased deep tendon re�exes
(Nouri et al. 2014). SMA is caused by a lack of the SMN (survival motor neuron) protein, which is involved
in the biogenesis of spliceosomal small nuclear ribonucleoproteins (snRNPs) (Blatnik et al. 2021).
Moreover, SMN de�ciency is related to abnormalities in differentiation, neurite extension, and
neuromuscular junction (NMJ) development in neuronal cells (Goulet et al. 2013). The prevalence of SMA
is known to be 1–2 per 100,000 persons and the incidence of SMA is approximately 1 per 10,000 live
births. Also, the carrier frequency of the disease is quite high and it is estimated that affects one in every
40–60 persons in the general population (Verhaart et al. 2017). Although SMA is a rare disease, its
frequency increases in societies where consanguineous marriage is common (Dundar et al. 2010). The
disease is caused by a defect in the survival motor neuron 1 (SMN1) gene, which manifests as
homozygous deletion of exon 7 and exon 8. The SMN1 gene is located in the 5q12.2-q13.3 region (Ahn,
Eun-ji, Yum, Mi-Sun 2016). There is also a centromeric copy located in the same region as the telomeric
copy SMN1 gene. This is the SMN2 gene and a highly homologous copy of SMN1 and also varies from
SMN1 by only one nucleotide in the coding sequence. Loss of SMN1 determines disease pathogenesis,
while the SMN2 copy number correlates with disease severity (D’Amico A, Mercuri E, Tiziano FD 2011).
Muscle hypotonia, which is the most common symptom in SMA, is also seen in many other diseases.
Since there is no speci�c clinical sign, the diagnosis of SMA is based on molecular genetic testing.
Detection of homozygous deletion in exon 7 and exon 8 of the SMN1 gene provides a de�nitive diagnosis
(He et al. 2013).
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SMA is classi�ed into �ve subtypes (0, I, II, III, and IV) according to the clinical manifestations and age of
onset of the disease. In SMA Type 0, symptoms appear at birth and, this is the most severe type with
respiratory distress and severe hypotonia. Infants with SMA can survive up to 6 months (Hassan et al.
2020)(Canpolat et al. 2016). SMA Type I is the most common and most severe form and accounts for
about half of SMA patients (D’Amico A, Mercuri E, Tiziano FD 2011). Clinical manifestations occur in
SMA Type 1 patients before 6 months and usually present with muscle weakness and hypotonia.
Children with SMA Type 1 usually do not live beyond 2 years of age. In SMA Type 2, symptoms usually
appear between 6–18 months. Children with SMA Type 2 cannot walk or sit unaided. In the SMA Type 3,
the symptoms begin to appear after 18 months, and they able to walk alone. SMA Type 4 occurs in the
20s or 30s and is the adult form of SMA. Compared to other types, the symptoms are milder, and SMA
type 4 form is rarely seen (Zhang et al. 2020).

The distance between SMN1 and SMN2 is 848 kb, and they are in the same direction. Two NAIP
pseudogenes, the SERF1A and GTF2H2B genes are located between SMN1 and SMN2. The SMN1 gene is
located adjacent to the neuronal apoptosis inhibitory protein (NAIP) gene and next to the NAIP the general
transcription factor IIH, polypeptide 2 (GTF2H2) gene is located (Blatnik et al. 2021). SERF1(H4F5), NAIP,
and GTF2H2(p44) gene variations within the SMN locus have also been thought to contribute to the SMA
phenotype (Liu et al. 2016). One of the �rst discovered mammalian apoptosis inhibitors (IAP), Neuronal
Apoptosis Inhibitor Protein (NAIP), was cloned as a potential gene for SMA (Roy et al. 1995) (Maier et al.
2007). The NAIP gene is located in the same region as SMN (Ahn, Eun-ji, Yum, Mi-Sun 2016). The
centromeric truncated NAIP gene is a pseudogene (NAIP ψ), is not include two coding exons, 4 and 5 via
deletion (Nouri et al. 2014). Akutsu et. al. reported that there is a relationship between the severity of SMA
and the NAIP gene deletion in 2002 (Akutsu et al. 2002). Also, it is indicated that the NAIP gene has an act
in the differentiation and survival of neuronal cells (Mercer et al. 2000). Another gene GTF2H2 (General
Transcription Factor IIH Subunit 2) (OMIM #601748) is located in the 5q12.2-q13.3 region same as the
SMN gene. In SMA patients, the deletion of the GTF2H2 gene attends the deletion of the SMN1 gene, but
it is unclear whether or how it does contribute to the SMA phenotype (Medrano et al. 2016). These genes
(NAIP and GTF2H2), which are located in the 5q13 region, have been remarked as disease-modifying
genes (He et al. 2013). Also, the relevance of these genes to speci�c tools that assess motor function or
clinical features in patients with SMA is unclear. A better understanding of the pathogenesis of the
disease may enable novel treatment options in the light of biotechnological developments (Gartland et al.
2013).

In the present study, we aimed that to exhibit the NAIP and GTF2G2 gene mutation pro�le in adult and
pediatric SMA patients. Also, we focused to examine the relationship between the SMN2 gene, the NAIP
gene, and the GTF2H2 gene and thus determine the frequency of NAIP and GTF2H2 deletions in SMA
patients in our country and revealing its effect on the disease. Further, another goal of our study is to
compare the molecular analyses results according to the clinical features and Hammersmith Functional
Motor Scale (HFMSE) scores.
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Patients And Methods
Patients

Patients, who applied to the Department of Child Health and Diseases and also the Department of Adult
Neurology were pre-diagnosed with SMA were referred to the Department of Medical Genetics for genetic
testing. A total of 58 patients were determined between 2018 and 2021 diagnosed with SMA according to
clinical �ndings and genetic test results, and those who ful�lled the inclusion criteria were included in the
study. 39 children (0-18 years) and 19 adults (18-50 years) a total of 58 patients, 28 children and 12 adult
healthy controls were analyzed in terms of NAIP and GTF2H2 gene deletions. The study was conducted
both retrospectively by examining the Multiplex Ligation Dependent Probe Ampli�cation (MLPA) results
of SMA patients, and prospectively by studying multiplex PCR for the NAIP and GTF2H2 gene with
samples taken from these patients and the healthy control group.

The patients included according to the diagnostic criteria for SMA de�ned by the International SMA
Consortium. Patients or their parents were informed about the study and taken a written informed
consent for the genetics analysis from all participants. This study was approved by Erciyes University
Clinical Research Ethics Committee.

Establishment of healthy control groups:

To the healthy control group; children and adults who applied to the Pediatric Neurology outpatient clinic
and Adult Neurology outpatient clinic and who did not have any SMA or other neuromuscular disease
�ndings as a result of the clinical examination, who do not have any chronic disease according to the
anamnesis and who do not use regular medication, was included.

Methods

A retrospective examination of SMA patients who had previously genetically analyzed by using the MLPA
method:

2cc peripheral blood samples were taken from these patients with an EDTA tube and DNA was extracted.
Mutation status in exon 7 and exon 8 regions of SMN1 and SMN2 genes was analyzed with MLPA
method according to the manufacturer’s protocol. In this context, the SALSA MLPA P021 kit was used
and the MLPA PCR products were loaded on the ABI Prisma 3500 genetic analyzer (Applied Biosystems)
with LIZ 500 as the size standard. The results were evaluated in the Coffalyser program and the copy
numbers were determined. The �les of the patients were investigated who were found to have
homozygous deletions in the SMN1 gene.

Prospective molecular analysis of the NAIP gene and the GTF2H2 gene associated with SMA disease:

NAIP gene exon 4 and 5 deletions, were analyzed in 58 patients (39 children + 19 adults) diagnosed with
SMA and compared with 40 healthy control. The DNA products that available in the Department of
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Medical Genetics of pediatric and adult patients who were previously positive for SMA type1
homozygous deletions were used. As the control group, 2 ml of EDTA blood taken from healthy
volunteers at the same age as our patients, and DNA was extracted. The DNA quality and concentrations
were measured in the nanodrop. 

PCR ampli�cation for NAIP gene was performed by primer oligonucleotide sequences of exon 5: 5F,
5'TGCCACTCCCAGGCAATCTAA-3', 5R, 5'-CATTTGGCATGTTCCTTCCAAG-3', and exon 4: 4F, 5’-
AAAGCCTCTGACGAGAGGATC-3’ and 4R, 5’-CTCTCAGCCTGCTCTTCAGAT-3’. Also, the primer exon 13:
13F, 5’-ATGCTTGGATCTCTAGAATGG-3’ and 13R, 5’-CCAGCTCCTAGAGAAAGAAGGA-3’ was used as an
internal control.  Exon 4, 5 and 13 of NAIP were ampli�ed with multiplex PCR. (Liang et al. 2009).
Multiplex PCR was performed on Verriti Thermal Cycler. Each reaction was carried out in a 50-μl volume
containing 10 mmol/L reaction buffer, 1.5 mmol/L MgCl2, 200 μmol/L each dNTPs, 0.2 μmol/L each
primer, approximately 200 ng genomic DNA, and 5U/μl Taq polymerase (Thermo). Multiplex PCR was
carried out with an initial denaturation at 94 °C for 6 min, followed by 35 cycles (95 °C, 59 °C, and 72 °C
for 1 min each) and a �nal extension step at 72 °C for 7 min. The PCR products were run for 45 minutes
on a 3% agarose gel with 100 volts current. The results were evaluated under ultraviolet (UV) and the
presence or absence of exon 4 and 5 of the NAIP gene was veri�ed.

GTF2H2 gene analyzed with RFLP (Restriction Fragment Length Polymorphism) method. PCR
ampli�cation for GTF2H2 gene was performed by primer oligonucleotide sequences of exon 10: 10F, 5’-
CGTACCATGTTATTTTAGATG-3’ and 10R, 5’-TACGAATAAGTGAGCATTCAG-3’. PCR reaction was carried
through with a 50-μl volume in same conditions with the NAIP gene and PCR program was set initial
denaturation at 95 °C for 5 min, followed by 36 cycles (94 °C for 40 sec, 50 °C for 45 sec, and 72 °C for 45
sec) and a �nal extension step at 72 °C for 10 min (Carter et al. 1997). The PCR products were cut using
restriction enzymes DdeI and Hinf1II at 37 °C overnight. On a 3 percent agarose gel with 90 volts current,
the cut products with the enzyme were run for one hour. The cut and uncut conditions of the
GTF2H2 gene were determined under ultraviolet (UV) illumination.

Clinical evaluation

The clinical features of all SMA patients in our study group, including ambulation, muscle weakness,
hypotonia and respiratory distress were noted. In addition, an expanded version of the HFMSE was used
for the motor function of SMA type 2 and 3 patients. The HFMSE, a scale speci�cally designed for SMA,
is scored from 0 to 66 points, and higher scores indicate higher motor function (O’Hagen et al. 2007)(Pera
et al. 2017).

Statistical analyzes

Normality tests were performed in all comparisons. The relationship between various subtypes of SMA
and ambulation status was determined by the non-parametric Fisher's exact test (SPSS version 26). To
compare clinical subtypes and HMFSE scores, the non-parametric Mann Whitney U test was performed
and shown as a bar graph (GraphPad Prism 8). The distribution of SMN2 exon 7 copy number variants
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(CNVs) by clinical subtypes was determined by Fisher's exact test (SPSS version 26), and categorical
data were expressed as percentages. Also, in order to determine where the signi�cance originates from,
post-hoc analysis was performed in the comparison of subgroups.

Results
The study comprised 58 pediatric and adult SMA patients who were diagnosed in childhood. It had been
detected homozygous deletion of exon 7 of the SMN1 gene in all of patients via the MLPA method. The
patients' average age at diagnosis was 3.8 ± 3.9 years. Males made up 63.8 percent of the patients, while
females made up 36.2 percent, for a male/female ratio of 1.76.

We compared the ambulatory and non-ambulatory status of 27 pediatric SMA patients in relation to SMA
clinical subtypes. In this analysis, we excluded all patients with SMA type 1 and under 1 year of age. Of
the 17 non-ambulatory patients, 14 were type 2 (82.4%). In addition, 8 out of 10 patients who were
ambulatory were type 3 (80%) (Fig. 1). Accordingly, there was a statistically signi�cant difference
between the SMA subtypes and the ambulation status of the patients (p = 0,003).

We compared the HFMSE scores with clinical subtypes in 27 pediatric SMA patients. According to the
results of this analysis, the mean score of type 2 patients was 20.13, and the mean score of type 3
patients was 43. A signi�cant correlation was found between HFMSE scores and clinical subtypes (p = 
0,0063) (Fig. 2).

Figure 3 depicts the percentage of individuals with various subtypes of SMA and the matching CNVs of
exon 7 of the SMN2 gene. The number of copies was distributed as 2, 3 and ≥ 4. Signi�cant differences
were found between the copy numbers and the three clinical subtypes (p < 0,0001). All eight Type 1
individuals had 2 CNVs. A total of the 22 Type 2 patients'; three had 2 CNVs, 18 had 3 CNVs, and one had
4 CNVs. Three of the 28 Type 3 patients had 2 CNVs, ten had 3 CNVs, and �fteen had ≥ 4 CNVs.

58 SMA patients and 40 healthy controls were analyzed for NAIP and GTF2H2 genes. NAIP exon 4 and
exon 5 deletions were identi�ed in 8 patients with multiplex PCR and GTF2H2 deletions in 10 patients
with the RFLP method. No NAIP or GTF2H2 deletion could be detected in any of the 40 healthy controls.
NAIP and GTF2H2 deletion status were compared between healthy controls and SMA patients via Fisher's
two-tailed test. There was a signi�cant difference between the control and the patient group for the NAIP
gene (p = 0,0095) and GTF2H2 gene (p = 0,0049), but no signi�cant difference was found between the
SMA subtypes. The demographic characteristics of patients with NAIP and GTF2H2 deletions were
examined and the clinical features of patients with and without deletions were compared. Also, SMN2
copy numbers were compared with deletions in NAIP and GTF2H2. We performed the Fishers exact test to
determine the relationship between the del and non-del groups we created (Table 1) and the clinical
subtypes and we detected a signi�cant difference. As a result of post-hoc analyses to reveal the reason
for this signi�cance, we determined that it was caused by SMN2 CNVs.
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Table 1

Genotype combination and relation with the subtype of SMA
Genotype Clinical

subtype
Number of
patients

Genotype Clinical
subtype

Number of
patients

ND1 (NAIP del + 2
copy SMN2)

1 3 GD1 (GTF2H2 del + 2
copy SMN2)

1 2

2 0 2 1

3 0 3 1

ND2 (NAIP del + 3
copy SMN2)

1 0 GD2 (GTF2H2 del + 3
copy SMN2)

1 0

2 3 2 2

3 0 3 2

ND3 (NAIP del + ≥ 4
copy SMN2)

1 0 GD3 (GTF2H2 del + ≥ 4
copy SMN2)

1 0

2 0 2 1

3 2 3 1

NN1 (NAIP nondel + 2
copy SMN2)

1 5 GN1 (GTF2H2 nondel + 
2 copy SMN2)

1 6

2 3 2 2

3 3 3 2

NN2 (NAIP nondel + 3
copy SMN2)

1 0 GN2 (GTF2H2 nondel + 
3 copy SMN2)

1 0

2 15 2 15

3 10 3 8

NN3 (NAIP nondel + 
≥ 4 copy SMN2)

1 0 GN3 (GTF2H2 nondel + 
≥ 4 copy SMN2)

1 0

2 1 2 1

3 13 3 14

With and without deletion status was divided into 3 groups according to the SMN2 copy number for
both genes. ND: NAIP deletion, NN: NAIP non-deletion, GD: GTF2H2 deletion, GN: GTF2H2 non-
deletion.

In our study, NAIP deletion was found in 3 (37.5%) of 8 type 1 patients, 3 (13.6%) of 22 type 2 patients,
and 2 (7.1%) of 28 type 3 patients. Also, GTF2H2 deletion was found in 2 (25%) of 8 type 1 patients, 4
(18.1%) of 22 type 2 patients, and 4 (14.3%) of 28 type 3 patients (Fig. 4). There was a total of 5 patients
with deletions in both NAIP and GTF2H2 genes. One of them was in type 1, 2 of them were in type 2 and 2
of them were in type 3.
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Discussion
SMA is a hereditary disease that leads progressive hypotonia and damage of lower motor neurons in the
spinal cord's ventral horn (Keinath et al. 2021). SMA is mostly caused by a homozygous deletion of the
SMN1 gene (more than 95% of cases). The copy number of the SMN2 gene becomes important in the
absence of SMN1 and the severity of the disease diminishes as the number of copies of SMN2 increases
(Jiang et al. 2019). In our study, we evaluated the relationship between different copy numbers of the
SMN2 gene (CNV) and clinical subtypes of SMA. According to this, all of the type 1 SMA patients had 2
CNV, 81.8% of type 2 patients had 3 CNV, 53.5% of type 3 patients had ≥ 4 CNV. Also, 1 CNV was not
observed in any of the patients. We observed that there was a signi�cant relationship between SMN2
copy number and clinical subtypes, which was consistent with the literature (Calucho et al. 2018).
Although it is known that the SMN2 copy number affects the clinical status of SMA patients, it is thought
that there are other factors that cause clinical heterogeneity. In this context, SMN locus genes need to be
investigated in detail. SMA phenotype has also thought to been associated with NAIP, GTF2H2(p44) and
SERF1(H4F5) gene variants located close to the SMN locus (Liu et al. 2016). According to the literature,
the SMN locus genes have been related to the severity of SMA (Jiang et al. 2019).

In a study conducted in 2015, it was determined that there was a signi�cant difference between
individuals with and without SMA when NAIP copy numbers were compared (Fang et al. 2015). Similarly,
in another study, remarkable differences were found between SMA patients and controls from the point of
NAIP copy numbers (Tran et al. 2008). As for our study, we found that there was a signi�cant difference
between SMA patients and the healthy control group in terms of NAIP deletion. This seems compatible
with the literature. However, we were unable to detect a relationship between our molecular �ndings and
clinical features of the patients.

In a Japanese study, it was reported that the NAIP deletion is strongly associated to the clinical severity of
SMA and is a prognostic factor of SMA (Akutsu et al. 2002). In a case study, it was emphasized that the
NAIP gene deletion could indicate the SMA pathology up to the central nervous system (Maeda et al.
2019). Large deletions spanning both the SMN and NAIP genes were detected in numerous of type I SMA
patients in the Indian investigation. Furthermore, it has been demonstrated that minor mutations in the
SMN1 gene, although not impairing NAIP, can nevertheless result in a severe phenotype (Kesari et al.
2005). The NAIP gene, noted as a phenotype modi�er is thought to play a signi�cant role in SMA
pathogenesis. But its role in pathogenesis has not been fully clear up yet (Ahn, Eun-ji, Yum, Mi-Sun 2016).
In 2020, it was studied in 40 SMA patients in Yunnan Province, China, and it was demonstrated
synergistic modi�cation effects of the SMN2 and NAIP genes on the SMA phenotype (Zhang et al. 2020).
In addition, in a study conducted in Iran in 2019 with pedigree and STR analysis, it was reported that NAIP
deletion also increases the risk of carriage (Shari� et al. 2019). NAIP gene deletion analysis was
performed in twenty-four SMA patients in a Malaysian research to better understand the pathophysiology
of the disease, and it was reported that deletion of the NAIP gene was related to disease severity.
Furthermore, NAIP gene deletions are particularly common in type 1 SMA patients (Watihayati et al.
2007). In another study conducted in Malaysia, SMN2 copy number and NAIP deletion were investigated
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in a total of 42 SMA patients. It was determined that NAIP deletion was detected in 50% of type 1 SMA
patients, 10% of type 2 SMA patients and there was no NAIP deletion in type 3 SMA patients (Watihayati
et al. 2009). The SMN2 and NAIP copy number distributions were investigated in a research of 232
Chinese SMA patients, with the �ndings indicating that SMN2 and NAIP copy numbers have a substantial
impact on the age of onset, risk of mortality, and life expectancy (Qu et al. 2015). Contrary to the above,
there are also publications in the literature reporting that there is no signi�cant relationship between NAIP
deletion and clinical severity of SMA disease, and that the contribution of NAIP deletion to the
pathogenesis of SMA is controversial (Rekik et al. 2013)(Tran et al. 2008). In a recent study, NAIP copy
number was associated with SMA type and SMN2 copy number, but there was no data that NAIP copy
number made an additional contribution to predict SMA phenotype (Wadman et al. 2020). The frequency
of NAIP deletions in SMA patients has been studied in several countries throughout the world, but no data
on this has yet been found in Turkey. In this study, we analyzed the NAIP deletion in 58 Turkish SMA
patients and 40 healthy control groups. While 37% of our type 1 patients have NAIP deletion, 13.6% of our
type 2 patients and 7.1% of our type 3 patients have NAIP deletion. Although NAIP deletion was observed
at a greater rate in type 1 patients compared to other types in the scope of our study, no statistically
signi�cant difference was detected. This may be due to the insu�cient number of type 1 patients and our
small-scale study group.

In a genotype-phenotype correlation study conducted in Cyprus, it was emphasized that homozygous
deletion of NAIP and GTF2H2 can cause a severe phenotype in SMA patients (Theodorou et al. 2015). It
has been reported that the lack of GTF2H2 was strongly related to a severe form of SMA (type I) (He et al.
2013). The copy numbers of telomeric and centromeric genes at the SMA region were examined, and it
was determined that telomeric NAIP and telomeric GTF2H2 followed similar patterns (Noguchi et al.
2016). However in an another investigation being conducted to assess if any of the genes in the SMA
locus connect with disease severity, it has been reported that no relation between the type of SMA and
GTF2H2 deletion in patients (Arkblad et al. 2009). Exon 10 deletion in the GTF2H2 gene was found in
17.2% of 58 SMA patients in our study, whereas no deletion was detected in any of the 40 healthy
controls. We observed a statistically signi�cant difference between the healthy control and individuals
with SMA in terms of GTF2H2 gene deletion. However, no substantial difference was detected across the
SMA subtypes.

It has been reported in the literature that there is a high correlation between HFMSE and SMA type 2 and
type 3 (Glanzman et al. 2011). Similarly, in our study, a signi�cantly higher correlation was observed
between HFMSE and SMA clinical subtypes (type 2 and type 3). Also, individuals who were ambulatory
and non-ambulatory compared with clinical subtypes of SMA including only type 2 and type 3, we
detected statistically signi�cant relationship.

Conclusion
To the best of our knowledge, this is the �rst study that demonstrates if a relationship between the
clinical severity of SMA, and NAIP and GTF2H2 genotype, and also exhibited SMN1, SMN2, NAIP, and
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GTF2H2 mutation pro�les in Turkish patients. Based on data collected from a single center in our country,
NAIP and GTF2H2 deletions have a signi�cant association between healthy controls and SMA
individuals. It was observed that the genes investigated in our cohort did not have a signi�cant effect on
clinical types. This result may be due to the inequality of the number of patients distributed into clinical
types, especially type 1 SMA, and small-scale study group. Another limitation of our study is one of the
contiguous modifying genes SERF1 in the SMA-related region which thought to have a role in the severity
of the disease was not analyzed.

The absence of NAIP and GTF2H2 deletions in the healthy population suggests that these changes are
effective in SMA patients. However, how it affects SMA patients and whether it contributes clinical
severity is still unclear. So, more comprehensive studies with larger patient groups are needed.

Finally, our study is important in terms of revealing the mutation pro�le of the SMN locus genes in SMA
patients and presenting a Turkey dataset in this context and may thought to shed light on further studies
to be conducted in a more comprehensive and multi-centered manner in Turkey.
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Figure 1

Association of the ambulatory and non-ambulatory status of pediatric SMA patients with clinical
subtypes
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Figure 2

Association of HFMSE scores with clinical subtypes in SMA patients
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Figure 3

The percentage of individuals with various number of copies of SMN2 gene in SMA type 1, 2, and 3.

Figure 4

Association of genotype combinations with SMA subtypes. A. The association of NAIP and SMN2 copy
number combinations with SMA subtypes. B. The association of GTF2H2 and SMN2 copy number
combinations with SMA subtypes. * CNV; SMN2 copy number variant. 
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