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Abstract. – OBJECTIVE: Spinal muscular at-
rophy (SMA) is common among various popu-
lations because the genetic makeup is monog-
amous due to consanguineous marriages. Two 
genes, i.e., survival motor neuron (SMN1) and 
neuronal apoptosis inhibitory protein (NAIP) are 
mapped to the SMA vicinity of chromosome 
5q13. The main objective of the study was to de-
velop a solitary advanced genetic tool for the di-
agnosis of SMA by using SMN1 gene exon 7 and 
NAIP gene exon 5. 

PATIENTS AND METHODS: This study in-
volved SMA patients (n=84) belonging to dif-
ferent clinical features and socio-economic 
status. The identity of the intact NAIP gene is 
primarily based on the amplification of exon 
5 only in those SMA patients that have a de-
letion of SMN1 gene exon 7. Healthy controls 
(n=84) were also included in this study. The 
mutational analysis was observed through the 
Sanger sequencing method, where chromato-
grams were observed by using Chromas ver-
sion 2.6.0. 

RESULTS: This study showed a higher prev-
alence of SMA in females than in males. NAIP 
gene is considered a phenotype modifier as most 
SMA patients (94.90%) have SMN1 exon 7 dele-
tion along with a deletion in exon 5 of the NAIP 
gene. Single nucleotide conversion C-T in exon 7 
of SMN1 gene leads to its complete deletion. Mu-
tated proteins encoded by SMN1 and NAIP genes 
also result in degeneration and muscle weakness 
in SMA patients.  

CONCLUSIONS: These SMA-associated gene 
deletions can be used as a molecular evaluation 
tool for pre- and postnatal diagnosis of SMA. 
This will be valuable when there is a need for 
precise and consistent results with a strong fo-
cus on quantification.
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apoptosis inhibitory protein, Survival motor neuron, 
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Introduction

Spinal muscular atrophy (SMA) is a rare neu-
rodegenerative disorder that causes generalized 
muscle weakness and motor neuron loss due to 
a disruption in the SMN1 gene on 5q131,2. The 
prevalence is 1-2 per 100,000 people, while the 
incidence is 1 in 10,000 people, according to the 
WHO3. Based on achieved neural function, SMA 
is classified into five phenotypes: type-0, type-1, 
type-2, type-3, and type-43,4. SMA type 0 is a pre-
natal congenital condition characterized by severe 
weakness at birth, profound hypotonia, facial di-
plegia, areflexia, early respiratory failure, and joint 
contractures. SMA type 1 symptoms appear from 
birth to 6 months of age and include loss of head 
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control, hypotonia (frog leg-like posture), weak-
ness of intercostal muscles (breathing through the 
belly), tongue fasciculation (difficult swallowing), 
and congenital cardiac disorder (hypoplastic left 
heart syndrome). Patients with SMA type 2 can 
learn to sit but cannot walk. They have proximal 
weakness, hypotonia, areflexia, progressive scoli-
osis, joint contracture, ankylosis of the mandible, 
and hand tremor. SMA type 3 patients can normal-
ly walk, and most of them can live productive adult 
lives. It causes progressive proximal weakness, 
respiratory difficulties, and little to no scoliosis. 
SMA type 4 symptoms of the disorder’s weakness 
appear before the age of 21. Adults often have the 
ability to walk without any respiratory or nutrition-
al issues5,6. Molecular genetics has revealed7 that 
the SMN gene, which occupies a 500-kilo-base 
region of chromosomes, is the primary cause 
of SMA. In the event of a disorder, the tel-SMN 
(SMN1) loses its function, whereas the SMN gene 
retains one copy of SMN2. The SMN1 gene con-
tains a total of 9 exons that aid in the progression 
of molecular machinery for the full-length pro-
duction of SMN protein. A total of 95% of SMA 
patients are involved in SMN1 gene homozygous 
deletion, and 90% of cases represented exon 7 de-
letion following a homozygous manner in tel-SMN 
(SMN1) because the most common mutation caus-
ing SMA is a homozygous deletion of the SMN1 
exon 7, which can be easily detected and used as 
a sensitive diagnostic test7,8 as the severity of the 
disorder has been seen in skipping of whole exon 7. 
In spinal muscular atrophy (SMA), multiple SMN1 
and SMN2 gene copies are common. Often, there 
are two SMN1 and one SMN2 copies. An SMN1 
DNA change (C-T) prompts similar changes in 
other SMN2 copies, leading to shorter SMN pro-
teins. Detecting exon 7 loss in 95% of cases lack-
ing SMN1 is the initial diagnostic step. Numerous 
DNA assays based on the c.840C>T difference 
between SMN1 and SMN2 allow for the detection 
of the absence of SMN1 exon 79,10. The NAIP gene 
spans 56 kb of chromosome 5’s region as the ge-
nomic sequence with 6,100 bp transcript incorpo-
rates numerous discrete copies on chromosome 5 
and 17 exons, and these copies are available in the 
form of reverted duplication, and this replicated 
area encircles a minimum of four genes as well as 
repetitive constituents which makes it vulnerable 
towards rearrangements and results in deletions as 
well as mutations. The sequence’s repetitiveness 
and intricacy have also influenced the structuring 
of this controversial genomic area, but NAIP con-
tains a complete gene copy, while other duplica-

tions with internal mutations and rearrangements 
can be identified in chromosome location11. Com-
plete deletion of NAIP gene exon 5 in all types of 
cases of SMA can be used as a medical and ge-
nomic tool for diagnosing and verifying SMA, 
as it has a role in mediating neuronal survival in 
pathological conditions. Severe and critical types 
of SMA account for absolute deletion of NAIP exon 
5 as these forms carrying homozygous deletions of 
NAIP exon 5 are more prevalent than moderate or 
chronic forms of SMA. NAIP deletions are recog-
nized in 45.5% of type 1 SMA cases and 18.1% of 
types 2 and 3 SMA cases12. The main goal of the 
current study was to explore the mutation of SMN1 
gene exon 7 and NAIP exon 5, which are involved 
as a cause of SMA among Pakistani patients. 

Patients and Methods

The project titled “Deletions of SMNI gene 
exon 7 and NAIP gene exon 5 in spinal muscular 
atrophy patients in selected population” has been 
evaluated by the Department of Research Ethics 
and Biosafety Committee. The Committee could 
not find any Biosafety and Ethical concerns re-
lated to the proposed work and its execution at 
the Institute of Microbiology and Molecular Ge-
netics, New Campus, University of the Punjab, 
Lahore, Pakistan. Verbal and written consent has 
been taken from the SMA patients before filling 
out the proforma under the supervision of the 
physician. Blood of the SMA patients (n=84) from 
different cities of Pakistan, especially from Pun-
jab, was drawn through sterilized syringes and 
stored in a vacutainer. A total of 3 ml of whole 
blood was drawn from every patient and control. 
The blood stored in the refrigerator at 4°C was 
further used for DNA extraction and amplifica-
tion. There are high chances of having pneumonia 
in SMA patients, and it is required to check for 
the presence of Legionella pneumophila. There-
fore, the ELISA test was performed in patients 
with SMA (n=84). Virion/Serion ELISA Kit was 
used for this purpose (Catalog #: ESR106G), and 
the results revealed the presence of pneumonia in 
SMA patients. 

Analysis of SMN1 Exon 7 Deletion
The DNA extraction of 84 patients and 84 

healthy controls was done following the report-
ed5 methods.  Polymerase chain reaction (PCR) 
was done by applying forward and reverse prim-
ers in order to amplify the coding sequence of the 
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SMN1 gene. SMN1 exon 7 coding sequence was 
targeted for amplification of PCR using primers 
(CCAGATAATTCCCCCACCACC) and (TGT-
CAGGAAAAGATGCTGAGTGAT). The PCR 
program consisted of denaturation, annealing, 
and elongation at 95°C for 3 minutes, annealing 
at 57-60°C for 1 minute, elongation at 72°C for 
1 minute, and elongation at 72°C for 3 minutes. 
4°C was chosen as the holding temperature for 
PCR vials, with a 30-cycle program for exon 7 of 
the SMN1 gene. After gradient PCR, the bands of 
exon 7 were seen at an annealing temperature was 
57.0°C in controls (n=84). After viewing bands on 
a 1.5% agarose gel with a UV trans-illuminator, 
the PCR product was stored at 4°C. For this pro-
gram, a total of 40 cycles were used. The PCR 
product was visible on a 1.5% agarose gel at 55°C 
using a trans-illuminator. The mutational analysis 
has been observed through the Sanger sequencing 
method to confirm the deletion in patients’ sam-
ples and to compare it with samples of controls 
where chromatograms were observed using Chro-
mas version 2.6.0 (South Brisbane QLD 4101, 
Australia).

Analysis of NAIP Exon 5 Deletion
The primers for amplification of exon 5 of the 

NAIP gene were developed using 436 bp of the 
NAIP gene region. NAIP exon 5 coding sequence 
was targeted for amplification of PCR using 
primers (CTCTCAGCCTGCTCTTCAGAT) and 
(AAAGCCTCTGACGAGAGGATC). The NAIP 
gene’s exon 5 spans a 100-bp area. To formu-
late the primers, a DNA segment spanning 436-
bp around exon 5 was selected, which included 
some side region from exon 5 in it to avoid any 
false positive results. To amplify the entire area, 
including exon 5, specific primers were created. 
The goal of developing these primers was to see 
if there was a difference in the size of the ampli-
fied product in controls and patients’ samples, as 
the product size of patient samples was estimated 
to be 336 bp and 436 bp for controls to visualize 
the clear difference of 100 bp. The forward and 
reverse primers each have 21 nucleotide bases 
and are connected to the side region of the NAIP 
gene’s exon 5. 

PCR was done by applying forward and re-
verse primers in order to amplify the coding se-
quence of the NAIP gene. The program of PCR 
followed a melting temperature (Tm) of 58°C and 
was used with the following conditions: denatur-
ation at 94°C for 60 seconds, annealing at 58°C 
for 60 seconds, and extension at 72°C for 90 sec-

onds. 4°C was considered a holding temperature 
for PCR vials and a 30-cycle program for exon 5 
of the NAIP gene. After viewing bands on a 1.5% 
agarose gel with a UV trans-illuminator, the PCR 
product was stored at 4°C. 

Results

Gender distribution involved females and 
males, which showed more prevalence in females 
than males. There were 46 (54.76%) SMA female 
patients and 38 (45.23%) SMA male patients (Fig-
ure 1A), and the types of SMA in this study in-
volved SMA type-1, SMA type-2 and SMA type-
3 which included 30 (35.71%) type 1, 38 (45.23%) 
type 2 and 16 (19.04%) type 3 (Figure 1B). 

The prevalence of cousin marriage and sib-
lings involved in SMA disease were 34 (40.47%) 
and 18 (21.42%), respectively. The impact of SMA 
on patients results in the severity of the disorder, 
cardiac issues, respiratory problems, swallowing 
problems, abnormal chest shape, and jerky move-
ments. These issues were further depicted in the 
SMA patients of the study where 86.01% severity 
of disorder was observed, 6.67% swallowing is-
sue and jerky movements were observed, 62.01% 
respiratory issues, 40.50% abnormal chest and 
7.14% cardiac defect were observed in SMA pa-
tients (Figure 2A). The socioeconomic distri-
bution involved four classes of society to which 
SMA patients belong. The lower class to the av-
erage class of society involved the majority of the 
SMA patients (Figure 2B).

Patients further opted for treatment to cure 
the disorder, including medical drug treatment, 
conventional treatment, and surgical treatment. 
There were 8 (9.52%) SMA patients involved in 
getting conventional treatment, while drug and 
surgical treatment was chosen by 21.40% and 
7.14% of SMA patients (Figure 3A). The psycho-
logical impact of SMA revealed that the preva-
lence of psychological stress was 88.10%, social 
rejection was 95.24%, and loneliness was 90.50% 
among patients of SMA (Figure 3B).

In this study, it was observed that 24 (28.57%) 
out of 84 patients were positive for the presence 
of IgG antibody of Legionella pneumophila (Fig-
ure 4A). PCR products of SMN1 gene exon 7 were 
shown on 1.5% agarose gel and clearly visible 
under trans-illuminator, which showed complete 
deletion of exon 7 (Figure 4B). This study showed 
complete deletion of SMN1 gene exon 7 in SMA 
patients of Pakistan. The complete deletion of 
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exon 7 was concluded as a contributing factor of 
SMA in the Pakistani population. The exon 7 dele-
tion contributed to the prevalence of SMA type-1, 
type-2, and type-3 in patients. All NAIP-deficient 
individuals lacked the SMN gene. In this present 
analysis, the overall frequency of NAIP exons 5 
was 100%. Complete deletion of exon 5 was ob-
served (Figure 5A). Mutation has been revealed 
by version 2.6.0 of the chromatogram in exon 5 of 
the NAIP gene where PCR product occupied 336 
base pairs of length, showing the deletion of 100-
bp of exon 5 length (Figure 6).

After Sanger sequencing of NAIP gene 5, the 
sequences were used to make a protein structure 
that shows abnormal protein structure. Using the 
Swiss Model tool, a mutated protein structure was 
made, which has differences compared to the nor-
mal structure of NAIP protein. The NAIP protein 
normally consists of Zinc Ion and Baculo-viral 
IAP repeats along with glycerol ligand. In the 

case of a mutated form of NAIP, these zinc ions 
and ligands are absent. The mutated structure is 
shown in Figure 7A, and a wild-type structure of 
NAIP protein with key features is added for com-
parison purposes in Figure 7B.

Discussion

SMA, an inherited autosomal recessive disor-
der which involves a genetic condition, has been 
prevailing in Pakistan13. The overall prevalence of 
the disorder is 1 in every 60,000 to 100,000 live 
births, while carrier frequency is much higher 
than the frequency of incidence, which is 1 in ev-
ery 40 to 60 individuals. It has been seen14,15 that 
the SMA is not gender specific. The only reason 
for SMA to be more likely in females is the de-
letion of the NAIP gene, which occupies 500 kb 
inverted repeats. 

Figure 1. A, Gender distribution among 
SMA patients (n=84). B, Phenotypic 
prevalence of SMA patients (n=84).
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This research included 84 patients diagnosed 
with spinal muscular atrophy (SMA), each repre-
senting a diverse range of clinical characteristics 
and socioeconomic backgrounds. The main focus 
was to identify the intact NAIP gene, primarily 
by amplifying exon 5 in SMA patients who had a 
deletion of exon 7 in the SMN1 gene. As a com-
parison, the study also involved 84 healthy indi-
viduals as control subjects. The mutational anal-
ysis was conducted using the Sanger sequencing 
method, and the chromatograms were carefully 
examined using Chromas version 2.6.0.

This study showed a higher prevalence of 
SMA in females over males as female to male 
ratio is 23:19, which allows the NAIP gene to be 
deleted and also opened new ways towards the 
disorder versatility, which has a strong pheno-
typic impact on females. The disorder has been 

observed16,17 in the UK-based Pakistani popula-
tion, with the prime cause being consanguine-
ous marriages. The SMN1 gene exon 7 is highly 
important in order to understand the develop-
ment of different phenotypic characters of SMA 
types. The deletion of SMN1 gene exon 7 has been 
seen18,19 in 96% of SMA type-1 patients, 94% in 
SMA type-2, and 82% in SMA type-3 patients. 
This study revealed the occurrence of three SMA 
types – type 1, type 2, and type 3 – in Pakistani 
patients, with frequencies of 35.71%, 45.23%, and 
19.04%, respectively. However, SMA type 0 and 
type 4 were not detected, likely due to the uncom-
mon nature of these disorders as subtypes (0, 4) 
which are indicated at the two extremes of clinical 
severity. Subtype 0 manifests with in-utero on-
set, restricted or absent movements, contractures, 
and infantile dependence on mechanical ventila-

Figure 2. A, History and Pathological 
disorders among SMA patients (n=84). 
B, Socio-economic distribution among 
SMA patients (n=84).
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tion, while subtype 4 emerges in adulthood20. All 
NAIP-deficient individuals lacked the SMN gene. 
In this present analysis, the overall frequency of 
NAIP exons 5 was 100%. NAIP gene mutations 
were more familiar in patients of type-1 (87.1%) 
compared to type-2 (32.9%), consistent with prior 
studies21 (types 2 and 3). The study revealed that 
cousin marriages and affected siblings contribute 
to a higher carrier frequency of the disease. In the 
case of SMA, mutation of NAIP exon 5 ends in 
the production of a mutant protein, lacking the 
Glycerol ligand and Zn2+ ion, which results in un-
desired inhibition with caspases, and ultimately 
leads to destabilizing the structural integrity and 
results in apoptotic process malfunction.

The symptoms of SMA are overlapped in 
SMA type-1, type-2, and type-3, which include 
respiratory problems, swallowing issues, abnor-

mal chest shape, jerky movement, and cardiac 
defects22,23. Families of patients experience sig-
nificant challenges due to their child’s condition, 
with increased demands on time and added finan-
cial burden. This issue was commonly observed 
across the families in our study24. The patients of 
SMA often lose their opportunities in terms of 
their careers, and the hectic and painful schedule 
of medication and doctor appointments have a di-
rect impact on their mental health23,24. Psycholog-
ical stress has been observed19 in SMA patients in 
the Pakistani population. Psychological distress, 
social isolation, lack of societal support, and re-
jection are prevalent in patients, with an occur-
rence of 88.10%, 97.24%, 90.50%, and 97.62%, 
respectively, contributing to complications in 
treating the disorder. In this study, Leigonellia 
pneumophilia was found to be an important factor 

Figure 3. A, Treatment opted by SMA 
patients (n=84). B, Effects on mental 
health in SMA patients (n=84).
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in causing pneumonia in SMA patients, another 
alarming bacterium in SMA patients.

This study found a total absence of NAIP gene’s 
exon 5 in Pakistani SMA patients. Because exon 
5 is the major coding region of the NAIP gene, a 
mutant form of NAIP protein is produced when 
the mutated NAIP gene is translated into NAIP 
protein which lacks glycerol ligand. The unsta-
ble protein interferes with the normal activity of 
the NAIP gene, which in turn interferes with the 
functioning of neighboring genes, as evidenced 
by the severity of the condition. Analyzing NAIP 
at the protein level in SMA tissues would help 
elucidate its role in SMA pathogenesis and, po-
tentially, contribute to the development of con-
ventional and genetic therapeutics for these severe 
diseases as it affects the functioning of nearby 
genes. Furthermore, the discovery of genes with 
homology to the NAIP locus as well as proteins 
that interact with NAIP, could aid in the continued 
understanding of apoptotic pathways in mamma-

lian cells. The treatment for SMA is time taking 
and financially burdens the family, conventional 
or surgical. The therapies include hydrotherapy, 
which burdens financially and results in very lit-
tle improvement25. In developing nations, medi-
cal drug therapy is frequently withheld due to the 
profound motor neuron enhancements caused by 
the medication. Commonly, drugs such as cre-
atine, gabapentin, and hydroxyurea are utilized to 
alleviate movement-related discomfort26. The dis-
tribution of patients receiving medical drug treat-
ment, conventional treatment, and surgical treat-
ment was 21.42%, 9.52%, and 7.14%, respectively. 
The socioeconomic status of the majority of SMA 
patients in Pakistan is classified as lower class to 
average class, which clearly depicts the choice of 
treatment patients have opted for. 

Among the patients, the most common obser-
vation was the deletion of exon 7 in the SMN1 
gene, where single nucleotide conversion C-T in 
exon 7 leads to complete deletion of exon27. The 

Figure 4. A, IgG antibody of 
Legionella pneumophila ELI-
SA results’ comparison among 
patients (n=84) and control 
group (n=84). B, Amplified 
DNA bands (143 bp) of SMN1 
gene exon 7 in controls and 
completely deleted in patients 
(n=84).
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Figure 5. A, Patients sample DNA am-
plified bands of NAIP exon 5. B, Con-
trols’ sample DNA amplified bands of 
NAIP exon 5.

Figure 6. Chromatogram of NAIP exon 5 in SMA cases.
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prevalence of homozygous deletions in patients 
throughout the NAIP gene variates between SMA 
types 1, 2 and 3 (45% vs. 18%), which creates the 
hypothesis that the SMA acuteness and severity 
depend on the mutations and deletion of the coding 
parts of the NAIP and analyzing SMN and NAIP 
genes individually is challenging due to minimal 
distinctions between normal and mutated genes. 
There are multiple shortened and internally deleted 
variants that exist in a variety of copies. The ampli-
fication of exons 5, the primary coding exon, which 
is thought to be deleted in the distinct variants, is 

used to determine the identity of the intact NAIP 
gene28. The exon 5 of the NAIP gene is completely 
absent in patients with spinal muscular atrophy in 
Pakistan, according to this study. 

Conclusions

Analyzing NAIP at the protein level in SMA 
tissues would help elucidate its role in SMA 
pathogenesis and potentially contribute to the 
development of conventional and genetic thera-

Figure 7. A, Mutated NAIP protein structure. B, Wild-type structure of NAIP protein.
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peutics for these severe diseases as it affects the 
functioning of nearby genes. Furthermore, the 
discovery of genes with homology to the NAIP 
locus as well as proteins that interact with NAIP, 
could aid in the continued understanding of 
apoptotic pathways in mammalian cells. There 
was a robust link between the telomere region 
of NAIP deprivation and the severity and acute-
ness of SMA, according to our findings. These 
findings show that mutations in the NAIP gene 
cause or contribute to the development of SMA 
phenotype by preventing a normally occurring 
suppression of motor neuron death. This study 
discovered that exon 7 of the SMN1 gene is com-
pletely absent in Pakistani SMA patients, where-
as exon 5 of the NAIP gene was also absent in 
such SMA patients. 
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