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Abstract 

Background & Aims: Spinal muscular atrophy (SMA) is a common disorder with autosomal recessive inheritance pattern. The 

frequency of carriers of this disease is one in forty to one in sixty. SMA occurs in 98% of cases due to the homozygous deletion of SMN1 

exons 7 and 8. The purpose of this study was to evaluating the deletion and point mutations of the SMN1 gene in patients with SMA 

in west Azerbaijan province of Iran. 

Materials & Methods: A total of 50 patients with SMA were referred to the Genetic Department after clinical diagnosis for molecular 

evaluation and genetic counseling. Genomic DNA was extracted from blood samples. The exclusion rate of exons 7 and 8 in the 

neuronal survival gene 1 was determined by using the PCR-RFLP. Results: Deletion of exons 7 and 8 were observed in 98% of the 

studied cases (49 out of 50 cases). In one patient, the sequencing of exon 5 showed homozygote mutation c.549 del C (p.Lys184ser fs 

29) (point mutation). 

Conclusion: The evaluation of the presence or absence of exons 7 and 8 of the SMN1 gene, as well as point mutations in SMN1 gene 

in patients suspected of musculoskeletal atrophy, is effective in confirming the clinical diagnosis and subsequent genetic counseling. 
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Introduction 

Spinal muscular atrophy (SMA) as an autosomal 

recessive disorder is recognized with loss of motor 

neurons in the ventral horn of the spinal cord, weakness 

and muscle atrophy(1). The disease first was described 

by Werding in 1893 and Hoffman in 1890. In human, 

this gene is located on the long arm of chromosome 5. 

The survival of motor neurons (SMN1) gene was 
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recognized as the cause of SMA in 1995 (2). There are 

two almost identical SMN genes on chromosome 5q13: 

telomeric gene or SMN1, a gene that determines the 

SMA and centromeric gene or SMN2 (3). Due to a 

nucleotide, sequence encoding of SMN2 differs from 

SMN1 (840C> T). It does not change the amino acid 

sequence of nucleotides, but leads to different splicing 

of exon 7 (3). Homozygous deletion of exons 7 and 8 
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can be seen in almost 98 percent of patients. All patients 

had at least one copy of the gene SMN2 and Most SMA 

patients have 2-4 copies (2-4). SMA is heterogeneous in 

terms of clinical and genetic observations (5). SMA is 

the second most common lethal disorder after Cystic 

Fibrosis (CF) and the prevalence is one in 6000 to 10000 

live births (6). SMA is divided to four Class III, II, I and 

IV based on phenotype and emergence age (7). 

 Werding Hoffmann disease or SMA class type I is 

the most severe and most common form of the disease 

in terms of clinical signs and symptoms can be 

emphasized in the first six months of life. The fetus with 

spinal muscular atrophy disease inside the mother's 

womb have relatively less movement compared to 

normal embryos. Infants with SMA are not able to drag 

themselves and control the movement of their head and 

can never sit without help. Also, babies with SMA 

usually die before two years of age due to hypotonia, 

limb paralysis and respiratory failure due to choking and 

swallowing (9, 8). Class Type II SMA is known in 

patients between 7 and 18 months with muscle 

weakness. The infants are able to sit alone, but need help 

to walk and stand. Deep tendon reflexes are absent in 

spinal muscular atrophy in patients with type II class. 

The biggest problem is the weakness of the respiratory 

muscles, which can cause recurrent infections in these 

patients (10). Kugelberg-Welander or Class III SMA is 

heterogeneous in terms of clinical symptoms and the 

disease starts after 18 months. Spinal muscular atrophy 

patients with class III disease can walk independently. 

In this group of patients, muscle weaknesses are evident 

especially leg muscles while walking, going up and 

down the stairs at ages 2 to 3 years of age (11). The 

results of recent studies show patients with Class III 

SMA is likely to lose the ability to walk by the age of 40 

(12). 

Class IV SMA is the mildest type associated with 

muscle weakness to an adult (over 18 years). This group 

of patients are able to adulthood without particular 

problems in walking, breathing and feeding them (13, 

14). Genes associated with disease include: survival 

motor neuron gene (SMN), neuronal cell death inhibitor 

protein gene (NAIP), p44, H4F5, GTF2H2 (15, 16). 

SMN1 gene sequence is part of a 500 kV with 9 exons 

and 8 introns (17). The survival motor neuron gene 

protein is made of 294 amino acids and its molecular 

weight is 38 kDa. Telomeric version of the gene 

(SMN1) has homology with its centromeric copy 

(SMN2) and their difference is in exons 7 and 8. These 

differences create restriction sites for restriction 

enzymes (17). Lack of homozygous SMN2 in 4.5% of 

healthy individuals indicates that the SMN2 is not 

associated directly with SMA disease (18). 

 While SMN1 in 98 per cent of SMA patients has 

deletions (especially the exons 7 and 8) (9). SMA 

diagnosis is carried out by a specialist physician in the 

first phase of clinical trials, perform physical testing, 

and an electromyogram as well as family history. A 

definitive diagnosis is through genetic tests for deletion 

and point mutations of the SMN1 gene (19). Given that 

it is not already possible to cure the disease completely, 

the prenatal diagnosis is one of the ways to reduce costs 

and manage the patients and families about the disease. 

The aim of this study is the molecular analyses of the 

SMN1 gene in patients referred to the martyr Motahhari 

hospital using the PCR-RFLP method (Urmia, West 

Azerbaijan province). 

 

Materials and Methods 
A total of 50 patients with SMA referred to the 

Genetic Department of Martyr Motahari Hospital (West 

Azerbaijan, Urmia) were evaluated in order to identify 

mutations. Patients were selected on the basis of 

international SMA consortium by pediatricians and by 

neurologists and diagnosis is done by examining the 

symptoms confirmed by electromyography (EMG). The 

parents’ informed consent was obtained for the study 
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and the study sample was taken after completing the 

relevant forms required from participants. 

 2-3 ml of peripheral blood samples were collected 

by a nurse in genetic section. These samples are 

collected in 15 ml Falcon tubes containing 500 ml 

EDTA mM as anticoagulant and freeze until the day of 

extracting genomic DNA. Falcon tubes containing 

samples were taken out of the freezer and melted at 

room temperature. DNA isolation was carried out using 

standard “salting out” method as described by miller et 

al.(20). Extracted DNA samples were assessed with bio 

photometer (Eppendorf AG) and the quality of DNA 

was confirmed. The ratio for pure DNA is between 1.7 

to 2. PCR reaction was carried out for each reaction after 

optimization in 0.2 mL Eppendorf tubes in a final 

volume of 25 microliters containing dNTPs at a 

concentration of 200 micro molar, 0.2 ml Taq 

polymerase enzyme, 0.75 ml MgCl2at a concentration 

of 50 mM, DNA about 100 nanograms, 0.5 microliter of 

each primer at a concentration of 10 pico moles and 

finally 10X buffer at a rate of 2.5 micro liters (CinnaGen 

PCR Master Kit, SinaClon Co., Iran). Amplification 

area, sequencing primers, and amplified fragment 

length, PCR program and cutting enzymes have been 

compiled in Table 1. 

Restriction enzyme was used to detect the gene 

omissions in enzymatic digestion. The enzyme DraI 

(Thermo Scientific) was used in exon 7 and the enzyme 

DdeI (Thermo Scientific) was used in exon 8 to detect 

deletion. For digestion in 20 microliters volume, 10 ml 

PCR product, restriction enzyme and a buffer enzyme 

associated with the concentration (1X) were used. 

Enzymatic digestion is done at 37 ° C for according to 

manufacturer's brochure. To view the PCR products and 

enzymatic digestion, 2.5 percent agarose gel (SinaClon 

Co., Iran) stained with safe stain color (SinaClon Co., 

Iran) was used. Then the gels were analyzed under UV 

light and the images have been recorded using gel 

documentation devices. 

 

Results 
Patients participating in the study were diagnosed 

with SMA Type 1 and 49 (98%) of patients had the 

homozygous deletion of SMN1 exons 7 and 8. SMN1 

gene sequencing indicates that there is a point mutation 

in exon 5 (c.549 del C)(p.Lys184ser fs 29) as a 

homozygous mutation. Gel Electrophoresis pictures of 

the samples are shown in Figures 1 and 2. 

 

 
Table 1. Area amplification, sequencing primers (TAG Copenhagen A / S), and PCR amplified fragment length and 
restriction enzyme to that used in this study (21). 

 Area 
Primer sequences 

 

fragment 

length 

Denaturation 

temperature 

/ time 

Hybridization 

temperature / 

time 

Elongation 

temperature 

/ time 

The 

number of 

cycles 

Cutter enzyme 

 

Exon 

7 

ctatcaacttaatttctgatca 

ccttccttctttttgattttgtt*t  
188 base  

94 ° C 

2 minutes 

55 ° C 

1 minutes 

 

72 ° C 

1 minutes 

 

35  
DraI 

)Thermo Scientific(  

Exon 

8 

gtaataaccaaatgcaatgtgaa  

ctacaacacccttctcacag  
188 base  

94 ° C 

1 minutes 

60 ° C 

1 minutes 

72 ° C 

1 minutes 
35  

DdeI  

)Thermo Scientific(  
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Figure 1. Evaluation of exon 7 of SMN1 gene in 8 samples using the restriction enzyme DraI by agarose gel 

electrophoresis. Wells 1 and 2 samples without cutting enzyme, wells 3, 6,7,8 are control samples, Wells 4 and 5 are 

studied samples (These samples are considered positive given the deletion of 188-bp band in exon 7 of SMN1 gene) 
 

 
Figure 2. Evaluation of exon 8 of SMN1 gene in two samples using the restriction enzyme DdeI by agarose gel 

electrophoresis. Well 2 relates to the studied sample (the sample is considered positive due to the deletion of 188-bp 

band in exon 8 of SMN1 gene); Well 1 is related to the control sample. 
 

Discussion 
Telomeric gene mutation or SMN1 is necessary for 

the SMA onset (22). There are two hypotheses for 

pathogenic description of SMA disease: 1-SMN protein 

is involved in the biogenesis of small nuclear ribo 

nucleic proteins and pre-mRNA splicing. Thereby 

reducing amount of the SMN could be decisive (23). 2- 

SMN has a dedicated motor neuron function that is 

independent from the nuclear small ribo nucleic proteins 

such as mRNA transport along the axons (24). Both 

hypotheses are supported by several studies: However, 

low levels of SMN protein are crucial for motor neurons 

both in terms of the exon and due to their proprietary 

contrast to skeletal muscle. Spinal Muscular Atrophy 

international consortium in 1992 categorized patients 

into three groups based on the age of onset and age at 

death. But in 1998, this classification was revised again, 

and the patients were divided into four groups (25). In 

1995, it was reported that SMN gene in 98.6 percent of 

patients with SMA type 1 has had deletions. The 

majority of patients with homozygous deletion of exon 

7 or 8 were identified. The study of Lefebvre et al. 

showed that the frequency of the deletion of exon 7 and 

8 in patients with SMA is about 93 percent (3). Many 

studies have been performed in different populations 

after 1995 regarding the deletion in SMN1 gene in SMA 

patients according to which the frequency of removal in 

countries such as Kuwait, Korea and India was reported 

as 100%, Japan 87.5% and 94% in Saudi Arabia (26-29). 

Rates of consanguineous marriage in Iran is very high 
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(especially in the area of Azerbaijan). In fact, this is one 

of the important genetic causes for infant and children 

mortality in Iran and is considered as the most common 

neurological-muscular diseases after Duchenne 

muscular dystrophy. In this regard, several studies have 

been conducted in Iran. According to a study in 2007 by 

Derakhshande and colleagues on 75 Iranian SMA 

Patients, the homozygous deletion of the SMN1 gene in 

exon 7 and 8 was equivalent to 97 percent (30). In 2009, 

a study was carried out by Omrani and colleagues on 75 

patients with SMA (54 patients with type I, 8 patients 

with type II and 13 patients with type III). Homozygous 

deletion of exon 7 and 8 of SMN1 gene was found in 68 

patients and the frequency was estimated as 90%. In the 

study, the deletion of SMN1 gene in exon 7 and 8 was 

the leading cause of SMA disease (31). On the other 

hand, another study was done by Hasan Zadeh and 

colleagues at the same year on 243 Iranian families and 

the deletion of exon 7 in SMN1 gene was estimated as 

94 percent (32). Then, another study by Sadeghi and 

colleagues in 2014 was done on 71 Iranian patients. 

Homozygous deletion of exons 7 and 8 on 51 patients, 

and the frequency of removal was 71.8 percent (33). In 

this study with the aim to determine the SMN1 gene 

mutations in patients with SMA in Western Azerbaijan 

province's population, the frequency of the deletion of 

exons 7 and 8 in SMN1 gene was found in 98% of tested 

cases. As the molecular sensitivity of the tests was 93-

95 percent, it is essential for all relative couples 

intending to get married to receive counseling and also 

the prenatal diagnoses for couples who have a child with 

SMA disease is essential. Prenatal diagnosis is proved 

when SMA disease screening test of both parents is 

necessary. The purpose of screening tests is to identify 

embryos with the disease before the appearance of 

symptoms. Improved public health screening programs 

are leading to improved quality of life and the process 

leads to the identification of individuals at risk of 

disease. 

Conclusion 
Assessment of the presence or absence of exons 7 

and 8 of SMN1 gene and also checking the presence of 

point mutations in exons 7 and 8 in patients suspected of 

SMA is needed to support the clinical diagnosis and 

genetic counseling. This is the first study conducted in 

the province of West Azerbaijan and shows that due to 

a high prevalence of the disease in the province, it is 

essential to develop risk screening programs to identify 

the people and those at risk. 

 

Acknowledgments 
All costs of this project was undertaken by the 

University of Medical Sciences (Grant Number: 1395-

01-66-2714). All phases of the project were approved by 

the Research Ethics Committee of Urmia University of 

Medical Sciences (code of ethics: 

Ir.umsu.rec.1395.548). Dear all colleagues and families 

from all hospital patients who participated in this project 

are thanked and appreciated. 

Conflicts of Interest: The present study has no 

conflict of interest. 

 
References 

1. Arnold WD, Kassar D, Kissel JT. Spinal muscular atrophy: 

diagnosis and management in a new therapeutic era. Muscle 

Nerve 2015; 51(2):157-67. 

2. D'Amico A, Mercuri E, Tiziano FD Bertini E. Spinal 

muscular atrophy. Orphanet J Rare Dis 2011; 6:71. 

3. Lefebvre S, Bürglen L, Reboullet S, Clermont O, Burlet P, 

Viollet L, et al. Identification and characterization of a spinal 

muscular atrophy-determining gene. Cell 1995; 80(1): 155-

65. 

4. Vitte J, Fassier C, Tiziano FD, Dalard C, Soave S, Roblot N, 

et al. Refined characterization of the expression and stability 

of the SMN gene products. Am J Pathol 2007; 171(4):1269-

80. 

 [
 D

ow
nl

oa
de

d 
fr

om
 u

m
j.u

m
su

.a
c.

ir
 o

n 
20

23
-0

5-
23

 ]
 

                               5 / 7

http://umj.umsu.ac.ir/article-1-4289-en.html


The Journal of Urmia University of Medical Sciences, Vol. 29(7), October 2018 

 

479 

5. Ahmad S, Bhatia K, Kannan A, Gangwani L. Molecular 

Mechanisms of Neurodegeneration in Spinal Muscular 

Atrophy. J Exp Neurosci 2016; 10:39-49. 

6. Prior TW, Snyder PJ, Rink BD, et al. Newborn and carrier 

screening for spinal muscular atrophy. Am J Med Genet A 

2010; 152A: 1605-7. 

7. Munstat TL, Davies KE. International SMA Consortium 

meeting. Neuromuscul Disord 1992; 2:423-8. 

8. Kelly TE, Amoroso K, Ferre M, Blanco J, Allinson P, Prior 

TW. Spinal muscular atrophy variant with congenital 

fractures. Am J Med Genet 1999; 87: 65-8. 

9. Bertini E, Burghes A, Bushby K, Estournet-Mathiaud 

B, Finkel RS, Hughes RA, et al. 134th ENMC International 

Workshop: Outcome Measures and Treatment of Spinal 

Muscular Atrophy, 11-13 February 2005, Naarden, the 

Netherlands. Neuromuscular Disorders 2005; 15:802-16. 

10. Messina S, Pane M, De Rose P, Vasta I, Sorleti D, Aloysius 

A, et al. Feeding problems and malnutrition in spinal 

muscular atrophy type II. Neuromuscul Disord 2008; 18:389-

93. 

11. Khatri IA, Chaudhry US, Seikaly MG, Browne RH, 

Iannaccone ST. Low bone mineral density in spinal muscular 

atrophy. J Clin Neuromuscul Dis 2008; 10:11-7. 

12. Zerres K, Rudnik-Schöneborn S, Forrest E, Lusakowska A, 

Borkowska J, Hausmanowa-Petrusewicz I. A collaborative 

study on the natural history of childhood and juvenile onset 

proximal spinal muscular atrophy (type II and III SMA): 569 

patients. J Neurol Sci 1997; 146: 67-72. 

13. Crawford TO, Pardo CA. The neurobiology of childhood 

spinal muscular atrophy. Neurobiol Dis 1996; 3: 97–110. 

14. Dubowitz V. Very severe spinal muscular atrophy (SMA type 

0): an expanding clinical phenotype. Eur J Paediatr Neurol 

1999; 3: 49–51. 

15. Amara A, Adala L, Ben Charfeddine I, Mamaï O, Mili 

A, Lazreg TB, et al. Correlation of SMN2, NAIP, p44, H4F5 

and Occludin genes copy number with spinal muscular 

atrophy phenotype in Tunisian patients. Eur J Paediatr Neurol 

2012; 16(2):167-74. 

16. He J, Zhang QJ, Lin QF,  Chen YF, Lin XZ, Lin MT, et al. 

Molecular analysis of SMN1, SMN2, NAIP, GTF2H2, and 

H4F5 genes in 157 Chinese patients with spinal muscular 

atrophy. Gene 2013; 518(2): 325-9. 

17. Rossoll W, Bassell GJ. Spinal muscular atrophy and a model 

for survival of motor neuron protein function in axonal 

ribonucleoprotein complexes. Results Probl Cell Differ 2009; 

48: 289-326. 

18. Ogino S, Gao S, Leonard DG, Paessler M, Wilson RB. 

Inverse correlation between SMN1 and SMN2 copy 

numbers: evidence for gene conversion from SMN2 to 

SMN1. Eur J Hum Genet 2003; 11(3): 275-7. 

19. Mittal B. Rapid molecular diagnosis of spinal muscular 

atrophy. Indian J Med Res 2012;135: 6-8. 

20. Miller SA, Dykes DD, Polesky HF. A simple salting out 

procedure for extracting DNA from human nucleated cells. 

Nucleic Acids Res 1988; 16:1215. 

21. Shafeghati Y, Teymourian SH, Babamohammadi GH, 

Afrouzan F, Almadani N, Karimi-Nejad R, et al. Molecular 

diagnosis in Iranian patients with spinal muscular atrophy. 

Arch Iranian Med 2004; 7(1): 47 – 52. 

22. Rudnik-Schöneborn S, Berg C, Zerres K, Betzler C, Grimm 

T, Eggermann T, et al. Genotype-phenotype studies in 

infantile spinal muscular atrophy (SMA) type I in Germany: 

implications for clinical trials and genetic counselling. Clin 

Genet 2009; 76:168-78. 

23. Gabanella F, Butchbach ME, Saieva L, Carissimi C, Burghes 

AH, Pellizzoni L. Ribonucleoprotein assembly defects 

correlate with spinal muscular atrophy severity and 

preferentially affect a subset of spliceosomal snRNPs. PLoS 

One 2007; 2: e921. 

24. Rossoll W, Jablonka S, Andreassi C, Kröning AK, Karle 

K, Monani UR, et al. Smn, the spinal muscular atrophy-

determining gene product, modulates axon growth and 

localization of beta-actin mRNA in growth cones of 

motorneurons. J Cell Biol 2003; 163: 801-12. 

25. Zerres K, Davies KE. 59th ENMC International Workshop: 

Spinal Muscular Atrophies: recent progress and revised 

 [
 D

ow
nl

oa
de

d 
fr

om
 u

m
j.u

m
su

.a
c.

ir
 o

n 
20

23
-0

5-
23

 ]
 

                               6 / 7

http://umj.umsu.ac.ir/article-1-4289-en.html


Evaluating the deletion and point mutations of the smn1 gene in patients with …. Morteza Bagheri, et al 

 

480 

diagnostic criteria 17-19 April 1998, Soestduinen, The 

Netherlands. Neuromuscul Disord 1999; 9(4): 272-8. 

26. Samilchuk E, D’Souza B, Bastaki L, al-Awadi S. Deletion 

analysis of the SMN and NAIP genes in Kuwaiti patients with 

spinal muscular atrophy. Hum Genet 1996; 98: 524-7. 

27. Dastur RS, Gaitonde PS, Khadilkar SV, Udani VP, Nadkarni 

JJ. Correlation between deletion patterns of SMN and NAIP 

genes and the clinical features of spinal muscular atrophy in 

Indian patients. Neurol India 2006; 54: 255-9. 

28. Saitoh M, Sakakihara Y, Kobayashi S, Hayashi Y, 

Yanagisawa M. Correlation between deletion patterns of 

SMN and NAIP genes and the clinical features of spinal 

muscular atrophy in Japanese patients. Acta Paediatr JPN 

1997; 39: 584-9. 

29. Al Rajeh S, Majumdar R, Awada A, Adeyokunnu A, Al 

Jumah M, Al Bunyan M, et al. Molecular analysis of the SMN 

and NAIP genes in Saudi spinal muscular atrophy patients. J 

Neurol Sci 1998; 158: 43-6. 

30. Derakhshandeh-Peykar P, Esmaili M, Ousati-Ashtiani 

Z,  Rahmani M, Babrzadeh F, Farshidi S, et al. Molecular 

analysis of the SMN1 and NAIP genes in Iranian patients 

with spinal muscular atrophy. Ann Acad Med Singapore 

2007; 36: 937-41. 

31. Omrani O, Bonyadi M, Barzgar M. Molecular analysis of the 

SMN and NAIP genes in Iranian spinal muscular atrophy 

patients. Pediatr Int 2009; 51: 193-6. 

32. Hasanzad M, Golkar Z, Kariminejad R,  Hadavi V, Almadani 

N, Afroozan F, et al. Deletions in the survival motor neuron 

gene in Iranian patients with spinal muscular atrophy. Ann 

Acad Med Singapore 2009; 38: 139–41. 

33. Sedghi M, Behnam M, Fazel E, Salehi M, Ganji H, Meamar 

R, et al. Genotype-phenotype correlation of survival motor 

neuron and neuronal apoptosis inhibitory protein genes in 

spinal muscular atrophy patients from Iran. Adv Biomed Res 

2014; 3: 74. 

34. San Millan B, Fernandez JM, Navarro C, Reparaz A, Teijeira 

S. Spinal muscular atrophy with respiratory distress type 1 

(SMARD1) Report of a Spanish case with extended 

clinicopathological follow-up. Clin Neuropathol 2016; 

35(2):58-65. 

35. Grohmann K, Wienker TF, Saar K, Rudnik-Schöneborn 

S, Stoltenburg-Didinger G, Rossi R, et al. Diaphragmatic 

spinal muscular atrophy with respiratory distress is 

heterogeneous, and one form is linked to chromosome 11q13-

q21. Am J Hum Genet 1999; 65: 1459–62. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 u

m
j.u

m
su

.a
c.

ir
 o

n 
20

23
-0

5-
23

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               7 / 7

http://umj.umsu.ac.ir/article-1-4289-en.html
http://www.tcpdf.org

