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BACKGROUND: Spinal muscular atrophy (SMA) is one of the most common autosomal recessive 

disorders. The symptoms are caused by defects of lower motor neurons in the spinal cord. More than 95% 

of SMA patients are homozygous for survival motor neuron 1 (SMN1) deletion. We previously developed 

a screening system for SMN1 deletion based on a modified competitive oligonucleotide priming-PCR 

(mCOP-PCR) technique using dried blood spot (DBS) on filter paper. This system is convenient for mass 

screening in the large population and/or first-tier diagnostic method of the patients in the remote areas. 

However, this system was still time-consuming and effort-taking, because it required pre-amplification 

procedure to avoid non-specific amplification and gel-electrophoresis to detect the presence or absence of 

SMN1 deletion. When the fresh blood samples are used instead of DBS, or when the gel-electrophoresis is 

replaced by real-time PCR, we may have a simpler and more rapid diagnostic method for SMA. AIM: To 

establish a simpler and more rapid diagnostic method of SMN1 deletion using fresh blood DNA. 

METHODS: DNA samples extracted from fresh blood and stored at 4 °C for 1 month. The samples were 

assayed using a real-time mCOP-PCR system without pre-amplification procedures. DNA samples had 

already been genotyped by PCR-restriction fragment length polymorphism (PCR-RFLP), showing the 

presence or absence of SMN1 exon 7. The DNA samples were directly subjected to the mCOP-PCR step. 

The amplification of mCOP-PCR was monitored in a real-time PCR apparatus. RESULTS: The 

genotyping results of the real-time mCOP-PCR system using fresh blood DNA were completely matched 

with those of PCR-RFLP. In this real-time mCOP-PCR system using fresh blood-DNA, it took only four 

hours from extraction of DNA to detection of the presence or absence of SMN1 deletion, while it took 

more than 12 hours in PCR-RFLP. CONCLUSION: Our real-time mCOP-PCR system using fresh blood 

DNA was rapid and accurate, suggesting it may be useful for the first-tier diagnostic method of SMA. 

 

INTRODUCTION 

Spinal Muscular Atrophy (SMA) is a common autosomal recessive neuromuscular disorder with an 

incidence of 1 in 10,000 newborns [9]. SMA patients show muscle weakness and progressive loss of motor 

function because of the defects in lower motor neurons. The severity of the disease varies from patient to patient 

[6], but infantile SMA is a leading genetic cause of infantile death [10]. 

In 1990, SMA locus was mapped to chromosome 5q11[1, 8]. In 1995, the survival motor neuron (SMN) gene 

was found in the SMA locus [7]. According to Lefebvre et al., SMN exists in two nearly identical copies, SMN1 

(telomeric copy) and SMN2 (centromeric copy) [7]. Although SMN1 is present in all healthy individuals, SMN1 
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is absent in more than 95% of SMA patients. They are homozygous for SMN1 deletion, and the rest may harbor 

some deleterious mutations in SMN1 [7].  

Contrarily, SMN2 was previously considered to be dispensable because ~5% of normal individuals do not 

carry the gene [7]. But, now, SMN2 is considered to be an SMA-modifying gene, because SMN2 can also 

produce a small amount of SMN protein [2, 11], and a high copy number of SMN2 is related to the milder 

phenotype of SMA [3]. It should also be noted that all SMA patients with a homozygous SMN1 deletion carry at 

least one copy of the SMN2 gene [12].  

For the diagnosis of SMA, SMN1 deletion test should come first. However, high similarity in the nucleotide 

sequence between SMN1 and SMN2 makes it difficult to detect SMN1 deletion by conventional PCR methods. 

Therefore, a more advanced technique to separately amplify SMN1 or SMN2 has been requested. 

In 2014, we developed a screening system for SMN1 deletion using dried blood spot (DBS) on filter paper. 

This system was based on a modified competitive oligonucleotide priming-PCR (mCOP-PCR) technique, which 

separately amplified SMN1 exon 7 and SMN2 exon 7 [5]. But non-specific amplification products of unexpected 

sizes often appeared in mCOP-PCR, especially when using DBS on filter paper. To overcome this problem, we 

added a targeted pre-amplification step prior to the mCOP-PCR step [13].  
The current form of mCOP-PCR screening system for SMN1 deletion using DBS may be convenient for 

mass screening in the large population and/or first-tier diagnostic method of the patients in the remote areas. But 

we thought that the system was still time-consuming and effort-taking, because it required pre-amplification 

procedure to avoid non-specific amplification and gel-electrophoresis to detect the presence or absence of SMN1 

deletion. If the fresh blood samples could be used instead of DBS, and if the gel-electrophoresis could be 

replaced by real-time PCR, we would have a simpler and more rapid diagnostic method for SMA. In this study, 

we established a simpler and more rapid diagnostic method for SMN1 deletion using fresh blood DNA.  

 

MATERIAL AND METHODS 

Patient and control samples 

Twelve DNA samples from 8 controls and 4 SMA patients were assayed in this study. Each DNA sample 

was extracted from fresh whole blood by a DNA extraction kit, SepaGene (EIDIA, Tokyo, Japan). The samples 

had already been genotyped by PCR-restriction fragment length polymorphism (PCR-RFLP) [14], showing the 

presence or absence of SMN1 exon 7. Prior to analysis, informed consent was obtained from study participants. 

The study was approved by the Ethics Committee of Kobe University Graduate School of Medicine. 

 

Gene-specific amplification of SMN1 and SMN2 exon 7 by mCOP-PCR 

SMN1/SMN2 specific amplification was performed by real-time PCR using the LightCycler® 96 system 

(Roche Applied Science). 50ng of DNA (in 2 μl of TE buffer) was added to PCR mixture (total volume, 30 μl) 

containing 1× PCR buffer, 2 mM of MgCl2, 0.2 mM of each dNTP, 0.3 μM of each primer, 1.0 U Fast Start 

Taq DNA polymerase, and 1.5 µl of 20× EvaGreen® Dye (Biotium, Hayward, CA, USA). The sequences of 

the primers are as follows: R111 (5'-AGA CTA TCA ACT TAA TTT CTG ATC A-3’), SMN1-COP (5’-TGT 

CTG AAA CC-3’) and SMN2-COP (5’-TTG TCT AAA ACC-3’). The PCR conditions were: (1) initial 

denaturation at 94°C for 7 min; (2) 40 cycles of denaturation at 94°C for 1 min, annealing at 37°C for 1 min, 

and extension at 72°C for 1 min; and (3) melting analysis. Fluorescence signals were detected at the end of each 

extension procedure. Melting curve analysis was performed after PCR amplification, with 10 sec of denaturation 

at 95°C, 1 min of renaturation at 60°C, and then melting, which consisted of a continuous fluorescence reading 

from 65°C to 97°C at the rate of five data acquisitions per °C. 

 

RESULTS 

We succeeded in gene-specific amplification of SMN1 exon 7 and/or SMN2 exon 7 in real-time PCR using 

fresh blood DNA, without the targeted pre-amplification step. We analyzed 12 samples that were assigned to 

each of the three genotype groups. Group 1 contained four samples from four control individuals with SMN1 (+) 

and SMN2 (+). Group 2 contained four samples from four control individuals with SMN1 (+) and SMN2 (-). 

Group 3 contained four samples from four patients with SMN1 (-) and SMN2 (-). 

As shown in Figure 1, real-time PCR with SMN1-COP primer efficiently amplified SMN1 exon 7 in the 

samples from control individuals of Groups 1 and 2, but not in the patients of Group 3 samples. On the other 

hand, real-time PCR with an SMN2-COP primer efficiently amplified SMN2 exon 7 in the samples from control 

individuals of Group 1 and the samples from patients of Group 3, but not in the samples from control individuals 

of Group 2.  

The amplification efficiency of SMN1 or SMN2 was assessed from the quantification cycle (Cq) values. In 

this study, a Cq value of less than 32 was judged to indicate the presence of SMN1 or SMN2. At this Cq value, 
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positive and negative amplification can be clearly distinguished. The results based on the Cq values were 

completely matched to the results of PCR-RFLP.  

In addition, the total procedures of extraction of DNA to detection of the presence or absence of SMN1 took 

only 4 hours, while it took more than 12 hours in PCR-RFLP using fresh blood DNA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Selective amplification of SMN1 and SMN2 by real-time mCOP-PCR. 

Gene-specific amplification of SMN1/ SMN2 exon 7 by real-time mCOP-PCR. (A) Amplification curves of SMN1 for the 

three different groups. The numbers shown next to each curve represents the sample number in each group. The samples with 

SMN1(+) showed significant amplification, while the samples with SMN1(-) showed no significant amplification. (B) 

Amplification curves of SMN2 for the three different groups. The numbers shown next to each curve represents the sample 

number in each group. The samples with SMN2(+) showed significant amplification, while the samples with SMN2(-) showed 

no significant amplification. 

 

 

DISCUSSION 

SMA has been considered an incurable disease. However, in 2016, clinical trial results of intrathecal 

administration of an antisense-oligo, nusinersen, demonstrated encouraging clinical efficacy of the drug [4]. We 

are now about to enter an era with the possibility that SMA can be treated and cured. Thus, diagnosis of SMA or 

detection of SMN1-deletion will become much more important in the near future. By foreseeing the future 

requirements, we have already engaged in the development of rapid and accurate SMN1-deletion detection 

system. In this study, we established a real-time mCOP-PCR system for detection of SMN1 deletion using fresh 

blood DNA. 

PCR-RFLP method, which was reported by van der Steege et al., 1995 has been widely used as the first-tier 

diagnostic method of SMA, but it is a time-consuming and effort-taking method, because it needs 

enzyme-digestion process and gel-electrophoresis. Compared with the conventional PCR-RFLP method, our new 

system is much more rapid: the genotyping results can be obtained in a short time.  

It is difficult to discuss the superiority between the new real-time mCOP-PCR system in this study and the 

current form of mCOP-PCR system using DBS as a DNA source and gel-electrophoresis for the detection of 

amplified products [13]. The new mCOP-PCR system needs an expensive machine for real-time PCR, while the 

current form of mCOP-PCR system using DBS and gel-electrophoresis does not. However, the new system 

enables us to obtain the genotyping results in a shorter time. Replacement of DBS by fresh blood DNA can 

eliminate the pre-amplification step which is essential for preventing non-specific amplification. In addition, 

real-time PCR does not require gel-electrophoresis. 
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In conclusion, our real-time mCOP-PCR system using fresh blood DNA was rapid and accurate, suggesting 

it may be useful for the first-tier diagnostic method of SMA. To prove the practicability of our method, we are 

now planning to assay more than 100 samples including SMA patients.  
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