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Introduction: Proximal spinal muscular atrophy (SMA) is one of the most significant 
neurodegenerative diseases amongst the autosomal-recessive genetic disorders which is 
caused by the absence of protein survival of motor neuron (SMN). A critical nucleotide 
difference in SMN2 compared to SMN1 gene leads to an inefficient protein. Hence, 
homozygous lack of SMN1 provides a progressive disease. Due to the high prevalence, 
up to now, several molecular diagnostic methods have been used which most of them are 
lengthy, expensive, and laborious. Methods: In the present study, we exploited a gold 
nanoprobe-based method for semi-quantitative SMN1 gene dosage analysis compared 
to SMN2. The assay was done under hybridization process between Au nanoprobes 
and different ratios of SMN1/SMN2 amplicons. Results: UV-vis spectra indicated that 
after the salt addition, nanoprobes aggregated gradually and their peak shifted to longer 
wavelengths except in the stable target-nanoprobes hybridization. The results revealed 
that the homozygous genotype of SMN2 gene is distinguished from the heterozygous 
genotypes of SMN genes by the naked eye, whereas different ratio of heterozygous 
genotypes (SMN1/SMN2) are differentiated better from each other using peak analysis 
ratios. Conclusion: The presented strategy is an alternative simple method for 
discrimination of homozygous deletion of SMN1 in less than 30 min. However, further 
evaluation of the assay using clinical samples is recommended prior to real-world use.
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Introduction
Proximal spinal muscular atrophy (SMA) is one of the most 
significant lethal neurodegenerative diseases amongst 
the autosomal-recessive genetic disorders.1 This fetal- 
adolescent progressive illness is caused by the absence 
of protein survival of motor neuron (SMN). Homologous 
inverted copies of SMN genes (SMN1 and SMN2), which 
are located on the chromosome 5q13, are responsible for 
protein expression. These copies differ by 5 nucleotide 
base pairs (one in exon 7, exon 8, and intron 6; two in 
intron 7). A critical single nucleotide polymorphism (SNP) 
in exon 7 (840 C>T) leads to the production of defective 
form of SMN2 protein which consequently cannot 

circumvent the role of SMN complex, an assemblyosome 
of ribonucleoproteins.2 As a result, homozygous deletion 
of SMN1, in 94% of SMA cases, leads to a progressive 
neuromuscular disease.3

Due to the high prevalence and carrier frequency (1 
in 10,000 and 1 in 50, respectively), up to the present 
time, several molecular diagnostic methods have 
been developed for SMA detection. These techniques 
include: Linkage analysis,4 Polymerase Chain Reaction-
Restriction Fragment Length Polymorphism (PCR-
RFLP),5,6 Amplification Refractory Mutation System-
Polymerase Chain Reaction (ARMS-PCR),7 PCR-single-
strand conformation polymorphism (SSCP) analysis,8 
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Real-time PCR,9-11 fiber-optic biosensor,12 Enzyme-linked 
immunosorbent assay (ELISA),13 Multiplex ligation 
dependent probe amplification (MLPA),14 Denaturing 
High-performance Liquid Chromatography (DHPLC),15 

Matrix Assisted Laser Desorption Ionization-Time of 
Flight Mass spectrometry   (MALDI-TOF),16 PCR-
ELISA,17 sequencing and other methods implemented for 
other similar SNP-related diseases.18 Of these methods, 
although PCR-RFLP, MLPA and Real-time PCR are 
generally used for carrier and affected cases, the mentioned 
methods suffer from some limitations. All mentioned 
techniques commonly are time-consuming, expensive, 
tedious and laborious. Hence, laboratories with limited 
facilities send their samples to fully-equipped ones. Thus, 
undoubtedly these constraints necessitate implementation 
of rapid, easy-performable and cost-effective detection 
methods.
Over the last two decades, metallic nanoparticles have 
attracted considerable attention in biology and medicine. 
Among them, gold nanoparticles (Au NPs) have received 
great attention for potential biological analysis, in recent 
years, due to the Surface Plasmon Resonance (SPR) 
phenomena, which is responsible for their unique size and 
shape optical dependent properties. Because of having 
high order of magnitude for extinction coefficients, 
in addition to the dependence of SPR wavelength and 
intensity on the dielectric constant of the medium and 
distance between nanoparticles, Au NPs emerged as 
a promising tool for analysis of biologically active 
molecules through colorimetric assay.19-21 In particular, 
spherical Au NPs due to their stability, shape, highly 
controllable size, and functionalization have been used 
for detection of DNA, proteins, small molecules, ions 
and macromolecules.19 Previously, colorimetric detection 
of DNA via gold nanoparticles, was introduced by 
Mirkin’s group.22-24 In their proposed system, two oligo-
modified gold nanoparticles were used for detection 
through the formation of a polymeric network between 
DNA nanoprobes and target DNA cross linkers which 
caused a distinguishable color change (red-to- pinkish/
purple). Since then, several colorimetric researches have 
been developed based on cross linking (CL) and non-
cross linking (NCL) platforms. In the first mentioned 
platform, usually two Au-nanoprobes (thiolated oligo-
gold nanoparticles) were used for target DNA detection 
through hybridization crosslinking mechanism,25-32 but  
in the latter case, NCL method, Au nanoparticles were 
used in the detection process through salt induction 
mechanism.33-40 Compared to the CL detection method, the 
NCL method is faster and does not need precise control of 
the annealing temperature.19 

To the best of our knowledge, there is no result in the 
literature using gold nanoparticles for SMA detection. The 
aim of present work was to investigate the potential of NCL 
method for SMA cases, for the first time, using a synthetic 
target model. We proposed that the critical exon 7 single 

mismatch in SMN2 rather than SMN1 can be sufficient to 
hinder the formation of stable target-nanoprobes which 
discriminate the affected and also, probably, carrier cases 
from normal cases. 

Materials and methods
Instrumentation
UV–vis absorption spectra were recorded on a Perkin 
Elmer Lambda 25 UV/vis spectrophotometer and 
Nanodrop 2000c spectrophotometer (Thermo Scientific, 
USA). TEM images were carried out on a Philips EM208 
90 kV transmission electron microscope. Hydrodynamic 
diameters of gold NPs were measured using a Zetasizer 
Nano ZS (England, Malvern). Fluorescence was measured 
using BioTek Synergy™ H4 Hybrid Multi-Mode Micro 
plate Reader (BioTek Instruments, USA). Amplification 
and incubation were done using a Gradient Eppendorf 
Thermocycler. The image of electrophoresis was captured 
via UVi TEC (Cambridge, France). The pH of all of the 
buffer solutions was examined with a Model PB-10 pH 
meter (Sartorius, Germany). The Centrifugation was 
done with a Micro 20 Hettich Zentrifugen, and a 5417 
R Eppendorf Centrifuge. Photographs were taken by a 
Canon IXUS 130.
Reagents and chemicals
Chemicals such as: hydrogen tetrachloroaurate (III) 
trihydrate, sodium citrate tribasic dehydrate, sodium 
phosphate monobasic, sodium phosphate dibasic, sodium 
chloride, magnesium chloride, sodium azide, dithiothreitol 
(DTT), and sodium dodecyl sulfate (SDS) were 
purchased from Sigma-Aldrich and were of the highest 
purity available. Thiol-modified oligonucleotides were 
synthesized by MWG Biotech (Germany). All primers 
and pGEM easy vectors containing exon 7 and exon 8 
contigs of SMN1 and SMN2 were synthesized by Bioneer 
Company. Dra I and Dde I enzymes were obtained from 
New England Biolab. Nap-5 column, OliGreen ssDNA 
Quantitation kit, and QIAquick PCR Purification Kit were 
bought from GE Healthcare, Invitrogen, and QIAGEN, 
respectively. Milli-Q water (18.0 MΩ cm) was used 
throughout the experimental processes. 
DNA target amplification and PCR-RFLP
As outlined in Supplementary 1, two synthetic contigs 
(383 bp lengths) include exon 7 and exon 8 of SMN1 and 
SMN2 (cloned in two separate pGEM-T easy vectors) 
exploited as a template DNA in PCR amplification. PCR-
RFLP was done based upon van der Steege et al. protocol.5 
A 188 and 187 bp fragments of exon 7 and exon 8 of SMN1 
and SMN2 genes, respectively, were PCR amplified from 
the mentioned plasmid vectors. Reverse primer used 
in PCR-RFLP of exon 7 is a mismatched reverse exon 
7 primer (X7-Dra) that creates a DraI restriction site in 
the SMN2 product. Primers used in PCR-RFLP of exon 
8 are non-mismatched primers, as SMN2 gene normally 
has a recognition site for the restriction enzyme DdeI. 
For SNP sequence approval of ordered plasmid vector 
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(containing SMN1 and SMN2), after the amplification, the 
products were digested with Dra I enzyme (for exon 7 of 
SMN genes) and Dde I enzyme (for exon 8 of SMN genes). 
The digested products were analyzed by a 10.0 % poly 
acrylamide gel electrophoresis.7 Primers used in this study 
are listed in Table 1.5,41 For gold nanoprobe assay, the SMN 
exon 7 products should be amplified with primers, which 
do not have any mismatches; otherwise, mismatched 
primer creates an additional mismatch adjacent to the 
variant site of the SMN genes which ruins SMA detection 
from normal and carrier model cases.
Probe design
Thiol-Modified oligonucleotides probe (15 nucleotides 
length) was designed based on the critical nucleotide 
difference in exon 7 of the SMN genes. The secondary 
structure of the probe was checked by Oligo 7 software. 
There was no serious hairpin loop and self-dimer. The 
probe carrying a poly A spacer sequence begins with a thiol 
cap at the 5 terminal. This spacer reduces the interactions 
of the recognition sequence and gold surface, so providing 
a better condition for target-nanoprobes hybridization.30, 

42 Thiol-probe used in this study is presented in Table 1.
Synthesis of Au NPs and Au-nanoprobes
Spherical gold nanoparticles (Au NPs) were synthesized 
by the well-known citrate reduction technique based on 
Frenz and Natan protocols.43,44 Briefly, HAuCl4 aqueous 
solution (1 mM, 200 mL) was heated with stirring on a 
hotplate. As it refluxed vigorously, the preheated sodium 
citrate solution (38.8 mM, 20 mL) was rapidly added. 
After boiling for 15 min, the heating source was removed 
and stirring was continued for 15 min. Having the solution 
reached room temperature, it was filtered through a 0.2 
µm membrane acetate filter. The synthesized Au NPs were 
characterized by a UV–vis spectrophotometer, Zetasizer 
and TEM. 
Au-nanoprobes were produced based on the procedure 
of Mirkin et al. with a slight modification.24,45 Briefly, 
in the first step, to remove the thiolated protecting caps, 
the Thiol-modified oligonucleotides were treated by 
DTT (0.1 M) for 2-3 h and then purified with the NAP-5 
column. In the second step, an appropriate volume of the 

freshly reduced thiolated oligonucleotide was added to 1 
mL of Au NPs and incubated for 16 h. In the next step, 
the solution was adjusted with the phosphate buffer and 
dropped wisely aged with salting buffer to 0.1 M NaCl. 
Finally, after the last salt addition, the solution was washed 
with washing buffer through repeated centrifugation at 
14000 rpm for 25 min at 4°C for at least three times and 
finally red oily Au-nanoprobes were resuspended in 500 
µL of assay buffer (10 mM phosphate buffer, 0.3 M NaCl; 
pH 7.4). The final solution was kept in the dark at 4˚C. 
Convincing evidence for the successful synthesis of Au-
nanoprobes was produced by a UV–vis spectrophotometer 
and Zetasizer. The loading of thiolated probes on gold 
nanoparticles were quantified using OliGreen ssDNA 
Quantitation kit.33

Au-nanoprobe hybridization
For gold nanoprobe assay, the SMN exon 7 products 
were purified by PCR purification kit to remove any 
inevitable primer dimers, un-consumed dNTPs and also 
other enzymatic reactions. Gold nanoprobe hybridization 
process was done in a final volume of 13 µL. The recipe 
of gold nanoprobe assay was set up containing 10 µL of 
purified target DNA (final concentration of 34 µg/mL), 
diluted in 10 mM Tris-Cl (pH 8.5), and 3 µL of gold 
nanoprobes. After gentle pipetting of the final solution, 
it was incubated at 95˚C for 10 min. Following half-hour 
incubation at room temperature, 1 µL of 0.2 M MgCl2 
was added to solution. After approximately 20-30 min 
color development, Uv- vis spectra (using Nanodrop 
spectrophotometer) and photographs were recorded.
In the first step, homozygote genotypes of SMN genes were 
checked using gold nanoprobes. To meet this criterion, 
SMN1 amplicon was used as a homozygote perfect match 
case (CC genotype), while SMN2 amplicon was used as a 
homozygote mismatch case (TT genotype). Through this 
assay, exon 8 of SMN1 and Tris-Cl (pH 8.5) were exploited 
as a control and blank, respectively.
In the next experiment, semi-quantitative SMN1 gene 
dosage analysis compared to SMN2 was assessed. In 
summary, hybridization assay was done simultaneously 
on heterozygote condition (CT genotype) compared 

Table 1. Primers and Thiol-probe used in this study

  Sequence (5---► 3)

exon 7 forward primer AGACTATCAACTTAATTTCTGATCA

exon 7 mismatch reverse primer x7-Dra CCTTCCTTCTTTTTGATTTTGTTT

exon 7 reverse primer CCTTCCTTCTTTTTGATTTTGTCT

exon 8 forward primer GTAATAACCAAATGCAATGTGAA

exon 8 reverse primer CTACAACACCCTTCTCACAG

SMN1 exon 7 thiol probe HS-(CH2)6-AAAAAAAAAATACAGGGTTTCAGAC 
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to homozygote condition of SMN1 (100%) and SMN2 
(100%). To study homozygous and heterozygous 
deletions of SMN1 copies (respectively in affected and 
carrier models) compared to the homozygous SMN2, the 
SMN1 and SMN2 amplicons were mixed in equal ratio (as 
a normal model) and 30/70 ratio (as a carrier model). The 
experiments were repeated at least three times.
Statistical analysis 
Statistical analysis was performed using GraphPad Prism 
software. Difference between nanoprobes and other 
groups was tested using one-way ANOVA and tukey’s 
multiple comparison tests.

Results 
DNA target amplification and PCR-RFLP
To approve the existence of critical SNP difference 
between SMN1 and SMN2 in ordered vectors, RFLP was 
done after PCR amplifications. It can be seen from the 
data in Fig. 1A that DraI enzyme created 165 bp fragment 
in the exon 7 of SMN2 amplicon, while the undigested 
exon 7 of SMN1 amplicon was 188 bp. As shown in Fig. 
1B, DdeI enzyme created 123 bp and 64 bp fragments in 
the exon 8 of SMN2 amplicon, while the undigested exon 8 
of SMN1 product was 187 bp. It is worth pointing out that 
this method was exploited as a control for homozygous 
absence of SMN1 observed in affected model.5,6

Characterization of synthesized Au NPs and Au-nanoprobes
The characterization of Au NPs was outlined in Fig. 2.  

As shown, the UV-vis spectrum of the Au NPs exhibited 
an absorption maximally at 520-521 nm. Dynamic light 
scattering (DLS) experiments represented that the particle 
size distribution by number was 12.42 nm. TEM images 
confirmed DLS data with a particle size of 13 nm ± 2 nm. 
The concentration of colloidal particles was approximately 
11 nM.46,47

The resulting solution of Au-nanoprobes was characterized 
by an absorption maximally at 524-525 nm. As presented 
in Fig. 3, a slight shift from 520 to 525 nm was expectable 
after conjugation of gold nanoparticles due to salt-aged 
process and also repeated centrifugation. In addition, gold 
nanoprobes had a slight decrease in absorbance peak at 
525 nm as compared to Au NPs. Decrease in Plasmon 
band absorbance intensity can be attributed to loss of 
nanoparticles concentration during washing process.24 The 
particle size distribution by number of Au-nanoprobes 
estimated from DLS analysis was 18.16 nm. The 
hydrodynamic radius of Au-nanoprobes, in comparison 
with Au NPs, increased as a result of the surface loading 
of thiolated probes on Au NPs. The Au-nanoprobes 
concentration was approximately 22 nM. As expected, 
the resulting solution of gold nanoprobes showed great 
stability against aggregation at high ionic of monovalent 
salt (e.g., 2.5 M NaCl)33 or low ionic of divalent salts 
(e.g., 10-20 mM MgCl2) due to thiol conjugation (data 
not shown). The mentioned results of Au-nanoprobes 
indicated the success of thiolated probe conjugation.

Fig. 1. PCR-RFLP of SMN genes: (A) exon 7; (B) exon 8
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Au-nanoprobe hybridization
The first set of analyses examined the capability of gold 
nanoprobe assay in SNP detection of SMN2 compared to 
SMN1. The assay was done on homozygote condition of 
SMN genes (final concentration 10 µg/mL). As outlined in 
Supplementary 2A, in the presence of the perfect match 
amplicon (SMN1), the solution to some extent retained 
the red-purple color and consequently showed a moderate 
decrease in absorbance peak at 540 nm, while the 
SMN2 (containing an SNP) amplicons and the unrelated 
amplicons (exon 8 of SMN1) could not prevent aggregation 
and their color  turned blue/gray. So, as illustrated in 
Supplementary 2B, the SMN2 showed an extensive 
aggregation and consequently showed a great aggregation 
ratio compared to the SMN1. Although it was expected that 
the control respectively had a great index relative to the 
SMN2, an opposite result was observed. This unusual data 
was attributed to the extensive nanoprobes precipitation 
which lowered the aggregation index ratio of control.48 As 
shown in Supplementary 3, SNP discrimination of SMN1 
from SMN2 and also non-target amplicons such as exon 
8 of SMN1 could be approached easily with naked eye at 
a white background. Ultimately, it should be pointed out 
that all reaction tubes turned to a clear colorless solution 
due to the nanoprobes precipitation. 
In contrast to SMA patients who had homozygous deletion 

of SMN1, normal and carrier cases had both allele (SMN1 
and SMN2). Hence in this case, heterozygous of SMN 
genes should be discriminated from homozygous of 
SMN2 using gold nanoprobes. To achieve this goal, next 
experiments were designed to differentiate heterozygote 
cases (two different mixed ratios of SMN1/SMN2) from 
homozygous of SMN2. In contrast to first experiment, for 
better differentiation, the following assay was done at a 
final concentration of 34 µg/mL based on the recommended 
range of target DNA for SNP detection.34,49 As outlined 
in Fig. 4A, our data revealed a notable difference, 
wavelength shift, in absorbance spectra between Au-
nanoprobes incubated with the SMN2 versus the SMN1 
amplicons. Interestingly, this red shift was related to 
nanoprobes distance. As nanoprobes were closed together, 
their original peak shifted to longer wavelengths. Also, it 
was found by decreasing the final concentrations of SMN1 
relative to SMN2, absorption peak at 526 nm attenuated 
and shifted. From the data shown in Fig. 4B, it is assumed 
that the lower perfect match DNA (SMN1) mixed with 
nanoprobes, the more aggregation index ratios observed 
in SMN2 100% group. This high index can be attributed 
to lower rate of stable target-nanoprobes hybridization 
protecting Au-nanoprobes from aggregation. Although 
the homozygous genotypes of SMN1 and SMN2 were 
distinguished visually by naked eye, due to gradient color 

Fig. 2. The characteristics of the Au NPs: (A) the UV-vis spectrum; (B) size distribution of Au NPs by DLS and TEM (inset picture, the 
scale bar is 10 nm)
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change (red to purple) relative to SMN1 concentrations 
in heterozygous genotypes (Fig. 5), it was preferable that 
we exploit the UV-vis spectra and subsequently peak 
analysis ratio for better differentiation of the heterozygous 
genotypes from homozygous. It should be pointed out 
that the perfect hybrids retained their color for hours, but 
gradually lost their color and finally all reaction tubes 
turned pale blue to colorless.

Discussion
Among autosomal-recessive genetic disorders, SMA 
has attracted considerable attention in clinical genetic 
laboratories. Hence, over the last decade, numerous 
diagnostic methods have been set up for SMA detection. Of 
these assays, although PCR-RFLP, MLPA and Real-time 
PCR were exploited more in developing countries, these 
methods were limited to equipped clinical laboratories. 
Therefore, implementation of rapid, easy-performable 
and cost-effective assay for SMA detection encouraged 
researchers to innovate new methods. Exploiting gold 
nanoparticles due to their unique optical properties was 
one of the priorities to meet the mentioned criteria. 
Gold nanoprobe hybridization assay was demonstrated 
experimentally by Mirkin et al.; Since then, several articles 

related to gold nanoprobe-based method were published.19

In the present study, NCL platform was used for 
discrimination of heterozygous genotypes of SMN genes 
from homozygous SMN2. In such a system, removing 
of colloidal stabilization using salt (e.g., MgCl2) played 
a paramount role in detection process. Bare Au NPs 
normally were aggregated instantaneously by monovalent 
salt (<0.1 M NaCl).33 In contrast, due to redistribution of 
negative charges relevant to surface oligo modification on 
Au NPs, synthesized Au-nanoprobes were even resistant to 
divalent salt until they reached to the critical coagulation 
concentration of electrolyte (e.g., 14 mM MgCl2). At this 
point, surface charges of nanoprobes were considerably 
screened. Hence, the electrostatic force between 
nanoprobes was remarkably attenuated and consequently 
led to gradual aggregation and color change.  In the 
proposed detection assay, as the surface area of the Au-
nanoprobes was covered with the perfect match amplicons 
(SMN1), the electrosteric repulsion forces among the 
nanoprobes hindered them from salt-induced aggregation. 
These forces were diminished while the perfect amplicons 
(SMN1) relative to mismatched amplicons (SMN2) were 
decreased. Our results were in agreement with those 
presented by Baptista et al. where a mismatch (SNP) 

Fig. 3. The characteristics of the Au-nanoprobes: (A) the UV-vis spectra, gold nanoprobe (solid line) compared to bare gold nanoparticle 
(dotted line); (B) size distribution by number of Au-nanoprobe by DLS
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Fig. 4. Spectrophotometric analysis graphs: (A) the UV-vis spectra, note that all the Uv/vis curves are denoised for clarity; (B) peak 
analysis ratio of absorption intensity at 526 and 570 nm: SMN1 100% (homozygote genotype of SMN1), 50/50 (heterozygote genotype of 
SMN1 and SMN2, 50/50 mixed ratio), 30/70 (heterozygote genotype of SMN1 and SMN2, 30/70 mixed ratio), SMN2 100% (homozygote 
mismatch genotype of SMN2), respectively. Error bar indicates S.D for three independent assays. Asterisk shows significant (p<0.05) 
differences compared to nanoprobe.

could not protect Au-nanoprobes from aggregation.34 
The orders of the reaction stability were: homozygote 
genotypes of SMN1 (100%) > heterozygote genotypes of 
SMN1 (50%) > heterozygote genotypes of SMN1 (30%) 
> homozygote genotypes of SMN2 (100%), respectively. 
The data obtained from the different concentrations of 
amplicons (final concentrations 34, 30, 23 and 12 µg/mL) 
indicated that although the dynamic range of assay was 
between 20 and 34 µg/mL, we obtained good results at 34 
µg/mL. The data obtained in our study were not at odds 
with the Baptista et al., where their range was between 18 
and 36 µg/mL for SNP detection.34  Despite our results that 
were consistent with those of Baptista et al., they differed 
from those presented by Maeda et al. where they used a 
synthetic target with a size of the same as the probe. Their 
data showed that the perfect hybrids of target-nanoprobes 
could not retain their original color upon addition of 0.5 M 
NaCl.33 This unexpected result later was explained through 
a structural study of the NCL aggregation mechanism by 
Fujita et al.50 They assumed that the tight hybridization of 
target-nanoprobes (perfect match) increased electrosteric 

repulsion effect. Therefore, it was speculated that the 
hindrance effect of long DNA length was the main reason 
of opposite data observed in our experiment compared to 
Maeda et al. in 2003. Presumably, when the nanoprobes 
overlapped with some portion of the denaturized DNA, 
the phosphate backbone of the long free section of DNA 
created the electrosteric repulsion which hindered the 
salt-induced aggregation and subsequently color change. 
On the contrary, as the mismatched target detached from 
the nanoprobes easily, the electrosteric repulsive force of 
nanoprobes was attenuated by the screening effect of the 
salt which consequently changed the color of the reaction 
from red to blue. Thus, as salt-induced aggregation, 
it exhibited a red shift from 526 to 550-630 nm. The 
aggregation index (570/526 ratio) could be used for the 
detection of SNP.
The advantage of developed assay compared to 
conventional methods is its simplicity. In addition, time 
and charges are other benefits of the assay that overcome 
some of the limitations of more traditional methods. 
Despite the excellent efficacy and simplicity of the 
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Fig. 5. Semi-quantitative SMN1 gene dosage analysis using Au-
nanoprobes: a-f represented for nanoprobe, blank, homozygote 
genotype of SMN1 (100%), heterozygote genotype of SMN1 and 
SMN2 (50/50 mixed ratio), heterozygote genotype of SMN1 and 
SMN2 (30/70 mixed ratio), homozygote mismatch genotype of 
SMN2 (100%), respectively

assay, some points such as pipetting error and solution 
evaporation should be noticed through the assay process. 
The latter case is probable if the reaction tubes are not 
capped completely. Altogether, the results of the construct 
model are encouraging and show that this method can be 
used as an alternative assay in SMA detection.
In conclusion, we have developed a cheap and easy 
method for discrimination of homozygous deletion of 
SMN1 from carrier and normal model cases. We believe 
that this assay also could be used as a preimplantation 
genetic screening test for all IVF couples who previously 
had a child affected by SMA. However, further evaluation 
of the assay using clinical samples needs to be undertaken. 
It is anticipated that under the continuous research, the 
proposed nanodiagnostic method will pave the way prior 
to real-world use. 
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