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Aim.  To develop an easy and reliable assay for quantitative analysis of the SMN1 gene exon 7 copy number 
with Real-Time PCR and a SYBR Green dye which can be used as a test-system for  spinal muscular atrophy
(SMA) diagnostics. Methods. For the quantification the SMN1 gene exon 7 copies we have used the
approach, which is based on the comparison of ratio between PCR amplification of the genomic DNA
sample and that of an internal standard (Albumin gene) for each subject tested. For the development and
validation of the assay we tested the DNA samples from ten patients with SMA (homozygous deletion of the
exon 7 in the SMN1 gene) which were previously analyzed using standard PCR-RFLP method and 42
control DNA samples from: 29 heterozygous carriers of the deletion of the exon 7 in the SMN1 gene, 13
individuals without SMN1 deletion, which were previously analyzed using linkage analysis of 2AE9.1
(D5S557) and LAS96 (D5S681) polymorphic microsatellite loci, and  10 samples from individuals of the
general population. The results were calculated using standard Livak method (2–DDCt method). Results. The
mean ± SD of the 2–DDCt

 ratios for the carriers of the heterozygous deletion of the exon 7 in the  SMN1 gene is
0.475 ± 0.091; and  for the controls  –  0.909 ± 0.068. The results obtained don’t show overlapping  between     
2–DDCt

 ratios at the carriers of the SMN1 heterozygous deletion and individuals without it (t =3.84, p > 0.05).
Conclusions. This method can be used as a basis for creating the test-system for SMA DNA diagnostics,
especially for the carrier screening.
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Introduction. Spinal muscular atrophy (SMA) is one
of the most common autosomal recessive diseases that
leads to the anterior horn cells damage. SMA has a
frequency of 1/6000 to 1/10000 newborns and a
heterozygous carrier frequency of 1/40 to 1/50  [1].
Patients with SMA have been classified into three types 
on the basis of age of onset and clinical severity
(International SMA Consortium 1992): type I (Wer-
ding-Hoffman disease) is the most severe form, type
II – intermediate form, type III (Kugelberg-Welander
disease) is the mildest form [2]. 

All of these clinical types are caused by ho-

mozygous deletion of  the exon 7 in  the survival motor

neuron gene 1 (SMN1) that is located in the chro-

mosome region 5q13. This gene has a highly ho-

mologous copy SMN2 that appeared as a result of the

duplication of the 5q13 chromosome region and differs

by only five nucleotides [3].

The presence of SMN2 gene does not avoid the

SMA symptoms because of a single nucleotide change

in  the exon 7 that leads to its lacking during the

alternative splicing of the mRNA transcripts of the

SMN2 gene [5]. No less than 94 % of SMA patients
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have a homozygous deletion of the exon 7 and/or exon

8 in the SMN1 gene  [1, 3–5]. In Ukraine the frequency

of the homozygous deletion in the SMN1 gene among

SMA patients is 97.8 % [7]. Minority of SMA patients

(2–5 %) have a deletion of  the exon 7  in one SMN1

allele and a small intragenic mutation in the other [8]. 
The homozygous deletion of  the exon 7 in the

SMN1 gene is easily detected by RFLP [1, 7]. Using
this analysis the presence or the absence the exon 7 in
the SMN1 gene  can be determined but it is not possible
to estimate the SMN1 copy number. There are methods
for semi-quantitative analysis of the SMN copies (e. g.
densitometric analysis, gene dosage analysis) but they
give procedural errors. 

Gene dosage analysis [9] is a method that allows to
quantify the number of the SMN1 copies by calculating
the peak areas of the radioactively or fluorescently
labeled PCR products obtained by fragment analysis.
This method needs a number of internal and external
standards. However, there is a limitation of the method
that can give false positive results due to formation of
heteroduplexes between the SMN1 and SMN2 genes.
Therefore, this method demands  careful choice of the
standards [10] .

Detection of the heterozygous deletion carriers in
the SMN1 gene is very important for molecular genetic
diagnostics due to a high carrier frequency of SMA.
Therefore, the aim of our study was to develop an easy
and reliable assay for quantitative analysis of   the exon
7 SMN1 gene copy number using Real-Time PCR and a 
SYBR Green dye which can be used as a test-system
for the SMA diagnostics.

Materials and Methods. The quantification of the
SMN1 gene copies is based on the ratio between the
PCR amplification of the genomic DNA sample and
that of an internal standard (reference gene with
constant copy number) for each subject tested. We have 
used Albumin gene as reference gene, because it is
mostly used in the quantitative Real-Time PCR assays.
The results are  normalised to the mean of control
samples. 

For the development and validation of the quan-
titative analysis of the exon 7 SMN1 gene copy number  
we tested DNA samples of ten patients with SMA
(homozygous deletion carriers of the exon 7 SMN1
gene), which were previously analyzed using standard

PCR-RFLP method, their parents and relatives exa-
mined with family linkage analysis as heterozygous
carriers or individuals without deletion (n = 42) and ten
individuals from the general population  [1, 7, 8].

DNA isolation and purification from blood samples 
were done by standard phenol/chloroform procedures
[11]. Quantity and quality of DNA probes were de-
termined with ND-1000 spectrophotometer (Nano-
Drop, USA).

Real-Time PCR quantitative method for the
SMN1 gene copy number detection. For the amp-
lification of the  exon 7 SMN1 gene (target gene) and
the exon 12 ALB gene (reference gene) we have
synthesized specific oligonucleotide primers using
phosphoramidite method on the Biosset ASM800
DNA synthesizer. The primers for the SMN1 gene
amplification were designed to detect TTC > TTT
transition in the codon 280 of the exon 7 SMN1 gene;
and, therefore, the primers are specific only to SMN1
gene [6]. The forward primer is 5'-TTTTATTTT-
CCTTACAGGGTTTC-3'; the reverse primer is 5'-
GTTTTACATTAACCTTTCAACTTTT-3'. The pri-
mers sequences for the amplification of the exon 12
ALB gene described elsewhere [12]. 

To obtain close efficiency of amplification for
those genes, we have determined the optimal con-
centration of the primers by making a dilution series of
5, 10, 20 mM for each pair of primers. We have de-
termined the optimal cycling conditions for the ampli-
fication of target and reference genes that resulted in
the lowest Ct value (threshold cycle) and the highest
fluorescence signal and gave no nonspecific products
of amplification. 

Real-Time PCR was carried out in 25 ml reaction

volume containing 12,5 ml of Maxima SYBR Green

Master Mix (2 )́ («Fermentas», Lithuania), 20 mM of

each SMN1 primer and 5 mM of each ALB primer and

15–30 ng of genomic DNA (the volume of the DNA

template was no lower than 4 ml). The cycling con-

ditions were following: preincubation 10 min at 95 °C

to denature the target DNA and activate hot-start

iTaqTM DNA polymerase; 35 cycles of 20 s at 95 °C and

50 s at 60 °C. Amplifications were run in duplicates in

separate tubes to permit quantification of the SMN1

gene normalized to the ALB gene. The relative gene

copy number (2–DDCt ratio) of unknown sample was
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estimated using a 2–DDCt method (Livak method),

because the efficiency of both target and reference

genes appear to be near 100 % and within 5 % of each

other. The efficiency of  Real-Time PCR for  both

genes was estimated by the calibration using the

control DNA samples (data not shown). The steps for

calculating the relative copy number using Livak

method are following [13]:

DCt(test) = Ct (SMN1 test) – Ct(ALB test)

DCt(control) = Ct (SMN1 control) – Ct((ALB control)  

DDCt = DCt(test) – DCt(control)

Normalized copy number of SMN1(test) = 2
–DDCt

.

The Real-Time data were processed by means of

the BIO-RAD iQ5 Optical System Software V 2.0

(2006).

Results and Discussion. The homozygous deletion 

of the exon 7 was detected in 10 patients using RFLP

analysis with DraI. In the Fig. 1 an example of the

PAGE of the exon 7 SMN1, 2 genes is shown [1, 7, 8].

The  DNA electrophoretic pattern of the healthy

individual looks exactly the same as the DNA patterns

of the parents of the SMA patient that are probably the

carriers of the heterozygous deletion in the SMN1 gene

(Fig. 1, lanes 4 and 5).
Using the developed quantitative assay the

following results were obtained (Fig. 2, see inset).
The DNA samples of the patients with homozygous 

deletion show absence of the SMN1 amplification
product (the amplification curve of the SMN1 gene
product reached the threshold line only after 37 cycle
and indicates a very low PCR efficiency) but the ALB
gene is being amplified (Fig. 2, A, see inset). The DNA
samples with the heterozygous deletion in the SMN1
gene show the increase of Ct value as compared with
that of albumin (Fig. 2, B, see inset). The samples with
2 copies of the SMN1 gene show nearly the same Ct
value with the ALB product (Fig. 2, C, see inset).

We have tested 42 control DNA samples from: 29
heterozygous carriers of the deletion in the exon 7
SMN1 gene, 13 normal individuals, which were
previously analyzed using linkage analysis of 2AE9.1
(D5S557) and LAS96 (D5S681) polymorphic
microsatellite loci, and also 10 individuals from the
general population. The distribution of the 2–DDCt ratio
values of the analyzed samples are plotted in the Fig. 3.
Among the heterozygous carriers of   the exon 7 SMN1
gene deletion one sample had two copies. We suggest
that this DNA sample has two copies in one
chromosome and the deletion in another (2 + 0 ge-
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SMN1

SMN2

1               2              3              4             5   6

Fig. 1. Detection of the homozygous deletion in the SMN genes
using RFLP (digested with DraI, 10 % PAGE): 1 – healthy
individual; 4, 5 – parents of the SMA patient without homozygous
deletion in the SMN1 gene; 2, 6 – probands with homozygous
deletion in the SMN1 gene; 3 – individual with homozygous
deletion in the SMN2 gene

Normal 
individuals

Control groupCarriers of the geterozygous 
deletion in the exon 7 SMN 1 gene

2 

2–DDCt ratio

0

0.2

0.4

0.6

0.8

1

1.2

Fig. 3. 2–DDCt values for the heterozygous carriers of the  exon 7
SMN1 gene deletion (s), normal individuals (n) and control group
(l)



notype), such cases were described previously [14].
Two copies of the SMN1 gene in an heterozygous
carrier could also be a result of the crossover of the
alleles in the SMN1 gene region that can give false
results using linkage analysis.  

Among the individuals from the general population 
without SMA familial history (n = 10) one DNA sam-
ple appeared to have heterozygous deletion of  the exon 
7 SMN1 gene.

The range of the 2–DDCt values for the DNA samples
from patients with homozygous deletion, heterozygous 
carriers and normal individuals are presented in the
Table. 

We have calculated the Student’s criterium for the
2–DDCt means of heterozygous deletion carriers and
normal individuals; t = 3.84, p > 0.05. It shows that
there is no overlapping between 2–DDCt values for  the
DNA samples from the SMN1 heterozygous deletion
carriers and   individuals without deletion. As opposed
to the gene dosage analysis, in which the SMN2 gene
forms heteroduplexes with the SMN1 gene [14] and
makes the copy number detection of the SMN1 gene
more complicated and inaccurate method, the proposed 
Real-Time PCR based approach specifically amplifies   
the exon 7 SMN1 gene only and the contribution of the
SMN2 gene is minimal and does not affect the analysis.
Therefore, this method can effectively differentiate the
copy number  of the  exon 7 in the SMN1 gene.  

Conclusions. The quantitative analysis of the

SMN1 gene copy number using Real-Time PCR with

SYBR Green was elaborated. This method was shown

to be fast, sensitive and reliable. The results can be

obtained within 3 hours and there is no need in post-

PCR processing, thus avoiding cross-con- tamination

of the samples. Therefore, this method can be applied

for SMA analysis in the molecular-genetic diagnostics

as a basis for developing the specific test-system, and

as well for prenatal and postnatal diagnostics,  for SMA 

carriers screening programmes as a way of SMA

prevention.
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Çàñ òî ñó âàí íÿ ê³ëüê³ñíî¿ ÏËÐ ó ðå àëü íî ìó ÷àñ³ äëÿ 

ìî ëå êó ëÿð íî-ãå íå òè÷ íî¿ ä³àã íîñ òè êè ñï³íà ëüíî¿ 

ì’ÿç oâî¿ àò ðîô³¿

Ðå çþ ìå

Ìåòà. Ìåòà ðî áî òè ïî ëÿ ãà ëà ó ðîç ðîáö³ ïðî ñòî ãî ³ íàä³éíî ãî
ìå òî äó ê³ëüê³ñíî ãî àíàë³çó äå ëåö³¿ 7-ãî åê çî íó ãåíà SMN1 çà äî -
ïî ìî ãîþ ÏËÐ ó ðå àëü íî ìó ÷àñ³ ç áàð âíè êîì-³íòåð êà ëÿ òî ðîì
SYBR Green, ÿêèé ìîæ íà âè êî ðèñ òî âó âà òè â òåñò-ñèñ òå ìàõ
äëÿ ä³àã íîñ òè êè ñï³íà ëüíî¿ ì’ÿ çî âî¿ àò ðîô³¿ (ÑÌÀ). Ìå òî äè.
Äëÿ ðîç ðîá êè ìå òî äó âèç íà ÷åí íÿ ê³ëüêîñò³ êîï³é ãåíà SMN1 çà -
ñòî ñî âà íî ï³äõ³ä, ÿêèé áàçóºòüñÿ íà ïîð³âíÿíí³ ïà ðà ìåòð³â
àìïë³ô³êàö³¿ äîñë³äæó âà íî ãî çðàç êà ÄÍÊ òà çîâí³øíüî ãî
ñòàí äàð òó (ãåí àëü áóì³íó). Äëÿ ï³äòâåð äæåí íÿ ðîç ðîá ëå íî ãî
ìå òî äó ïðî à íàë³çî âà íî çðàç êè ÄÍÊ 10 ïàö³åíò³â ³ç ÑÌÀ (ãî ìî -
çè ãîò íà äå ëåö³ÿ 7-ãî åê çî íó ãåíà SMN1), 42 êîí òðîëü íèõ çðàç êè
ÄÍÊ (â³ä 29 ãå òå ðî çè ãîò íèõ íîñ³¿â äå ëåö³¿ 7-ãî åê çî íó ãåíà
SMN1 ³ 13 ³íäèâ³äóóì³â áåç äå ëåö³³¿), ÿê³ âèâ ÷å íî ìå òî äîì ç÷åï -
ëåí íÿ ç ïîë³ìîð ôíè ìè ì³êðîñà òåë³òíè ìè ìàð êå ðà ìè 2AE9.1
(D5S557) ³ LAS96 (D5S681), à òà êîæ çðàç êè â³ä 10 ³íäèâ³-
äóóì³â ç êîí òðîëü íî¿ ïî ïó ëÿö³¿. Îáðîá êó ðå çóëü òàò³â ïðî âî äè -
ëè çà äî ïî ìî ãîþ ñòàí äàð òíî ãî ìå òî äó Ë³âàêà (ìå òîä 2–DDCt).
Ðå çóëü òà òè. Ñå ðåäíº çíà ÷å íèå ç³ ñòàí äàð òíîþ ïî õèá êîþ ïî -
êàç íè êà 2–DDCt äëÿ ãå òå ðî çè ãîò íèõ íîñ³¿â äå ëåö³¿ 7-ãî åê çî íó ãåíà 
SMN1 ñòà íî âèòü 0,475 ± 0,091, äëÿ íîð ìàëü íèõ êîí òðîë³â –
0,909 ± 0,068. Âñòà íîâ ëå íî â³äñóòí³ñòü ïå ðå êðè âàí íÿ  ðå çóëü -
òàò³â àíàë³çó äëÿ ãå òå ðî çè ãîò íèõ íîñ³¿â äå ëåö³¿ ³ íîð ìàëü íèõ
êîí òðîë³â (t = 3,84, p > 0,05).  Âèñ íîâ êè. Ðîç ðîá ëå íèé ìå òîä
ìîæå áóòè ïðè äàò íèì äëÿ àíàë³çó ÑÌÀ ó ïðî ãðà ìàõ ìî ëå êó -
ëÿð íî-ãå íå òè÷ íî ãî òåñ òó âàí íÿ, à òà êîæ ÿê êîì ïî íåíò òåñò-
ñèñ òåì äëÿ ä³àã íîñ òè êè ÑÌÀ.

Êëþ ÷îâ³ ñëî âà: ñï³íà ëüíà ì’ÿç oâà àò ðîô³ÿ, ãåí SMN1, äå -
ëåö³ÿ, ÏËÐ ó ðå àëü íî ìó ÷àñ³.
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Gene Patient status Number of samples
2–DDCt,

Minimum–Maximum

Mean ± SD 

Values 

Estimated copy
number

SMN1 Homozygous deletion carrier 10 N. a. N. a. 0

Heterozygous deletion carrier 29 0.35–0.67 0.475±0.091 1

Normal indvidual 23 0.8–1.028 0.909±0.068 2

N. a. – non available. 

Real-Time PCR data of the SMN1 copy number quantification
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Ïðè ìå íå íèå êî ëè ÷åñ òâåí íîé ÏÖÐ â ðå àëü íîì âðå ìå íè äëÿ 

ìî ëå êó ëÿð íî-ãå íå òè ÷åñ êîé äè àã íîñ òè êè ñïè íàëü íîé 

ìû øå÷ íîé àò ðî ôèè

Ðå çþ ìå

Öåëü. Öåëü ðà áî òû ñî ñòî ÿ ëà â  ðàç ðà áîòêå ïðî ñòî ãî è íàä åæ -
íî ãî ìå òî äà êî ëè ÷åñ òâåí íî ãî àíà ëè çà äå ëå öèè 7-ãî ýê çî íà ãåíà 
SMN1 ñ ïî ìîùüþ ÏÖÐ â ðå àëü íîì âðå ìå íè ñ èí òåð êà ëè ðó þ ùèì 
êðà ñè òå ëåì SYBR Green, êî òî ðûé ìîæ íî èñ ïîëü çî âàòü â
òåñò-ñèñ òå ìàõ äëÿ äè àã íîñ òè êè ñïè íàëü íîé ìû øå÷ íîé àò ðî -
ôèè (ÑÌÀ). Ìå òî äû. Äëÿ ðàç ðà áîò êè ìå òî äà ïîä ñ÷å òà êî ëè -
÷åñ òâà êî ïèé ãåíà SMN1 ïðè ìå íåí ïîä õîä, îñíî âàí íûé íà
ñðàâ íå íèè ïà ðà ìåò ðîâ àì ïëè ôè êà öèè èñ ñëå äó å ìî ãî îá ðàç öà
ÄÍÊ è âíåø íå ãî ñòàí äàð òà (ãåí àëü áó ìè íà). Äëÿ ïîä òâåð æäå -
íèÿ ðàç ðà áî òàí íî ãî ìå òî äà ïðî à íà ëè çè ðî âà íû îá ðàç öû ÄÍÊ
10 ïà öè åí òîâ ñî ÑÌÀ (ãî ìî çè ãîò íàÿ äå ëå öèÿ 7-ãî ýê çî íà ãåíà
SMN1), 42 êîí òðîëü íûõ îá ðàç öà ÄÍÊ (îò 29 ãå òå ðî çè ãîò íûõ
íî ñè òå ëåé äå ëå öèè 7-ãî ýê çî íà ãåíà SMN1 è 13 èí äè âè äó ó -
ìîâ áåç äå ëå öèè), èç ó÷åí íûõ ìå òî äîì ñöåï ëå íèÿ ñ ïî ëè ìîð ôíû -
ìè ìèê ðî ñà òåë ëèò íû ìè ìàð êå ðà ìè 2AE9.1 (D5S557) è LAS96
(D5S681), à òàê æå îá ðàç öû îò 10 èí äè âè äó ó ìîâ èç êîí òðîëü -
íîé ïî ïó ëÿ öèè. Îáðà áîò êó ðå çóëü òà òîâ ïðî âî äè ëè ñ ïî ìîùüþ
ñòàí äàð òíî ãî ìå òî äà Ëè âà êà (ìå òîä 2–DDCt). Ðå çóëü òà òû.
Ñðåä íåå çíà ÷å íèå ñî ñòàí äàð òíîé îøèá êîé  ïî êà çà òå ëÿ 2–DDCt

äëÿ ãå òå ðî çè ãîò íûõ íî ñè òå ëåé äå ëå öèè 7-ãî ýê çî íà ãåíà SMN1
ñî ñòàâëÿåò 0,475 ± 0,091, äëÿ íîð ìàëü íûõ êîí òðî ëåé – 0.909 ±
± 0.068. Óñòà íîâ ëå íî îò ñó òñòâèå ïå ðå êðû âà íèÿ  ðå çóëü òà òîâ
àíà ëè çà äëÿ ãå òå ðî çè ãîò íûõ íî ñè òå ëåé äå ëå öèè è çäî ðî âûõ èí -
äè âè äó ó ìîâ (t = 3,84, p > 0,05). Âû âî äû. Ðàç ðà áî òàí íûé ìå òîä 
ìî æåò áûòü èñ ïîëü çî âàí äëÿ àíà ëè çà ÑÌÀ â ïðî ãðàì ìàõ ìî ëå -
êó ëÿð íî-ãå íå òè ÷åñ êîé äè àã íîñ òè êè, à òàê æå êàê êîì ïî íåíò
òåñò-ñèñ òåì äëÿ äè àã íîñ òè êè ÑÌÀ.

Êëþ ÷å âûå ñëî âà: ñïè íàëü íàÿ ìû øå÷ íàÿ àò ðî ôèÿ, ãåí SMN1, 
äå ëå öèÿ, ÏÖÐ â ðå àëü íîì âðå ìå íè.
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