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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 SMNI 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 SMNI1 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 SMNI gene, 13
individuals without SMN1 deletion, which were previously analyzed using linkage analysis of 2AE9.1
(D58557) and LAS96 (D5S5681) polymorphic microsatellite loci, and 10 samples from individuals of the
general population. The results were calculated using standard Livak method (2" method). Results. The
mean + SD of the 2 "' ratios for the carriers of the heterozygous deletion of the exon 7 in the SMNI gene is
0.475+0.091; and for the controls — 0.909 + 0.068. The results obtained don’t show overlapping between
2% 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 1 (Wer-
ding-Hoffman disease) is the most severe form, type
II — intermediate form, type III (Kugelberg-Welander
disease) is the mildest form [2].
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All of these clinical types are caused by ho-
mozygous deletion of the exon 7 in the survival motor
neuron gene 1 (SMNI) that is located in the chro-
mosome region 5ql3. 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 SMNI gene among
SMA patients is 97.8 % [7]. Minority of SMA patients
(2-5 %) have a deletion of the exon 7 in one SMNI
allele and a small intragenic mutation in the other [8].

The homozygous deletion of the exon 7 in the
SMNI 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 SMNI 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 SMNI 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
SMNI1 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 SMNI gene copy number
we tested DNA samples of ten patients with SMA
(homozygous deletion carriers of the exon 7 SMNI
gene), which were previously analyzed using standard
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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
SMNI1 gene copy number detection. For the amp-
lification of the exon 7 SMNI gene (target gene) and
the exon 12 ALB gene (reference gene) we have
synthesized specific oligonucleotide primers using
phosphoramidite method on the Biosset ASMS800
DNA synthesizer. The primers for the SMNI gene
amplification were designed to detect TTC > TTT
transition in the codon 280 of the exon 7 SMNI gene;
and, therefore, the primers are specific only to SMNI
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 uM 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 pl reaction
volume containing 12,5 pl of Maxima SYBR Green
Master Mix (2x) («Fermentasy, Lithuania), 20 uM of
each SMNI primer and 5 uM of each ALB primer and
15-30 ng of genomic DNA (the volume of the DNA
template was no lower than 4 ul). The cycling con-
ditions were following: preincubation 10 min at 95 °C
to denature the target DNA and activate hot-start
iTaq™ 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 SMNI
gene normalized to the ALB gene. The relative gene
copy number (2 ratio) of unknown sample was
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SMN1

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

estimated using a 2**“ 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]:

ACt(test) =Ct (SMNT test) — Ct(ALB test)

A(:t(control) =Ct (SMNI control) — Ct((ALB control)
AACt= ACty, — ACH

Normalized copy number of SMN/

(control)
__ ~A—AACt
(test) 2 .

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 Dral. In the Fig. 1 an example of the
PAGE ofthe 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
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Fig. 3. 2% values for the heterozygous carriers of the exon 7
SMNI1 gene deletion (A), normal individuals (l) and control group
(®)

of the parents of the SMA patient that are probably the
carriers of the heterozygous deletion in the SMNI gene
(Fig. 1, lanes 4 and J5).

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 SMNI amplification
product (the amplification curve of the SMNI 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, 4, see inset). The DNA
samples with the heterozygous deletion in the SMNI
gene show the increase of C, value as compared with
that of albumin (Fig. 2, B, see inset). The samples with
2 copies of the SMNI 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
SMNI 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 ratio
values of the analyzed samples are plotted in the Fig. 3.
Among the heterozygous carriers of the exon 7 SMNI
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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Real-Time PCR data of the SMN1 copy number quantification

Gene Patient status Number of samples Minimuzr:ﬁ’aximum Mi;ml *SD EStinm:IIfl;je‘r:opy
— alues
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.

notype), such cases were described previously [14].
Two copies of the SMNI gene in an heterozygous
carrier could also be a result of the crossover of the
alleles in the SMNI 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 SMNI gene.

The range of the 2**“* 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% means of heterozygous deletion carriers and
normal individuals; ¢ = 3.84, p > 0.05. It shows that
there is no overlapping between 2 **“ values for the
DNA samples from the SMNI heterozygous deletion
carriers and individuals without deletion. As opposed
to the gene dosage analysis, in which the SMN2 gene
forms heteroduplexes with the SMN/ gene [14] and
makes the copy number detection of the SMNI gene
more complicated and inaccurate method, the proposed
Real-Time PCR based approach specifically amplifies
the exon 7 SMNI 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 SMNI gene.

Conclusions. The quantitative analysis of the
SMNI 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
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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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3acrocyBanHs KinbkicHoi [1JIP y peanbHOMY 4aci aius
MOJEKYJIAPHO-T€HETHYHOI JIarHOCTHKH CIIHAIBbHOT

M’s130B01 aTpodii
Pesrome

Mema. Mema pobomu nonsieana y po3pooyi npocmozo i HadiHo2o
MemoO9y KilbKICHO20 ananizy oeneyii 7-2o exzony eena SMN1 3a do-
nomoeoio IlJIP y peanvromy uaci 3 6apeHUKOM-IHMEPKANAMOPOM
SYBR Green, aKkuil MOJICHA GUKOPUCTNOBYBATU 8 MeEC-CUCTNEMAX
ons diaenocmuku cninanvhoi m’a3060i ampo@ii (CMA). Memoou.
Jns po3pobku memody eusnaverHs Kinokocmi konii 2cena SMN1 3a-
Ccmocogano nioxio, skuil 0a3yemvcs HA NOPIBHAHHI napamempie
amnnigpikayii docnioscysanozo 3paska JJHK ma 306HiwHb020
cmandapmy (2en anobyminy). s niomeepoicenus po3pobienozo
memody npoananizoearo spaszku JJHK 10 nayienmie iz CMA (2omo-
3ucomua oeneyis 7-2o0 ex3ony cena SMN1), 42 konHmponvHux 3pasku
JIHK (8i0 29 eemeposucomnux Hociig Oeneyii 7-20 eK30HY 2eHa
SMNI1 i 13 inousioyymie b6e3 deneyiii), iKi 6UEYUEHO MEMOOOM 34en-
JleHHs1 3 noaimop@Humu mikpocamenimuumu mapxkepamu 2AE9.1
(D58557) i LAS96 (D5S681), a maxooc 3pasku 6i0 10 inougi-
0yymig 3 konmponvroi nonyaayii. O6poOKy pe3yrbmamise npoeoou-
72U 3a donomozoio cmandapmuozo memody Jieaxa (memoo 27°°).
Pesynomamu. Cepeone 3Hauenue 3i CmaHoapmuow NOXubKow no-
kaznuka 2" Ona 2emeposucomnux nociie deneyii 7-20 exzony eena
SMNI1 cmanosums 0,475 + 0,091, 0151 HOpMALLHUX KOHMPONLIE —
0,909 £ 0,068. Bcmanogieno 8i0cymHicms nepeKpueaHHs pe3)iib-
mamie ananizy Oisi 2emepo3ucOmHUX HOCiig oeneyii i HOpMAarbHUX
koumponis (t = 3,84, p > 0,05). Bucnosexu. Po3pobrenuii memoo
mooice 6ymu npuoamuum oaa ananizy CMA y npoepamax monexy-
JSIPHO-2EHeMUYHO020 MeCmy8aAHHS, d MAKONC AK KOMNOHEHM mecm-
cucmem ona oiaenocmuxu CMA.

Kuwouosi crosa: cninanvna m’szoea ampogis, een SMNI, oe-
neyis, IIJIP y peanbnomy uaci.
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[Ipumenenne xonnuectBenHoit [11[P B peanbHOM BpeMeHn ains
MOJEKYIAPHO-TeHeTHIECKOH THATHOCTUKHU CIIHMHANBHON

MBIIIEYHOW aTpodun

Pesrome

Llens. Llenv pabomel cocmosna 6 paspabomke npocmozo u Haoedic-
HO20 Memo0a KOIULeCMBEeHHO20 AHANU3A Oelleyull 7-20 IK30HA 2eHa
SMN1 ¢ nomowwio I[P 6 peanvrnom epemenu ¢ UHMEPKATUPYIOUWUM
kpacumenem SYBR Green, Komopwiii MOJCHO UCHONb308AMb 6
mecm-cucmemax 0as OUASHOCMUKYU CRUHATLHOU MbLUEYHOU ampo-
¢duu (CMA). Memoowi. /[{na paspabomku memooa noocuema Koau-
yecmea konuil cena SMNI npumenen noodxoo, OCHOBAHHbIU HA
CpasHeHuu napamempos amnaugurayuu ucciedyemozo obpasya
JIHK u sHewnezo cmanoapma (2en anvoymuna). [ns noomeepaicoe-
HUsA paspabomanno2o memooa npoanaiusuposansv oopasyvt JHK
10 nayuenmos co CMA (2omo3zucomuas oeneyusi 7-20 3K30Ha 2eHA
SMN1), 42 koumponvreix obpaszya JJHK (om 29 cemepo3uzommulx
Hocumeneu Oeneyuu 7-20 sk30Ha ecena SMNI u 13 unousuoyy-
M08 6e3 deneyuu), U3y4eHHbLX MEMOOOM CYeNnieHuss ¢ NOIUMOPPHbL-
Mu mukpocamennumuovimu mapkepamu 2AE9.1 (D5S557) u LAS96
(D5S681), a makace obpaszyer om 10 unousudyymos uz KOHmpo.io-
noti nonyaayuu. O6pabomxy pe3yibmamos nposooUnU ¢ NOMOUbIO
cmandapmnozo memoda Jlusaxa (memod 2**). Pesynvmamor.
Cpeodnee snauenue co cmandapmuoii ouwubroii noxasamensn 2
0151 2emepo3ucomHblX Hocumeiell oeleyuu 7-20 9k30Ha eeHa SMN1
cocmagnsem 0,475 + 0,091, 0as nopmanshsix konmponei — 0.909 +
+ 0.068. Ycmanosneno omcymemaue nepekpvl8anus pe3yibmamos
ananuza O 2emepo3ueomHulX Hocumeneti 0ereyul U 300POBbIX UH-
ousudyymos (t = 3,84, p > 0,05). Bvreoowt. Pazpabomanmsiii memoo
Mmodcem Obimb ucnonvsosan 014 ananruza CMA é npoepammax mone-
KYIAPHO-2eHeMU4eCcKol OUaeHOCMUKY, d MAaKdice KaK KOMHOHEHM
mecm-cucmem 011 ouacnocmuku CMA.

Kniouesvie crosa: cnunanvhas motuieunas ampogus, een SMN1,
oeneyus, [1L[P 6 peanvrnom epemenu.
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Fig. 2. Real-Time PCR amplification plots of the exon 7 in
the SMNS gene: 4 — DNA sample with the homozygous
deletion of the exon 7; # — DNA sample with heterozvgous
deletion of the exon 7 (1 copy); € — DNA sample of the
normal individeal (2 copies of the exon 7 in the SMNT gene)



