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Abstract
Objective A total of 5,200 pregnant women in Zhaoqing city, Guangdong Province, were screened to identify spinal 
muscular atrophy (SMA) mutation carriers to guide the prevention of SMA and prevent the birth of children with SMA.

Methods Exons 7 and 8 (E7 and E8) of the survival motor neuron (SMN) 1 gene were detected in women using real-
time fluorescence quantitative polymerase chain reaction. SMN1 and SMN2 copy numbers in those who were initially 
identified as carriers were verified via targeted region capture and next-generation sequencing. When both partners 
were identified as carriers, prenatal diagnosis of the fetus was performed.

Results Among the screened women, 75 SMA carriers (71 cases had both E7 and E8 heterozygous deletions and 
4 cases only had an E7 heterozygous deletion) were identified, with a carrier frequency of 1.44% (95% confidence 
interval: 1.31–1.65%). Three couples where both spouses were identified as SMA carriers, and their three fetuses 
were subjected to prenatal genetic analysis. Of the three, one had homozygous deletions of E7 and E8 and the other 
two had heterozygous deletions of E7 and E8. After a detailed prenatal consultation, the former couple decided to 
terminate the pregnancy.

Conclusion Through screening and prenatal diagnosis of pregnant women in Zhaoqing city, Guangdong Province, 
the incidence of SMA can be reduced, prevention of birth defects can be improved, incidence of birth defects can be 
effectively minimized.
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Introduction
Spinal muscular atrophy (SMA) is a type of muscle weak-
ness and muscle atrophy caused by motor neuron degen-
eration in the anterior horn of the spinal cord [1]. The 
clinical manifestations of SMA in children vary greatly 
and can be classified into four types according to the age 
of onset, motor function acquired by the patient, and the 
disease progression rate.

SMA, an autosomal recessive disease, has an onset 
probability of approximately 1 in 5,000 to 1/10,000 [2], 
and the carrier rate, which varies country and region 
wise, is approximately 1 in 35 to 1 in 85 [3–6]. The sur-
vival motor neuron (SMN) gene on chromosome 5q13.2, 
identified in 1995, is considered the pathogenic gene of 
childhood SMA [7]. SMN has two highly homologous 
copies on one chromosome: SMN1 on the telomeric side, 
which is a functional gene, and SMN2 on the centromeric 
side. Studies have shown that 95% of all SMN1 deletions 
are in exons 7 (E7) and/or 8 (E8)[8].

Because of severe symptoms, a high fatality rate, and 
a clear association with pathogenic genes, SMA carrier 
screening has long been the interest of clinicians world-
wide. In 2008, the American Society of Medical Genetics 
recommended that SMA carrier screening tests should 
be offered to all couples [9]. In 2017, the American Col-
lege of Obstetrics and Gynecology recommended [10] 
that all women who are considering pregnancy or are 
already pregnant should be screened for SMA mutations. 
In 2019, nusinersen, a medication used for treating SMA, 
was launched in mainland China, and expert consensus 
on the genetic diagnosis of SMA was also published [11, 
12]. At present, SMA mutation screening in both par-
ents and newborns is being routinely performed in some 
countries and regions, along with some regions of China. 
In the present study, the SMA carrier screening of 5,200 
pregnant women in Zhaoqing city, Guangdong Province, 
was conducted using real-time quantitative polymerase 
chain reaction (PCR). The frequency of SMA carriers in 
this area was demonstrated for the first time. In addition, 
prenatal diagnosis of high-risk fetuses was performed to 
reduce the number of births of children with SMA.

Materials and methods
Study population
From December 2020 to April 2022, pregnant women 
with the normal phenotype who were admitted to the 
Second People’s Hospital of Zhaoqing were informed 
about SMA carrier screening. This study and its proto-
cols were approved by the Institutional Review Board of 
The Second People’s Hospital of Zhaoqing (approval no.: 
[2020] 001), and all patients signed the informed consent 
document before inclusion in the study.

Genomic DNA extraction
Whole blood (2 mL) was collected in vials containing eth-
ylenediamine tetraacetate acid, and DNA was extracted 
using a Lab-Aid 820 DNA extraction kit (Xiamen Zeesan 
Biotech Co., Ltd). The extracted DNA was assessed for 
purity (absorbance ratio of 260/280 nm between 1.8 and 
2.0) and concentration using an UV spectrophotom-
eter, and the final DNA concentration was adjusted to 
between 10 and 20 ng/µL.

Real-time fluorescence quantitative PCR
Real-time fluorescence quantitative PCR was performed 
for primary screening. The homozygous deletions of E7 
and/or E8 in SMN1 in the DNA samples were detected 
using Shanghai Medicore Technology Co., Ltd., kit. 
The kit uses the minor groove binder probe technol-
ogy in real-time fluorescence quantitative PCR, with the 
human ribonuclease P protein subunit P40 gene as the 
internal standard gene. Relative quantitative detection 
of the gene copy number was also performed. Real-time 
PCR analysis was divided into separate experiments for 
the two exons. The procedure was performed according 
to the manufacturer’s instructions and the results were 
evaluated using the cycle threshold (Ct) method. In the 
E7 and E8 reaction, ΔΔCt ≤ − 0.55 indicated normal and 
− 0.45 < ΔΔCt ≤ 0.45 indicated a heterozygous deletion. In 
the E7 reaction, ΔΔCt > 0.8 indicated a homozygous dele-
tion of E7, and in the E8 reaction, ΔΔCt > 1.5 indicated a 
homozygous deletion of E8.

Targeted region capture and NGS
Multiplex PCR was used for targeted region capture. 
After two rounds of PCR amplification and product puri-
fication, amplicon library was obtained and quantified 
using Qubit 3.0 Fluorometer (Thermo Fisher Scientific) 
and the library length was determined using Agilent Bio-
analyzer 2100 (Agilent Technologies Inc.). The diluted 
library was sequenced with sequencing primers on 
Illumina NextSeq 500/550 platform (Illumina), with a 
mean depth of coverage of 100×. Raw sequencing image 
data files were converted into raw FASTQ files through 
image analysis and base calling. Adapters and low-quality 
reads were filtered, valid sequence reads were mapped 
to the hg19 human genome reference (Genome Refer-
ence Consortium GRCh37) via the Burrows-Wheeler 
Aligner software, and variant calling was performed 
using the Genome Analysis Toolkit software (GATK). 
The ANNOVAR software was used for variant annota-
tion. The copy number of SMN1 and SMN2 was calcu-
lated according to the normalized read number and read 
number ratio of distinguished bases located in exon 7.
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Statistical analyses
SPSS 22.0 was used for statistical analyses. Data are 
presented as percentages, and the χ² test was used for 
comparison between groups. P < 0.05 indicated statisti-
cal significance. Previous studies published in China in 
recent years were retrieved to compare the population-
carrying rate of SMA among different regions.

Results
A total of 5,200 pregnant women was screened for SMA 
from December 1, 2020, to April 21, 2022, using real-time 
fluorescence quantitative PCR. The age of these women 
ranged from 16 to 50 years, with an average age of 
29.38 ± 5.08 years (Table 1). Of the 5,200 pregnant women 
tested (Table  2), 75 asymptomatic SMA carriers were 
identified (Fig. 1), with a carrier rate of 1.44% (95% con-
fidence interval: 1.31–1.65%). Of the 75 identified SMA 
carriers with a heterozygous deletion of E7 of SMN1, 71 
patients had both E7 and E8 heterozygous deletions and 
4 had an E7 heterozygous deletion with a normal E8. Of 
the remaining 5,125 women, 28 had a normal E7 with a 
heterozygous deletion of E8 and 1 had a normal E7 with a 
homozygous deletion of E8 (Table 3; Fig. 2). Comparison 
using the χ² test revealed no significant difference in the 
SMA carrier rates among the different regions of China 
(χ² = 42, p = 0.227).

NGS was used to detect SMN1 and SMN2 copy num-
bers in the screened carriers (Table  4). All 75 carriers 

had only one copy of SMN1. Regarding SMN2, of the 75 
women, 15 (20.00%) had 1 copy, 31 (41.33%) had 2 copies, 
and 29 (38.67%) had 3 copies.

After screening, the 75 carriers were offered detailed 
genetic counseling, including information on the etiol-
ogy, genetic pattern, clinical characteristics, reproduc-
tive risk, and treatment of SMA. A total of 47 of these 
women’s spouses (62.67%) were voluntarily screened for 
SMA, which revealed that three couples (both spouses) 
were SMA carriers. Thus, amniocentesis was performed 
for high-risk fetuses of these three couples. The results 
revealed that one had a homozygous deletion of E7 and 
E8 of SMN1 (Table  5). After offering adequate genetic 
counseling, the parents of this high-risk fetus decided to 
terminate the pregnancy. The other two fetuses had a het-
erozygous deletion of E7 and E8 of SMN1, i.e., the SMA 
carrier genotype; the parents of these fetuses elected to 
continue their pregnancy (Fig. 3).

Discussion
SMA, a serious autosomal recessive neuromuscular dis-
ease, has high carrier rates, and may develop in any eth-
nic group and present at any age [2]. If both parents are 
SMA carriers, their offspring have a 25% chance of devel-
oping SMA, a 50% chance of being a carrier, and a 25% 
chance of having a normal genotype.

At present, SMA screening has been conducted in 
some areas of China [13–18]. In the present study, 5,200 
pregnant women were screened for SMA in Zhaoqing 
city, Guangdong province, which identified 75 SMA car-
riers. The carrier rate was 1.44%, which is higher than 
that in Guangxi but lower than that in Taiwan and Yun-
nan [16, 18] (Table  6). However, the SMA carrier rate 
among the several domestic regions of China was not sig-
nificantly different. In most studies on SMA carrier rates, 
only specific regions were selected for the study. One 
study that included 34 ethnic groups from 5 provinces of 
southern China showed that there was no significant dif-
ference in the SMA carrier rate among the provinces but 
that the rate varied among the different ethnic groups [6]. 
The highest SMA carrier rate was identified in the Tujia 
ethnicity (4.3%), whereas the lowest rate was identified in 
the Dai ethnicity (0%), and the rate was 1.4% in the Han 
ethnicity. These differences may exist because of different 
sample sizes. In a study on Asians, 1.57% of people had 
an SMN1 copy number of 1, which is slightly higher than 
that detected in the present study, and the carrier rate in 
other ethnic groups, including Caucasians, Ashkenazi 
Jews, Hispanics, Asians, Indians, and African Americans, 
was approximately 0.98–2.02% [4].

Given the high population carrier rate of SMA and 
the severity of the disease, screening during pregnancy 
is critical. Screening can be conducted in three stages. 
First, pregnant women should be screened for SMN1 to 

Table 1 Details of the 5,200 pregnant women participating in 
the screening program
Age group (years) Number of 

women
95% confidence 
interval

≤ 25 1,235 (23.75%) 23.16–24.34%

26–34 3,125 (60.10%) 59.42–60.78%

≥ 35 840 (16.15%) 15.64–16.66%

Total 5,200 (100.00%)

Table 2 Results of spinal muscular dystrophy carrier screening
Variable 2020.12 2021.01–

2021.12
2022.01–
2022.04

Total

Screened women (n) 412 3,669 1,119 5,200

Number of carriers 1 50 24 75

Carrier rate 0.24% 1.36% 2.14% 1.44%

95% CI 0.17–
0.31%

1.20–1.52% 1.91–2.35% 1.31–
1.65%

Partner (n) 0 30 17 47

Recall rate / 60.00% 70.83% 62.67%

95% CI / 59.32–
60.68%

70.20–
71.46%

62.00–
63.34%

Carrier couples / 2 1 3

Prenatal diagnoses (n) / 2 1 3

Affected cases (n) / 1 0 1

Pregnancies terminated / 1 0 1
CI, confidence interval
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identify their carrier status. Second, if a pregnant woman 
is identified as a carrier, her partner should be advised to 
undergo SMA carrier screening. Finally, if both couples 
are confirmed as carriers, genetic counseling and prena-
tal diagnosis should be conducted. Prenatal counseling 
should include SMA-related information and guidance 
on genetic etiology, transmission mode, recurrence 
risk assessment, prenatal diagnosis or preimplantation 
genetic testing, and carrier screening recommendations 
for family members.

In the present study, the spouses of the 75 pregnant 
women who were identified as carriers during screening 

were also advised to undergo SMA screening. Among 
them, 47 husbands were tested, with an acceptance rate 
of 62.67%, and 3 had SMN1 E7 and E8 heterozygous dele-
tion. After detailed genetic counseling, a prenatal diagno-
sis of the fetus was recommended. Of the three high-risk 
fetuses, two had a heterozygous deletion of SMN1 E7 
and E8 and one had a homozygous deletion of SMN1 
E7 and E8, indicating that two fetuses were carriers, and 
one would have developed SMA after birth. After further 
genetic counseling, the parents of the latter eventually 
chose to terminate the pregnancy. There were 28 SMA 
carriers whose husbands did not participate in screening. 
Postnatal follow-up was conducted among these women. 
The results of postnatal follow-up showed that some of 
the women eventually chose to have their fetuses tested 
for SMA after birth, whereas the rest of the pregnant 
women gave birth to children with normal phenotypes. 
In this study, nearly 30% of the spouses of the pregnant 
women (carriers) did not undergo SMA screening, indi-
cating that some newborns may have missed the diag-
nosis. Along with the inclusion of SMA treatment drugs 
in medical insurance, early detection and early diagnosis 

Table 3 Results of preliminary screening using real-time 
fluorescence quantitative polymerase chain reaction

Exon 8
Hetero-
zygous 
deletion

Homo-
zygous 
deletion

Normal Total

Exon 7 Hetero-
zygous 
deletion

71 0 4 75

Normal 28 1 5,096 5,125

Total 99 1 5,100 5,200

Fig. 1 Real-time fluorescence quantitative PCR images of exon7 and 8 in pregnant women
A: FAM channel for E7; B: VIC channel for E7; E7∆Ct_s = Ct_FAM-Ct_VIC = 23.61–22.23 = 1.38; E7∆Ct_a = 1.313; E7∆∆Ct=∆Ct_s-∆Ct_a = 0.0667, the result was 
an E7 heterozygous deletion; C: FAM channel for E8; D: VIC channel for E8; E8∆Ct_s = Ct_FAM-Ct_VIC = 20.96‒22.03=-1.07; E8∆Ct_a=‒1.293; E8∆∆Ct=∆Ct_s-
∆Ct_a = 0.223, the result was an E8 heterozygous deletion
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via newborn screening and other methods have become 
important in SMA treatment.

Multiplex ligation-dependent probe amplification 
(MLPA) is generally acknowledged as the gold standard 
because of the high degree of precision [19]. However, it 
requires a long turnaround time and is relatively expen-
sive, making it unsuitable for large-scale SMA carrier 
screening. In recent years, several studies have used 
qPCR for carrier screening and the results were verified 
with MLPA [20, 21]. Among the 75 carriers of pregnant 
women, only 62.67% of the couples were screened for 
SMA. The testing costs were also a reason for the low 
acceptance rate. In a previous study, it was mentioned 
that in the case of detecting only SMA, three detection 
technologies, qPCR, NGS, and MLPA, were respectively 
used to detect SMA, and qPCR had the lowest detection 
costs [21]. Real-time fluorescence quantitative PCR was 
used for primary screening in this study as it is simple 
and inexpensive to perform and suitable for large-scale 
screening [4, 13, 21]. QPCR can be recommended for 
detection at other places, so that more pregnant women 
as well as the general population can undergo SMA 
screening with lower testing costs.

However, this method can only detect the homozy-
gous deletions of E7 and/or E8 of SMN1, not SMN1 point 

Table 4 Next-generation sequencing results of spinal muscular 
dystrophy carriers

SMN2 copy number
SMN1 copy number 1 2 3 total

1 15 (20.00%) 31 (41.33%) 29 (38.67%) 75
SMN, survival motor neuron

Table 5 Prenatal diagnosis of fetuses of spinal muscular 
dystrophy carrier parents
Family SMN1 of 

mother
SMN1 of 
father

SMN1 of 
fetus

Preg-
nancy 
outcomes

1 E7 and E8
heterozygous 
deletion

E7 and E8
heterozygous 
deletion

E7 and E8
homo-
zygous 
deletion

Preg-
nancy 
termi-
nated

2 E7 and E8
heterozygous 
deletion

E7 and E8
heterozygous 
deletion

E7 and E8
hetero-
zygous 
deletion

Preg-
nancy 
continued

3 E7 and E8
heterozygous 
deletion

E7 and E8
heterozygous 
deletion

E7 and E8
hetero-
zygous 
deletion

Preg-
nancy 
continued

SMN, survival motor neuron; E7, exon 7; E8, exon 8

Fig. 2 Genotyping analysis of spinal muscular atrophy
Both exons 7 (E7) and 8 (E8) were normal in 98.00% of the screened pregnant women; 1.37% of women had an E7 deletion and E8 heterozygous deletion, 
0.08% had an E7 deletion with a normal E8, 0.54% had an E8 heterozygous deletion and a normal E7, and 0.02% had an E8 homozygous deletion and a 
normal E7

 



Page 6 of 8Huang et al. BMC Medical Genomics           (2023) 16:39 

mutations and “2 + 0"carrier status, which is two SMN1 
copies on one chromosome and no copies of the SMN1 
gene on the second chromosome. Therefore, in the pres-
ent study, the possibility of other SMA genotypes could 
not be excluded when the screening result was negative. 
During genetic counselling for carrier screening, the fol-
lowing residual risks should be fully explained[9, 22]: 
quantitative PCR cannot detect approximately 4% of 

“2 + 0"carrier status in the carrier population [23] as well 
as approximately 5% of the carriers of the SMN1 point 
mutation [24]; about 2% of fetuses with de novo muta-
tions have parents with a normal genotype [25]; and car-
riers with gonadal chimerism may not be identified via 
blood-based screening.

In the present study, next-generation sequencing 
(NGS) was performed to detect SMN1 and SMN2 copy 

Table 6 Spinal muscular dystrophy carrier rates in the different regions of China
Area Survey population (n) SMA carriers (n) Carrier frequency of (%) χ² p Literature reference
Taiwan 107,611 2,262 1/48 (2.10) 42 0.227 (15)

Shanghai 4,719 90 1/55 (1.9) (14)

Sichuan 427 9 1/47 (2.11) (17)

Liuzhou, Guangxi 4,931 61 1/80 (1.2) (16)

Yunnan 3,049 62 1/49 (2.03) (18)

Hong Kong 569 9 1/63 (1.6) (13)

This study 5,200 75 1/69 (1.44) /

Fig. 3 Flowchart for spinal muscular atrophy (SMA) carrier screening and prenatal diagnosis
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numbers in the screening-identified carriers. NGS is suit-
able for the differential diagnosis of SMA, which includes 
screening for pathogenic gene variations in patients with 
non-5q-SMA neuromuscular disease or those with myas-
thenia as clinical symptoms that need to be excluded. 
Traditional methods often use different methods to 
detect different diseases, whereas NGS can accurately 
screen multiple diseases simultaneously with higher effi-
ciency and lower cost. Recent studies have confirmed 
that NGS can detect the SMN1 copy number through 
improved experimental procedures and bioinformatic 
analysis [26–30]. In 2017, it was demonstrated that NGS 
could simultaneously detect the SMN1 copy number and 
small SMN variants through improved laboratory proce-
dures and bioinformatic analysis [26]. Moreover, in 2020, 
another study employed NGS for screening SMN1 and 
SMN2 copy numbers with 100% accuracy; the results 
were validated by multiplex ligation-dependent probe 
amplification technique-diagnosed known positive cases 
[27].

The SMA treatment drug nusinersen has been included 
in medical insurance plans in China; however, despite 
its inclusion, one dose still costs 33,000 RMB, which is 
highly expensive for some families. The early symptoms 
of SMA are not obvious, and affected children are gen-
erally tested and diagnosed after birth. Therefore, medi-
cal prenatal screening is more economically significant 
than postnatal treatment. With the advent of drugs, such 
as nusinersen, postnatal therapy is now available. Many 
countries already offer newborn screening, and studies 
have shown that the earlier a child is treated, the better 
[30–32]. Every effort should be made to diagnose spinal 
muscular atrophy in the presymptomatic period [31]. 
Newborn screening will allow more SMA patients to 
receive timely treatment.

In conclusion, the present study revealed that the 
SMA carrier rate in Zhaoqing city, Guangdong province, 
was 1.44% using a large sample size. The screening also 
helped avoid the birth of one affected fetus via prenatal 
diagnosis. Reducing the incidence of SMA via pregnancy 
screening and prenatal diagnosis and advancing the pre-
vention of birth defects can effectively reduce the inci-
dence of birth defects, and reduce the burden on patients’ 
families. Moreover, research has shown that timely inter-
vention and treatment are critical in improving patient 
prognosis before the onset of clinical symptoms, which 
may prevent the development of serious diseases in 
affected children [32].
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