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Abstract. Spinocerebellar ataxia (SCA) is a group of genetic
diseases of the nervous system with genetic and clinical
heterogeneity. SCA is often caused by an expanded CAG repeat
sequence in the encoding protein. Genetic testing is necessary
to diagnose and classify the types of SCA. Next-generation
DNA sequencing usually generates a high error rate for inser-
tion or deletion mutations, so it is unhelpful for classifying the
types of SCA. In the present study, a Chinese SCA pedigree
was preliminarily diagnosed with SCA1 using polymerase
chain reaction (PCR) amplification. The propositus and
his three younger siblings were diagnosed with SCA1 as a
result of the identification of the length of the expanded CAG
repeat sequence in the ATXNI gene performed using Sanger
sequencing. The current study presents a convenient and effi-
cient method to identify causative mutations for polyglutamine
SCA using PCR amplification followed by Sanger sequencing.

Introduction

Spinocerebellar ataxias (SCAs), a genetically heterogeneous
group of disorders, are inherited in an autosomal-dominant
pattern. Currently, over 30 different types of SCA have been
reported, however only ~50% of causative mutations have been
identified (1). The majority of SCA cases are caused by an
abnormally expanded CAG repeat sequence that leads to the
expansion of a tract of polyglutamine residues in the encoded
proteins (2). The SCAs caused by the CAG repeat expansion
mutation are classified as polyglutamine SCAs. These include
SCA1, SCA2, SCA3, SCA6, SCA7, SCA12, SCA17, and
dentatorubral-pallidoluysian atrophy (DRPLA), in which the
expansion within the glutamine-encoding CAG trinucleotide
repeats accounts for SCA (3). Healthy individuals usually
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carry the heterozygous CAG repeats at a number below the
predicted pathological threshold. SCAS8, probably arising from
a non-coding CTG repeat expansion is also grouped with
polyglutamine SCAs (4). The threshold of CAG/CTG expan-
sions that determine disease carrier status varies between
the different types of SCA (5). Several methods have been
used for detecting polyglutamine SCA mutations including
fluorescence polymerase chain reaction (PCR), denaturing
polyacrylamide gel electrophoresis of DNA, next-generation
DNA sequencing and direct sequencing (6). However, these
methods have some limitations when applied to a clinical
laboratory setting (7). Therefore, there is a need to develop
a simple and rapid method for the detection of CAG repeat
mutations. PCR amplification of the CAG repeat mutations
followed by Sanger sequencing is a simple and inexpensive
method for detection. In the current study, the authors present
a convenient method for screening causative mutations for
polyglutamine SCA using PCR amplification followed by
Sanger sequencing. A Chinese SCA1 pedigree was identified
using this method.

Materials and methods

Pedigree. The study was approved by the ethics committee
of Shenzhen Baoan Hospital, Southern Medical University
(Shenzhen, China). Written informed patient consent was
obtained before initiating the study. The pedigree investigated
in the present study is shown in Fig. 1. The propositus (IV-3) a
24-year-old male individual phenotypically characterized by
a slowly progressive incoordination of gait, associated with
poor coordination of hands, was referred to the Department
of Neurology due to primary difficulty walking. The
propositus complained of slow walking and unsteady gait
from the age of 18. The clinical features of the propositus
included limb ataxia, dysarthria, dysphagia, action tremors,
increased tendon reflexes and handwriting difficulties on
examination. Brain magnetic resonance imaging (data not
shown) indicated prominent atrophy of the cerebellum and
brainstem. The family was diagnosed with SCA by a clinical
neurologist according to neuroimaging, family history and
physical examination. The age of onset was defined according
to the early signs of gait disturbance and slurred speech
described by the family members in the SCA pedigree.
Genomic DNA was extracted from the peripheral leukocytes
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of the 8 subjects given serial numbers in the SCA pedigree
and 205 normal controls using standard protocol (8). Three
subjects (IV-5, 7 and 8) were asymptomatic causative SCA1
gene carriers at gene diagnosis in the pedigree.

Screening PCR. Polyglutamine SCA includes SCA1, SCA2,
SCA3, SCA6, SCA7, SCA8, SCA12, SCA17 and DRPLA. A
total of 9 fragments including CAG/CTG expansion sequences
were amplified by PCR using primer sets shown in Table I.
First, 100 ng of genomic DNA was amplified by PCR in a
50 pl reaction volume containing 10 mM Tris-HCl, (pH 8.3),
2.5 mM MgCl,, 50 mM KClI, 200 M of each dNTP, 2 U Taq
polymerase, and 0.5 M each primer (Table I). Following
denaturation at 95°C for 7 min, amplification was performed
at 95°C for 50 seconds, annealing for 50 sec under different
temperatures as described in Table I, and 72°C for 60 sec for
35 cycles followed by a final extension at 72°C for 7 min. After
amplification, electrophoresis was performed in a 2% agarose
gel (100 V, 45 min) to detect the amplified DNA fragments,
then agarose gel was exposed under a UV light imager.

Sanger sequencing. Following purification, amplified PCR
fragments were subjected to bidirectional direct and cycle
sequencing. Direct sequencing was performed using the
ABI3730 Genetic Analyzer (Applied Biosystems; Thermo
Fisher Scientific, Inc., Waltham, MA, USA). Cycle sequencing
was performed using Stratagene's RoboCycler Gradient
(Stratagene; Agilent Technologies, Inc., Santa Clara, CA,
USA) 96 temperature cycler with Hot Top Assembly. The
DNA polymerase used in sequencing was Platinum SuperFi
DNA Polymerase (Invitrogen, Thermo Fisher Scientific, Inc.)
which combines high fidelity and high sequence accuracy. All
sequencing of PCR fragments was performed more than twice,
the identical sequencing results were regarded as the number
of CAG triplet repeats carried by individuals.

Results

Mutation screening. The mutation screening results of SCAI,
SCA2, SCA3, SCA6, SCA7, SCA8, SCA12, SCA17 and
DRPLA are presented in Fig. 2 for the propositus in the SCA
pedigree and a healthy subject. Two amplification fragments
of distinctly different sizes were observed for the propositus
using the primer sets to amplify the CAG repeats in the ATXN/
gene and two fragments of nearly the same size or only a
fragment of amplification were found using other primer sets.
Two fragments of nearly the same size or only a fragment of
amplification were seen for the healthy subject using each
pair of PCR primers. Mutation screening suggested that the
propositus was a SCA1 patient. The screening PCR detected
two fragments of distinctly different sizes in 4 out of the
8 tested individuals including the propositus using the given
set of primers to amplify the SCA1 CAG expansion (Fig. 3).
The three siblings of the propositus (IV-5, IV-7 and V-8) were
asymptomatic causative SCA1 gene carriers as determined by
gene mutation analysis. Sanger sequencing was needed in order
to count the number of CAG repeats in the ATXN/ gene in the
SCA pedigree for accurate diagnosis. The other four members
(II-1, III-4, TV-1 and I'V-6) were healthy subjects because only
two fragments of nearly the same size were found.
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Figure 1. Pedigree of the family with SCA. Squares indicate males; circles
indicate females; an arrow indicates the propositus. Slash marks indicate

subjects who are deceased. Roman numerals indicate generations, and Arabic
numbers indicate subjects. SCA, spinocerebellar ataxia.

Sanger sequencing. With Sanger sequencing, 67 CAG
trinucleotide repeat genotypes were detected in 205 normal
healthy subjects (Table II). The normal range of the SCAI1
CAG trinucleotide repeats was 7-38 repeats, with the common
repeat being 23-33 repeats in the Chinese population (Fig. 4).
The normal range of CAG repeats was similar to that reported
for other ethnic populations. Usually normal alleles containing
18-38 CAG repeats were interrupted by 1-3 CAT interruptions,
however a few alleles containing 7-23 repeats were not inter-
rupted. In the present study, a CAG triplet repeat (length 61)
was detected for the propositus (IV-3). A repeat length of 51
(IV-7) and 50 (in both IV-5 and IV-8) was observed in the
three younger siblings for the SCA1 pedigree. The other two
subjects (IV-1 and IV-6) carried a normal range of CAG
repeats (28-33) in the ATXNI gene (Table III). The larger the
CAG repeat, the earlier the age of onset for SCA1 (Table IV).
The three siblings with 50 or 51 triplet repeats had no SCA1
symptoms, which indicated a possible late onset. The family
members V-5, IV-7 and I'V-8 could be diagnosed with SCA1
according to the sequencing results, while the subjects IV-1
and I'V-6 could be considered healthy individuals.

Discussion

Polyglutamine SCAs represent a genetically heterogeneous
group of disorders involving the nervous system with a
dominant pattern of inheritance. These SCAs are caused by
the expansion of a CAG/CTG triplet repeat (9). Diagnosis
of polyglutamine SCA requires clinical assessment for the
presence of ataxia and onset age, a family history, and the
clinical characteristics. The diagnosis is only the beginning;
a confirmative genetic study should be performed to
classify the type of SCA for genetic counseling and family
planning (10). This would gradually reduce the incidence of
the SCA. Healthy subjects often carry the heterozygous CAG
repeats below the pathological threshold, therefore, two PCR
fragments of nearly the same size are usually found using
agarose gel electrophoresis. Two fragments of distinctly
different sizes indicate the pathologically expanded CAG
repeat sequence is present. The present study demonstrated
a convenient molecular analysis technique for accurate
diagnosis of polyglutamine SCA by PCR amplification and
Sanger sequencing. The diagnosis of SCA1 was suspected
for the family of the propositus with the CAG expansion
in the ATXNI gene by PCR amplification. The CAG triplet
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Table I. Sequences of oligonucleotide primer sets for polymerase chain reaction.

Primer Sequence (5'-3") Annealing temperature ("C) Fragment size of the wild-type allele
SCAI-F ggtcctcccaatacagtgga 60 364-403
SCAI1-R ttctgcggagaactggaaat

SCA2-F ctccgectcagactgttttg 61 810-837
SCA2-R ctgaccatcgecgctace

SCA3-F tctgtatcagactaactgctcttge 59 369-438
SCA3-R gagggaatgaagaataatgtaaage

SCA6-F tecegtgtcetectttgattt 59 378-411
SCA6-R gacccgectctccatect

SCAT7-F taggagcggaaagaatgtcg 56 280-310
SCA7-R cccagcatcacttcaggact

SCAS-F gcagtatgaggaagtatggaaaaa 59 230-335
SCAS8-R ttctgactcccagcettecac

SCAI12-F ccactgcagcaaagagca 59 280-355
SCAI2-R ggaatgagggtgetggte

SCA17-F gaccccacagcctattcaga 60 196-247
SCA17-R gcctgaggtteectgtgtt

DRPLA-F ccaccacctcctcectatg 60 209-257
DRPLA-R agtgggtggggaaatgct

SCA, spinocerebellar ataxia; DRPLA, dentatorubral-pallidoluysian atrophy; F, forward; R, reverse.

A M 1 2 3 6 ¥ 8 12 17 D B
| -

Figure 2. Screening PCR for SCA1, SCA2, SCA3, SCA6, SCA7, SCAS,
SCA12, SCA17 and DRPLA for the (A) propositus in the SCA pedigree
and (B) the healthy subject. Lane M: Molecular weight marker DNA ladder
(1,000, 900, 800, 700, 600, 500, 400, 300, 250, 200, 150, 100 and 50 bp);
lane 1-D: The amplified fragments with primer sets for SCA1, SCA2, SCA3,
SCAG6, SCA7, SCAS8, SCA12, SCA17, and DRPLA, respectively; lane B:
blank. PCR, polymerase chain reaction; SCA, spinocerebellar ataxia;
DRPLA, dentatorubral-pallidoluysian atrophy.

repeat expansion was found in the propositus and his three
younger siblings in the ATXN/ gene. PCR is a relatively
simple and inexpensive tool that can be used in most clinical
laboratories, and agarose gel electrophoresis of the PCR
products is easy to perform. Screening for polyglutamine
SCAs by PCR is a rapid and efficient method compared with
other mutation detection methods. The definitive diagnosis
of SCA1 depended on the results of Sanger sequencing of
the CAG repeat expansion in the ATXNI gene. A total of
61 CAG triplet repeats were detected for the propositus who

M -1 14 Iv-1

V-3

IV-5 IvV-6 IV-7 1V-8

Figure 3. Screening PCR for SCA1 for the SCA pedigree. Lane M: molecular
weight marker DNA ladder. Lanes marked with roman numerals indicated
the serial number of subjects. The serial number was given to the individuals
according to The American Society of Human Genetics. The Roman
numerals indicated generation, the Arabic numerals indicated the number in
the same generation. PCR, polymerase chain reaction; SCA, spinocerebellar
ataxia; DRPLA, dentatorubral-pallidoluysian atrophy.

presented with initial ataxia symptoms and signs at the age of
18. The three younger siblings of the propositus carrying 51
or 50 CAG repeats in the ATXNI gene showed no symptoms
or signs of ataxia at the age of 22-28 years for the SCA1
pedigree. Three subjects carrying the CAG repeat expansion
were diagnosed with SCA1 according to the sequencing
results.

The onset age is inversely correlated with the number
of CAG triplet repeats, the triplet repeat number is also
associated with the severity of the disease. The larger the
CAG triplet repeat number, the more serious the disease (11).
In the present study, a pedigree showing genetic anticipation
in SCA was investigated. Genetic anticipation in the age at
which onset was observed in the past three generations for
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Table III. CAG repeats in the ATXNT1 gene in the spinocerebellar ataxia pedigree.

Subjects Allele Number of polyglutamines (histidines)
1I-1 (CAG),,CATCAGCAT(CAG),/(CAG),;CATCAGCAT(CAG),, 29/30
11-4 (CAG),(,CATCAGCAT(CAG),/(CAG),;CATCAGCAT(CAG),, 29/26
V-1 (CAG),,CATCAGCAT(CAG),/(CAG),,CAT (CAG),c 29/28
V-3 (CAG);CATCAGCAT(CAG),/(CAG)y, 26/61
IV-5 (CAG),,CATCAGCAT(CAG),s/(CAG)s, 30/50
V-6 (CAG),sCATCAGCAT(CAG),5/(CAG),;CATCAGCAT(CAG),, 33/30
Iv-7 (CAG),,CATCAGCAT(CAG),s/(CAG)s, 30/51
V-8 (CAG),,CATCAGCAT(CAG),s/(CAG)s, 30/50
0.35 Table IV. Age of the onset in the spinocerebellar ataxia 1
031 pedigree.
5 0251 Age of the onset Number of polyglutamines
g 02 Subjects (Years) (histidines)
£ ois I-1 37 N/A
8 o1l 11-2 34 N/A
1I-2 28 N/A
A I I i 11I-5 26 N/A
__________ | S
0 7 9 1011 13 14 15 17 18 22 23 2l4 25 26 27 28 29 30 31 3.2 3.3 4 38 -7 29 N/A
CAG repeat numbers V-2 22 N/A
Figure 4. Genotype fi f different CAG trinucleotid ts in th IV-3 18 26/61
1gure 4. Genotype Irequency ol ditferent rinucleotide repeats i the .
ATXNI gene in healthy Chinese subjects. IV-5 Asymptomatlc 30/50
V-7 Asymptomatic 30/51
1V-8 Asymptomatic 30/50

the family according to the families' recollection (Table I'V).
The mechanism of genetic anticipation in SCA is the
intergenerational unstable amplification of CAG triplet
repeat sequences. The greater the CAG repeat number
increases with the generation, the more the age-at-onset
decreases in successive generations (12). Genetic anticipation
tends to be more prominent when the CAG expansion
comes from paternal inheritance compared with maternal
inheritance (13). The different onset age between the
propositus and his three younger siblings should be caused by
a distinctive inheritance pattern. The propositus obtained the
causative mutation of CAG repeat expansion from his father
who died of SCA1 at the age of 35. Three siblings of the
propositus carrying 50-51 CAG repeats showed no symptoms
or signs of SCAI at the age of 22-28 years as a result of
maternal inheritance. The phenotype of the disease may be
present ~10 years later for the three younger siblings carrying
50-51 CAG repeats, according to the correlation between the
length of CAG repeat expansion and age at disease onset,
although statistical analyses were not performed. Certainly,
the age-at-onset and phenotype of the disease can be affected
by regulating genetic and environmental factors (14). Thus,
Sanger sequencing of the fragments of the trinucleotide
repeat sequence is helpful to predict the age-at-onset and
phenotype of SCA. In the Chinese population, gene mutations
in ATXN3 are the most common, followed by SCA2, SCAI,
SCA7, SCA6, and SCA12 (15). In the present study, there
was evidence of genetic anticipation, which could be caused

N/A, not applicable (DNA was not obtained).

by an abnormally expanded CAG repeat sequence in the
pedigree. The family was affected by a polyglutamine SCA.
The SCA1 was a preliminary diagnosis for the family by
PCR amplification. Accurate diagnosis of 4 cases with SCA1
was performed using Sanger sequencing of the CAG repeat
expansion in the ATXNI gene, which was helpful to infer the
age-at-onset. The results of the present study suggest that
PCR amplification followed by Sanger sequencing is a useful
tool to diagnose polyglutamine SCA.
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