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Southern Analysis after Long-range PCR: Clinical Appli-
cation in Korean Patients with Myotonic Dystrophy 1
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Purpose: Myotonic dystrophy 1 (DM1, OMIM 160900) is an autosomal-dominant muscular disorder caused by an expansion
of CTG repeats in the 3" UTR of the DMPK gene. Variable expansions of CTG repeats preclude the accurate determination of
repeat size. We tried to show the clinical and analytical validity of the application of Southern blotting after long-range PCR
was demonstrated in Korean DM1 patients.

Materials and Methods: The Southern blotting of long-range PCR was applied to 1,231 cases with clinical suspicion of DM1,
between 2000 and 2011. PCR was performed using genomic DNA with forward 5-CAGTTCACAACCGCTCCGAGC-3’ and
reverse 5-CGTGGAGGATGGAACACGGAC-3’ primers. Subsequently, the PCR fragments were subjected to gel electro-
phoresis, capillary transfer to a nylon membrane, hybridization with a labeled (CAG)10 probe. The correlation between clinical
manifestations and the CTG repeat expansions were analyzed.

Results: Among a total of 1,231 tested cases, 642 individuals were diagnosed with DM1 and the range of the detected expansion
was 50 to 2,500 repeats; fourteen cases with mild DM1 (75+14 repeats), 602 cases with classical DM1 (314+143 repeats), and
26 cases with congenital DM1 (1,219+402 repeats). The positive and negative predictive values were 100%. The age at test
requested and the CTG repeat numbers were inversely correlated (R=-0.444, P<0.01).

Conclusion: This study indicates that Southern blotting after long-range PCR is a reliable diagnostic method DMT.
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Introduction is highly variable and classified into three subtypes according to
severity: mild; classical; and congenital.” The abnormal expansion

Myotonic dystrophy 1 (DM1, OMIM 160900) is one of the most of a trinucleotide CTG repeat in the 3'UTR of the DMPKT gene is the

common muscular dystrophies, inherited in an autosomal-dominant underlying molecular cause of DM17 and diagnosis is based on

manner, and is typically characterized by myotonic myopathy detection of these abnormally expanded repeats. There is a clear

but also involves multiple organs, including eye, heart, endocrine association between CTG repeat size and age at onset and clinical

. 1,3-5) sy s s . .
system, and the central nervous system. The clinical phenotype ~ SEVerity; ™ itis important, therefore, to identify the accurate
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number of CTG repeats to facilitate appropriate prediction of clinical
severity and outcome. The range of CTG repeat numbers is 50 to
150, 100to 1,000,and 1,000 to > 2,000in mild, classic, and congenital
DM1, respectively, and this wide variation in expansion of CTG
repeats has led to difficulty in establishing a clinically reliable test.*
? Additionally, variable penetrance and somatic mosaicism among
patients preclude the determination of accurate repeat size. In
this study, we used Southern analysis after long-range PCR of
genomic DNA for the diagnosis of DM1.

Materials and Methods

Southern analysis after long-range PCR was applied to cases
referred for genetic testing of DM1 at the Asan Medical Center
between 2000 and 2011. Genomic DNA from peripheral blood
was used as a template for PCR amplification. Long-range PCR
was performed using LA-Taq polymerase (TAKARA, Shiga, Japan)
with forward (5'-CAGTTCACAACCGCTCCGAGC-3') and reverse
(5-CGTGGAGGATGGAACACGGAC-3') primer set. The long-range
PCR products were resolved on 1% agarose gel electrophoresis
(75V, 2hr), and transferred to a nylon membrane and fixed at
80°Cfor 1h. Hybridization was performed at 45°C using biotin-
labeled (CTG),, probe overnight. After washing and incubation in
blocking solution for 50 min, membranes were stained with 2L
alkaline phosphatase labeled streptoavidine for 50 min. CDP-Star
chemiluminescent substrate (KPL, MD, USA) treated blots were
exposed to X-ray film or detected by ChemiDoc XRS+ (BioRad, CA,
USA). The expanded alleles revealed a smeared band and the size
of the allele with the strongest density were reported as shown in
Fig. 1.

To ensure the accuracy of this Southern blot of long-range PCR
test for DM1, we confirmed the test protocol using the 54 controls
(18 positive controls with range; 400-650 repeats, 36 negative) of
the Collage of American Pathology (CAP). The positive rates of the
diagnosis were determined. The size of CTG repeats was presented
as mean+standard deviation (SD). To delineate the possible cor-
relation between genotype and phenotype, the relationship bet-
ween the age at test requested and the size of CTG repeats was
also analyzed using Pearson's correlation analysis. SPSS 18.0 was
used for the statistical analysis.

Results

To ensure the accuracy of this method, we validated our test

using 54 controls (18 positive) obtained from the CAP and all
controlswere accurately determined. The number of CTG repeats was
underestimated by 140+88 in our test compared to CAP data.
Among 1,231 referred cases, 642 patients (52.5 %) were diag-
nosed with DM1. The age at diagnosis of DM1 and the number of
CTG repeats were inversely correlated (R=-0.444, P<0.01) (Fig. 2).
Fourteen cases were diagnosed with mild DM1, and their repeat
size was 76+14, the CTG repeat size of 602 cases with classical
DM1 was 314+143, and that of 26 cases with congenital DM1 was
1,219+402 (Table 1). Maternal anticipation was also demonstrated
in all 17 familial cases of DM1. The offspring showed CTG repeat
expansions of a median of 800 (range, 50-1,950) compared to
their mother.

Discussion

DM?1 is the most common muscular dystrophy in adults with
an estimated incidence of 1 in 8,000 individuals.”® The DMPK
gene, which is containing 14 or 15 exons and encoding a serine-
threonine kinase expressed in all tissues, is the only known gene
associated with DM1. The diagnostic molecular test for DM1 is
aimed to detect the unstable hyperextensions of the CTG triplet
repeatin the DMPK gene.

In patients with clinical suspicion of muscular dystrophies, the
confirmation of etiological diagnosis is very important, not only
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Fig. 1. Southern blot of long-range PCR products from the CTG repeat
in the DMPK gene. Lanes contain samples from a normal control and
patients with mild, classical, and congenital types of myotonic dystrophy.
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Fig. 2. The relationship between age at diagnosis and (CTG), repeat expansion in the DMPK gene.

Table 1. The Distribution of (CTG), Expansions According DM1 Subtype

Phenotype (range of (CTG),”) Number of subjects (CTG), by Southern blotting after Long-range PCR
Normal (5 to 35) 589 -

Mild (-50 to -150) 14 75+14 (range, 50 to 90 repeats)

Classic (-100 to -1,000) 602 313+143 (range, 100 to 900 repeats)
Congenital (-1,000 to 2,000) 26 1,219+402 (range, 1,000 to -2,500 repeats)

*GeneReviews: http:/www.ncbi.nlm.nih.gov/books/NBK1165/™

for the appropriate therapies but also for the counseling about
the prognosis and family planning. Especially for the prenatal
genetic diagnosis, the reliability and speed is critical!® Currently,
severalmolecular diagnostic methods are available for the genetic
diagnosis of DM1; however, the accurate determination of
expansion size using a single method is frequently problematic.
Therefore, combined testing, including both PCR and Southern
blot, has been recommended for routine genetic testing."® PCR is
a rapid test for the discovery of small expansions (<100 repeats);
however, longer repeat arrays (>1,000) are not readily detected
by PCR, hence Southern blotting using genomic DNA should be
performed to detect these. Southern blotting using genomic DNA is
a labor-intensive, time-consuming, and expensive process requiring
high-quality DNA for adequate analysis.*”

The results of our study indicate that the Southern analysis
after long-range PCR is a very useful method for the diagnosis
of DM1, with high specificity and positive predictive value. This
method is faster and less expensive than routine PCR & fragment
analysis and/or genomic Southern blots. The maximum detection
limit was 2,500 CTG repeats, which is comparable with previous

reports using small sample sizes.""”

The number of CTG-repeat unitsin stable nonpathogenic DMPK
alleles ranges from 5 to 34"¥ and there is significant genotype-
phenotype correlation between the CTG repeat size and clinical
severity. Infants with congenital DM1, floppy infants suffering
respiratory insufficiency, failure to thrive, mental retardation and
developmental delay, usually has more than 1,000 CTG repeats
expansions. On the other hand, the mild forms of DM1, only
comprising premature cataracts and baldness, have 50-150 CTG
repeats. Using this correlation, the clinical phenotypes classified
according to the clinical presentations can be determined by the
CTG repeat size, which permits the prediction of clinical course.*
" Thus, the purpose of the molecular testing is not only proving the
presence or absence of the expanded alleles but also the correct
sizing of the CTG repeats. However, there is a repeat size overlap
in patients with different clinical classifications and dynamic
somatic mosaicism of CTG repeat toward continuous expansion
throughout the life time of an affected individual.

Although Southern analysis after long-range PCR is a well-
established technique, appropriate conditions to guarantee
the amplification of GC-rich templates are required. Because
long and GC-rich templates tend to form extremely stable
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secondary structures, which interfere with conventional PCR
amplification,” it is very difficult to determine the optimal PCR
conditions for diagnosis. In this study, we were able to establish
the appropriate conditions for Southern analysis after long-
range PCR for DM1 patients. To date, triplet repeat primed PCR
(TP-PCR) has proven to be accurate and is used in many centers
as an alternative to Southern analysis after long-range PCR." "
Although expansionsin all size ranges can be detected by TP-PCR,
the determination of the expanded repeat length is unreliable
because of the attenuation of the signal for longer repeats.”®
" Similar to TP-PCR, the numbers of CTG repeats observed by
Southern analysis after long-range PCR have previously been
reported to be too obscure.® ™™ Despite this difficulty of correct
determination of largely expanded alleles, these issues did not
affect the diagnosis and subtype classification of the patients.
Additionally, we could also confirm that the age at diagnostic test
were inversely correlated with the estimated numbers of CTG
repeats by Southern blot of long-range PCR. The genetic anticipa-
tion'” was also identified in 17 families with 4 times of repeat
expansions, which also confirms the accuracy of the test.

The accuracy of Southern analysis after long-range PCR is low
when testing for short CTG repeat expansionsand the differentia-
tion of mild type DM1 from premutations was particularly difficult
using this method. Although the differentiation of premutation
and mild type DM1 was not critical for the clinical diagnosisin the
symptomatic patient group, PCR & fragment analysis should be
done additionally for the diagnosis of carrier and asymptomatic
family members of DM1.

This study has described precise PCR-Southern blot conditions
that were successfully applied to clinical testing. This Southern
analysis after long-range PCR is potentially applicable to other
genetic disorders with repetitive GC-rich sequences.
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