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Optimized Methods of Preimplantation Genetic Diagnosis for Trinucleotide Repeat Diseases of
Huntington's Disease, Spinocerebellar Ataxia 3 and Fragile X Syndrome
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Objectives: Many neurological diseases are known to be caused by expansion of trinucleotide repeats (TNRs). It is hard to diagnose
the alteration of TNRs with single cell level for preimplantation genetic diagnosis (PGD). In this study, we describe methods
optimized for PGD of TNRs related diseases such as Huntington's disease (HD), spinocerebellar ataxia 3 (SCA3) and fragile X
syndrome (FXS).
Methods: We performed the preclinical assays with heterozygous patient's lymphocytes by single cell PCR strategy. Fluorescent
semi-nested PCR and fragment analysis using automatic genetic analyzer were applied for HD and SCA 3. Whole genome
amplification with multiple displacement amplification (MDA) method and fluorescent PCR were carried out for FXS. Amplification
and allele drop-out (ADO) rate were evaluated in each case.
Results: The fluorescent semi-nested PCR of single lymphocyte showed 100.0% of amplification and 14.0% of ADO rate in HD,
and 94.7% of amplification and 5.6% of ADO rate in SCAS3, respectively. We could not detect the PCR product of CGG repeats
in FXS using the fluorescent semi-nested PCR alone. After applying the MDA method in FXS, 84.2% of amplification and 31.3%
of ADO rate were achieved.
Conclusions: Fluorescent semi-nested PCR is a reliable method for PGD of HD and SCA3. The advanced MDA method overcomes
the problem of amplification failure in CGG repeats of FXS case. Optimization of methods for single cell analysis could improve the
sensitivity and reliability of PGD for complicated single gene disorders of TNRs.

[Korean. J. Reprod. Med. 2007; 34(3): 179-188.]

Key Words: Preimplantation genetic diagnosis (PGD), Trinucleotide repeats disease, Huntington's disease (HD), Spinocerebellar
ataxia 3 (SCA3), Fragile X syndrome (FXS)
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Table 1. Primers used for preclinical assays of HD, SCA3 and FXS

Sequences of primers

References

Huntington's disease (HD)
HD-forward (outer)
HD-forward (inner)”

HD-reverse

5-AGGCCTTCGAGTCCCTCAAGT-3'
5-CTGAGGCAGCAGCGGCTGTG-3'
5-GGCGGCTGAGGAAGCTGAGGA-3'

Sermon et al.®

Spinocerebellar ataxia 3 (SCA3)
SCA3-forward (outer)
SCA3-forward (inner)”
SCAS3-reverse

5-TCAGACTAACTGCTCTTGCATTC-3'
5-CCAGTGACTACTTTGATTCG-3'
5-TGGCCTTTCACATGGATGTGAA-3'

Kawaguchi et al

Fragile X syndrome (FXS)
FXS-forward (outer)
FXS-forward (inner)”

FXS-reverse

5-ACGTGACGTGGTTTCAGTGTTTAC-3
5-GCTCAGCTCCGTTTCGGTTTCACTTCCGGT-3'
5-AGCCCCGCACTTCCACCACCAGCTCCTCCA-3

O'Connell et al.?

*Primers are 5'-6-FAM labeled.

o, oju] ARE-3l primers2] 97141 ES Table 191 1
ER AT} YAk PCRE] -9, 10 mM Tris-HCI (pH
8.3), 50 mM KCI, 1.5 mM MgCl,, 0.2 mM dNTPs, 10
pmol primers, 1 unit Tag DNA polymerase (GeneCraft
Co, Munster, Germany)E <3+t & A ¥k o]
30 w7k HA st 4 PCRS DNA thermal
cycler (ABI 2700, Applied Biosystems, Foster City, CA,
USA)E AHE-38e] 96 CollA 104, 94CollA 40%
(#3110 cyclesol| A= 96°Coll A 40%), Z} primer2]
annealing temperatureol] A 40%, 72ColA 40%<]
cycles 253] 33t & HFH o= 724 108
ZF HESAIFTE AAF PCRE] SEAE 1 uE ARE
slo] ey} & Z7ollA fluorescent semi-nested
PCR= X &5t3it. 4] ¥k-3-212 10 mM Tris-HCI
(pH 8.3), 50 mM KCI, 1.5 mM MgCl,, 0.2 mM dNTP
[fragile X syndrome®] 73-9- 7-deasa-dGTP (Roche
Diagnostics GmbH, Mannheim, Germany)S A&, 1
pmol FAM - labeled primers (Applied Biosystems, Foster
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cycleS 403] 33t & HIFHOZ 72ColA 10%
F REEAIFATE SHAMES ABI 3100 Avant auto-
matic genetic analyzer (Applied Biosystems, Foster City,
CA, USA)E ©]-&3}] capillary electrophoresisdt -,
GeneScan Analysis software version 3.7 (Applied Bio-
systems, Foster City, CA, USA)¥} GeneScan-ROX 1000
Size Standard (Applied Biosystems, Foster City, CA,
USA)E ©]83}e] PCR fragment analysisS <33}
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Table 2. Amplification and allele drop-out rates of preclinical assays for HD, SCA3 and FXS

Huntington's disease

Spinocerebellar ataxia 3

Fragile X syndrome

(HD) (SCA3) (FXS)
Applied methods Fluorescegtcslgmi-nested Fluorescegtcslgmi-nested MDA" ar;dcfll?uorescent
No. of single lymphocytes 86 57 19
No. of amplified cells 86 54 16
Amplification rate 100.0% 94.7% 84.2%
Allele drop-out rate 12/86 (14.0%) 3/54 (5.6%) 5/16 (31.3%)

* Multiple displacement amplification.
g ol gste] Wl Y=y ARE EHlEkR o,
REPLI-g Mini Kit (QIAGEN GmbH, Hilden, Germany)
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= WA AIF 2 stop buffer (stop solution in REPLI-g
Mini Kit) 35 pI& 2o ¥-3-& FEAIZT o] %
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o] 30CNA 16413+ &2k WES-AIFTE 1 phi 29
DNA polymerase] E3H4]315 913l 65Tl A 3%
7} H]—;(] O}Oﬂ ouﬂ _‘,]5_7(4 o7 q'k 100 ng/u|_q] %.%
¥ MDA 2HES ATt MDA AHES 1/50 H&
2 8|X5le, flollA] 7]t W o2 FMRL CGG
repeatsell T3} fluorescent PCRS- 4=a 5153 th
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T 867l @ HE Mg BT FFo] st
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ADO rateS YEFH AT (Table 2, Figure 1).
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Figure 1. Electropherograms of the CAG repeats in the preclinical assay with fluorescent semi-nested PCR using
female and male partner's lymphocytes for Huntington's disease. An arrow indicates the expanded mutant allele.

Numbers represent the number of the CAG repeats.
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Figure 2. Electropherograms of the CAG repeats in the preclinical assay with fluorescent semi-nested PCR using
female and male partner's lymphocytes. An arrow indicates the expanded mutant allele. Numbers represent the number

of the CAG repeats.
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Figure 3. Electropherograms of the CGG repeats in the preclinical assay with multiple displacement amplification
and fluorescent PCR using female and male partner's lymphocytes (A) and control (B). Expanded mutant allele (more
than 100 repeats) of female partner was not detected (A). Normal 28/34 alleles of control were detected (B). Numbers

represent the number of the CGG repeats.
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