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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 SCA3, 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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1. §€lEH (Huntington's disease, HD)
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5. Fluorescent semi—nested PCR analysis and
fragment analysis

ZH)E T Y EZJ= alkaline lysis bufferg ©]-&
3lo] 23 A7) 1, neutralization buffer (900 mM Tris-
HC], pH 8.3, 300 mM KCl, 200 mM HCYE ¥ o] F3}
A AT PCR E0]4E o] ADO rate2 £°|7]
2)3) fluorescent semi-nested PCR *HH-S ARE-31 &
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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 ef al.®

Spinocerebellar ataxia 3 (SCA3)

SCA3-forward (outer) 5-TCAGACTAACTGCTCTTGCATTC-3' Kawaguchi et al*
SCA3-forward (inner) 5S-CCAGTGACTACTTTGATTCG-3'
SCA3-reverse S“TGGCCTTTCACATGGATGTGAA-3'
Fragile X syndrome (FXS)
FXS-forward (outer) 5-ACGTGACGTGGTTTCAGTGTTTAC-3' O'Connell ef al.”

FXS-forward (inner)*

FXS-reverse

5GCTCAGCTCCGTTTCGGTTTCACTTCCGGT-3'
5-AGCCCCGCACTTCCACCACCAGCTCCTCCA-3'

* Primers are 5'-6-FAM labeled.

], o]w] AL&-¢k primers®] F714 LS Table 19 Y
Ehfiict. 9=} PCRY] 7§, 10 mM Tris-HCI (pH
8.3), 50 mM KCl, 1.5 mM MgCl,, 0.2 mM dNTPs, 10
pmol primers, 1 unit Tag DNA polymerase (GeneCraft
Co, Munster, Germany)E 33t & 4] dl-g-olo]
30 7t HA stk Uik PCRS DNA thermal
cycler (ABI 2700, Applied Biosystems, Foster City, CA,
USA)E AR&38to] 96Tl 103, 94Tl 40%
(A5 10 cyclesol A= 96 Coll A 40%), 2t primer)]
annealing temperature®l| X 403, 72Co|A 40%9]
cycles 253] 73t F HFH o2 72TA 108
b RR3AIF T da PCRY FEAE | uE AR
sto] ohet 22 27| A fluorescent semi-nested
PCR& 38t} A A ¥k-&-<12 10 mM Tris-HCI
(pH 8.3), 50 mM KCl, 1.5 mM MgCl,, 0.2 mM dNTP
[fragile X syndrome®] 73-%- 7-deasa-dGTP (Roche
Diagnostics GmbH, Mannheim, Germany)E A&, 1
pmol FAM - labeled primers (Applied Biosystems, Foster
City, CA, USA), 1 unit Taq DNA polymeraseS &3t
gk & 20 7t HA 3+ Th Semi-nested PCRE] HF

XL 94TAA 108, 94Tl A 40%, Z} primer
9] annealing temperatured] A 403, 72°Col| 4] 40%2]
cycles 403] 38t & HEZ o7 72T A 108
b RESAIZTE FEAFE-S ABI 3100 Avant auto-
matic genetic analyzer (Applied Biosystems, Foster City,
CA, USA)E ©]83}4 capillary electrophoresis3F 3,
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}% PCR fragment analysisZ J=3)3}
A} A $HEe] 07 Pol F shiel o
B18k7] Jste] PCR Al 270 o9 &4
=3

7]
ARE TPt BE AU AT,

PN e

My

o
o
6. Multiple displacement amplification (MDA)

Fluorescent semi-nested PCR '3 o2 tjit &3
Aol 240] o2E 49 MDA WHOZ whole
genome amplifications A %=3}3Ith FMRI CGG repeat

o] 47} 28/34 repeats$] heterozygous type 37317}
X-BAA Hek 57 A} (28100 repeats)]
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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 Fluorescent semi-nested Fluorescent semi-nested MDA and fluorescent
PP PCR PCR PCR

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.

Ag o)gsle Bl YLF g TS,
REPLI-g Mini Kit (QIAGEN GmbH, Hilden, Germany)
& Abgstel MDAZ FH3gith. 795t MDA
Wwe Anay, 2ulE 9d YIRS 47
2.5 pl PBS7} 5919 02 ml PCR tubeol] Wo &
H]3}91 11, denaturation lysis buffer 2 (DLB 2 : 200 mM
DTT, 400 mM KOH and 10 mM EDTA) 3.5 & A7}
3 & A5l 10837 BAIse] §3iE A4 DNA
Z WAAF 2.9 stop buffer (stop solution in REPLI-g
Mini Kit) 3.5 pE ¥ol ¥8& FEART o] F
cell lysates©l] 40 pl] master mix (DW 10 pl, reaction
buffer 29 pl, phi 29 DNA polymerase 1 p)& 7}t
o] 30°ClA 16A1%F &F #E-&AIZTE 2 % phi 29
DNA polymerase2] B&43E 93l 65Tl 32
7gAs o, AFHOR oF 100 ngud} FF
H MDA HES 43tk MDA AHES 1/50 Bl &
2 g|Mste], flelA 7]ed WH o E FMRI CGG
repeats©l] WSt fluorescent PCRE -3 3}3i T}

2

ror

HE[E8 (Huntington's disease, HD)

A= Aghe] A FARR] huntingtin 7
ZHe] 5 Wit X8l CAG repeatE 5-E3}7]
A3l outer primers®} inner primerE Z}Z} 31Qtsled
Y3+ T}, Genomic

2870<} 3170

fluorescent semi-nested PCRS <=3
DNAE °| 83 Al ge 22

2] CAG repeats® 7HA| 1L v AAUES A&
T Ao, FHEEW 3x}el Bolo A
CAG repeats¥ 62712] H]4 CAG repeatsE 714
I ASE ARG g AlzdAY g &
|45 89l ’5‘]'7 | $18ll A742] CAG repeatsE 714
= JHe T 407, BHH repeatsE 7L
2 E? 4670, & 8671 Y Hx 4
o] g3t ZHH FHXG ik AU
HAAFE XStk 2 Z3 PCR FEHTES &
A (40/40)7} F-21 (46/46) oA 100.0%E Y E}
W3lem™, ADO rate= FHS] 7-F 15.0% (6/40), F-
014 4% 13.0% (6/46)Z =AU Aoy o=
F 867l 9 HET A5 BF FFd I3t
oq 100.0%2] SZA4FES Yehlidien, o] F 12
Me] Al2A ADOZF #HEE | 14.0% (12/86)°]
ADOrateZ YERHAT (Table 2, Figure 1).
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2. HeiklM 2FTAIXZE (Spinocerebellar
ataxia 3, SCA3)

F-H-2] genomic DNAE ©|&3dt zZ+zte] MJDI
F72+2] CAG repeatsE fluorescent semi-nested PCR
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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.

AW AALE Feglch 1 A9 F 57709 Al
Mol A FFoll 33t 94.7%] FZA

370l ADO7} &35
6% (3/54)2] ADO rateS YEFHATH (Table 2,
Figure 2).

3. X-HAMH F2 S= (Fragile X syndrome,
FXS)

dztH o2 HHE genomic DNAS ©]-&3}o]

FMRI 7A2] CGG repeatsS fluorescent semi-
nested PCRZ ZAMSH A3 FHE 31709 A4
CGG repeatsE 213 = Uk F19] H-$- 287)
9] A4 CGG repeats> 1A o, A3 nfe}
2ol F<219] 100 repeats ©]4+2] mutant allele 221
& Zakqich webx] F &9 ADO rated] E1&
A3l 2834 TNRsE 7HAl & AARI] By Hx 7
ANEE AYR A ARSI 18u 7]1Ee)
fluorescent semi-nested PCR W o2 A HALS
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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.

A A8+ O 1) genomic DNAGA B Axeles &
2] heterozygous type (28/34 allele)?] ©d HIT Al
ST 7dPd 2985 A & g o
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AreE A3} 16709 AlgolA AEs CGG repeats -’F
E 318 = glo] 84.2% (16/19)8] FEAF
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31.3% (5/16)9] ADO rate® YERNAT} (Table 2,
Figure 3).
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A fluorescent semi-nested PCRS] A¢t a8A4 & &
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Tl hswe e, 2, 69 9n
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9] fluorescent semi-nested
&3, MDAE
43} whole genome amplification®} fluorescent PCR
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rAxEe] Wolo Bigk FAjo] X %= TNRs
HE G FAA ool digh A FHATY
o]
o

Fo AR B WEE 018% B A
M9 A gHel AYs AFvt BrHo A
Bslofol & Aoz ARd
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