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Objective: Preimplantation genetic diagnosis (PGD) is reserved for couples with a risk of transmitting
a serious and incurable disease, and hence avoids the undesirable therapeutic abortion. In this study, we
evaluated the efficacy of PGD for Duchenne muscular dystrophy (DMD) cases by the fluorescent PCR
with polymorphic linked markers and the conventional duplex-nested PCR methods.

Methods: Biopsy of one or two blastomeres was done from the embryos fertilized by ICSI on the
third day after fertilization. We performed two cases of PGD-DMD by the duplex-nested PCR for the
causative mutation loci and the SRY gene on Y chromosome. The triplex fluorescent PCR for the
mutation loci, the SRY gene and the polymorphic microsatellite marker on X chromosome was applied
for two cases of PGD-DMD.

Results: By the duplex-nested PCR, successful diagnosis rate was 95.5% (21/22), but we could not
discriminate the female embryos whether normal or carrier in this X-linked recessive disease. However,
the triplex fluorescent PCR method showed 100% (27/27) of successful diagnosis rate, and all female
embryos (n=17) were distinguished normal (n=10) from carrier (n=7) embryos. Unaffected and normal
embryos were transferred into mother's uterus after diagnosis. A healthy normal male was achieved
after PGD with the duplex-nested PCR method and a twin, a male and a female, were delivered with
triplex fluorescent PCR method. The normality of dystrophin gene was confirmed by amniocentesis
and postnatal genetic analysis in all offsprings.

Conclusion: The fluorescent PCR with polymorphic marker might be useful in improving the
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specificity and reliability of PGD for single gene disorders.

Key Words: Preimplantation genetic diagnosis (PGD), Duchenne muscular dystrophy (DMD), Duplex-
nested PCR, Fluorescent PCR, Polymorphic marker
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Figure 1. Electropherogram of the dinucleotide repeat analysis for genetic diagnosis of Duchenne muscular dystrophy.
The length of the repeats (base pairs) is represented on the top of electropherogram. Electropherogram A (top): the
unaffected male partner; B (middle): the carrier female partner; C (bottom): the affected son. Arrows and arrow heads

indicate normal and mutant alleles, respectively.

2. Genomic DNA2S] £2|2} single lymphocyte
preparation

7} BB

]L_

Agho] ¢ &9
ol}A AquaPure Genomic DNA kit (Bio-Rad Laborato-
ries, Hercules, CA, USA)S ©] &3} genomic DNA
&3 T AR A7H 20T Haskalen,
E o83t 7} ZHAINA dystrophin R Al o
o] AR5 ARSI A4H FdT
7] A Z} primer®] PCR %71
rate Z12] 3L allele drop-out (ADOQ) rate® =As}7]
Aate] 2z} gkxlel Yo g BE] Ficoll-Paque density
gradient separation (F icoll-Paque™ PLUS, Amersham
= lympho-
cytesE Bttt wiFdA o] Ca* /Mg -free pho-

= L. 2] =
},t: TEl- 2]
=

=

4, amplification

Biosciences AB, Uppsala, Sweden) " 2.

-19-

sphate buffered saline (PBS)Z A4S BHEXN 1 4
Hol lymphocytes AH-& @o] sJAlg & vl

sloll A micropipetted ©]-8-3t Z-7te] lymphocyte
Z 519 lysis buffer (200 mM KOH, 50 mM DTT)7}
21 ZHzhe] PCR tubeol]l ¥SATh o]& A F4]
# single lymphocyte tube’™ A8 A7EA] 70Tl B
Bkt

3. HXtel AHF A HYORS| HH QS

=

Gonadotrophin-releasing hormone (GnRH) agonist,
human menopausal gonadotrophins (hMG)®} human
follicular stimulating hormone (hFSH)S ©]-83}o]
igs fEsdoh 2892 4] a1 #F
stod Hag 27 o)) FE7F 18 mm o), 17-f
estradiol 2] ¥ =7} 500 pg/ml ¥/$1-& W human cho-



rionic gonadotrophins (hCG)YE 10,000 TU FAFSIS
th hCG FAF F 34A171e] A2 295 o] 454
dAE AF ek AHE GAE G-Fert WEH
(Vitrolife Sweden AB, Kungsbacka, Sweden)°l 2],
37°C, 5% CO, 95% &71 F W¥71NA 3~43E
vieketoich wid F dgE IAE dide® AX

3L AL o] EH AT 4847
T MY & & AHE AAIEITh
4, &1 MZA (blastomere biopsy)

w34 6~10 AE7]9] vlo}s titew ¥
T AAE APt B AL LolshA s
skl WA HjolE Cca’*/Mgto] o YA F2
ke (EB-10, Vitrolife Sweden AB, Kungsbacka,
Sweden)ol| 547+ A2 331t} Biopsy pipette Well &
2] acid Tyrode €9 (pH 24)2 A$I holding
pipette 2 2 Bllo}E AT T acid Tyrode §HOF
S AAs AT FH AA ¥ £
g 19 s e 8 1~ Al &
T A7 Aol dei7t F5g 6-AlEY] o]de] uljo}
Axe 2719 878 AR &E A &
Hjoh= 3~43] fAg F Fdo R §A, Hofo]

4 A7 lekstelnt,

H=
%_IT’E

5. Single cell lysis ¥ duplex —nested PCR
analysis

T

== A4

4= alka-

neutralization

TH|H single lymphocyte
line lysis bufferE o]-&3to] 8-3fA17] 1,
buffer (900 mM Tris-HCl, pH 8.3, 300 mM KCIl, 200
mM HCHE 4o 53FAZh Duplex-nested PCR
el 2lojx A PCRE] 79, 10 mM Tris-HCI
(pH 8.3), 50 mM KCl, 1.5 mM MgCh, Z} 02 mM
dNTPs, 10 pmol primer pairs, 1 unit Taq DNA poly-
meraseE T F A whg-oo] 30 prt HA st
%t} PCR-S DNA thermal cycler (ABI 2700, Applied
Biosystems, Foster City, CA, USA)| A =33} 0
o, 96Tl A 105, 94Tl 403 (A& 10 cycles
ANA = 96 CoNlA 40%), Z primer®] annealing tem-
perature| A 13, 72°CAA 129 cycle® 253] <
P F HFTH2Z 2T 1083 HEAIZ

=20 -

YA PCR W&ol B¢ F 1 49 | piE A
8} nested PCRS Z381SITt Nested PCRE] WH-
Z27& dak PR FLIA SR oH, 1 4t
E-& 2% agarose gel W7|9YEHOE ST} T
g 2AgA AT oA 99 F shel o
ARE golsly] $iste] PCR Al 27 ©]4+] nega-
tive control tubeE EFAIZ 2 biopsy BT Hll
o2 WYY WgATS FEste] FUsA A
Ao RN 99 ARE ISt

6. Fluorescent PCR and fragment analysis

PCR =7o] MZ T}E primerE AHE-3}7] uf&-of
YUx} PCRS] 73-9+= 7]¥29] duplex-nested PCR "3
I T o Fagith YAk PCRY) TF
AHE 1 WE AFHESHY] triplex fluorescent nested PCR
S A3HY 01 10 mM Tris-HC! (pH 8.3), 50 mM
KCl, 1.5 mM MgCl,, Z+ 0.2 mM dNTP, 1 pmol FAM
(HEX or NED) - labelled primers (Applied Biosystems,
Foster City, CA, USA), 1 unit Taq DNA polymerase S
F F 20 wrtk HA sl ¥eEd2 94Tl
A 108, 94°CllA 40%, 4 primer2] annealing tem-
perature® A 13, 72Tl 159 cycleS 403 %
gt & HFHo = 72TA 1027 HH-2A Z )
ZEHES ABI 3100 Avant automatic genetic analyzer
(Applied Biosystems, Foster City, CA, USA)E ©] &3}
o] capillary electrophoresis$t $-, GeneScan Analysis
software version 3.7 (Applied Biosystems, Foster City,
CA, USA)Z} GeneScan-ROX1000 Size Standard (App-
lied Biosystems, Foster City, CA, USA)E ©]-8-35}o]
PCR fragment analysis& 4335}tk

2 1

1. Preclinical single lymphocyte test

A TGS AAR Aol A8e7] old
o 329} 1 7}EE9) genomic DNAS ©]-435}o]
A AARE ARSI, O ARE EY|
2 717} nested primere} fluorescent primerS A
3130tk Genomic DNAY} o} single cell levelol] A
9] amplification rate®} ADO rate 223 3G pri-

merd] E&4E& A7) H5H single lymphocyte



c

[=}
N0 © g
o o . .
E% %%%E &£ Negative Controls
EEEEEESE A
W wwiw = <

Dystrophin
exon 45

Sry

Dystrophin
exon 17

Embryo 2-1
Embryo 3
Embryo 4-1
Embryo 5
Embryo 6-1
Embryo 7
Embryo 8
Embryo 9
Embryo 10-1
Embryo 11
Embryo 12
Embryo 2-2
Embryo 4-2
Embryo 6-2
Embryo 10-2

°
=
Qo
£
L

Sry

Figure 2. The results of the preimplantation genetic diagnosis for Duchenne muscular dystrophy using duplex-nested
PCR in case 1 (A) and case 2 (B). A: The PCR products of dvstrophin exon 45 and Sry were detected in embryo 1, 2, 4,
5 and embryo 4, 5, respectively. There were no PCR products in all negative controls. B: The PCR products of dystro-
phin exon 17 and Sry were detected in embryo 1, 2, 3,4, 6, 7, 9, 10 and embryo 4, 5, 8, 10, 11, respectively. The PCR
products for Sry in the blastomere 4-1 and the PCR products for Sry and dystrophin exon 17 in the blastomere 12 were

not detected.
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Figure 3. Electropherogram of the dinucleotide repeat marker (DY SI) analysis, Srv, and dystrophin exon 45 for pre-
implantation genetic diagnosis of Duchenne muscular dystrophy in case 3. The approximate length of the repeats (base
pairs) is represented on the top of electropherogram. Electropherogram A (top): the unaffected male partner; B: the
carrier female partner; C the affected son; D and E: the carrier female embryos; F and G: the normal female embryos.
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Figure 4. Electropherogram of the dinucleotide repeat markers (3'CA and STR44) analysis and Sry for preimplan-
tation genetic diagnosis of Duchenne muscular dystrophy in case 4. The approximate length of the repeats (base pairs)
is represented on top of the electropherogram. Electropherogram A (top): the unaffected male partner; B: the carrier
female partner; C: the affected son; D: the normal female embryo; E: the carrier female embryo; F: the affected embryo.
Arrows and arrow heads indicate normal and mutant alleles, respectively.
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Table 1. Clinical outcome of the PGD for Duchenne muscular dystrophy cases

Duplex-nested PCR Fluorescent PCR
Case-1 Case-2 Case-3 Case-4

Mutation loci Exon 45 Exon 6~17 Exon 45~50 Not found
Informative markers ND ND DYSI STR44/3'CA
Female partner's age (years) 34 28 34 42
No of biopsied embryos (blastomeres*) 44) 18 (26) 16 (16) 11(20)
Diagnosis rate per blastomere 100% 94.4% 100% 100%

Normal 2 4 4 2
No. of male embryos

Affected 0 4 2 2

Normal 6 4
No. of female embryos 2 9

Carrier 4 3
No. of transferable embryos 2 (50%) 4 (22%) 10 (63%) 6 (55%)
No. of transferred embryos 2 4 4 4
Results of pregnancies Singleton - Twin Biochemical

46, XX 46, XY & 46, XX
Results of amniocentesis (normal for - (normal for
dystrophin) dystrophin)
Delivery outcome Female _ Male/Female _
Y (2.8kg) (2.8 kg2.6 kg)

ND: Not determined, *blastomeres with nucleus
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