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Preimplantation Genetic Diagnosis for Single Gene Disorders
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Preimplantation genetic diagnosis (PGD) has become an assisted reproductive technique for couples
who are at risk that enables them to have unaffected baby without facing the risk of pregnancy ter-
mination after invasive prenatal diagnosis. The molecular biology and technology for single—cell
genetics has reached an extremely high level of accuracy, and has enabled the possibility of performing
multiple diagnoses on one cell using whole genome amplification. These technological advances have
contributed to the avoidance of misdiagnosis in PGD for single gene disorders. Polymerase chain
reaction (PCR)—based PGD will lead to a significant increase in the number of disorders diagnosed
and will find more widespread use, benefiting many more couples who are at risk of transmitting an
inherited disease to their baby. In this review, we will focus on the molecular biological techniques
that are currently in use in the most advanced centers for PGD for single gene disorders, including
biopsy procedure, multiplex PCR and post—PCR diagnostic methods, and multiple displacement ampli-
fication (MDA) and the problems in the single cell genetic analysis.

Key Words: Preimplantation genetic diagnosis (PGD), Single gene disorder, Polymerase chain reac-
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(2) Mechanical zona opening
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(3) Laser-assisted zona opening
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(1) S| A& (polar body biopsy)
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". First and Second Polar body ¥

B Second Polar body
removal

D. Blastomere biopsy

f

\ .
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Fig. 1. A) First polar body removal. B) Second polar body removal. C) First and second polar body
removal. D) Blastomere biopsy. (Verlinsky Y, Kuliev A. Glob. Libr. Women’s med.,(ISSN: 1756—

2228) 2008; DOI 10. 3843/GLOWN.10373).
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1) Multiplex PCR
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2) Fluorescent PCR
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(Normal female) | = \ Jﬂ \ 1M
o Nl
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N 120 i
(Carrier female) | . Jﬁm A - J“\J‘L m,&‘ ] .
Embryo-3 A
(Mutant male) JE(U ‘
NonnZimm Mutant Normal Mutant
allele allele  allele allele Sry gene
3’ CA

Polymorphic marker

Fig. 2. Electropherogram of the dinucleotide repeat markers (3'CA and STR44) analysis and Sry for
preimplantation genetic diagnosis of Duchenne muscular dystrophy. 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
, 2005).

normal and mutant alleles, respectively (Lee et al.



o) 71 & st (Fig. 2).

3) Restriction fragment length polymotphism
(RFLP)
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319 bp—
223hp—

96 hp—*

13t PCR

Nested PCR

Fig. 3. Identification of the maternal mutation (heterozygote type) in
exon 9 of the OTC gene. After restriction enzyme digesting the PCR
product with Bcll, the 319 or 218 bp PCR products of the affected
mother were digested into 223 and 96 bp (lane 2) or 178 and 40 bp
products (lane 5), respectively (Lee et al., 2004).
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4) Mini—sequencing
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5) Whole genome amplification
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Minisequencing Single Base Extension

Templaie Primer
\ ™ CCATGACTGATTCC
NNNNNNAGCCTGGTACTGACTAAG NNNNNN
Interrogation target
Ready Reaction mix:
AmpliTag* DNA Polymerase, F§ Extend and
Reaction Buffer Terminate Primer

ddGTP + ddCTF + ddUTP + ddATP

CCATGACI‘GATTCC@
NNNNNNAGCCTGGTACTGACTAAGGUNNNNNNN

ll.":. Repeat

Electrophoresis

A0 M N W JE0 XA0 e Ed

Genotyping %’““

\

Fig. 4. Minisequencing technique (Fiorentino et al., 2003).
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Fig. 5. A schematic diagram of allele drop—out (ADO) in the single cell PCR.
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Fig. 6. The results of preimplantatin genetic diagnosis for osteogenesis imperfecta. Direct
sequencing of the PCR product spanning Col1A1 exon 44 shows normal homozygous G/G
sequence in the male partner and embryo—3 (the blue arrows indicate normal G/G se-
quences), while the heterozygous G/A sequence in the affected female partner, embryo—1,
and embryo—6 (the red arrows indicate heterozygous G/A sequences).
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Fig. 7. The results of amniocentesis for for phenylketonuria. Direct sequencing of the PCR product
spanning phenylalanine hydroxylase (PAH) exon 6 (upper) and exon 11 (lower) represent normal homo-
zygous C/C sequences in the fetus (the black arrows indicate normal C/C sequences).
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Fig. 8. Electropherogram of the multiplex fluorescent PCR of polymorphic marker, STR44 and
amelogenin for PGD of Duchenne muscular dystrophy. A) the unaffected male partner, B) the
carrier female partner, C) the affected brother, D) the normal male embryo, F) the carrier female

embryo, G) the mutant male embryo.

€3} triplex nested fluorescent PCR "3} fragment
analysis & o] gste] 2 AKXt Al
(Fig. 8). AT markers2] AFE-2 2 ADO rate® 74414
gl o sl X—d M) A3 GHA o] EAAF oA H]jof9)
A5 o)At = AS7F A Barso] ot olsh
informative linked markers2] A0 % HQIx}9} A} vljo}
5 A T 5 A Hof o] Jhs wiote] 5 STt

& AANA A AR 0= o]
3ty = AAE 3] 4380 2 Machado—Joseph disease &
HAAHMIDID) &) CAG AF&AE REEA G ] goge] ofsf 2
E} o] CAG ¥HEA E2 A1 A & mlj-¢- theFsto] 12—43
= SRS 739 HE 62-84

o
o
Kl
=
=)
Ji
1~>
M
oX,
Mo
of
it
BN

CAG WHEA 9 & Hol= Ao ® dulA vk ol st
F-H5-0] 739 FH o] CAG HHEA| o] 27/69FA] 3t allele©] &
ZElo] Alom, Q19 Z-g-olli= 26/32 WA D g 7o)
Atk MJD19) CAG REEA G S T35 <
&}o] fluorescent semi—nested PCR ‘%“%‘jTJr fragment
analysis W< 3k A w4
2% wjob= %l%% T Ao H7st O}O]% SAksk At

) (Fig. 9).

S+ primerE 119+

2) Huntington’s disease

)

HEHS dxZe AAEIM] H3(neurodegenera-
tive disease) &% ’:}

10,000 112

2
it
—_>‘ﬂ4
o
o,
o
™
oZ
1
|o
il
o
o
hul
2



Female partner 26 32
(Normal)

Male partner 27 &9
(Affected) l
Embryo-1 27 32

(Normal)
Embryo-2 26 69
(Mutant) ﬂ l
/\A AN

Fig. 9. Electropherograms of the CAG repeats in the preimplantation genetic diagnosis for spino-
cerebellar ataxia 3 with fluorescent semi—nested PCR. An arrow indicates the expanded mutant allele.
Numbers represent the number of the CAG repeats.
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Fig. 10. Electropherograms of the CAG repeats in the preimplantation genetic diagnosis for
Huntington’s disease with fluorescent semi—nested PCR. An arrow indicates the expanded mutant
allele. Numbers represent the number of the CAG repeats.
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