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Objectives: Preimplantation Genetic Diagnosis (PGD) is an alternative to prenatal diagnosis providing
couples the chance to start a pregnancy with an unaffected fetus. The objective of the present study was to
develop and apply quick, sensitive and accurate single cell PCR protocols for PGD of beta-thalassemia and
Down’s syndrome detection.
Material and Method: Two couples carrying beta-thalassemia codon41-42 mutation underwent routine IVF
procedures. Embryo biopsy was performed on Day-3 post-fertilisation and single cell multiplex fluorescent
PCR was employed for mutation analysis, contamination detection and diagnosis of trisomy 21 cases.
Results: Seventeen embryos were tested in two clinical PGD cycles. This resulted in the first birth following
PGD for a single gene disorder in Thailand and South East Asia, confirmed by prenatal testing. Two embryos
were shown to be affected by Down’s syndrome.
Conclusion: Successful strategy for PGD of beta-thalassemia and Down’s syndrome detection using multiplex
fluorescent PCR was introduced.
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Thalassemia, the world’s most common single
gene disorder(1), is prevalent in Thailand. Babies with
the most severe form of beta-thalassemia develop ane-
mia from their transfusion dependency within 6 months
after birth. These regular blood transfusions may also
lead to infection with HIV, Hepatitis B or C, or iron
overloading. The only mean of curing this condition is

through bone marrow transplant and this is expensive
and risky. Therefore, the most widely applicable strategy
for dealing with thalassemias has been to control the
incidence of new cases by offering screening for he-
terozygotes, genetic counseling, and Pre-Natal Diag-
nosis (PND) with termination of pregnancy in affected
cases(2).

An alternative to routine PND is Preimplanta-
tion Genetic Diagnosis (PGD), which allows selection
of unaffected embryos prior to establishment of a preg-
nancy, thus providing couples with the chance to start
a pregnancy knowing that the fetus is unaffected and
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eliminating the need for pregnancy termination(3). PGD
involves the sampling and testing of a single cell from
cleavage stage embryos generated using IVF techno-
logy. For the diagnosis of single gene disorders, it is
necessary to amplify DNA from the cell using the Poly-
merase Chain Reaction (PCR). A variety of modified
PCR techniques have been developed, however, ampli-
fication failure, Allele Drop-Out (ADO) and contamina-
tion are still major problems encountered during PCR
at the single cell level(4). Beside the limited amount of
material available for testing (only 1-2 cells), the diag-
noses must be completed within 24 hours. Therefore,
the diagnostic techniques need to be quick, sensitive
and accurate. PGD of single gene disorders have been
done in Western countries(5,6), but there has not been a
report from any country in South East Asia yet.

The objective of the present study was to
develop single cell PCR protocols for PGD of beta
thalassemia codon 41-42 mutation and perform clinical
PGD cases for couples at risk. Additionally, chromo-
some 21 microsatellite markers were utilized in order to
detect cases of Down’s syndrome and extraneous DNA
contamination.

Material and Method
Patient details

Fourteen couples at risk of having an affected
fetus with beta-thalassemia were counseled regarding
the project, two decided to join the project and signed
consents were obtained. The mother and father of
family ‘A’ were 32 and 35 years old respectively. The
mother and father of family ‘B’ were 24 and 25 years
old respectively. The parents of both families were
carriers of beta-thalassemia codon 41-42 mutation and
experienced one termination of pregnancy following
positive prenatal diagnosis of beta-thalassemia.

ICSI procedure and cleavage stage embryo biopsy
The patients underwent routine superovula-

tion using recombinant FSH (Puregon� Pen, Organon
Thailand Co., Ltd., Bangkok, Thailand) and synthetic
decapeptide ganirelix (Orgalutran�, Organon Thailand
Co., Ltd., Bangkok, Thailand) and oocytes were fertilized
using Intra Cytoplasmic Sperm Injection (ICSI). ICSI
is used as a precaution to reduce the risk of sperm
DNA contamination in subsequent PCR amplifications.
Laser biopsy was performed on Day 3 post-fertilization
(4–9 cell stage), allowing two blastomeres to be removed
from embryos consisting of 6+ cells and one blastomere
from embryos with 4-5 cells (Fig. 1). Cleavage stage
embryos were graded 1, 2-, 2, 2+ and 3 where grade 1

had the best morphology and grade 3 was a highly
fragmented, poor quality embryo(7).

Single cell isolation
Buccal cells, isolated by micromanipulation,

and biopsied blastomeres were transferred into drop-
lets of phosphate-buffered saline (PBS) (GibcoBRL�,
Gibthai Co., Ltd., Chiang Mai, Thailand) with 4%
bovine serum albumin (BSA) (Sigma�, S.M. Chemical
Supplies Co., Ltd., Chiang Mai, Thailand) on a 5 cm
Petri dish in a laminar flow cabinet. Cells were washed
in a minimum of four fresh PBS droplets, while visualiz-
ing under a dissecting microscope, and were then trans-
ferred to thin-wall microcentrifuge tubes. A 2 �l aliquot
of the last washing drop was also taken as a blank for
each single blastomere. Cell lysis was carried out as
described previously(8).

Multiplex fluorescent PCR
Extracted DNA from single cells was ampli-

fied using a combination of PW007 primers (forward
5’-ATT TTC CCA CCC TTA CCG TG-3’, reverse 5’-
GCA GCT CAC TCA GTG TCC G-3’) covering beta-
thalassemia codon 41-42 mutation and a microsatellite
D21S1411(9) or D21S11(10) primers (Gene Systems Co.,
Ltd., Bangkok, Thailand). The PCR mixture consisted
of 200 �M of each primer, 0.2 mM deoxynucleoside
triphosphates (dNTPs) (Eppendorf�, DynaScience Co.,
Ltd., Chiang Mai, Thailand), 1 x GeneAmp� Buffer (10 x
GeneAmp� Buffer contains 100 mM Tris-HCl pH 8.3,
500 mM KCl, 15 mM MgCl2) (Gene Systems Co., Ltd.,
Bangkok, Thailand) and 1.5 U AmpliTaq Gold� (Gene
Systems Co., Ltd., Bangkok, Thailand) and was made
up to a total volume of 25 �l with distilled deionized
water. The amplifications were performed with the
conditions: 94�C 45 s (96�C for the first ten cycles),
annealing at 60�C 45 s and extension at 72�C 1 min for
40 cycles. These were preceded by denaturation at 94�C
for 12 min to activate the AmpliTaq Gold� enzyme. The
multiplex amplified products from single cells were each
tagged with two different fluorochromes using labeled
primers. This allowed analysis to be performed on an
automated laser fluorescent sequencer ABI Prism� 310
(Gene Systems Co., Ltd., Bangkok, Thailand). PW007
and D21S11 fragments were labeled with the blue
fluorescent dye (6-FAM�), D21S1411 fragments were
labeled with the yellow fluorescent dye (NED�).

Fragment analysis on ABI Prism� 310
A mixture of 1 �l fluorescent PCR products,

12 �l deionized formamide and 0.5 �l size standard



920 J Med Assoc Thai Vol. 89 No. 7  2006

(GenescanTM-500 (ROX); Gene Systems Co., Ltd.,
Bangkok, Thailand) was prepared and denatured at
95�C for 5 min. The denatured sample was subjected to
capillary electrophoresis using Performance Optimized
Polymer 4 (POP-4�, Gene Systems Co., Ltd., Bangkok,
Thailand; 5 s injection time, 15,000 V, 60�C, 24 min). The
data was analyzed by GeneScanTM analysis software
(Gene Systems Co., Ltd., Bangkok, Thailand).

Results
Single cell PCR protocols for beta-thalassemia

condon 41-42 mutation were developed and tested
specifically for each couple. A new set of PCR primers
(PW007) was designed for mutation analysis of beta-
thalassemia codon 41-42 mutation. In addition to am-
plifying the beta-globin gene region, a polymorphic
marker, D21S1411 or D21S11, was incorporated into the
PGD protocol as multiplex PCR to serve as a very basic
form of DNA fingerprint. Both couples were fully
informative for each marker used, in other words the

parents of each couple shared no alleles in common.
Therefore their embryos could only inherit one of four
possible genotypes. Any deviation from these combi-
nations of alleles, such as the detection of alleles not
derived from either parent, was indicative of contami-
nation. The compatibility of each pair of primers was
assessed and optimized using single buccal cells
derived from each patient and single blastomeres from
embryos donated for research prior to clinical appli-
cation. Genotyping of the couples ‘A’ (PW007 and
D21S1411 primers) and ‘B’ (PW007 and D21S11 primers)
are demonstrated in Fig. 2.

Preclinical assessment of methodology
From 60 single buccal cells of couple ‘A’,

multiplex fluorescent PCR protocol gave an Amplifica-
tion Efficiency (AE) of 86.7% for PW007 and 83.3% for
D21S1411 primers and ADO rates of 21.2% for PW007
and 26% for D21S1411 primers. The application of this
single cell PCR protocol to 45 spare single human blas-

Fig. 1 Cleavage stage embryo biopsy in the present study: (a) the embryo is stabilized by a holding pipette (left) with
negative pressure, a hole is created in the zona pellucida (zona drilling) using laser, (b), (c) and (d) a blastomere is
gently pulled away from the embryo using a biopsy pipette (right) with negative pressure through the hole in the
zona pellucida. Procedure performed by TV
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Fig. 2 Results from GeneScanTM analysis on ABI Prism� 310 for PW007, D21S1411 and D21S11 primers multiplex
amplified from single buccal cells of the mother (lane 1) and the father (lane 2) of the family A and the mother (lane
3) and the father (lane 4) of the family B. The left blue peaks in lane 1, 2, 3 and 4 show mutant and normal beta
thalassemia codon 41-42 mutation (PW007) alleles, the black peaks in lane 1 and 2 show microsatellite (D21S1411)
alleles and the right blue peaks in lane 3 and 4 show microsatellite (D21S11) alleles. The x and y axes are base-pairs
and fluorescence units, respectively
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tomeres donated for research exhibited acceptable
AE rates of 86.7% for PW007 and 88.9% for D21S1411
primers. The optimized protocol for family ‘B’ showed
AE of 87.5% for PW007 and 90% for D21S11 primers
and ADO rates of 2.9% for PW007 and 13.9% for D21S11
primers from 40 single heterozygous buccal cells. This
protocol demonstrated AE of 92.3% for PW007 and
88.5% for D21S11 primers on 26 single human blas-
tomeres.

Preimplantation diagnosis results
PGD cycle 1 for family ‘A’ gave 14 oocytes, 10

of those were sperm-injected. Eight embryos were of
sufficient quality for biopsy on Day 3 post-fertiliza-
tion, yielding 13 cells. Molecular analyses using multi-
plex fluorescent PCR revealed three embryos (embryos
A1, A5 and A6) to be affected, two normal (embryos A4
and A7, Fig. 3), one heterozygous (embryo A8), one
with ambiguous result (embryo A2) and one with no
results (embryo A3) (Table 1). No DNA contamination
was detected. Follow-up analyses were performed on
the embryos that had been diagnosed affected, or were
unsuitable for transfer for embryological reasons. For
this purpose whole embryos were transferred to PCR
tubes and subjected to the same protocol as used for
the actual PGD. The initial diagnoses of heterozygous
and affected results were confirmed in all cases, but
one (embryo A5). Embryo A5 was found to be hetero-
zygous rather than affected as originally thought. The
most likely explanation for this error is ADO affecting
the normal allele in both analyzed blastomeres. Embryo
A2 had given ambiguous results, one of the blastomeres
tested showing only a mutant allele, while the second
blastomere analyzed displayed only a normal allele.
The analysis of the rest of the embryos showed a
heterozygous genotype, suggesting that the disparity
in genotype of the two cells was due to ADO affecting
a different allele in each cell. The blastomere A3.1 that
failed to give results was from a heterozygous embryo.
Both normally diagnosed embryos were transferred
and one clinical pregnancy (singleton) was obtained.
Prenatal diagnosis by fetal blood sampling at 19 weeks
of gestation confirmed the homozygous normal beta-
globin gene genotype of the fetus. A disease-free baby
boy was born in June 2005.

During PGD cycle 1 for family ‘B’ 20 oocytes
were collected, 11 were successfully sperm-injected.
After oocyte retrieval the patient encountered ovarian
hyperstimulation syndrome, therefore nine embryos
with good development were kept frozen on Day 2.
Two months after freezing, the embryos were thawed

and culture resumed. All nine embryos were of suffi-
cient quality for biopsy on Day 3 and yielded 16 cells.
Multiplex fluorescent PCR protocol for family ‘B’
showed three embryos (embryos B1, B5 and B9) to be
normal, three heterozygous (embryos B2, B6 and B7),
two with ambiguous results (embryos B4 and B8) and
one with tri-allelic of D21S11 marker (embryo B3, Fig. 3).
No DNA contamination in negative control samples
was detected. Follow-up study on un-transferred
embryos confirmed the initial diagnoses in all normal
and heterozygous embryos. Embryos B4 and B8 with
initially discordant results between two blastomeres
appeared to be heterozygous from the un-transferred
embryos analyses, like embryo A2. Interestingly, the
tri-allelic result of D21S11 marker from the initial
diagnosis was also found when the remainder of the
embryo was analyzed (Fig. 3), indicating that the addi-
tional allele was due to trisomy 21 rather than contami-
nation. Moreover, tri-allelic result of D21S11 marker on
chromosome 21 was also found in embryo B4, sugges-
tive of trisomy 21 embryo. These made the prevalence
of trisomy 21 embryos be 22.2% (2/9) in this PGD
cycle, surprising given that the mother was just 24
years old. Most of the embryos were arrested on Day
4, therefore one normal (embryo B1) and one heterozy-
gous (embryo B2) were transferred. Unfortunately, no
pregnancy resulted on this occasion.

Discussion
Thalassemia is prevalent and causes an enor-

mous financial burden in Thailand and throughout
South East Asia. Carrier screening, providing PND for
couples at risk and termination of affected pregnancy
is the most common solution at present(2). For parents
who are carriers of thalassemia mutations a quarter of
all pregnancies will, on average, be affected. Sadly, some
couples have multiple consecutive affected fetuses.
PGD is an alternative to PND and provides couples
with a chance to start a pregnancy knowing that the
baby will be unaffected, eliminating the need for
Termination Of Pregnancy (TOP). The application of
PGD for single gene disorders represents an integration
of modern Artificial Reproductive Technology (ART)
techniques with molecular genetic diagnosis techniques.
The development of such protocols is known to be
challenging and labor intensive, often necessitating
the collaboration of several organizations.

The first successful clinical PGD pregnancy
for a single gene disorder in Thailand and South East
Asia was reported here. Specific single cell multiplex
fluorescent PCR protocols were developed for these
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Fig. 3 Results from GeneScanTM analysis on ABI Prism� 310 for PW007, D21S1411 and D21S11 primers multiplex
amplified from single blastomeres and embryo of clinical PGD cycles. Lanes 1 and 2 are results of normal beta-
thalassemia codon 41-42 mutation allele (PW007, blue peaks) and microsatellite alleles (D21S1411, black peaks)
from the normal blastomeres A4.1 and A7.1 respectively, which were chosen for embryo transfer. Lane 3 and 4
shows results of mutant and normal beta-thalassemia codon 41-42 mutation alleles (PW007, left blue peaks) and
microsatellite alleles (D21S11, right blue peaks) of the trisomy 21 blastomere B3.1 and un-transferred embryo B3
respectively. The x and y axes are base-pairs and fluorescence units, respectively
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families. Compared to previous reported PGD protocols
for beta-thalassemia, i.e. Restriction Fragment Length
Polymorphism (RFLP) technique(6,11,12), DGGE(5), the use
of multiplex fluorescent PCR protocols in the present

study offers the advantage of increased sensitivity.
Fewer PCR cycles are necessary for PCR product detec-
tion and the size of the fragments generated can be
determined with high accuracy using fluorescent

Table 1. Preimplantation genetic diagnosis results of family ‘A’, cycle 1 (embryos A1-A8) and family ‘B’, cycle 1 (embryos
B1-B9)

Embryo  Embryo    Cells  Cell        beta-  Microsatellite    Diagnosis    Outcomes Confirmatory
    no. grade (no.    taken   no.   thalassemia markers results results

  of cells)      (n)      results (D21S1411 for
  before family ‘A’ and
  biopsy   D21S11 for
 (Day 3)    family ‘B’)

    A1     2-(8)       2 A1.1     Affected          NC*     Affected Untransferred Affected
A1.2     Affected          NC

    A2     2-(8)       2 A2.1     Affected          No result   Ambiguous, Untransferred Heterozygous
A2.2      Normal          No result   likely to be

heterozygous
    A3     2-(5)       1 A3.1     No result     No result     No result Untransferred Heterozygous
    A4     2-(8)       2 A4.1      Normal          NC      Normal     Embryo -

(1 lysed)   transferred
    A5     2(8)       2 A5.1     Affected          NC     Affected Untransferred Heterozygous

A5.2     Affected          NC
    A6     1(8)       2 A6.1     Affected          NC     Affected Untransferred Affected

(1 lysed)
    A7     2(8)       2 A7.1      Normal          NC      Normal     Embryo -

A7.2     No result     No result   transferred
    A8     2(8)       2 A8.1 Heterozygous          NC Heterozygous Untransferred Heterozygous

A8.2 Heterozygous          NC

    B1     2+(7)       2 B1.1      Normal          NC      Normal     Embryo -
B1.2      Normal          NC   transferred

    B2     2+(8)       2 B2.1 Heterozygous          NC Heterozygous     Embryo -
B2.2 Heterozygous          NC   transferred

    B3     2+(8)       2 B3.1 Heterozygous          C* Heterozygous Untransferred Heterozygous
B3.2 Heterozygous          NC    (arrested) with trisomy

21
    B4     2+(6)       2 B4.1     Affected     No result   Ambiguous, Untransferred Heterozygous

B4.2 Heterozygous     No result   likely to be with trisomy 21
heterozygous

    B5     2(7)       2 B5.1      Normal          NC      Normal Untransferred Normal
B5.2      Normal          NC     (arrested)

    B6     2+(7)       2 B6.1 Heterozygous          NC Heterozygous Untransferred Heterozygous
B6.2 Heterozygous          NC     (arrested)

    B7     2+(5)       1 B7.1 Heterozygous          NC Heterozygous Untransferred Heterozygous
    (arrested)

    B8     2+(6)       2 B8.1 Heterozygous          NC   Ambiguous, Untransferred Heterozygous
B8.2      Normal          NC   likely to be

heterozygous
    B9     2+(6)       1 B9.1      Normal          NC      Normal Untransferred Normal

    (arrested)

*NC = No contamination detected
*C = Contamination or aneuploidy detected
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DNA sequencing apparatus. This means that the
speed of diagnosis is an accelerated key factor for PGD.
Moreover, a new set of primers was designed for a
shorter amplified DNA product specific for the diag-
nosis of beta-thalassemia codon 41-42 mutation(13), to
have a more efficient set of primers than the previously
developed protocol(14). In one clinical PGD cycle (PGD
cycle 1 for family ‘B’), the amplification efficiency of
PW007 met 100% in a duplex single cell PCR. The use
of sequencing(15) and whole genome amplification(16)

protocols are expensive, labor-intensive, time consum-
ing and sometimes unnecessary.

Contamination of a homozygous affected
blastomere with maternal DNA or paternal DNA
(derived from cumulus cells or surplus sperm attached
to the zona pellucida respectively) can lead to a hetero-
zygous (unaffected) diagnosis, and subsequent trans-
fer of an affected embryo. Therefore, in addition to
direct amplification of the causative mutation, the
protocol described included a highly polymorphic
marker for contamination detection (D21S1411 for
family ‘A’ and D21S11 for family ‘B’). The embryos
produced by a given couple can only inherit a limited
combination of alleles (one allele from each parent).
If biopsies of blastomeres do not give one of these
predictable combinations, it is likely that they are con-
taminated. In previous PGD cases this strategy has
allowed us to detect contamination restricted to a
single PCR tube(17). The use of a microsatellite marker
on chromosome 21 also permits evaluation of the copy
number of this chromosome, revealing monosomy and
trisomy due to mal-segregation during meiosis I. The
three alleles detected for the D21S11 marker in embryo
B3, which had no contamination detectable in the      cor-
responding negative control blank, indicated the pres-
ence of trisomy 21. Three copies of chromosome 21
were also evident during analysis of embryo B4. Dis-
cordant results of chromosome 21 markers in        blas-
tomeres B3.1, B3.2, B4.1, B4.2 and embryos B3, B4 might
be from amplification failure, ADO or chaotic   division
of the embryos(18). Given that most of the    patients
seek PGD in order to avoid a pregnancy termination,
the detection of Down’s syndrome prior to    initiation
of a pregnancy is highly desirable. Furthermore, many
aneuploid pregnancies (e.g. monosomy 21) spontane-
ously abort, thus the pregnancy rates following PGD
can be improved by identifying and preferentially trans-
ferring embryos with a normal chromosome number. To
date few PGD tests have provided a combination of
single gene analysis and chromosomal ploidy informa-
tion(19).

From the confirmatory analysis of the untrans-
ferred embryos, the ambiguous (Embryo A2, B4 and
B8) and incorrectly genotyped (Embryo A5) results in
the present study were due to ADO. ADO of a hetero-
zygous cell leads to a homozygous normal or homozy-
gous affected result. Therefore, the presence of ADO
in beta-thalassemia analysis, where both parents carry
the same mutation (as in the cases presented here)
cannot lead to the transfer of a homozygous affected
embryo. However, incorrect diagnosis of unaffected
heterozygous embryos as affected leads to a reduced
number of embryos available for transfer as demon-
strated in Embryo A2 and A5 of the present study.
This, in turn, leads to reduced pregnancy rates. On the
other hand, a homozygous normal result of a single
blastomere may be from a heterozygous blastomere
with ADO of the mutant allele. Therefore, it is possible
that the transferred Embryos A4, A7 and B1 might be
normal or heterozygous; however, these cases were
clinically unaffected and therefore acceptable for PGD.

In conclusion, novel PGD protocols for beta-
thalassemia codon 41-42 mutation and Down’s syn-
drome detection using multiplex fluorescent single cell
PCR were developed and optimized. A new set of
primers for detecting beta-thalassemia codon 41-42
mutation was designed for effective mutation detec-
tion and coupled with co-amplification of an informa-
tive microsatellite marker (D21S1411 for family ‘A’ and
D21S11 for family ‘B’) for detection of contamination
and instances of Down’s syndrome caused by mal-
segregation of chromosome 21 during meiosis I. The
protocols were applied in two clinical PGD cycles and
resulted in the first clinical pregnancy following PGD
for a single gene disorder in Thailand and South East
Asia. Two preimplantation embryos diagnosed as
Down’s syndrome were also reported, supporting the
benefit of the successful strategy in simultaneous
detection of beta-thalassemia and Down’s syndrome
using multiplex fluorescent single cell PCR.

Acknowledgements
The authors wish to thank the Medical

Science Research Equipment Center, Faculty of Medi-
cine, Chiang Mai University, Thailand and their staff
for the ABI Prism� 310 facility. This project was sup-
ported by the Faculty of Medicine Endowment Fund,
Faculty of Medicine, Chiang Mai University, Thailand
(grant no. 13/46) and the Thailand Research Fund and
the Commission on Higher Education of Thailand
(grant no. MRG4680173). Ovarian induction drugs were
sponsored by Organon Thailand Co., Ltd.



926 J Med Assoc Thai Vol. 89 No. 7  2006

References
1. Weatherall DJ. Disorders of the synthesis or

function of haemoglobin. In: Weatherall DJ,
Ledingham JG, Warrell DA, editors. Oxford text-
book of medicine. Oxford: Oxford University
Press; 1996: 3500-20.

2. Tongsong T, Wanapirak C, Sirivatanapa P,
Sanguansermsri T, Sirichotiyakul S, Piyamongkol
W, et al. Prenatal control of severe thalassaemia:
Chiang Mai strategy. Prenat Diagn 2000; 20: 229-34.

3. Handyside AH, Pattinson JK, Penketh RJ,
Delhanty JD, Winston RM, Tuddenham EG. Bio-
psy of human preimplantation embryos and sex-
ing by DNA amplification. Lancet 1989; 1: 347-9.

4. Wells D, Delhanty JD. Preimplantation genetic
diagnosis: applications for molecular medicine.
Trends Mol Med 2001; 7: 23-30.

5. Kanavakis E, Vrettou C, Palmer G, Tzetis M,
Mastrominas M, Traeger-Synodinos J. Preimplan-
tation genetic diagnosis in 10 couples at risk for
transmitting beta-thalassaemia major: clinical ex-
perience including the initiation of six singleton
pregnancies. Prenat Diagn 1999; 19: 1217-22.

6. Kuliev A, Rechitsky S, Verlinsky O, Ivakhnenko V,
Evsikov S, Wolf G, et al. Preimplantation diagnosis
of thalassemias. J Assist Reprod Genet 1998; 15:
219-25.

7. Staessen C, Camus M, Bollen N, Devroey P, Van
Steirteghem AC. The relationship between embryo
quality and the occurrence of multiple pregnan-
cies. Fertil Steril 1992; 57: 626-30.

8. El Hashemite N, Delhanty JD. A technique for
eliminating allele specific amplification failure
during DNA amplification of heterozygous cells
for preimplantation diagnosis. Mol Hum Reprod
1997; 3: 975-8.

9. Sherlock J, Cirigliano V, Petrou M, Tutschek B,
Adinolfi M. Assessment of diagnostic quantita-
tive fluorescent multiplex polymerase chain reac-
tion assays performed on single cells. Ann Hum
Genet 1998; 62 (Pt 1): 9-23.

10. Sharma V, Litt M. Tetranucleotide repeat poly-
morphism at the D21S11 locus. Hum Mol Genet

1992; 1: 67.
11. Chamayou S, Alecci C, Ragolia C, Giambona A,

Siciliano S, Maggio A, et al. Successful applica-
tion of preimplantation genetic diagnosis for
beta-thalassaemia and sickle cell anaemia in Italy.
Hum Reprod 2002; 17: 1158-65.

12. De Rycke M, Van de Velde H, Sermon K, Lissens
W, De Vos A, Vandervorst M, et al. Preimplanta-
tion genetic diagnosis for sickle-cell anemia and
for beta-thalassemia. Prenat Diagn 2001; 21: 214-22.

13. Piyamongkol W, Bermudez MG, Harper JC, Wells
D. Detailed investigation of factors influencing
amplification efficiency and allele drop-out in single
cell PCR: implications for preimplantation genetic
diagnosis. Mol Hum Reprod 2003; 9: 411-20.

14. Piyamongkol W, Harper JC, Delhanty JD, Wells D.
Preimplantation genetic diagnostic protocols for
alpha- and beta-thalassaemias using multiplex
fluorescent PCR. Prenat Diagn 2001; 21: 753-9.

15. Hussey ND, Davis T, Hall JR, Barry MF, Draper R,
Norman RJ, et al. Preimplantation genetic diagno-
sis for beta-thalassaemia using sequencing of
single cell PCR products to detect mutations
and polymorphic loci. Mol Hum Reprod 2002; 8:
1136-43.

16. Jiao Z, Zhou C, Li J, Shu Y, Liang X, Zhang M, et al.
Birth of healthy children after preimplantation
diagnosis of beta-thalassemia by whole-genome
amplification. Prenat Diagn 2003; 23: 646-51.

17. Piyamongkol W, Harper JC, Sherlock JK, Doshi A,
Serhal PF, Delhanty JD, et al. A successful strategy
for preimplantation genetic diagnosis of myotonic
dystrophy using multiplex fluorescent PCR. Prenat
Diagn 2001; 21: 223-32.

18. Delhanty JD, Harper JC, Ao A, Handyside AH,
Winston RM. Multicolour FISH detects frequent
chromosomal mosaicism and chaotic division
in normal preimplantation embryos from fertile
patients. Hum Genet 1997; 99: 755-60.

19. Katz MG, Mansfield J, Gras L, Trounson AO, Cram
DS. Diagnosis of trisomy 21 in preimplantation
embryos by single-cell DNA fingerprinting.
Reprod Biomed Online 2002; 4: 43-50.



J Med Assoc Thai Vol. 89 No. 7  2006 927

ความสำเรจ็ของหลกัการวนิจิฉยักอ่นการฝงัตัวของตวัออ่นสำหรบัโรคบต้ีาธาลสัซีเมยีพรอ้มกบั
กลุ่มอาการดาวน์โดยเทคนิคปฏิกิริยาลูกโซ่ชนิดเรืองแสง

วีรวิทย ์ ปิยะมงคล, ธรีะพร  วุฒยวนชิ, ศริิวิภา  ปิยะมงคล, เดแกน  เวลส์, ชัยรตัน ์ คณุาวิกตกิลุ, ธรีะ  ทองสง,
สมศกัดิ ์ เชาว์วิศษิฐเ์สรี, รัตนติ์กา  แซต้ั่ง, ต่อพงศ ์ สงวนเสรมิศรี

วัตถุประสงค์: การวินิจฉัยก่อนการฝังตัวของตัวอ่อนเป็นทางเลือกใหม่ในการวินิจฉัยก่อนคลอดที่ช่วยให้คู่สมรส
มีโอกาสเริ่มต้นการตั้งครรภ์ด้วยทารกที่ปราศจากโรค การศึกษานี้มีวัตถุประสงค์ที่จะพัฒนาโปรโตคอลในการวินิจฉัย
โรคบีต้าธาลัสซีเมียร่วมกับกลุ่มอาการดาวน์ที่มีความไวสูง รวดเร็ว และแม่นยำ และทำการวินิจฉัยก่อนการฝังตัวของ
ตัวอ่อนให้กับผู้ป่วย
วัสดุและวิธีการ: คู่สมรส 2 คู่ที่เป็นพาหะของโรคบีต้าธาลัสซีเมียชนิดโคดอน 41-42 ตัดสินใจเข้าร่วมโครงการและ
ผ่านขั้นตอนการทำทารกหลอดแก้ว การตรวจเซลล์ตัวอ่อนกระทำในวันที่ 3 หลังการปฏิสนธิ โดยใช้เทคนิคปฏิกิริยา
ลูกโซช่นิดเรอืงแสงจากเซลลเ์ดยีวทีพั่ฒนาขึน้มาใหมส่ำหรบัการวนิิจฉัยโรคบต้ีาธาลสัซีเมียชนดิโคดอน 41-42 พร้อมกับ
การตรวจการปนเปื้อนและการวินิจฉัยกลุ่มอาการดาวน์
ผลการศึกษา: ตัวอ่อนจำนวน 17 ตัวได้รับการตรวจจากการวินิจฉัยก่อนการฝังตัวของตัวอ่อน 2 ราย ประสบความ
สำเร็จได้การตั้งครรภ์จากการวินิจฉัยก่อนการฝังตัวของตัวอ่อนสำหรับโรคพันธุกรรมชนิดยีนเดี่ยวเป็นครั้งแรกใน
ประเทศไทยและภมิูภาคเอเชยีตะวนัออกเฉยีงใต ้ผลการตรวจไดรั้บการยนืยนัโดยการวนิจิฉัยกอ่นคลอดและหลงัคลอด
นอกจากนี้ยังพบว่ามีตัวอ่อน 2 ตัวเป็นกลุ่มอาการดาวน์
สรุป: หลักการในการวินิจฉัยก่อนการฝังตัวของตัวอ่อนสำหรับโรคบีต้าธาลัสซีเมียพร้อมกับกลุ่มอาการดาวน์ โดยใช้
ปฏิกิริยาลูกโซ่ชนิดเรืองแสงได้ประสบความสำเร็จและถูกนำเสนอไว้ในรายงานนี้


