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Abstract

Objectives: alpha-Thalassemia is the most common single gene disorder world-wide and
causes significant problems in endemic area. The most severe form of alpha-thalassemia, Hb
Bart’s hydrops fetalis syndrome, causes serious obstetric complications which lead to maternal
mortality and morbidity. Preimplantation genetic diagnosis (PGD) is an alternative to traditional
prenatal diagnosis (PND) giving the couples at risk a chance to start a pregnancy with a
disease free baby. This study aimed to develop a PGD protocol for alpha-thalassemia'SEA

mutation and perform clinical PGD cycles.

Methods: Single cell multiplex fluorescent PCR was employed for mutation analysis,
contamination detection and linkage analysis of alpha-thalas.semia_SEA mutation. A couple
experienced termination of pregnancy following positive PND of alpha-thalassemia decided to

join the project and two clinical PGD cycles were performed.

Results: A new set of primers for alpha-thalassemia_SEA mutation amplifying 5 fragments was
designed and tested. Fourteen embryos were tested in the first PGD cycle showing two
normal, five heterozygous, five affected and two with no result. One normal and two
heterozygous embryos were chosen for transfer, no pregnancy was resulted. Eight embryos
were analyzed in the second PGD cycle giving one normal, one heterozygous, three affected
and three with no result. One heterozygous embryo was chosen for transfer on day 6, resulting

in a baby boy born on the 2nd October 2008. PND confirmed heterozygous result of PGD.

Conclusion: Novel PGD protocol for alpha-thalassemia'SEA mutation was developed, tested
and employed on two clinical PGD cycles. Clinical experience and pregnancy following PGD of

-SEA
alpha-thalassemia mutation using multiplex fluorescent PCR protocol was reported here.



Executive Summary

Introduction alpha-Thalassemia is the most common single gene disorder in the world and
causes significant health and financial problems in endemic area. The most severe form of
alpha-thalassemia (homozygous affected), Hb Bart's hydrops fetalis syndrome, causes serious
obstetric complications, i.e. eclampsia, dystocia and obstetric hemorrhage, which lead to
maternal mortality and morbidity. The aim of prenatal diagnosis (PND) for alpha-thalassemia is
to prevent maternal mortality and morbidity. Preimplantation genetic diagnosis (PGD) or
embryo selection is genetic testing of preimplantation stage embryos for genetic diseases.
PGD is an alternative to traditional PND giving the couples at risk a chance to start a
pregnancy with a disease free baby. Consequently, the need for termination of affected fetus
can be eliminated. This study aimed to develop a PGD protocol for aIpha-thalassemia_sEA
mutation and perform clinical PGD cycles

Patients and methods Single cell multiplex fluorescent PCR was employed for mutation
analysis, contamination detection and linkage analysis of alpha-thalass,emia'SEA mutation. A
couple carrying alpha-thalassemia_SEA mutation who experienced termination of pregnancy
following positive PND of alpha-thalassemia decided to join the project and two clinical PGD
cycles were performed at Chiangmai University Hospital. Routine superovulation,
intracytoplasmic sperm injection (ICSI) and cleavage stage laser biopsy was carried out on
day-3 post-fertilization embryos. DNA from single cells was analyzed using capillary
electrophoresis on an automated DNA sequencer.

Results A new set of primers for alpha-thalassemia_SEA mutation amplifying 5 fragments,
including three normal fragments, one mutant fragment and a polymorphic linked marker
D16S475 to alpha-globin gene family, was designed and tested. Multiplex fluorescent PCR
protocol gave the overall amplification efficiency of 100% for the normal allele and 85.5% for
the mutant allele. The microsatellite marker showed 90.9% amplification efficiency with ADO
rate of 8%. Fourteen embryos were tested in the first PGD cycle giving two normal, five
heterozygous, five affected and two with no result. One normal and two heterozygous embryos
were chosen for transfer, however, no pregnancy was resulted. Eight embryos were analyzed
in the second PGD cycle giving one normal, one heterozygous, three affected and three with
no result. One heterozygous embryo was chosen for transfer on day 6, resulting in a baby boy
born on the 2nd October 2008. PND confirmed heterozygous result of PGD. A total of 36 single
biopsied blastomeres from two PGD cycles exhibited amplification efficiency of 72.2% and

63.8% and ADO rates of 19.2% and 30.4% for alpha-globin gene and polymorphic linked



marker D16S475. Distribution of normal, heterozygote and homozygous affected from a total of
24 embryos in two PGD cycles was 5(20.8%):11(45.8%):8(33.4%).

Discussion Homozygous alpha-thalassemia caused severe anemia and leads to high output
heart failure and hydrops fetalis syndrome in utero. This fetal condition is lethal and frequently
causes life threatening maternal complications. The strategy of disease control for
alpha-thalassemia is to save life of the mothers. PGD is a preferable method than PND as it
assures a healthy baby and eliminates the need for termination of affected pregnancy. This
study demonstrated the integration of modern molecular biology nano-techniques and
advanced reproductive technology (ART) giving an alternative to the family at risk of having an
affected child with serious disease without facing immoral pregnancy termination. A novel PGD
protocols for alpha-thalassaemia using multiplex fluorescent single cell PCR were developed
and optimized. Compared to previously reported primer set, the use of newly designed primer
set in this study offers the fail proof strategy in detecting three fragments of normal allele
simultaneously in a single cell and backup linkage analysis result from a linked polymorphic
marker D16S475, increasing specificity. In the first PGD cycle, there were enough embryos for
selection. However, all good quality embryos were affected or arrested on day 4 and
unaffected embryos chosen for transfer were of poorer quality. Therefore, no pregnancy was
resulted. In the second PGD cycle, all embryos of best morphology were again was affected,
but one was heterozygous. Fortunately the good quality embryo with heterozygous result
chosen for transfer gave rise to a healthy pregnancy, the first birth following PGD of
alpha-thalassemia in Thailand and the second reported world-wide. The accuracy of the
protocol was confirmed by PND.

Conclusion  Novel PGD protocol for alpha-thalassemia'SEA mutation using multiplex
fluorescent gap single cell PCR was developed, tested and employed on two clinical PGD
cycles. Clinical experience and first birth following PGD of alpha-thalassemia_SEA in Thailand
was reported here.

Acknowledgements This project was supported by the National Research Council of
Thailand, the Thailand Research Fund, the Commission on Higher Education (grant no.
MRG4980077) and Eisai (Thailand) Co., Ltd. Ovarian induction drugs were sponsored by
Schering-Plough Organon (Thailand) Co., Ltd.
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INTRODUCTION

alpha-Thalassemia is the most common single gene disorder in the world and causes
significant maternal mortality in endemic area (Weatherall, 1996). alpha-Thalassemia is more
common than beta-thalassemia but is less frequently found in the hospital due to lethal feature
of the most severe form (homozygous affected) which leads to intrauterine death, while
carriers are generally asymptomatic and do not need much health care attention. Homozygous
affected of alpha-globin gene defective leads to absence of alpha-globin chain synthesis and
causes Hb Bart’'s hydrops fetalis syndrome. Mothers carrying these fetuses are likely to
develop potentially life-threatening obstetric complications, i.e. eclampsia, dystocia and
obstetric hemorrhage. Therefore, the aim of prenatal diagnosis (PND) for homozygous
alpha-thalassemia is to prevent serious maternal mortality and morbidity.

Preimplantation genetic diagnosis (PGD) is the genetic testing of preimplantation stage
embryos for inheritable single gene defects, allowing selection of unaffected embryos prior to
establishment of pregnancy (Handyside et al., 1989). This gives couples the chance to start a
pregnancy with a disease free baby. Consequently, the need for termination of an affected
pregnancy can be eliminated. Therefore, PGD is more preferable to conventional PND.

The aim of this study was to develop a single cell PCR protocol for PGD of

alpha-thalassemir::fSEA mutation and perform clinical PGD for couples at risk.



PATIENTS AND METHODS
Patient details

The mother and father of family ‘A’ were 28 and 49 years old respectively. Both of the
couple carried alpha-thalassemia'SEA mutation and experienced one termination of pregnancy
following positive PND of alpha-thalassemia. The couple were counseled regarding the project
and consent were obtained. This project was approved by the Research Ethics Committee,
Faculty of Medicine, Chiang Mai University, Thailand.
ICSI procedure and cleavage stage embryo biopsy

The patients underwent routine superovulation using recombinant FSH (Puregon® Pen,
Schering-Plough Organon Thailand Co., Ltd., Bangkok, Thailand) and synthetic decapeptide
ganirelix (Orgalutran®, Schering-Plough Organon Thailand Co., Ltd., Bangkok, Thailand) and
oocytes were fertilized using intracytoplasmic sperm injection (ICSI). ICSI was used as a
precaution to reduce the risk of sperm DNA contamination in subsequent PCR amplification.
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 (Figure 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 (Staessen et al., 1992).
Single cell isolation

Buccal cells, isolated by micromanipulation, and biopsied blastomeres were transferred
into droplets 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 visualizing under a dissecting microscope, and were
then transferred to thin-wall microcentrifuge tubes. A 2 ul aliquot of the last washing drop was
also taken as a blank for each single blastomere. Cell lysis was carried out as described

previously (El-Hashemite and Delhanty, 1997)
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Figure 1 Preimplantation genetic diagnosis (PGD) or embryo selection of alpha-thalassemia:
A) Day 3 cleavage stage embryos from in vitro fertilization (IVF), B) a blastomere
is taken from an embryo using a micromanipulator, C) single blastomere from each
embryo for DNA analysis, D) DNA analysis results from multiplex fluorescent single

cell PCR, E) Unaffected embryos are chosen for transfer. IVF and Embryo biopsy

procedures was performed by TV, single cell PCR was performed by WP.

A)

B)

o © @ @ @

D)
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Multiplex fluorescent PCR

Extracted DNA from single cells was amplified using a combination of W1, W2, W3 and
W4 primers as gap PCR for alpha-thalas,semia_SEA mutation detection, W5 and W6 as internal
control fragment of alpha-globin gene family and a microsatellite D16S475 franking to alpha-
globin gene for contamination detection and linkage analysis (Table 1) (Piyamongkol et al.,
2001). Multiplex fluorescent PCR was performed as previously described (Piyamongkol et al.,
2006). Multiplex amplified products from single cells were each tagged with different
fluorochromes using labeled primers. This allowed analysis to be performed on an automated
laser fluorescent sequencer ABI Prism® 3130x/ (Gene Systems Co., Ltd., Bangkok, Thailand)
(Hattori et al., 1992).
Fragment analysis

A mixture of 1 pl fluorescent PCR products, 10 ul deionized formamide and 0.1 ul size
standard (GenescanTM-SOO LIZ®; 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 7 (POP-7®, Gene Systems Co., Ltd.,
Bangkok, Thailand; 50 s injection time, 15,000 V, 60°C, 20 min) on an automated DNA
sequencer ABI Prism® 3130x/ (Gene Systems Co., Ltd., Bangkok, Thailand). The data was
analyzed by GeneMapper® software version 4.0 (Gene Systems Co., Ltd., Bangkok, Thailand).
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Table 1 Details of primers for alpha-thalassemia-SEA mutation analysis.

Primers Sequences Labeling References
dye

W1 5-GAA GGA GGG GAG AAG CTG AG-3 FAM-B  NCBI: NG_000006
W2 5-TGT GGA AAA GTT CCC TGA GC-3 -

W3 5-TGC ACA CCT ATG TCC CAG TT-3’ -

W4 5-TTG AGA CGA TGC TTG CTT TG-3’ VIC-G

W5 5-GCC ACT GCC TGC TGG TG-3’ PET-R NCBI: NG_000006
W6 5-AGG TCA GCA CGG TGC TCA C-3’ -

D16S475F 5-AGG GGT TGA CAG AGT GAG ACT CC-3’ NED-Y GDB: 198327

D16S475R 5-CAG GAA CAG AAA ATA CTG CAC GG-3’
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RESULTS
Design of novel primers for aIpha-ThaIassemia'SEA analysis

New set of primers for alpha-thalassemia " mutation analysis, including W1, W2, W3
and W4 primers were designed as gap PCR, W5 and W6 primers were employed as internal
control fragment of alpha1 exon3 within alpha-globin gene family (NCBI: NG_000006) and
D16S475 (GDB: 198327) microsatellite franking to alpha-globin gene for contamination
detection and linkage analysis. In a normal genotype sample, W1-W2 primer pair amplifies
5’ end breakpoint of alpha-thalassemia'SEA mutation and W3-W4 primer pair amplifies 3’ end
breakpoint of alpha-thalassemia'SEA mutation. In a homozygous mutant genotype sample, W1-
W4 primer pair amplifies deleted breakpoint of alpha-thalassemia-SEA mutation (Figure 2). W1,
W4, W5 and D16S475 forward primers were labeled with blue (6-FAM®), green (VIC®), red
(PET®) and yellow (NED®) fluorescent dyes, respectively. In a normal sample, amplification of
W1-W2, W3-W4 and W5-W6 primer pairs gives rise to 288bp blue N1, 130bp green N2 and
108bp red N3 fragments of normal alpha-globin gene. In a homozygous aIpha-thaIassemia_SEA
deletion sample, W1-W4 primer pair gives rise to 217bp blue&green M1 fragment of deletion
breakpoint (Figure 2).
Preclinical assessment of methodology

From 55 single buccal cells of the couples, multiplex fluorescent PCR showed an
amplification efficiency of 78.2% for N1, 96.4% for N2, 96.4% for N3 fragments giving the
overall amplification efficiency of 100% for normal alpha-thalassemia'SEA allele and 85.5% for
M1 fragment of aIpha-thaIassemia'SEA deletion allele. D16S475 showed an amplification
efficiency of 90.9% with 8% allele drop out rate. The application of the protocol on 25 spare
single human blastomeres donated for research showed an acceptable overall amplification

efficiency of 84% for both normal alpha-thalassemia'SEA allele and D16S475 fragment.
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Figure 2 Diagram showing alpha-globin gene family and alpha-thalassemia-SEA deletion with

primers map.

N1 - 288bp N3 - 108bp N2 - 130bp LA1 - 160-190bp

D1GS47§F

DI
D16S475R

D16S475F
——

el
w4 D16S475R
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Preimplantation diagnosis results

PGD cycle 1 for family ‘A’ gave 14 oocytes, all were sperm injected and all 14 embryos
were good quality for biopsy on day 3 postfertilization. Mutation analysis of
alpha-thalassemia_SEA from single biopsied blastomeres exhibited four embryos to be normal
(A2, A8, A13, A14), two heterozygous (A4, A9), six affected (A5, A6, A7, A10, A11, A12) and
two without result (A1, A3) (Table 2). Analysis of D16S475 fragment franking to alpha-globin
gene showed no contamination in all biopsied blastomeres. Linkage analysis of D16S475
fragment confirmed mutation analysis of two normal (A8, A13), one heterozygous (A4) and four
affected embryos (A6, A7, A11, A12), while linkage analysis suggested heterozygous results in
two normal (A2, A14) and one affected (A5) mutation analysis results, revealing the possibility
of ADO. One normal (A14) and two heterozygous (A4, A8) embryos were chosen for transfer
on day 4, unfortunately, no pregnancy was resulted.

Ten oocytes were collected and sperm injected in PGD cycle 2 of family ‘A’. Eight
embryos were good enough for biopsy on day 3. Mutation analysis of alpha-thalassemia_SEA
showed one embryo to be normal (B8), one heterozygous (B2), three affected (B4, B5, B7)
and three without result (B1, B3, B6). No contamination was detected. Linkage analysis results
confirmed affected result in one embryo (B4). One heterozygous embryo (B2) was chosen for
transfer on day 6 at blastocyst stage, one pregnancy was resulted. PND by fetal blood
sampling confirmed heterozygous genotype of the fetus. A disease-free baby boy, 3,280 g,
was born on 2nd October 2008.

Working up results of family ‘A’ confirmed heterozygous genotype of both of the
parents showing 288bp blue N1, 130bp green N2 and 108bp red N3 fragments of normal allele
and 217bp blue&green M1 fragment of mutant allele of alpha-thalassemia_SEA mutation (Figure
3 and 4). Homozygous affected genotype of their first fetus was confirmed by showing only
217bp blue&green M1 fragment of mutant allele of alpha-thalassemia'SEA mutation (Figure 5)
without any of the normal allele. D16S475 linkage locus exhibited 164bp/170bp and
166bp/180bp alleles for the mother and the father, respectively (Figure 3 and 4). Their Hb
Bart’s fetus acquired 170bp and 180bp mutant linked alleles from the mother and the father,
respectively (Figure 5), therefore, maternal 164bp allele and paternal 166bp allele should be
linked to the normal allele. Multiplex fluorescent PCR on normal control sample from an un-
related subject gave only 288bp blue N1, 130bp green N2 and 108bp red N3 of normal allele
(Figure 6). Subsequent PGD analysis of blastomere A4.1 demonstrated heterozygous
genotype with 164bp normal linked allele and 180bp mutant linked allele from the mother and
the father, respectively (Figure 7). Normal genotype blastomere A8.2 showed 164bp and
166bp normal linked allele from both of the parents (Figure 8).



16

Summarizing the data of a total of 36 single biopsied blastomeres from 2 clinical PGD
cycles gave amplification efficiency of 72.2% (26/36) and 63.8% (23/36), ADO rates of 19.2%
(5/26) and 30.4% (7/23) for alpha-globin gene and D16S475 locus, respectively. Follow-up
analyses were performed on the untransferred embryos. For this purpose whole embryos were
transferred to PCR tubes and subjected to the same protocol as used for the actual PGD. The
initial diagnosis was confirmed in all cases. No contamination was detected. A total of 24
embryos, including untransferred embryos and two arrested embryos (B9 and B10), in this

study (Table 2) revealed 5 normal, 11 heterozygous and 8 affected embryos.
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Table 2 Preimplantation genetic diagnosis of alpha-thalassaemia'SEA mutation results of family

‘A’ cycle 1 (embryos A1-A14) and cycle 2 (embryos B1-B9).

Embryo Embryo Cells Cell no. alpha-Thal*®*  Microsatellite linked Diagnosis Outcomes  Confirmation
no.  grade taken results marker (D16S475) results results
(no. of (n)
cells)
before
biopsy
(Day 3)
A1 2(8) 2 A1.1  Noresult  No result No result Untransferred Ht”
A1.2 Lysed
A2 3 (6) 2 A2.1 Normal NC , suggestive of Ht Normal or Ht Untransferred Ht
A2.2 Lysed (arrested)
A3 3(8) 2 A3.1 No result No result No result Untransferred Ht
A3.2 No result No result
A4 2(9) 2 A4.1 Ht NC, suggestive of Ht Ht ET**** -
A4.2 Ht NC, suggestive of Ht (early blastocyst)
A5 2(7) 2 A5.1 Affected NC, suggestive of Ht Affected or Ht Untransferred Ht
A5.2 No result No result
A6 1(8) 2 AB.1 Affected NC, suggestive of Affected  Affected Untransferred Affected
AB.2 Affected NC, suggestive of Affected
A7 1(8) 2 A7.1 Affected No result Affected Untransferred Affected
A7.2 Affected NC, suggestive of Affected
A8 3(8) 2 A8.1 Normal NC, suggestive of Normal Normal ET -
A8.2 Normal NC, suggestive of Normal (morula)
A9 1(7) 2 A9.1 Ht No result Ht, Untransferred Ht
A9.2 Ht Allele drop-out
A10 1(8) 2 A10.1  Affected No result Affected Untransferred Affected
A10.1 No result Allele drop-out
A11 1(8) 2 A11.1  Affected NC, suggestive of Affected  Affected Untransferred Affected
A11.2  No result Allele drop-out
A12 2(7) 2 A12.1  Affected NC, suggestive of Affected  Affected Untransferred Affected
A12.2  Affected NC, suggestive of Affected
A13 2(7) 2 A13.1 Normal Allele drop-out Normal Untransferred Normal
A13.2  Normal NC, suggestive of Normal (arrested)
A14 2(9) 2 A14.1 Normal No result Normal or Ht ET -
A14.2  Normal NC, suggestive of Ht (early blastocyst)
B1 2'(8) 2 B1.1 No result No result No result Untransferred Normal
B1.2 No result No result
B2 1(8) 2 B2.1 Ht Allele drop-out Ht ET Ht
B2.2 Ht Allele drop-out (blastocyst) (PND)
B3 2(7) 2 B3.1 No result No result No result Untransferred Normal
B3.2 Lysed
B4 1(7) 2 B4.1 Affected NC, suggestive of Affected  Affected Untransferred Affected
B4.2 Lysed
B5 1(7) 2 B5.1 Affected Allele drop-out Affected Untransferred Affected
B5.2 Lysed
B6 2'(5) 1 B6.1 No result No result No result Untransferred Normal
B7 1(6) 1 B7.1 Affected No result Affected Untransferred Affected
B8 1(5) 1 B8.1 Normal No result Normal Untransferred Ht
B9 1(4) 0 - - - - Untransferred Ht
B10 1(4) 0 - - - - Untransferred Ht

’ 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
__Ht = Heterozygous
NC = No contamination detected
"™ ET = Embryo transferred
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Figure 3 Multiplex fluorescent PCR results from GeneMapper® on an automated DNA
sequencer ABI Prism® 3130x/ for alpha-thalassemia_SEA mutation. Heterozygous
sample of mother of family ‘A’ with positive normal (blue-N1, green-N2, red-N3) and

mutant (blue&green-M1) fragments is shown. Yellow/black-LA1 fragment is

DACCATZE ool

ataollita naaorkar flopliina o aloba alohin cacnao

Sample File Sample Name Panel sal 0os sQ
3130 REC PGD3 54 001.fsa PGD3 54 PAF P57-PGD3 v | |
mMB217 NB288
30 120 160 200 240 280 320
8000 + t t t t : :
G000
40001 Mother 1 1
2000+ hejfrozygous
0 o T — — 1
217 288
7977 7052|
1 REC PGD3 54 001. PGD3 54 PAF P57-PGD3
MG217
80 120 160 200 240 280 320
8000
6000+
4000
1
20001
0 I A L T
130 217
9345 7470
3130 REC PGD3 54 001.fsa PGD3 54 PAF P57-PGD3
P57Y
80 120 160 200 240 280 320
8000
6000+
4000 1
2000
LA | |
164
4332
170
4172
3130 REC PGD3 54 001 fsa PGD3 54 PAF P57-PGD3
80 120 160 200 240 280 320
8000 ; ; ; : ;
6000+
4000
2000+
0 L M~ e FaY

I
110
7180




19

Figure 4 Multiplex fluorescent PCR results from GeneMapper® on an automated DNA
sequencer ABI Prism® 3130x/ for alpha-thalassemia'SEA mutation. Heterozygous
sample of father of family ‘A’ with positive normal (blue-N1, green-N2, red-N3) and

mutant (blue&green-M1) fragments is shown. Yellow/black-LA1 fragment is

DA18SA78 micracatallita markar flankina to alnha alahin cagng
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Figure 5 Multiplex fluorescent PCR results from GeneMapper® on an automated DNA
sequencer ABI Prism® 3130x/ for alpha-thalassemia'SEA mutation. Homozygous
affected sample of Hb Bart's fetus of the couple ‘A’ with positive only mutant
(blue&green-M1) fragment is demonstrated. Yellow/black-LA1 fragment is D16S475
microsatellite marker flanking to alpha-globin gene, 170bp and 180bp alleles are

linked to mutant allele of aIDha-thaIassemia-SEA mutation in_this family.

Sample File Sample Name Panel sal 0S S5Q
3130 REC PGD3 56 003.fsa PGD3 56 PAF P57-PGD3 vl [l
MB217 NB288
B0 120 160 200 240 280 320
8000 t t t t . : -
6000
00+ Fetus N1
s000. Hb Bart’s
0 VAN A
217
18601
130 REC PGD: 3. PGD3 56 PAF P57-PGD3 L [l
MG217
B0 120 160 200 240 280 320
8000 : : : : : .
6000
4000 N2
2000
0 T
217
8049
3130 REC PGD3 56 003.fsa PGD3 56 PAF P57-PGD3 N 1
P57Y
80 120 160 200 240 280 320
8000

6000+

4000 A
2000
0 Jf\ ﬁi rm A AL _l d -

T
170
7264
180
|5434
13130 REC PGD3 56 003 fsa PGD3 56 PAF P57-PGD3 < [l
80 120 160 200 240 280 320
8000 :
8000
4000 N3

2000




21

Figure 6 Multiplex fluorescent PCR results from GeneMapper® on an automated DNA

sequencer ABI Prism® 3130x/ for alpha-thalassemia_SEA

mutation. Normal control

sample with positive only normal (blue-N1, green-N2, red-N3) fragments is
demonstrated.
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Figure 7 Multiplex fluorescent PCR results from GeneMapper® on an automated DNA

sequencer ABI Prism® 3130x/ for alpha-thalassemia_SEA mutation. Heterozygous
single biopsied blastomere from clinical PGD for family ‘A’ with positive normal

(blue-N1, green-N2, red-N3) and mutant (blue&green-M1) fragments is shown.
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Figure 8 Multiplex fluorescent PCR results from GeneMapper® on an automated DNA
sequencer ABI Prism® 3130x/ for alpha-thalassemia'SEA mutation. Normal single
biopsied blastomere from clinical PGD for family ‘A’ with positive only normal (blue-
N1, green-N2, red-N3) fragments is shown. Yellow/black-LA1 fragment is D16S475

microsatellite marker flanking to alpha-globin gene.
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DISCUSSION

Homozygous genotype of alpha-thalassemia causes severe anemia which leads to
high output heart failure and hydrops fetalis syndrome in utero. Fetal hydropic phenotype
always causes serious maternal complications. Prior to the era of heterozygotes screening and
prenatal diagnosis of alpha-thalassemia, several mothers to such homozygous alpha-
thalassemia fetuses in Thailand died from eclampsia or hemorrhage every year. The
introduction of prenatal control of severe thalassaemia: Chiang Mai strategy (Tongsong et al.,
2000) helps in early detection of homozygous alpha-thalassemia fetuses and termination of
pregnancy before maternal complications begin, eliminating maternal death. Application of
PGD provides the advantage over traditional PND in avoiding termination of affected
pregnancy and its complications. PGD of alpha-thalassemia should be demanding, but there
have not been many reports on it (Wells and Delhanty, 2001).

In this study, a new set of primers was developed and tested as gap PCR for
alpha-thalassemia_SEA and was employed in clinical PGD. In addition, Primers amplifying an
internal control of normal fragment within alpha-thalassemia_SEA deletion were included in the
protocol. A microsatellite marker franking to alpha-globin gene family was also included for
contamination detection and back up linkage analysis results. In the final PGD protocol,
multiplex fluorescent PCR using 4 sets of primers amplifying 5 fragments was successfully
done on heterozygote single cells. Preclinical workup of novel PGD protocol on single buccal
cells and single spared blastomeres gave acceptable amplification efficiency and ADO.

Comparing with previously designed primers for gap PCR (Ko et al., 1992) which
amplify 5° end breakpoint of normal allele and mutant allele, new protocol in this study amplify
both 5’ end and 3’ end breakpoint of normal allele and mutant allele with different annealing
sites. In addition, internal control fragment within the breakpoint is also employed. Therefore,
novel protocol in this study amplifies three fragments of the normal allele. Traditional primers
amplify one fragment for each of normal and mutant alleles, in case of polymorphism of
alpha-globin gene sequences which causes amplification failure of either normal or mutant
alleles would lead to misdiagnosis. Results of one of the three fragments of normal allele can
rescue diagnosis results of the single blastomere in case of ADO of the second or third
primers for normal allele (Piyamongkol et al., 2003) as demonstrated in the preclinical workup
results in this study that amplification efficiency for normal alpha-thalassemia-SEA allele using
this new set of primers reached 100%. Detecting normal allele is crucial for diagnosis of
normal and heterozygous genotypes in autosomal recessive disorders. Moreover, a
polymorphic marker next to the breakpoint is also included for backup linkage analysis results

as a fourth fail proof diagnostic clue.
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Preliminary 14 embryos in the first PGD cycle were enough for selection. Only 2
embryos with poor quality on day 3 failed to give analysis results, diagnosis could be drawn
from 12 embryos. However, all embryos with best quality (Grade 1) either were affected
(embryos A6, A7, A10 and A11) or arrested on day 4 (embryo A9). Three un-affected embryos
(embryos A4, A8 and A14) chosen for transfer were of poorer quality on day 3. Although,
these embryos developed well on day 4 into morula and blastocyst stage, none implanted.

There were 8 embryos for biopsy at the beginning of the second PGD cycle, only 6
(embryos B1, B2, B3, B4, B5 and B7) were with 6-8 cells. Three (embryos B1, B3 and B6)
failed to give diagnosis result, probably due to the poor quality of the biopsied blastomeres.
Moreover, affected result was concluded in three embryos (embryos B4, B5 and B7).
Therefore, there were not many choices of un-affected embryos with good quality for transfer.
From three embryos with best morphology, two (embryos B4 and B5) were affected while the
third (embryo B2) was heterozygous. Luckily the heterozygous embryo with best quality
(embryo B2) developed very well after biopsy, was chosen for transfer and gave rise to a
healthy pregnancy.

From 22 embryos in two clinical PGD cycles (Table 2), mutation analysis demonstrated
5 normal, 3 heterozygous, 9 affected and 5without result. In addition to showing no
contamination in all single blastomeres, linkage analysis results using D16S475 locus
confirmed mutation analysis results in two normal, one heterozygous and 5 affected embryos,
while suggested two normal and one affected results to be heterozygous embryos indicating
ADO of those blastomeres. This demonstrated the benefit of the incorporating D16S475
analysis for back up linkage analysis results in addition to contamination detection purpose.
Confirmation analysis of untransferred embryos revealed the overall genotyping distribution to
be 5 (20.8%) normal, 11 (45.8%) heterozygous and 8 (33.4%) affected. As expected, ADO
made heterozygotes ratio lower than actual prevalence while normal and homozygous affected
ratio higher than actual. This event would not lead to misdiagnosis, but a reduced number of
heterozygous embryos for transfer, subsequently, possibly a lower pregnancy rate. There is a
notice that ADO problem did not deteriorate the accuracy of diagnosis in this study because of
the fail proof design of PCR protocol.

In conclusion, novel PGD protocol for alpha-thalassemia'SEA using multiplex fluorescent
single cell PCR was developed, tested and clinically applied in two PGD cycles. New set of
primers for alpha-thalassemia_SEA mutation was designed for detecting three fragments of the
normal allele and one fragment of the mutant allele as a fail proof technique. In addition, a
microsatellite next to alpha-globin gene was included for contamination detection and backup
linkage analysis information. This multiplex gap PCR protocol can be useful for PGD as well as

PND. First birth following PGD of alpha-thalassemia in Thailand was reported here.



26

A a v
HaNAaf laanlasenis

I@ﬂmmﬁfuagumammmwwmmam" Yn1IngaeLdadlng ladin1iiadaiaTa9a0319
AenedEiauluauaifianedalud@ (Automated DNA Sequencer) (Huyad 11 §1uun
Walddnsulasinmiftuazlasamiiqedu g vaiamuNnomans uniananasideslnal
a v . 1o [ > @ A A a -SEA A:RI I
AAAUEBNLUULASNAROL primers qﬂlmmmﬂiﬂaammaasmuwu@ GRS
UszlgridanTunsasan il NMTIRaasnanasaa LazNTIRIRynawnIIEIa
AAAUEANLULLAZNAROLUNTLT primers fnsudunssneludu alpha-globin  (internal
normal control fragment) LNBLANNANVLLBEIVBINITATIVIRADY é’fialeimﬂﬁ;j’l,@ﬁ']mﬁau
ﬁ@ﬁuaaﬂLLmJLLa:maaumﬂ%@i’]me%gja@ﬁuﬁu alpha-globin  lun1s@s733La3eh
. . { A o an o A ' ° .
linkage analysis {NBLANNANULNKENVBINTATIFIRADY valumﬂﬁ;ﬁ@mmnau
AR URANLULLAZNARAUNNI I primers 0149 4 gj‘luﬂ’lsmn’il,mwzﬁﬁu 5 GURUINTONNY
& A vo & A ' = ° '
INLTRRLALD LG ESD smvl,umﬂwﬂ@mmﬂau
RN TR N awN1THIA 18R TU IR0 a N TR TN O ud1wIn 2 a9 lRnuaTauATING
{ { o o a { o £ '
mwL?’(mﬁqmmﬁ]LfluisﬂaaWWﬁﬁaa%'Lﬁwum;umﬂ@ﬂlﬁﬂﬂ,@maaﬁmﬂwumlm
lanisndseanlsnaanimardiioainni1tdssruaNudISanI A RInyAawA1IHIA 1A%
usnlnlseind nuuazaTingasuadlan
N13IALATLNABRLUIINNITIIUIINNITA ML NANTaN laa1nlasan1shiNaga 16
71IFINIT NI TEA U TIALNATUNITNIT NI TANUWLE B LIS
NaANELIIVaIlATINTR AT UANRRlaLaziLEwaT I lauRaNIaTH AN lATIN1T
lal'lenzednldqng T,@ﬂ"l,@i”%'umimLauaiuﬁaaﬂwamaaanwﬁiﬂsﬁ'ﬂﬁnﬂﬁao P11 IR U
wianhluwsasmisFeiuinnady Tudgdunmsainemsanilnsiaiuazanifingnae
0% AaTasunule website  NAABIWLALTIEURAILURI 194015 ;ﬁ%’ﬂ"lﬁﬂﬁiﬂamauqm
Qaﬁuaguimams Taulanizasn9gs 17., ’Na. LAz ’N7. nﬂﬂ%'a wananasadulanialu
nIdemaiuianuddguazuwinadunguainslsanasdidolilszmouiianeg
v a & 1 U Qf o 6 6 =3 & 1
ANt la mm}:umﬂuml"nmﬂunwﬂizmauwuﬁaaﬂmuaﬂmamiﬂa:Lﬂu;&amv\maJ
a v £ & A v A = A o v o
FUABUIN Faluanuidnase walacilasinsuazieulse i mwnaaIn1Tac e FUN WS 1
> d‘y =3 ] o U dl I v
SNBMHET A LNRINITONTZYN I LaIRINRANIATH b IR AN awla



27

o 1 0o & Aaa o 1 o o [ [
MIVIUNLEWIYIIAINNAN Li%ﬂﬂdtﬂidﬂﬁiﬂﬁiﬁ%ﬂﬂﬂﬂE]%ﬂ'lﬁﬂ\i G]'Jﬁ'lﬁ?ﬂtﬁ'ﬂﬁ'laﬂ%l,ﬁ El‘[ﬂﬂ

foananw haslwinsiaadidulan 8 ngrn1ax 2551

A o 6

JulBYauNEal 3190133INALLEILAY TIARRNFVAIN NJINWY FM 96.00 MHz

o g 1

dmingale.du. 8n. 'S'uvgﬁ‘ﬁ 14 WOBANAN 2551 1281 13.00-14.30 %. %278 “N1Y
Maasnaunsisardnsuliamaadidle’ (NMANWIN 5)

TUBRUAIBAL TIUNITENIRFVAIN @019 §IN. NFINNY FM 92.50 MHz  nIa
UTeB1TUNNS i’uvgﬁﬁ 14 WO HAAN 2551 1281 15.30-16.00 %. W8 “MIIHIRLNIOY
MIIAIFNTULIATIRRTLAY” (MANUIN 5)

A e 6

) P o &1 o o A
FJULTU RN L TURD ﬂﬂq%‘[ﬂiﬂﬂ%ﬁad NBT 18NIT “@]ﬂﬂﬂ“&laﬂﬁl%ﬂaﬂ” ’J%V!'ﬁ“ﬂ 4

a

Anuisn 2551 1981 15.30-16.00  Wata “miifaannaunsfirdwivliamasdile”
(MAKNWIN 5)

TUBYFNAHIL S18NITEIESNFUAINNURNDEIRABN FM 100 MHz  ainnikidas
foa130aTW AW INTa LT a9 Ina WS 13 FIWAN 2551 190 20.00-20.30 w.
w1t “MIianaldaniniulsanaadiile” (ManwIN 5)

Julgdunsol 918n13ALEIFENMANURNEEIABN FM 93.25 MHz an1iingumns
Uszinalng iBaelual T1ansN 16 Faran 2552 13a1 10.30-11.00 . #ata “Miaen
drsaudnsulsasaadiile” (MANWIN 5)

UM Bl I1EMIQBAMFVNNIURNEEINABN AM 639 MHz an1iIngums
Uszndlng Baslua 7uIunsn 18 §ImaN 2552 1381 06.00-06.30 %. #aTa “N3
A s ' o > v A A
\anadeudniulsamaadiile” (MaNwIn 5)

#1117 Red nikidaNaN Bangkok Post atiuiuafiadf 11 woun1ay 2551 “New
screening test to ward off thalassemia” (NMANWIN 3)

o o o v A A ¢ Yo Y v o o e « &

WT8231I7IN 14 wIRIFaNANHIANTITINEI AUVIUIUNTA 12 WOBAIAY 2551 “WAnd

+ g “« e A A »” [ 1 1 A 1 & ”
Inodsana “ndedily” rowauwinmziignliidulin” (manwan 3)
Wt A7 wkiReianlnadniad aduiudunsn 12 wousaiaw 2551 “wwnding

+ v a

LBIUATIARTNORUTIATILIN (MANWIN 3)
o o ' @ % a & A v o a d A o
BT8RN 10 NI RORNNNATH ATVIUSIANTN 13 WOBAAY 2551 “Wnnd nedde N
dd, 1 1 v 1 & v A A o = »
I Drnganildgn liidulsamaadifiodnia (mawwan 3)
v @ ' @ v a ¢ 1A '3 @ d
WITa11I1 19 WibaFaRanLBaelual i atuIwasN 17 wouAay 2551 “Unndus.
fadumsan lifamarTIREE LS (MANWIN 3)
@ 1 6 a > 1 { @ {
UNAMNRAI 16-18  BIIFITADBZUNNAAIEAS AR1INgIadaslng U0 23 aiun 5
Laauﬁqu’mu 2551 “mﬂﬁﬂﬂwsﬁﬁaﬁmIiﬂwwaﬁuqniiuwNLﬁanlmia%m%’umam%’a”

(MANWIN 3)



28

o o ¢ ¢ ¢ ¢ a Y '
WW@]%')EI']’J%%’]%{IG LANYEAIFAIAT i’lilﬁﬂis} ATWILNNYFANFTAD &I%ﬂ')ﬂﬂ’lﬁﬂt%ﬂdi‘lﬁ&l

U9 9 auN 133 Y3237191N 16-30 finuwen 2551 “UANS NT. AUNUNISLRaN RN &I
' Aa A ' a & v oA A
g}amammmLam@amswqmmﬂiﬂmaamEJ (MANUIN 3)



29

o 1 o -3 A A ¥ ] o o v V) ')
MMIRERaIIaNESpaslasInITnITIRsenawnsidsad nsSulsaaan s e D
= A A 1 '3 a > = 1
WelaaRaaranu tiasluuaasinnlagamsunnadians aniIngrauBoslua 14
NNI1AN 2552
sudgldunasinenudisa sninealdaunlineadnmasdille”  vevemsuNnoaEad
BRI ERIC TN EY vasdvzrudy 2 A1ANTLRANNIZUITY ATBSUNNDANRAST
VANINENN LTl 'E'uvg'ﬁﬁ 14 YN0 2552 17381 10.00-11.00 4.
V) &1 ' q 1 [~4 ‘g I { v o
ARININAUBDI 3 117 “ITDILAWLE W au‘vgﬁﬁ 14 YN1AY 2552 1A 17.56 %. K10
6 A 1l o =3 o @ ' o v A A
“wwniigodlnilszauanudnsalumsnaalsenlsndannsasdiie” (MaKwIN 5)
Y &1 ' 1 Y] 1 ) o A
A0NRININAKRZa9 3 217 “d1Inlna” JUngRan 15 ¥nT1aN 2552 131 01.29-01.34 4.
s v 6 A 1 o = g Qs 1 o v A A
wda “wnndigednidszauanudsaluninaaiseulinsarnsaaTie” (AANWIN
5)
~ > 6 1 1l [] Y o [ [ o A
A0BHININAKTDI 3 117 “d1B1IRLAN" TUNYRIN 15 ANT1AN 2552 LI 04.10-
04.18 w. %272 “unwndizualuilszruanudisalunisaaaidanlinaanmardiie”
(MANUIN 5)
') 6 1 ] + [ v {
A0NilNINART9 3 217 “30 Young WI” TUNWOHEN 15 INT1AN 2552 1380 09.52-09.56
v o & A ' ° & o e [ v A A
W, #ata “wnwndidgslnidszarualnudgisaluniinaaldanlinaanNIsIag DLy’
(MANWIN 5)
[ a o 6 = £ 6 1 1l 1 n‘ %) %) s o o &
Suldnaunwoiae aafilnmaiges 3 110 “d1UNLIINWLANNIIOE”  TUIUNTA 19
YNTIAN 2552 1281 12.05-12.20 %. %278 “unndidaslnilszauanudSaluniinadd
saulsnaanRRDLIREY” (MANUWIN 5)
') 6 1 ' [~ 1 v v { o o
A0NRININAKBDI 7 9717 “LAABIIANT TUNOHREN 15 ¥NTIAN 2552 1Ia1 01.52 . HTe
6 A 1 o =1 o o 1 [ v A A
‘WAnSTalniUszruanudsalunsnaaiaaulsadan ARG (MNANWIN 5)
') 6 1 ' [ [~ v {
amilnafieizas 7 917 “idrdiniia 7 & uwsi 21 un3ay 2552 1381 05.09-05.14
v o € A ' o & o o @ v A A
. #ata “unngiioslridtzruanugnIalunisaaaldaulinsanisaagiie”
(MANWIN 5)
a 61 1 1 c'» [ d o o
AHININAKTDI 9 117 “d12@1” m‘vgﬁﬁ 14 YNIAN 2552 1281 19.32 U. HITD “WANE
a [ o = o L 1 L @ A A ”
Foalnidszruanudnsalunsaaaiseulsnoanimasdiile” (ManuIn 5)
o €1 ' 1 a o {
ANRININAKTaI NBT 1717 “21Naddnniatiita” TWWBN 14 UNT1AN 2552 1281 16.30
% U « 6 A 1 o = > a ] [ v A A »
. %27 “unndizedlnidszruainudnaluniaadaidanlinaan1sIagdL e
(MAKUIN 5)
@ &1 1 o {
anilnInaiznas NBT 212 “Hot News” TWWTN 14 ANTAY 2552 11A1 21.19-21.26 .
@ o “« 6 A 1 o = s s ] [ v A A »
wda “wnndigoslnidszauanudiTalunsaaaisaulinsarnsasTie” (ANANKIN
5)



30

v a o & ~ o & o o A

Judgaunsalae aailnsviaides NBT  519ms “aafiunaasiwaan” Tunsi 21
UNTAY 2552 181 15.30-16.00 4. Wata “unndidssluidszauanudisalunisaaan
gaulIndarNTRRDLAL” (NMANUIN 5)

donitlnsneizad Thai PBS 917 “d1nnaan ” TUWEN 14 UNTIAY 2552 1981 19.08-
19.14 % Wt “wnwndifsslnidszauanudusalunsaadisaulsndansaadiile”
(MAKUIN 5)

amilnafiaizas Thai PBS 9717 “d12@n” TuWsfl 14 anman 2552 1981 24.17-24.20

£ 2 « 6 A 1 o =1 > > ] (% o A A »

w. %170 “‘wnwndiFoslnidszauanudisalunisaadlseunlsadanisaadiie
(MAKNWIN 5)

anilnsvieizdes Nation Channdel 917 “WavdnISuaym”  TWWOWa? 15 wnsay
2552 1981 06.38-06.44 4. $add “wnngiFaelndysrauanudnsalunisaaalsan
lsadavhmaadiidle” (NMANWIN 5)

s A . 6 Y a o a A

FUBYAUNBOE T19NTEINLEINFTANAUNNEEINABN FM 100 MHz  @nnibides
fod1TNaTW AN INLA LB 9 nal TUWIN 28 ANTIAN 2552 1IA1 20.00-20.30 W,
(MAKUIN 5)
FulByFNABIl 18NIAUAIFUNINALRNDFIWABN FM 93.25 MHz  @RIRINgUAI
Uszindlng Baelna Juan$h 31 unTAY 2552 13871 10.30-11.00 1. (AARUIN 5)
Julggdunsal s1en1sadnguAINIURNaaIwABN AM 639 MHz  @n1idInguns
Uszindlng Baslua Tudunsn 2 NUAWUT 2552 1981 06.00-06.30 %. (MAKWIN 5)

Judysuneal :19n131309%13 NN AN a B lus FM 100 MHz sa#angidas
fod15028% AN1INIa LT 9 nal TUGNIN 6 NUATWUT 2552 11a1 17.50 - 18.00
W. (NMAKWIN 5)

AITa11I1N 4 nikaFaNuN Bangkok Post alLTUWaRaN 15 Un31AN 2552 “Baby born
to parents suffering thalassemia” (NNANWIN 4)

#1821 2B ikddaNuN The Nation atuiuwnain 15 unmay 2552 “Babies can
be born free of thalassemia” (N1ANWIN 4)

wadagninid 9 wksdeRanyainngsia aduTunniai 15 un,aN 2552 “WBiE 15
lodienianUaaaiuidonany’ (Manuwin 4)

AITaUNMIAIINRS NI TaNANNAT® aULIUNOHREN 15 UNTNAY 2552 “ “Axa g’ fad

[ s 1 o = ] [ v A A y a s »

lanAadmdaudiatiowi Maadiliy’ Sandaaads” (Manwin 4)

o o ' % .:! % a € A o o & “ < 6 y + @

Wt v wisFaana@Arw auIugNIN 16 unTAN 2552  ‘WAndus.’ 139Aa
o U o =3 [l v A A y a U -
drdaudnTua maadudle fanlddaaany” (meawwan 4)

waidatini 19 nibsReRadinesy atuiuensi 16 anmaw 2552 “dihwlsafenis

WNNETIBTAN A (AANWIN 4)

U



31

A A 6 a

v @ ' %] = LY a s v @ & « G4 + @

WiTadnni v nisdafailadind atuiugnin 16 unmay 2552 UWNT U139 16
msnUaaalsa 1aaTEe” (MANWIN 4)

o o ' v =& - | a 4 o R o o o A « & A

WITTNMRRIVIS NIIFANNNANTARN ATVIWNGREN 15 ANTIAN 2552 “UNNHND.LE N

=3 =\ s v A A ”
2N RREAUaaA l3ALR DA ANTTIRFTIL” (MANWIN 4)
o o [y =& Y A ¢ o = v o & " & A
WTannKi v wisdaananTaan atuiugnii 16 unmeaw 2552 “uwnduibuu
=3 A a =1 »
WzENRRealaaa lsalianfle1 i ne” (MAKNWIN 4)
L% [] & %> a a 6 v o % { o

NIARIBIIAI KT WILIFaNAN INaitad aduIuwgnan 15 InTAN 2552 “Uwndus.vi
FUSMNINARLINVDI NUNAINNTAAGIB0ULIABRNITIRETLIE” (NANWIN 4)

o @ il @ Y] a a 4 @ o d

P07 3 nItd R NN Inafiad 2ULIUWTN 21 UNTAY 2552 “WRITUATUSLANE 3.
% U v A A
AUMIAWIIATIRFTINY” (MANWIN 4)

%) a 4 1a 4 a [ a { % + A v
afuvin 1 wikeRediariBasluafad aduiunniai 26 nuaWus 2552 “uz.idal 39y
o =1 Q Qs 1 > Q =} = »
F139000 180U a N TIARTINY” (MANWIN 4)

UNAMNRAI 19-20  BIIFITADBZUNNYANAANS ARINBIaeLdalng U1 24 adud 1
= “d 6 a Qs s 1 o = = s 1 o %]
LFaWUNIIAN 2552  “NULWNTNRIINLIA LT LI N NUTRUANUFSIAAAI 8o AW T
Isndannsasdily uusniulszinalng” (Manuwan 4)

W1AH12121Un%R" Eisai Bonding The Generations. 17 4 atjufi 4 unsnau-uan 2552

o = [-% o ' v A A
“anudSalunrnaalaanlsauaaniagELY”
o 1 § I’ ¢ I’ a [ '

NIARITIIRIBIRIE UNNLEIFAIE1T 3181701 anzunnad@ans ariIngraadaslna
U9 10 aUN 147 UszdNIun 16-30 YNINAN 2552 “UWng V7. UTRUANNFENSIAAA?
dandrTulsnaanimaadilotduwaviusnlulszinalneg waznuiduwavingasvaslan”
(MANWIN 4)

o 1 & 1 Y ¢ a %) 1 { o { o @ {

NIARIZIIRIINH B1250UFUA% ur1Ingrasdaslna U7 4 adun 9 Uszs1iun 23

o 6 ~a 6 o =3 o o ] (- v A A d’ﬁ
NUAWKE - 1 Hwnan 2552 “unnd 7. Uszauanudiianaaideuaaimaadiiiuas

wInwadlsznalng” (ManwIn 4)



32

%’fuL?jzymsmﬂ/m‘sﬁnLsmaNamw“a%'ﬂﬁ%lumsﬂsmgu%ﬁms

emUWﬂi%UL%EQi%ﬂ’]‘JUﬁﬂ’]UL%@G “Role of Molecular Biology in Obstetrics — Modern Single
Gene Disorders Diagnosis Techniques.” Iumiﬂizqwa“ﬁ’m’li The 21% Scientific
Congress of the Royal Thai College of Obstetricians and Gynaecologist and the
Second Collaboration with Royal Australian and New Zealand College of Obstetricians
and Gynaecologists “Challenges in Reproductive Health for Thailand in the Next
Decade” il 24-27 Aa1AN 2549 T 13IUINUANLNETIADT 56 2ouiiion WAIATHYI
Usznalng (ManuwIn 2)

3“/1mﬂ‘s%'m%tyium‘mﬁmm%ad “‘Role of Molecular Biology in Obstetrics” lunssuam
Cell and Molecular Biology Seminar Series ’nfuﬁ 31 RIN1AN 2550 1781 12.00-13.00 .
3% ﬁaaﬂ‘s:qu ﬁ’aamql@ %:u 5 E]’]ﬂWSL%EI%‘E’J&I ﬂmzLmema@l‘% &J%']%Y]EI’]&IEJL%EJG&L%&]

Piyamongkol W, Vutyavanich T, Piyamongkol S, Sanguansermsri T. Development of
Multiplex Fluorescent Single Cell PCR Protocol for Preimplantation Genetic Diagnosis
of alpha-Thalassemia. N13uszruin3dbIuln wu wiidnenla ana. A% 7 Sud 11-
13 a1y 2550 T3 9usuLeNINETILaes 56 sauiion %’mi’mmﬁ (MAKNKIN 2)

Piyamongkol W, Piyamongkol S, Sanguansermsri T. Real-Time PCR for Prenatal Genetic
Diagnosis of beta-Thalassemia. N3U3e 03 TINT A%l 22 AINENg! Ugau'%uwwﬁum
l]izmﬂvl,‘ﬂil Lﬁaﬂﬂama&lmmmmﬁwmwuuwssm Qo WITHN & TUINAN bedo
Fufi 20 QaNAN — 1 WOAINE® 2550 Tk D1ANTLRRNNTELNIN <o T sﬁamﬂuﬁfﬁ'ﬁ DU
Lw%iq%él'ﬂlﬂaj NINWY (MARUIN 2)

"371mnﬁm%zﬂumimimﬂLLazamm'%'aa “PGD & PGS lts Place in Modern ART” lun1s
Uszgudm Bl i@nns “Chiang Mai International Workshop on A.R.T. 2007 Fudl
10-14 FUINAN 2550 @ %ﬁu 15 mmsq%mIIu ﬂmzLLWﬂﬂﬂﬂﬁ(ﬂg N‘Vi’ﬁﬁﬂﬂé’m%ﬂdlﬁﬂ
(MAKNUIN 2)

Piyamongkol W, Vutyavanich T, Sanguansermsri T. Pregnancy following preimplantation
genetic diagnosis of alpha-thalassemia. M3UseTRITINT asafi 23 iwﬁﬂmﬁﬂgau‘%
wANSurdLszinelng “Optimal Women’s Health Care for Daily Practice” Suft 1215
qaAN 2551 T 13ILINUANLNEDLAET &8 sanfion WAIATHYT (MANWIN 2)

Piyamongkol W, Vutyavanich T, Sanguansermsri T. Preimplantation genetic diagnosis of
alpha-thalassemia. MyUszruinIdoiulng wu m%’i%’mmﬂa am. A7 8 TuA 16-18
qa1na 2551 o lssuswzadiadauwd Iaein Tiur o 1é1 Sandamasys (mewuan
2)

53?1&1’1ﬂi§1.|l,%mﬂuﬂ’1‘ill‘iimULL&:E}U‘SNL‘%QG “Preimplantation Genetic Diagnosis” lunsg

ﬂs:*‘guﬁﬂnms Prenatal Control of Severe Thalassemia Y41 3-4 SWAN 2551 T Tk



33

15 a1asginlos anzunnoenaad yniinoaoiBoslnl  aduayunisdneunlay
fUNINBNBINUIBUIYBANTIAE (MNANUIN 2)

'3mmﬂ‘s%'m%mﬂuﬂ’]smsm'mLLa:amuﬁ'aa “Current Status of PGD & PGS’ lumszgu
AM13189U JUANTT “Chiang Mai International Workshop on A.R.T. 2009 Sufl 13-16
UNAY 2552 h Wadtl gy T9 15 B1ASLARUNITZUNTE ATAEUANAEAT AR INNSE
\Taaln

"371mm%'m%aﬂumimsmm%ao “Preimplantation Genetic Diagnosis” luﬂﬁiﬂimj&ﬁ?j’m’]i
Uszdndl %Mt 33 munaumadiamsunnduisdsznalng “nafienisunwngiuszuy
AmNIWAaIL JURN Y Jufl 28 WwEow -1 WosnAN 2552 o lsausuABuinas
JIMIATIlAN (MANwIN 2)

%mns%'uﬁtyiumsmsmm’%‘ao “Preimplantation Genetic Diagnosis” lun1313e 8311013
TNINITMEaTINIAUazMIniuaTIA (Ing) 1IuAu NeineapgauTunnduisline
Tne ﬂ%‘lﬁl 7 152311 2552 “Humanized Health Care in Maternal and Fetal Medicine”
Fufl 6-8 WomAAN 2552 4 #aunwrTy3 1-3 lasusuzafiadawd Taedn Tidud O
781 VWATANTIYT (MAKWIN 2)

emUWﬂi§UL%E§1%ﬂ’]§Uiiﬂ’]ﬂL§ﬂd “Preimplantation Genetic Diagnosis” ’Lumsﬂs:“gﬁmmi
aifiosim av.uw.duaz nawss Uszdl 2552 “@1ui1Inin lun1sasIaniy
Wwasjidnmslaiiaing”  dalag aanansduawsdsiaanisaumaniadfin maic
mafianisunng amznaianisunnd aninoaoFoslng Tuil 12-14 wgsaiay
2552 th WaIUTIINY 2 (T% 12) 81013 12 T4 Amsnafiansunng an1ingnss
Teslnd 1 Foelnd (Mawwln 2)

’3“/1mﬂi%'lll,%aﬂuﬂ’ﬁuﬁmm%aa “Preimplantation genetic diagnosis” sl,umsﬂsz"qw%**mms
Uzt 2552 vasmnavemdpiaiywus (lny) Swiy susunsmaainaiywus
watlsznelng “Happy Sex and Reproduction” Jufi 18-19 figwiou 2552 w 13w
NDAALT FTWA NTUNWY (MARWIN 2)

3“/1mn‘s%’m%tyium‘imﬁmm%ad “Preimplantation Genetic Diagnosis for Thalassemia” Tu
nsdszguiTnimasdids saws1u1aunine1dousals A3IR 7 “Prenatal
Diagnosis and Preimplantation Genetic Diagnosis in Thalassemia” i‘uﬁl 14 nIngHay
2552 th iU szTNLeMNATE 1 T 3 BNANTAIUTT IHIWINLIAURIINENRUWITAIT ATk

UWWNLANEAS URIINYIRLWLTAIT %’wi’mﬁwnﬂaﬂ



34

nmlszraininis, Wi dauazdiAgasiwewiselulasenisit

Piyamongkol W. Role of molecular biology in obstetrics — Modern single gene
disorders diagnosis techniques. J Med Assoc Thai 2006;89:5186-91.

9nd Yozugaa. A3 “lassmHTasnewnmsdsardnsulsamaadiiie”. Medical
Time. 2551: 9(207): 37-38. (MANUWIN 2)

Piyamongkol W, Vutyavanich T, Piyamongkol S, Sanguansermsri T. Development of
Multiplex Fluorescent Single Cell PCR Protocol for Preimplantation Genetic
Diagnosis of alpha-Thalassemia. Tu: undada nsuszgainidoulnd wu wi3ds
mﬂa an2. A57 7 SuA 11-13 ANAN 2550 Th Tsausunenunsmaes 54 sau
W WWIaTaYT Wi 377. (Meawwan 2)

Piyamongkol W, Piyamongkol S, Sanguansermsri T. Real-Time PCR for Prenatal
Genetic Diagnosis of beta-Thalassemia. 14: Uneata ﬂ’]iﬂiz"qﬁ"mmi asaf 22
iwﬁ‘ﬂmé’fygﬁu‘%l,l,wwﬁLLﬁoﬂi:mﬂVlmﬂ aslulanmauniuInalad U NIz TUINTTHN
Qo WITHN & TuAN bd@o THAl 29 ANAN — 1 WOAINIEK 2550 Th 81ANILBAA
Wizl <o T waugudidy nuumwsyIdalnal nyamwy wi 217, (MAKwIN 2)

Piyamongkol W, Vutyavanich T, Sanguansermsri T. Pregnancy following
preimplantation genetic diagnosis of alpha-thalassemia. lu: unAata miﬂizﬁgu
ST A5 23 mﬁﬂmﬁﬂgau’%uw“{lﬁLLﬁaﬂi:mﬂVl,m “Optimal Women’s Health
Care for Daily Practice” fuﬁ 12-15 aaad 2551 159UTNLANLNRTLADS %?T 0
W 1nIaTaYT mih 213, (MawwIn 2)

Piyamongkol W, Vutyavanich T, Sanguansermsri T. Preimplantation genetic diagnosis
of alpha-thalassemia. J4: UNAALHD MILRUENRINULLLLTIENE Madszguinianin
Twal wu Wwidsenyla ana. A%l 8 Tuit 16-18 aa1Ay 2551 o l3susuzafiadaut
Troin Tidurt D1 281 TanTanTy3 2551: 73. (MAKWIN 2)

39904 Yazasaa. Preimplantation Genetic Diagnosis. J Med Tech Assoc Thai 2009:
33(1): 51-57. (MANWIN 2)

39904 Yuzansaa. Preimplantation Genetic  Diagnosis. lunibaFatsznaunisdszgy
ArmIrusunTmaasinIauazmMIniuad (Ing) Muiu NeinesbgauTuwng
wistszinelng a3efl 7 Uszénil 2552 “Humanized Health Care in Matemal and
Fetal Medicine” 3% 6-8 WomnAN 2552 WadlwTIy3 1-3 lsausuzadiadawil 3
gasn Jdun do veé JawTauwssyT wih 53-60. (MANwIN 2)

399nd Tazasaa. Preimplantation Genetic Diagnosis b : %ﬁdﬁaﬂizﬂaumiﬂizqw
A3 Afsagu avuw.doez nawey Uzt 2552 “anuiinilunisana
niresljidnslafiaing”  dalas aonsduswiimaanisaumaniafiin
madTunaiansunng amznadansunng snineasidoslnd m Basussene



35

& & a & a v A A \ Y
2 (T 12) 21017 12 T AWZLNABANITLNNE NﬂT]V]U']NEJLTU\‘]l‘ﬁﬂJ LTUGI‘V\N AU

39-45. (NMANWIN 2)

a A & A . . . . . e

399 Yuzasaa. Preimplantation genetic diagnosis 14 : wiResznaunsdseTy
Amnsdszdnd 2552 maaamﬂwamﬁmﬁtyﬁuﬁf (Ine) 000 TusNTAMEATANT

Lﬁmuﬁuﬁ:umﬂi:melvl,m “Happy Sex and Reproduction”, 2552: 18-25. (NMANKIN

2)



ANANWIN 1

Manuscript



37

FULL TITLE:

Preimplantation genetic diagnosis of alpha-thalassemia.

Authors:
Wirawit Piyamongkol, MD, PhD*; Teraporn Vutyavanich, MD, MMedSc*; Torpong

Sanguansermsri, MD .

' Department of Obstetrics and Gynaecology, Faculty of Medicine, Chiang Mai University,
Chiang Mai, Thailand
" Department of Pediatrics, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand

Correspondence to:

Wirawit Piyamongkol, MD, PhD, Department of Obstetrics and Gynaecology, Faculty of
Medicine, Chiang Mai University, 110 Intawaroros Road, Sripoom, Mueang, Chiang Mai,
50200, Thailand. E-mail: wpiyamon@mail.med.cmu.ac.th, Tel. +66 5394 5553, Fax. +66 5394
6112

Keywords:
embryo selection, multiplex fluorescent polymerase chain reaction (PCR), preimplantation

genetic diagnosis (PGD), alpha-thalassemia



38

Abstract

Objectives: alpha-Thalassemia is the most common single gene disorder world-wide and
causes significant problems in endemic area. The most severe form of alpha-thalassemia, Hb
Bart’s hydrops fetalis syndrome, causes serious obstetric complications which lead to maternal
mortality and morbidity. Preimplantation genetic diagnosis (PGD) is an alternative to traditional
prenatal diagnosis (PND) giving the couples at risk a chance to start a pregnancy with a
disease free baby. This study aimed to develop a PGD protocol for alpha-thalassemia'SEA

mutation and perform clinical PGD cycles.

Methods: Single cell multiplex fluorescent PCR was employed for mutation analysis,
contamination detection and linkage analysis of alpha-thalas.semia_SEA mutation. A couple
experienced termination of pregnancy following positive PND of alpha-thalassemia decided to

join the project and two clinical PGD cycles were performed.

Results: A new set of primers for alpha-thalassemia_SEA mutation amplifying 5 fragments was
designed and tested. Fourteen embryos were tested in the first PGD cycle showing two
normal, five heterozygous, five affected and two with no result. One normal and two
heterozygous embryos were chosen for transfer, no pregnancy was resulted. Eight embryos
were analyzed in the second PGD cycle giving one normal, one heterozygous, three affected
and three with no result. One heterozygous embryo was chosen for transfer on day 6, resulting

in a baby boy born on the 2nd October 2008. PND confirmed heterozygous result of PGD.

Conclusion: Novel PGD protocol for alpha-thalassemia'SEA mutation was developed, tested
and employed on two clinical PGD cycles. Clinical experience and pregnancy following PGD of

-SEA
alpha-thalassemia mutation using multiplex fluorescent PCR protocol was reported here.
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INTRODUCTION

alpha-Thalassemia is the most common single gene disorder in the world and causes
significant maternal mortality in endemic area (Weatherall, 1996). alpha-Thalassemia is more
common than beta-thalassemia but is less frequently found in the hospital due to lethal feature
of the most severe form (homozygous affected) which leads to intrauterine death, while
carriers are generally asymptomatic and do not need much health care attention. Homozygous
affected of alpha-globin gene defective leads to absence of alpha-globin chain synthesis and
causes Hb Bart's hydrops fetalis syndrome. Mothers carrying these fetuses are likely to
develop potentially life-threatening obstetric complications, i.e. eclampsia, dystocia and
obstetric hemorrhage. Therefore, the aim of prenatal diagnosis (PND) for homozygous
alpha-thalassemia is to prevent serious maternal mortality and morbidity.

Preimplantation genetic diagnosis (PGD) is the genetic testing of preimplantation stage
embryos for inheritable single gene defects, allowing selection of unaffected embryos prior to
establishment of pregnancy (Handyside et al., 1989). This gives couples the chance to start a
pregnancy with a disease free baby. Consequently, the need for termination of an affected
pregnancy can be eliminated. Therefore, PGD is more preferable to conventional PND.

The aim of this study was to develop a single cell PCR protocol for PGD of

alpha-thalassemia_SEA mutation and perform clinical PGD for couples at risk.
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PATIENTS AND METHODS
Patient details

The mother and father of family ‘A’ were 28 and 49 years old respectively. Both of the
couple carried alpha-thalassemia'SEA mutation and experienced one termination of pregnancy
following positive PND of alpha-thalassemia. The couple were counseled regarding the project
and consent were obtained. This project was approved by the Research Ethics Committee,
Faculty of Medicine, Chiang Mai University, Thailand.
ICSI procedure and cleavage stage embryo biopsy

The patients underwent routine superovulation using recombinant FSH (Puregon® Pen,
Schering-Plough Organon Thailand Co., Ltd., Bangkok, Thailand) and synthetic decapeptide
ganirelix (Orgalutran®, Schering-Plough Organon Thailand Co., Ltd., Bangkok, Thailand) and
oocytes were fertilized using intracytoplasmic sperm injection (ICSI). ICSI was used as a
precaution to reduce the risk of sperm DNA contamination in subsequent PCR amplification.
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 (Figure 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 (Staessen et al., 1992).
Single cell isolation

Buccal cells, isolated by micromanipulation, and biopsied blastomeres were transferred
into droplets 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 visualizing under a dissecting microscope, and were
then transferred to thin-wall microcentrifuge tubes. A 2 ul aliquot of the last washing drop was
also taken as a blank for each single blastomere. Cell lysis was carried out as described
previously (El-Hashemite and Delhanty, 1997)
Multiplex fluorescent PCR

Extracted DNA from single cells was amplified using a combination of W1, W2, W3 and
W4 primers as gap PCR for alpha-thalas,semia_SEA mutation detection, W5 and W6 as internal
control fragment of alpha-globin gene family and a microsatellite D16S475 franking to alpha-
globin gene for contamination detection and linkage analysis (Table 1) (Piyamongkol et al.,
2001). Multiplex fluorescent PCR was performed as previously described (Piyamongkol et al.,
2006). Multiplex amplified products from single cells were each tagged with different

fluorochromes using labeled primers. This allowed analysis to be performed on an automated
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laser fluorescent sequencer ABI Prism® 3130x/ (Gene Systems Co., Ltd., Bangkok, Thailand)
(Hattori et al., 1992).
Fragment analysis

A mixture of 1 pl fluorescent PCR products, 10 yl deionized formamide and 0.1 ul size
standard (GenescanTM-SOO LIZ®; 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 7 (POP-7®, Gene Systems Co., Ltd.,
Bangkok, Thailand; 50 s injection time, 15,000 V, 60°C, 20 min) on an automated DNA
sequencer ABI Prism® 3130x/ (Gene Systems Co., Ltd., Bangkok, Thailand). The data was
analyzed by GeneMapper® software version 4.0 (Gene Systems Co., Ltd., Bangkok, Thailand).
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RESULTS
Design of novel primers for aIpha-ThaIassemia'SEA analysis

New set of primers for aIpha-thalassemia'SEA mutation analysis, including W1, W2, W3
and W4 primers were designed as gap PCR, W5 and W6 primers were employed as internal
control fragment of alpha1 exon3 within alpha-globin gene family (NCBI: NG_000006) and
D16S475 (GDB: 198327) microsatellite franking to alpha-globin gene for contamination
detection and linkage analysis. In a normal genotype sample, W1-W2 primer pair amplifies 5’
end breakpoint of alpha-thalassemia-SEA mutation and W3-W4 primer pair amplifies 3’ end
breakpoint of alpha-thalassemia'SEA mutation. In a homozygous mutant genotype sample, W1-
W4 primer pair amplifies deleted breakpoint of alpha-thalassemia-SEA mutation (Figure 2). W1,
W4, W5 and D16S475 forward primers were labeled with blue (6-FAM®), green (VIC®), red
(PET®) and yellow (NED®) fluorescent dyes, respectively. In a normal sample, amplification of
W1-W2, W3-W4 and W5-W6 primer pairs gives rise to 288bp blue N1, 130bp green N2 and
108bp red N3 fragments of normal alpha-globin gene. In a homozygous aIpha-thaIassemia_SEA
deletion sample, W1-W4 primer pair gives rise to 217bp blue&green M1 fragment of deletion
breakpoint (Figure 2).
Preclinical assessment of methodology

From 55 single buccal cells of the couples, multiplex fluorescent PCR showed an
amplification efficiency of 78.2% for N1, 96.4% for N2, 96.4% for N3 fragments giving the
overall amplification efficiency of 100% for normal alphal-thalassemia'SEA allele and 85.5% for
M1 fragment of alpha-thalas,semia_SEA deletion allele. D16S475 showed an amplification
efficiency of 90.9% with 8% allele drop out rate. The application of the protocol on 25 spare
single human blastomeres donated for research showed an acceptable overall amplification
efficiency of 84% for both normal alpha-thalassemia_SEA allele and D16S475 fragment.
Preimplantation diagnosis results

PGD cycle 1 for family ‘A’ gave 14 oocytes, all were sperm injected and all 14 embryos
were good quality for biopsy on day 3 postfertilization. Mutation analysis of
alpha-thalassemir::fSEA from single biopsied blastomeres exhibited four embryos to be normal
(A2, A8, A13, A14), two heterozygous (A4, A9), six affected (A5, A6, A7, A10, A11, A12) and
two without result (A1, A3) (Table 2). Analysis of D16S475 fragment franking to alpha-globin
gene showed no contamination in all biopsied blastomeres. Linkage analysis of D16S475
fragment confirmed mutation analysis of two normal (A8, A13), one heterozygous (A4) and four
affected embryos (A6, A7, A11, A12), while linkage analysis suggested heterozygous results in

two normal (A2, A14) and one affected (A5) mutation analysis results, revealing the possibility
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of ADO. One normal (A14) and two heterozygous (A4, A8) embryos were chosen for transfer
on day 4, unfortunately, no pregnancy was resulted.

Ten oocytes were collected and sperm injected in PGD cycle 2 of family ‘A’. Eight
embryos were good enough for biopsy on day 3. Mutation analysis of alpha-thalassemia_SEA
showed one embryo to be normal (B8), one heterozygous (B2), three affected (B4, B5, B7)
and three without result (B1, B3, B6). No contamination was detected. Linkage analysis results
confirmed affected result in one embryo (B4). One heterozygous embryo (B2) was chosen for
transfer on day 6 at blastocyst stage, one pregnancy was resulted. PND by fetal blood
sampling confirmed heterozygous genotype of the fetus. A disease-free baby boy, 3,280 g,
was born on 2" October 2008.

Working up results of family ‘A’ confirmed heterozygous genotype of both of the
parents showing 288bp blue N1, 130bp green N2 and 108bp red N3 fragments of normal allele
and 217bp blue&green M1 fragment of mutant allele of alpha-thalassemia'SEA mutation (Figure
3 and 4). Homozygous affected genotype of their first fetus was confirmed by showing only
217bp blue&green M1 fragment of mutant allele of alpha-thalassemia_SEA mutation (Figure 5)
without any of the normal allele. D16S475 linkage locus exhibited 164bp/170bp and
166bp/180bp alleles for the mother and the father, respectively (Figure 3 and 4). Their Hb
Bart’s fetus acquired 170bp and 180bp mutant linked alleles from the mother and the father,
respectively (Figure 5), therefore, maternal 164bp allele and paternal 166bp allele should be
linked to the normal allele. Multiplex fluorescent PCR on normal control sample from an un-
related subject gave only 288bp blue N1, 130bp green N2 and 108bp red N3 of normal allele
(Figure 6). Subsequent PGD analysis of blastomere A4.1 demonstrated heterozygous
genotype with 164bp normal linked allele and 180bp mutant linked allele from the mother and
the father, respectively (Figure 7). Normal genotype blastomere A8.2 showed 164bp and
166bp normal linked allele from both of the parents (Figure 8).

Summarizing the data of a total of 36 single biopsied blastomeres from 2 clinical PGD
cycles gave amplification efficiency of 72.2% (26/36) and 63.8% (23/36), ADO rates of 19.2%
(5/26) and 30.4% (7/23) for alpha-globin gene and D16S475 locus, respectively. Follow-up
analyses were performed on the untransferred embryos. For this purpose whole embryos were
transferred to PCR tubes and subjected to the same protocol as used for the actual PGD. The
initial diagnosis was confirmed in all cases. No contamination was detected. A total of 24
embryos, including untransferred embryos and two arrested embryos (B9 and B10), in this

study (Table 2) revealed 5 normal, 11 heterozygous and 8 affected embryos.
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DISCUSSION

Homozygous genotype of alpha-thalassemia causes severe anemia which leads to
high output heart failure and hydrops fetalis syndrome in utero. Fetal hydropic phenotype
always causes serious maternal complications. Prior to the era of heterozygotes screening and
prenatal diagnosis of alpha-thalassemia, several mothers to such homozygous
alpha-thalassemia fetuses in Thailand died from eclampsia or hemorrhage every year. The
introduction of prenatal control of severe thalassemia: Chiang Mai strategy (Tongsong et al.,
2000) helps in early detection of homozygous alpha-thalassemia fetuses and termination of
pregnancy before maternal complications begin, eliminating maternal death. Application of
PGD provides the advantage over traditional PND in avoiding termination of affected
pregnancy and its complications. PGD of alpha-thalassemia should be demanding, but there
have not been many reports on it (Wells and Delhanty, 2001).

In this study, a new set of primers was developed and tested as gap PCR for
alpha-thalassemia-SEA and was employed in clinical PGD. In addition, Primers amplifying an
internal control of normal fragment within alpha-thalassemia_SEA deletion were included in the
protocol. A microsatellite marker franking to alpha-globin gene family was also included for
contamination detection and back up linkage analysis results. In the final PGD protocol,
multiplex fluorescent PCR using 4 sets of primers amplifying 5 fragments was successfully
done on heterozygote single cells. Preclinical workup of novel PGD protocol on single buccal
cells and single spared blastomeres gave acceptable amplification efficiency and ADO.

Comparing with previously designed primers for gap PCR (Ko et al., 1992) which
amplify 5’ end breakpoint of normal allele and mutant allele, new protocol in this study amplify
both 5 end and 3’ end breakpoint of normal allele and mutant allele with different annealing
sites. In addition, internal control fragment within the breakpoint is also employed. Therefore,
novel protocol in this study amplifies three fragments of the normal allele. Traditional primers
amplify one fragment for each of normal and mutant alleles, in case of polymorphism of
alpha-globin gene sequences which causes amplification failure of either normal or mutant
alleles would lead to misdiagnosis. Results of one of the three fragments of normal allele can
rescue diagnosis results of the single blastomere in case of ADO of the second or third
primers for normal allele (Piyamongkol et al., 2003) as demonstrated in the preclinical workup
results in this study that amplification efficiency for normal alpha-thalassemia-SEA allele using
this new set of primers reached 100%. Detecting normal allele is crucial for diagnosis of
normal and heterozygous genotypes in autosomal recessive disorders. Moreover, a
polymorphic marker next to the breakpoint is also included for backup linkage analysis results

as a fourth fail proof diagnostic clue.
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Preliminary 14 embryos in the first PGD cycle were enough for selection. Only 2
embryos with poor quality on day 3 failed to give analysis results, diagnosis could be drawn
from 12 embryos. However, all embryos with best quality (Grade 1) either were affected
(embryos A6, A7, A10 and A11) or arrested on day 4 (embryo A9). Three un-affected embryos
(embryos A4, A8 and A14) chosen for transfer were of poorer quality on day 3. Although,
these embryos developed well on day 4 into morula and blastocyst stage, none implanted.

There were 8 embryos for biopsy at the beginning of the second PGD cycle, only 6
(embryos B1, B2, B3, B4, B5 and B7) were with 6-8 cells. Three (embryos B1, B3 and B6)
failed to give diagnosis result, probably due to the poor quality of the biopsied blastomeres.
Moreover, affected result was concluded in three embryos (embryos B4, B5 and B7).
Therefore, there were not many choices of un-affected embryos with good quality for transfer.
From three embryos with best morphology, two (embryos B4 and B5) were affected while the
third (embryo B2) was heterozygous. Luckily the heterozygous embryo with best quality
(embryo B2) developed very well after biopsy, was chosen for transfer and gave rise to a
healthy pregnancy.

From 22 embryos in two clinical PGD cycles (Table 2), mutation analysis demonstrated
5 normal, 3 heterozygous, 9 affected and 5without result. In addition to showing no
contamination in all single blastomeres, linkage analysis results using D16S475 locus
confirmed mutation analysis results in two normal, one heterozygous and 5 affected embryos,
while suggested two normal and one affected results to be heterozygous embryos indicating
ADO of those blastomeres. This demonstrated the benefit of the incorporating D16S475
analysis for back up linkage analysis results in addition to contamination detection purpose.
Confirmation analysis of untransferred embryos revealed the overall genotyping distribution to
be 5 (20.8%) normal, 11 (45.8%) heterozygous and 8 (33.4%) affected. As expected, ADO
made heterozygotes ratio lower than actual prevalence while normal and homozygous affected
ratio higher than actual. This event would not lead to misdiagnosis, but a reduced number of
heterozygous embryos for transfer, subsequently, possibly a lower pregnancy rate. There is a
notice that ADO problem did not deteriorate the accuracy of diagnosis in this study because of
the fail proof design of PCR protocol.

In conclusion, novel PGD protocol for alpha-thalassemia'SEA using multiplex fluorescent
single cell PCR was developed, tested and clinically applied in two PGD cycles. New set of
primers for alpha-thalassemia_SEA mutation was designed for detecting three fragments of the
normal allele and one fragment of the mutant allele as a fail proof technique. In addition, a
microsatellite next to alpha-globin gene was included for contamination detection and backup
linkage analysis information. This multiplex gap PCR protocol can be useful for PGD as well as

PND. First birth following PGD of alpha-thalassemia in Thailand was reported here.
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Preimplantation genetic diagnosis (PGD) or embryo selection of alpha-thalassemia:
A) Day 3 cleavage stage embryos from in vitro fertilization (IVF), B) a blastomere is
taken from an embryo using a micromanipulator, C) single blastomere from each
embryo for DNA analysis, D) DNA analysis results from multiplex fluorescent single

cell PCR, E) Unaffected embryos are chosen for transfer. IVF and Embryo biopsy

procedures was performed by TV, single cell PCR was performed by WP.

B)

C)

D)

E)

Heterozygous
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Figure 2 Diagram showing alpha-globin gene family and alpha-thalassemia-SEA deletion with

primers map.
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Figure 3 Multiplex fluorescent PCR results from GeneMapper® on an automated DNA
sequencer ABI Prism® 3130x/ for alpha-thalassemia_SEA mutation. Heterozygous
sample of mother of family ‘A’ with positive normal (blue-N1, green-N2, red-N3) and
mutant (blue&green-M1) fragments is shown. Yellow/black-LA1 fragment is

D16S475 microsatellite marker flanking to alpha-globin gene.
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Figure 4 Multiplex fluorescent PCR results from GeneMapper® on an automated DNA
sequencer ABI Prism® 3130x/ for alpha-thalassemia_SEA mutation. Heterozygous
sample of father of family ‘A’ with positive normal (blue-N1, green-N2, red-N3) and
mutant (blue&green-M1) fragments is shown. Yellow/black-LA1 fragment is

D16S475 microsatellite marker flanking to alpha-globin gene.

Sample File Sample Name Panel SQl oS 3Q
3130 REC PGD3 55 002.fsa PGD3 55 PAF P57-PGD3 o [ ]
MB217
Bﬂﬂﬂao 120 ) 1?0 290 ) Z?D 280 ) 320
so00) Father 1 1
heterozygous

4000+

2000+

LN

217 288
8778 19219
130 REC PGD 2, PGD3 55 PAF P57-PGD3 < [l
MG217
80 120 160 200 240 280 320
8000
6000 1
4000
2000 l
U’ ‘l | AN l A A T
130 217
9314 8583
3130 REC PGD3 55 002.fsa PGD3 55 PAF P57-PGD3 + ]
[ P57y ]
80 120 240 280 320

8000
5000
4DDD-
2000
ol n"f\ - A l l A J
AR
7988 8138

130 REC PGD 2. PGD3 55 PAF P57-PGD3 < [l

120 160 200 240 280 320

80
8000
6000
4000

20004
D- r\\ ¥l - i L ﬁm A
110
6811




51

. . ®
Figure 5 Multiplex fluorescent PCR results from GeneMapper on an automated DNA
. . -SEA .
sequencer ABI Prism® 3130x/ for alpha-thalassemia mutation. Homozygous
affected sample of Hb Bart's fetus of the couple ‘A’ with positive only mutant
(blue&green-M1) fragment is demonstrated. Yellow/black-LA1 fragment is D16S475
microsatellite marker flanking to alpha-globin gene, 170bp and 180bp alleles are
. . _-SEA o :
linked to mutant allele of alpha-thalassemia mutation in this family.
Sample File Sample Name Panel sal 0S S5Q
3130 REC PGD3 56 003.fsa PGD3 56 PAF P57-PGD3 vl [l
MB217 NB288
B0 120 160 200 240 280 320
8000 + t t t . : :
so00| Fetus N1
+ Hb Bart’s
4000+
2000
oL~ A
217
8601
130 REC PGD 3. PGD3 56 PAF P57-PGD3 Ll [l
MG217
B0 120 160 200 240 280 320
8000 : . . f f .
N2 1
6000
4000+
2000_
0 T
217
8049
3130 REC PGD3 56 003.fsa PGD3 56 PAF P57-PGD3 N 1
80 120 160 200 240 280 320
8000
6000+ A1
4000
2000
0 IJ\ ﬁ\ r— A e l Il -
‘1?0
7264
180
15434
13130 REC PGD3 56 003 fsa PGD3 56 PAF P57-PGD3 [ [l
80 120 160 200 240 280 320
8000 + +
6000 N3
4000
2000
. L N




52

Figure 6 Multiplex fluorescent PCR results from GeneMapper® on an automated DNA

sequencer ABI Prism® 3130x/ for alpha-thalassemia_SEA

mutation. Normal control

sample with positive only normal (blue-N1, green-N2, red-N3) fragments is
demonstrated.
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Figure 7 Multiplex fluorescent PCR results from GeneMapper® on an automated DNA
sequencer ABI Prism® 3130x/ for alpha-thalassemia_SEA mutation. Heterozygous
single biopsied blastomere from clinical PGD for family ‘A’ with positive normal

(blue-N1, green-N2, red-N3) and mutant (blue&green-M1) fragments is shown.
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Figure 8 Multiplex fluorescent PCR results from GeneMapper® on an automated DNA

sequencer ABI Prism® 3130x/ for alpha-thalassemia_SEA mutation. Normal single
biopsied blastomere from clinical PGD for family ‘A’ with positive only normal (blue-
N1, green-N2, red-N3) fragments is shown. Yellow/black-LA1 fragment is D16S475

microsatellite marker flanking to alpha-globin gene.
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Table 1 Details of primers for alpha-thalassemia-SEA mutation analysis.
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Primers Sequences Labeling References
dye

W1 5-GAA GGA GGG GAG AAG CTG AG-3 FAM-B  NCBI: NG_000006
W2 5-TGT GGA AAA GTT CCC TGA GC-3’ -

W3 5-TGC ACA CCT ATG TCC CAG TT-3’ -

W4 5-TTG AGA CGA TGC TTG CTT TG-3’ VIC-G

W5 5-GCC ACT GCC TGC TGG TG-3’ PET-R  NCBI: NG_000006
W6 5-AGG TCA GCA CGG TGC TCA C-3 -

D16S475F 5-AGG GGT TGA CAG AGT GAG ACT CC-3’ NED-Y GDB: 198327

D16S475R 5-CAG GAA CAG AAA ATA CTG CAC GG-3
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Table 2 Preimplantation genetic diagnosis of alpha-thalassaemia'sEA mutation results of family

‘A, cycle 1 (embryos A1-A14) and cycle 2 (embryos B1-B9).

Embryo Embryo Cells Cell no. alpha-Thal*®*  Microsatellite linked Diagnosis Outcomes  Confirmation
no.  grade taken results marker (D16S475) results results
(no. of (n)
cells)
before
biopsy
(Day 3)
A1 2(8) 2 A1.1  Noresult  No result No result Untransferred Ht”
A1.2 Lysed
A2 3 (6) 2 A2.1 Normal NC , suggestive of Ht Normal or Ht Untransferred Ht
A2.2 Lysed (arrested)
A3 3(8) 2 A3.1 No result No result No result Untransferred Ht
A3.2 No result No result
A4 2(9) 2 A41 Ht NC, suggestive of Ht Ht ET**** -
A4.2 Ht NC, suggestive of Ht (early blastocyst)
A5 2(7) 2 A5.1 Affected NC, suggestive of Ht Affected or Ht Untransferred Ht
A5.2 No result No result
A6 1(8) 2 AB.1 Affected NC, suggestive of Affected  Affected Untransferred Affected
AB.2 Affected NC, suggestive of Affected
A7 1(8) 2 A7.1 Affected No result Affected Untransferred Affected
A7.2 Affected NC, suggestive of Affected
A8 3(8) 2 A8.1 Normal NC, suggestive of Normal Normal ET -
A8.2 Normal NC, suggestive of Normal (morula)
A9 1(7) 2 A9.1 Ht No result Ht, Untransferred Ht
A9.2 Ht Allele drop-out
A10 1(8) 2 A10.1  Affected No result Affected Untransferred Affected
A10.1 No result Allele drop-out
A11 1(8) 2 A11.1  Affected NC, suggestive of Affected  Affected Untransferred Affected
A11.2  No result Allele drop-out
A12 2(7) 2 A12.1  Affected NC, suggestive of Affected  Affected Untransferred Affected
A12.2  Affected NC, suggestive of Affected
A13 2(7) 2 A13.1  Normal Allele drop-out Normal Untransferred Normal
A13.2  Normal NC, suggestive of Normal (arrested)
A14 2(9) 2 A14.1 Normal No result Normal or Ht ET -
A14.2  Normal NC, suggestive of Ht (early blastocyst)
B1 2'(8) 2 B1.1 No result No result No result Untransferred Normal
B1.2 No result No result
B2 1(8) 2 B2.1 Ht Allele drop-out Ht ET Ht
B2.2 Ht Allele drop-out (blastocyst) (PND)
B3 2(7) 2 B3.1 No result No result No result Untransferred Normal
B3.2 Lysed
B4 1(7) 2 B4.1 Affected NC, suggestive of Affected  Affected Untransferred Affected
B4.2 Lysed
B5 1(7) 2 B5.1 Affected Allele drop-out Affected Untransferred Affected
B5.2 Lysed
B6 2'(5) 1 B6.1 No result No result No result Untransferred Normal
B7 1(6) 1 B7.1 Affected No result Affected Untransferred Affected
B8 1(5) 1 B8.1 Normal No result Normal Untransferred Ht
B9 1(4) 0 - - - - Untransferred Ht
B10 1(4) 0 - - - - Untransferred Ht

’ Embryos were graded 1, 27, 2, 2" and 3 where grade 1 had the best morphology and grade 3 was a highly fragmented, poor

quality embryo

" Ht = Heterozygous

" NC = No contamination detected

"™ ET = Embryo transferred
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Special Article

Role of Molecular Biology in Obstetrics — Modern Single
Gene Disorders Diagnosis Techniques

Wirawit Piyamongkol MD, PhD, FRTCOG"

* Department of Obstetrics and Gynaecology, Faculty of Medicine, Chiang Mai University, Chiang Mai

Single gene mutations may lead to an inherited disorder with Mendelian inheritance patterns, of
which over 8,000 disorders have been catalogued. The strategy of population screening, offering genetic
counseling, prenatal diagnosis and termination of affected pregnancy has been successfully applied world-
wide to reduce the number of new patients. Common fetal sampling techniques in utero include chorionic
villous sampling, amniocentesis, and fetal blood sampling. Then appropriate analysis is applied for diagno-
sis, where karyotyping is mainly for chromosome abnormalities and PCR is for single gene disorders. Several
modern molecular techniques are useful for identification of defects in single genes. Preimplantation genetic
diagnosis is an advanced alternative giving the couple the chance to start a pregnancy ensuring that the baby
is free from the genetic disease. It is the role of obstetricians to make most use of the advance molecular biology
knowledge to have a healthy community.

Keywords: Chromosome abnormalities, Down's syndrome, Embryo selection, Molecular biology, Polymerase

chain reaction (PCR), Preimplantation genetic diagnosis (PGD), Prenatal diagnosis (PND)

J Med Assoc Thai 2006; 89 (Suppl 4): §186-91

Full text. e-Journal: http://www.medassocthai.org/journal

Mutations in single genes can lead to inher-
ited disorders with Mendelian inheritance patterns.
Individual single gene disorders are rare, but together
affect around 1% of the general population. More than
8,000 different single gene disorders have been cata-
logued to date (www.ncbi.nlm.nih.gov/omim/, 2006)
and can be categorized by their inheritance patterns as
autosomal dominant (over 3,400 disorders), autosomal
recessive (over 3,200 disorders), and sex-linked disor-
ders (over 1,300 disorders). Common fetal sample col-
lection techniques and the role of molecular biology in
Obstetrics, in particular the aspect of modern tech-
niques for single gene disorders diagnosis, are dis-
cussed in this article.

Diagnosis of genetic diseases

Couples who are affected or who carry a ge-
netic defect possess a high risk of passing on the ab-
normality to their children. Prior to the era of prenatal
diagnosis (PND), such subjects had to decide whether

Correspondence to : Piyvamongkol W, Department of Obstetrics
and Gynaecology, Faculty of Medicine, Chiang Mai University,
Chiang Mai 50200, Thailand.
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to be childless or risk having children who might in-
herit the genetic disorder. With the evolution of mo-
lecular genetic technologies, the testing of the grow-
ing number of inherited genetic diseases has become
feasible. In addition to the correlation of the particular
gene defect to each disorder, such tests are notably
useful in identifying asymptomatic carriers who are at
risk of transmitting the genetic abnormality to their off-
spring. This knowledge, when incorporated with ge-
netic counseling and appropriate prenatal diagnosis
techniques, helps in reducing the number of the births
of new affected cases''?.

Mutation analysis can be performed directly
if the responsible genes in the family have been identi-
fied and cloned. However, in cases where the caus-
ative mutations are still unspecified or direct analysis
techniques are unavailable, the examination of poly-
morphic loci adjacent to the causative mutation can be
employed for linkage analysis in order to track down
the transmission of the mutant gene in the family. The
polymorphic linked markers with point variation can be
identified using restriction fragment length polymor-
phisms (RFLP), while those with hypervariable micro-

J Med Assoc Thai Vol. 89 Suppl. 4 2006
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satellite loci, which give more alleles with varied size,
are more useful.

Prenatal diagnosis

The combination of molecular techniques for
diagnoses of genetic diseases and procedures to col-
lect fetal cells in utero enables prenatal diagnosis of
many genetic disorders at an early stage of pregnancy.
Normal testing results reassure the parents that their
fetus is free from the disease; while abnormal results
give them a chance of deciding to discontinue the preg-
nancy, to have fetal therapy where possible, or to con-
tinue the pregnancy.

Amniocentesis

Amniocentesis is the commonest invasive
procedure for prenatal diagnosis. Amniocentesis is
usually performed at 15 weeks of pregnancy or over.
Karyotyping is standard method for diagnosis of chro-
mosome abnormalities, i.e. Down syndrome. However,
modern analysis methods, including FISH® and poly-
merase chain reaction (PCR)* on uncultured amnio-
cytes have become popular alternatives to accelerate
diagnosis reports. The application of amniocentesis
for single gene disorders is less common due to high
risk of maternal cells contamination.

Chorionic villus sampling (CVS)

Chorionic villus sampling (CVS) is a technique
to retrieve fetal tissue for analysis in the first trimester.
The major advantage of this technique includes the
opportunity to obtain sufficient fetal cells for the tests
and early fetal diagnosis results that enable first tri-
mester abortion in cases of affected fetuses. More-
over, direct DNA analysis, fast karyotyping following
arapid culture technique and biochemical analysis from
the biopsied chorionic villus are also possible. The
event called confined placental mosaicism (CPM) can
be found in approximately 1% of pregnancies and can
lead to discordant results between the CVS and the
fetus®. Therefore, confirmatory amniocentesis or fetal
blood sampling are required in some cases to confirm
CVSresults.

Fetal blood sampling (FBS)

Fetal blood sampling from the umbilical cord
or cordocentesis was preliminary performed using a
fetoscopic technique®. However, this technique has
been superseded by the percutaneous ultrasound
guided approach” when high resolution ultrasound
was developed. Fetal blood samples are useful for di-
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agnosis of thalassemias, hematologic disorders, quick
karyotyping, fetal isoimmunisation, hypoxia, infection,
metabolic disorders, and single gene defects.

Preimplantation genetic diagnosis (PGD)

At present the strategy of population screen-
ing, genetic screening and offering appropriate prena-
tal diagnosis procedures is the best tool to control the
incidence of new cases with genetic disorders in many
countries. Preimplantation genetic diagnosis (PGD) is
the genetic testing of preimplantation stage embryos
for inheritable chromosome abnormalities or single gene
defects®, This allows the selection of unaffected em-
bryos prior to the establishment of a pregnancy, and
therefore gives the couple the chance to start a preg-
nancy with a disease free baby. Consequently, the need
for termination of an affected pregnancy can be elimi-
nated. The first PGD baby in Thailand was born in June
2005 at Chiang Mai University Hospital®.

Modern molecular biology techniques
Fluorescent PCR (F-PCR)

The traditional methods of visualizing the PCR
products following electrophoresis include ethidium
bromide or silver staining or the use of radioactive la-
beled primers. The introduction of F PCR""? has been
useful for DNA analysis, increasing the sensitivity and
specificity. The application of oligonucleotide primers
attached to fluorescent molecules gives rise to ampli-
fied products labeled with fluorescent dye. When these
F PCR products migrate under electrophoresis to the
position where the laser bisects the gel, the fluores-
cent molecules are activated by the laser and give a
signal with a specific wavelength that can be detected
by a CCD (charged couple device) detector and ana-
lyzed by computer software. This technique allows the
size standards to run in the same lane, consequently,
the size analysis is as precise as a single base pair
difference.

Multiplex PCR

Multiplex PCR is a technique allowing more
than one locus to be amplified by using a combination
of unrelated sets of primers in a PCR tube!'". The PCR
products of different loci can be distinguished by de-
signing the primers to generate amplified fragments
with different sizes. This strategy benefits the analysis
of multiple loci, i.e. the detection of more than one dis-
ease or the combination of mutation detection and a
linked or unlinked polymorphic locus without increas-
ing time and cost. The additional information of an
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informative polymorphic marker is useful for a back up
linkage analysis result (for a linked marker only) and
contamination identification?,

Modern mutation analysis methods

The amplified products with size differences
can be analyzed using traditional agarose gel, poly-
acrylamide gel electrophoresis or F PCR. However, base
pair substitutions without size alteration, or small dele-
tions or insertions are more difficult to detect. For sub-
stitution mutations, major detection systems include
those for a particular mutation and those that can iden-
tify several mutations at a time. Scanning methods are
helpful for searching for uncharacterized mutations and
for diseases that are caused by a variety of mutations,
i.e. beta thalassemia. Popular techniques of this group
include heteroduplex analysis (HA), single strand con-
formational polymorphism (SSCP) and denaturant gra-
dient gel electrophoresis (DGGE). Mutation specific
analysis techniques are useful for detecting common
mutations and provide definite results. These tech-
niques include restriction fragment length polymor-
phism (RFLP) and amplification refractory mutation
system (ARMS).

Restriction fragment length polymorphism (RFLP)

RFLP is a mutation specific analysis tech-
nique. The analysis is based on the identification of
the difference of the DNA sequence, i.e. mutation, by
digestion of the DNA using restriction endonucleases.
The bacterial enzymes can recognize a particular DNA
sequence and cleave the DNA strand at the recogni-
tion site. By knowing the DNA sequence, a specific
restriction enzyme can be used to digest either the nor-
mal or the mutant sites giving a size difference between
both alleles®. An artificial restriction site can be cre-
ated using a primer of modified sequence as site spe-
cific mutagenesis (SSM) method if there is no natural
One( IIU_

Dot-blot and reverse dot-blot hybridization

Allele specific oligonucleotide probes can be
used for specific mutation detection from uncultured
amniocytes or chorionic villous samples as dot-blot
and reverse dot-blot hybridization’®. The disadvan-
tage with these methods is that a particular allele-spe-
cific oligonucleotide (ASQ) probe can hybridize with
only one mutation in the analysis.

Amplification refractory mutation system (ARMS)
ARMS is another mutation specific analysis
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method. This technique involves the annealing of al-
lele-specific oligonucleotides and the use of three oli-
gonucleotides: one for the common upstream se-
quences and two for the normal and mutant sequences.
The allele-specific oligonucleotides in this method func-
tion as primers for PCR. Successful amplification of the
DNA being tested indicates that the specific normal/
mutant primer has annealed, and thus confirms the pres-
ence of the specific normal/mutant alleles. Primers for
the normal and mutant alleles can be included in the
same PCR tube and designed to have size difference or
be labeled with different fluorescent dyes in order to
differentiate both alleles®,

Heteroduplex analysis (HA)

When denatured and allowed to reanneal, the
complementary strands of the normal and mutant alle-
les of a heterozygote sample will form hybrid molecules
(heteroduplex) with an area of mismatch of the differ-
ent sequence. The heteroduplex molecules will give
extra bands during the electrophoresis due to their dif-
ferent migration pattern from the homoduplex molecules.
Samples with homozygous genotypes do not generate
an extra heteroduplex band, unless the PCR product of
the different homozygous genotype is added”.

Single strand conformational polymorphism (SSCP)

SSCP analysis is a scanning technique rely-
ing on the electrophoretic resolution of the sequence
specific conformations of single stranded DNA frag-
ments'®, This strategy is useful in detecting small de-
letions and insertions and single base pair substitu-
tions of the fragment size from 100 to 500bp. A single
base pair mutation can give rise to a markedly different
single strand conformation, which results in a different
migration rate during the electrophoresis, and there-
fore the different alleles can be identified. By this
method, multiple mutations that lie within the same
amplified fragment can be identified using a single pro-
tocol. This can benefit the diagnosis of compound het-

€rozygous genotypes.

Denaturant gradient gel electrophoresis (DGGE)

The related strategy to SSCP, DGGE is based
on the altered melting characteristics due to sequence
difference that influence migration rates during the elec-
trophoresis through a polyacrylamide gel with an in-
creasing concentration of denaturant. The test frag-
ments in this method are usually amplified using spe-
cially designed primers with a stretch of approximately
40 guanine or cytosine residues (GC clamp)"®.
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Advanced molecular analysis techniques
Sequencing

The use of a modern automated laser fluores-
cence DNA sequencer that can visualize up to four
fluorescent dyes allows the sequencing reaction to be
accomplished within a single tube and the sequencing
product to be analyzed on a single lane. These meth-
ods allow the detection of virtually any mutation, with
little or no adjustment of methodology. Theoretically,
sequencing should be particularly useful in cases of
disease caused by a heterogeneous spectrum of muta-
tions, as it will often be possible to design a single set
of primers that allows the detection of multiple affected
genotypes, in particular beta-thalassemias®”.

Mini-sequencing

The minisequencing technique employs the
same strategy as the standard fluorescent sequencing,
but extends only one nucleotide after the minisequen-
cing primer. This gives rise to a shorter fragment size
and consequently a faster analysis time for the electro-
phoresis. Both techniques are useful for the detection
of single nucleotide substitutions, deletions, and in-
sertions. A particular minisequencing primer, which lo-
cates just before the mutation, is used for each specific
mutation. By changing the primers used in the PCR
step and minisequencing primers, this protocol can be
used as a versatile analysis protocol®.

Contamination problem

In PND, contamination is a major problem. PCR
setup in a DNA-free environment away from the analy-
sis area can help in reducing the chance of getting
‘carry over’ PCR products from previous amplifications.
All media and reagents should be tested regularly. De-
spite all efforts, contamination can still occasionally
take place and cause misdiagnosis. Maternal DNA con-
tamination is most crucial and difficult to prevent. For a
dominant disease, if the mother carries the causative
gene, maternal DNA contamination would lead to an
affected result and consequently termination of a nor-
mal baby. In case of a recessive disease, the contami-
nation of maternal heterozygote DNA in a homozygote
affected sample would lead to a heterozygote result,
and continuing the affected pregnancy. In order to re-
duce the risk of misdiagnosis caused by contamina-
tion, the concept of DNA fingerprinting has been in-
troduced to track down the presence of contamination
by amplifying a highly polymorphic marker together
with the test gene. The genotype in a fetus that devi-
ates from the four possible combinations of parental
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alleles indicates the possibility of contamination®".

Conclusion

Of all the genetic disorders, thalassemia is
prevalent and causes a huge health and financial bur-
den in Thailand. Carrier screening, providing genetic
counseling and PND for couples at risk and termina-
tion of affected pregnancy is the most effective strat-
egy to combat serious genetic diseases. The combina-
tion of choices of fetal sample retrieval methods and
advanced molecular biology techniques enables PND
of a growing number of genetic diseases. Future mo-
lecular analysis techniques include real-time PCR and
microarray (microchip) are being developed and tested
and will be very useful in the near future in term of
reducing testing time and analyzing several mutations
simultaneously. In the era of the Molecular Biology
with the success of the Human Genome Project, it is
the role of the obstetricians to make most use of the
genetic knowledge to make sure that every family will
have a new healthy member and consequently a healthy
population for the country.
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Development of Multiplex Fluorescent Single Cell PCR Protocol for
Preimplantation Genetic Diagnosis of alpha-Thalassemia

Piyamongkol, W."", Vutyavanich, T.!, Piyamongkol, 87 Sanguansermsri, T2

'Department of Obsterrics and Gvnaecology, Faculty of Medicine, C, hiang Mai University, Chiang Mai, Thailand
“Department of Pharmaceutical Sciences, Faculty of Pharmacy, Chiang Mai Universitv, Chiang Mai, Thailand
*Department of Pediatrics, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand

Abstract

Thalassemias are the commonest single gene disorder and cause significant health problems in
Thailand. Fetuses inherited homozygous alpha-thalassemia gene develop fetal hydrops and
cause life-threatening maternal complications. Preimplantation genetic diagnosis (PGD) is the
earliest form of prenatal diagnosis which allows selection of unaffected embryos prior to
establishment of a pregnancy, providing the couples the chance to start a pregnancy with a
disease free baby. The aim of this study was to develop a multiplex fluorescent single cell PCR
protocol for PGD of alpha-thalassemia for couples at risk. Novel set of primers (PW103,
PW106, PWI111 and PW112) was developed and tested as gap PCR for identifying alpha-
thalassemia (SEA mutation) normal and mutant alleles, giving a 5° normal breakpoint fragment
(288bp), a 3’ normal breakpoint fragment (130bp) and a mutant breakpoint fragment (217bp)
from a heterozygous sample. In addition, an internal control fragment (PWO085, 108bp) and a
polymorphic marker (PW057, 160-190bp) franking to alpha-globin gene were also integrated.
Fluorescent dyes with different colors were tagged to each set of primers to allow multiplex
analysis of the PCR products using capillary electrophoresis on an automated sequencer (ABI
PRISM" 3130). Multiplex PCR on 55 single buccal cells of the heterozygous couples gave
amplification efficiency of 78.2%, 96.4%, 96.4%, 85.5% and 90.9% for the mentioned
fragments, respectively, with allele drop out (ADO) rate of 8% for PWO057 marker.
Amplification on surplus human single blastomeres showed overall amplification efficiency of
60-84%. In the clinical PGD cycle, 14 embryos were subjected to embryo biopsy on day 3.
Multiplex PCR analysis demonstrated 4 normal, 2 heterozygous, 6 affected embryos and 2
without result. Three unaffected embryos with good development were chosen for transfer on
day 4. In conclusion, novel multiplex florescent single cell PCR protocol for alpha-thalassemia,
SEA mutation was developed, tested and clinically applied on one PGD cycle.

Keywords: allele drop out (ADO), multiplex fluorescent single cell polymerase chain reaction
(PCR), preimplantation genetic diagnosis (PGD), prenatal diagnosis (PND), alpha-
thalassemia
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Real-Time PCR for prenatal genetic
diagnosis of beta-thalassemia

Wirawit Piyamongkol MD, PhD’;
Sirivipa Piyamongkol PhD™;
Torpong Sanguansermsri MD™

Department of Obstetrics and Gynaecology, Faculty of Medicine,
Chiang Mai University, Chiang Mai, Thailand

** Department of Pharmaceutical Sciences, Faculty of Pharmacy,
Chiang Mai University, Chiang Mai, Thailand

** Department of Pediatrics, Faculty of Medicine, Chiang Mai
University, Chiang Mai, Thailand

ABSTRACT

Objectives:  First trimester prenatal diagnosis (PND), i.e.
chorionic villous sampling (CVS), gives early results
helping in early relieve of parental anxiety or safer
termination of pregnancy methods. However, it
needs complicated and time consuming DNA
analysis. The aim of this study was to develop rapid
and accurate Real-Time PCR protocols for beta
-thalassemia mutations for PND.

Methods: Two couples at risk of having severe beta-
thalassemia fetus carrying four different
beta-thalassemia mutations underwent CVS
procedures. Real-Time PCR protocols for beta-thal
assemia mutations were developed, tested and
clinically applied on prenatal samples.

Results: Couple A carried CD17 and CD41-42
mutations. Real-Time PCR analysis on chorionic villi
detected normal alleles for both mutations. Couple B
carried CD26 and CD71-72 mutations. Real-Time
PCR on CVS sample showed both mutations.

Conclusion: Four novel Real-Time PCR protocols
for 4 different beta-thalassemia mutations were
developed and applied for PND of 2 families giving
concordant results with traditional techniques.
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thalassemia 1 fetuses at mid-pregnancy among
pregnancies at risk.

Material and Method: A total of 88 pregnancies (91 fetuses)
at risk of Hb Bart’s disease, undergoing MCA-PSV
measurement before cordocentesis at 18-22 weeks of
gestation were recruited into the study. The final
diagnoses used as gold standard were based on fetal
hemoglobin typing using high performance liquid
chromatography. ‘

Results: Of 88 pregnant women recruited into the study,
the mean age was 28.3+5.7 years, the mean
gestational age was 18.8+1.1 weeks, and the incidence
of Hb Bart’s disease was 22% (20 fetuses). If using
MCA-PSV above 1.5 Multiple of Median (MoM) as a cut
off point, sensitivity of MCA-PSV to detect affected
fetuses was 85% (17 from 20 cases), specificity was
100%, and the positive predictive value and negative
predictive value of MCA-PSV were 100% and 95.9%
respectively. Three out of 20 fetuses with Hb Bart's
disease had normal MCA-PSV.

Conclusion: MCA-PSV assessment at mid-pregnancy is a
useful method to identify Hb Bart's disease with high
sensitivity and specificity, and may reduce risk from
unnecessary cordocentesis in some fetuses.

Pregnancy following preimplantation genetic
diagnosis of alpha-thalassemia.

Wirawit Piyamongkol MD. PhD,*
Teraporn Vutyavanich MD. MMedSc,*
Torpong Sanguansermsri MD.**

* Department of Obstetrics and Gynaecology, Faculty of Medicine,
Chiang Maf University, Chiang Mai 50200, Thailand

** Department of Pediatrics, Faculty of Medicine, Chiang Mai University,
Chiang Mai 50200, Thailand

ABSTRACT

Objectives: Thalassemias are common and cause
significant health problems in Thailand. Fetuses
inherited homozygous alpha-thalassemia gene develop
fetal hydrops and cause life-threatening matern
al complications. Preimplantation genetic diagnosis
(PGD) is the earliest form of prenatal diagnosis which
allows selection of unaffected embryos prior to
pregnancy establishment, providing couples the chance
to start a pregnancy with unaffected baby. The aim of
this study was to develop a multiplex fluorescent single
cell PCR protocol for PGD of alpha-thalassemia-SEA
for couples at risk.

Methods: Novel set of primers was developed and tested
as gap PCR for identifying alpha-thalassemia-SEA mut
ation, including 3 normal loci, one mutant break-poin
t and one linkage locus. One couple carrying alpha-thal
assemia-SEA mutation underwent IVF procedures.
Laser-assisted embryo biopsy was performed on day-3
and mutation analysis was carried out on an automated
fluorescent DNA sequencer.

Results: Multiplex PCR on 55 single buccal cells of
heterozygous couples gave an amplification efficiency
of 78.2-96.4% and allele-drop out rate of 8%. Single bl
astomeres amplification showed 60-84% amplification

213

efficiency. In the first clinical PGD cycle, 14 embryos
were analyzed, giving 4 normal, 2 heterozygous and 6
affected results. Three unaffected embryos were
chosen for transfer on day-4, no pregnancy was re
sulted. In the second PGD cycle, 8 embryos were
analyzed, one heterozygous embryo was transferred on
day-6, resulting in one disease-free baby. Prenatal fetal
hemoglobin analysis confirmed PGD results.

Conclusion: Novel PGD protocol for alpha-thalassemia-SEA
was developed, tested and clinically applied on two
PGD cycles. First baby following PGD of alpha-thalas
semia in Thailand was reported here.
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Preimplantation Genetic Diagnosis of alpha-Thalassemia
Piyamongkol, W."", Vutyavanich, T., Sanguansermsri, T.?

!Department of Obstetrics and Gynaecology, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand
“Department of Pediatrics, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand

Abstract

Thalassemias are the commonest single gene disorder and cause significant health problems in
Thailand. Fetuses inherited homozygous alpha-thalassemia gene develop fetal hydrops and
cause life-threatening maternal complications. Preimplantation genetic diagnosis (PGD) is the
earliest form of prenatal diagnosis which allows selection of unaffected embryos prior to
pregnancy establishment, providing the couples the chance to start a pregnancy with unaffected
baby. The aim of this study was to develop a multiplex fluorescent single cell PCR protocol for
PGD of alpha-thalassemia™"* for couples at risk. Novel set of primers was developed and tested
as gap PCR for identifying alpha-thalassemia™** mutation. Multiplex PCR on 55 single buccal
cells of heterozygous couples gave an amplification efficiency of 78.2-96.4%. Single
blastomeres amplification showed 60-84% amplification efficiency. In the first clinical PGD
cycle, 14 embryos were analyzed, three unaffected embryos were chosen for transfer on day-4,
no pregnancy was resulted. In the second PGD cycle, 8 embryos were analyzed, one
heterozygous embryo was transferred on day-6, resulting in one disease-free baby. Prenatal fetal
hemoglobin analysis confirmed PCR results. In conclusion, novel PGD protocol for
alpha-thalassemia™* was developed, tested and clinically applied on two PGD cycles. First
baby following PGD of alpha-thalassemia in Thailand was reported here.

Keywords: allele drop out (ADO), multiplex fluorescent single cell polymerase chain reaction
(PCR), preimplantation genetic diagnosis (PGD), prenatal diagnosis (PND), alpha-
thalassemia
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(Preimplantation Genetic Diagnosis, PGD)
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ﬂﬁﬁ?mgﬂ«l“ﬁ (polymerase chain reaction, PCR) (Wells and Delhanty, 2001)
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Fluorescent in situ hybridisation (FISH)
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vulaslanna (Handyside et al, 1989) uagmmnnuiimsldinaia PCR Tuma
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Uiiisengnlgonsadifie (Single cell PCR)

maasaiielsaiugnsTusiatuanlaomaiia PCR fuihithazidoadounas
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(Piyamongkol et al, 2001a)
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M3 nansneumsiam (Preimplantation Genetic Diagnosis)
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mﬁﬁaﬁfﬂfiﬂmﬂﬁ’uqnﬁmzﬂsﬁa%miﬁaﬁq

Preimplantation Genetic Diagnosis

€ A a € A
FAIFNEATNTS @7, wWATING Tozaeaa
ma%‘mg@maﬂ'fuazu‘%nﬁ—“mm

amsuwnamaEas . 1woalng

mifeaslsananugnissaszgznawnsdaaa (Preimplantation genetic diagnosis)

mﬁﬁa&aimmaﬁugnﬁm:u:ﬁaunwiﬁqﬁwaaﬁndau (preimplantation
genetic diagnosis, PGD) wiamiAaaadal (embryo selection) Wwmsifiaduriounsand
mmsnni:ﬁﬂﬁﬁdﬁqm LﬂumaLﬁan‘lmjf‘hw?umaua%":ﬁﬁmnm?&mdamﬂqmtﬂu
bamaiugnisuitens immiiemudsadinanmanaGumissasilasiulala
'mﬁmjaa@f[iﬂmaﬁ'uqnsmﬁﬂmueﬁ’mﬂuwwm m7fiessneun1ideamdisliasauain
mmmuﬁmﬁmmiﬁmﬁaqm’lunsﬁiﬁNﬁmﬁﬁad’uﬁauﬂaa@ (prenatal  diagnosis,
PND) wuhmsnianafiaung vseislidendssdenisuiamianazminanisiu
Wassnanwannislumsifiedoneuaass miidessieunsfidduiwifaaniaie
fihamalmiftlidadesionss farssa uazngnang

Tas lud Teredlumsifedoiaumsilidnlfigwmdoiuiumaiiedonan
aane Aoltlumyitesnlsniews dsldudanufadndveslaslalounsuuuiwamio
WAzl translocation (Conn et al., 1998) LLa:T'iﬂﬁ'un;nimﬁm?;m (Piyamongkol et al.,
2001b) mﬁﬁadfﬂriaumsﬂaﬁdi{l,ﬂuﬂiﬂwﬁﬁuﬂiam%"m%anéjumamﬁﬁaam‘iﬁgm
'ﬁﬂﬁﬁﬁnn‘isﬂﬁ’ugnﬁuu@i‘lﬂﬁaaﬂﬁﬁwLLﬁaqm wiaUNYTILIRAS ATALEDIT
asauatnziimanAaundmmiulsaiusnssusiiadudes (ldun davhuszddmasdils
Tutlsznalng) luusazassifiiesionas 25 udfiduveassuaiafiasrawudimniiony
AeUndfiouslulsaiugnssudinsuazdashuiasfaderiuds 4 assrd laodalieg
fimsndnditas myifadenewnmsthddadumadandmivaseuaiadananiiesli
TamaGudumsanssilasinmanidnannlse lidasmunndnanuanmaiurisyas
dndaly uanﬁnm‘{TﬂU]Jnﬁuﬁﬂmﬁuqnﬁuﬁﬁa‘lmﬁﬂu:ﬁﬁmuim‘%ahﬂ%sLmﬁ
uﬁmmmmﬁamq 30-50 (‘Lﬁltﬁ familial adenomatous polyposis coli, FAPC L&z
Huntington's chorea) vi.ajﬁaLﬂuﬁaﬂa'ﬁumﬁﬁadfuﬁauﬂaamm:ﬂ'riﬁ"m.ﬁmm aenalsn
Gl'!aJI‘Eﬂﬁu'qnﬁNﬁdﬂﬁi'nLﬂ‘ﬂ‘iﬂ%’tﬂ“‘iéﬁﬂiﬂﬂﬂ‘%”ﬂ&iG‘fﬂdn’!ﬂﬁ‘ﬁuﬂ:ﬁnluﬂiaﬁﬂ?’lﬂ‘i:ﬁu
WwzvnIsuEn mﬁﬁ’mﬁanﬁaéauﬁﬂsmmnﬁuqnsmﬁﬂﬂnﬁﬁmmﬁuﬂumm‘éanﬁ
pansunulduinninmiifiaduiaunaaa (Ao et al, 1998; Sermon et al, 1998)

uananil gausafillyasniadzaulygmuiyasiudddnlesiimuvgiiasanan
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fianuAaUnduaslaslulausiia translocation  urang sunT0fivzaTainadoua:
ﬁmL‘Eianéha’auﬂﬂG‘nﬁaldluiwsamgn wazsaasiAlasimnun@le

et Aaldanssanmndszariaumstdszauanudn Tl
asausnlan Alan  Handyside w18annuilugd@aioad blastomere INAIdOUTHE
cleavage 4fi 8-10 wadluiufl 3 nasmuFauddrdenlunasauia araiieduinae,
damﬁanﬁmﬁm‘[saﬁﬁmnaﬂw‘mmﬂaﬂuhmwﬂmumﬂﬁﬂﬂﬁﬁ‘%mgnwﬁ
T39WeN1a Hammersmith N398auAaw (Handyside ef al., 1990) daanf tailaaniunig
nﬁLmefﬁa’mﬂn'lﬂuﬁ"ﬂaﬂﬂs:gnﬁ'l.‘ﬁ'ua:lﬁ'u‘in'r:ﬂ"tﬁﬁﬁlﬁﬂﬁaumiﬁaé‘zﬁmfﬂ‘sﬂ
WUENTINEW 9 Lﬁm‘}ﬂmﬂl‘fmai‘mmqazy',"}’j'a"“mma;}'ﬂlmiﬁﬁmmsﬁ'usﬁ’aumﬂﬁu lag
Ifinafin fluorescent in situ hybridisation (FISH) luniasiaifiadsauialnfives
Taslulgufiiinsmanivuasfitin transiocation  uazldlumiamameavasdidauiie
windoslsafidioneaunlaslulomwa @mlnniiu Xdinked  recessive)  daulsn
ﬁ’ugmsmﬁﬂﬁmﬁml’ﬁlﬂﬂﬁﬂﬂfjﬁ‘%mgniaﬁ (polymerase chain reaction, PCR) (Wells
and Delhanty, 2001) (3171 1)

mMstaasatsasuaalaliisisses 8-10 15aa (Cleavage stage embryo biopsy)

maieaszeznawmtiminindasandunaiianisvinisnuaaauia (in vitro
fertilisation, IVF) tia W ledrsaudimanunnnadmiunisanaifadbuasiaifandidau
fiund mﬂﬁﬂmnﬁuﬁ’;aﬂwoﬁuqn'ﬁmmﬂﬁqdauﬁﬂuﬁﬁwmnﬁqﬂ‘lﬂﬂnﬁa nIaa
ATINTARIZHZ 8-10 L"Imr.’\iﬂlu‘iluﬁ 3 Hé"‘m’ﬁﬂﬁﬁuﬁ (cleavage stage embryo biopsy)
(Sermon et al., 2005) n‘;:ﬁﬂ@mn’mmzﬁ zona pellucida UadIdaUszHEAL 8-10 Lwad
fTynanmaimnwaaauia lasldasazans acid Tyrodes Wiadumiaimas wio
l#auvastans pipette da udrgaLen 1-2 wadeaninlaglfiaiasiia micromanipulator
wd i 1-2 waadananluiinmiasaifiadslianeiugnisy (Handyside ef al., 1989)
namimm‘f‘fﬁw‘lﬁmmmLEanmm:éﬁziawﬁ'l;iLﬂuIsnmaﬁugmwﬁanamlﬁil.ﬁ'ﬂu
Insauagn

MIAAATIINEIT LA (Polar body biopsy)
a A da & A ¥ o aa e Py ar
mﬂuﬂameQ‘L’ﬂumimumamawugnﬁﬂummﬂmumﬂm leun nsaa
@373 polar body (Munne et al., 1995; Verlinsky et al., 1992) Guilusswusnasuiiuen
aanu1 N1 (oocyte) lunsutawaduuy meiosis wazdzaansll) UIAUIsEENATHGN
(% preconception diagnosis Sasagraanaianmsaraiilaun minalasdila
ganniwsiuiiszanandeaild Jelimusnldlumafenadadauld wazla
sunsalfifedoliamaiurnssriiebwdniidanduwmmnzld dmiulamaiugnasy

=

a d W ' Aot e a et 1 1 a & e P pop
phafudon uildinewashiiiunfaung udilamsiosa: 50 vz aubiudagdni
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Und uazbiiufiadmdeniilidulsaiouwssld FBnsareiidshigydslddaindnly

4 “ 4 a ey, o a ad a & o
flaaTanils uananit imellanmsanaiidslimunsaineanuiadnffissiiadunas
mydUfaudld ldurd 212z mosaicism ddaufitiannlddinandedilenuissiiasd

anudaln@at

au

ANTAAATINGARIZHLUAF AT (Blastocyst biopsy)

nﬁ@‘l‘ﬂ(ﬂi’mlﬁﬁﬂa‘ﬁ’:dauﬁi:u: blastocyst (Muggleton Harris ef al., 1995) Wudn
mefienitifimusnlflumsitadoiaumsiledale lwiuil 6-7 ndmsUfaut sadouas
agluszos blastocyst Fafiraduszanm 120 1mad Smsuoniaadaaniilu 2 wiie fa inner
cell mass ‘T{Nﬂnﬁmﬂmﬂué‘ﬂéauﬁh yolk sac Waz trophectoderm %dﬂ‘:tﬁmﬂﬂﬂum
LLR:QG‘IE’] Li‘.']mﬁn::‘iﬁ zona pellucida udnAnsssaudell e trophectoderm 1UN4&IU
ﬁ]:ﬁuaanmﬁnngﬁandﬂ sunaawasadna ldltlumsasiedifladalsaldia 10-30
wad mldinefiansanditenlanssmldhsiunninessiensfanead
@ aghalsfiany Lﬂﬂﬁﬂf‘fﬁﬂaﬁam‘r'iwamsm‘nmsjmﬁnaéﬁq:ﬂ’mm‘lﬂn‘_lusnm%ﬁmm
é’ﬂumznwaﬁuqnﬁﬁuﬁl,mmiw"lﬂmﬂnfjumm?ﬁﬂ:ﬁmm‘lﬂtﬁuﬁadau ("% mosaicism)
uazm*n?;’mﬁ'ddau‘luﬁaw’a'lﬁamﬁﬁ:n: blastocyst ﬁﬂﬁ'f{’nmuﬁadauqmmwﬁwaﬁsl:
lalulwsawagnldindeipoas damafinmaanesasanluszos blastocyst fulszfnimn

X o4 o e ) & da &
NN LB INIaaaTATasnzsztaziduniionuniiu

Fluorescent in situ hybridisation (FISH)

luszozusniifldinaila PCR lumim'gmméfqdauLﬁaﬂﬁﬂL?iuﬂsﬂﬁuqmwﬁ'
agjunlasluloune (Handyside et al, 1989) udsiouwuinmsliinaiia PCR luns
aruwadldauanainldimsifiadsfianaiale (Handyside and Delhanty, 1993)
dasnilgwinmsasiaduldlinm (allele drop out, ADO) uazinafia PCR limansa
vandwaneslaslulon X 16 lunsdidrseniifilaslulen 45.X0 (Tumer's syndrome)
Fanamiamalasnaiia PCR azmianiuiy 46,XX ﬁﬁﬂmmfﬁimﬁa:ﬁhﬂﬁuqmm
ganarigudsmnumaniwams Ssiiduunhlildinadia FIsH Tunsena@enuwad
gow Femansauanswmanvaalasluloy X 16 uazliddam Ao inlinsifadud
auainiundu  Tgmiienilimsiiesolaonaiia FISH Aawana ldur ms
Fawnuiuvaslasluloufiasaa UszanFawlunis hybridisation 789 FISH probe 9819
aanatilald probe miunaslaslulouuilumianensadoiu anvialnasia
mosaicism  @eilias nnansmzusslaslalouuandeiusnnimiliuunluddan
Wi MIaTeadmasnudazedanaz T naaa L Esdan i ReduAanainan

aunaaanaasle
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UfA3eanldarnieadifen (Single cell PCR)

ﬂ’]iﬂ'i’]ﬁl"al‘ﬁ‘ﬂﬁﬂziﬂﬁugﬂiiﬁﬁﬁﬂﬁulaﬂiiﬂE!Lﬂﬂﬁﬂ PCR failuitfiasiBuadon
uazdufau founanuandriwaaudsinueslsauasansmeanuialnavadu
(mutation) YnlWdaarjuinimuazdldiagslumueisansasoudaze (udadna
lumildvins Tymadglunsifiadvszoziaunsdidilanldu jisoanlsanosd
woaldun Tywidssaninmmeessnsussdianaamswugnssy (ONA) mnlffsoanls
(amplification failure, AF) ffaywinsasaadulelinsu (allele drop out, ADO) wazilgymn
mytwilaw (contamination) w1 AF er1aiRasnmIngasaanda1e lifiiuedos
ﬂ?aaglui:hi’nmsﬂauﬁmﬂ 1endigaafigasmianeaanauwmeluluszniemai
lanslunaseiians uanani smnsmssmsaemouallsunsufildluml§izongnlad
anafinadeyszinSmwuas PCR (Piyamongkol et al., 2003)

flywr ADO fanmsanalinvuiuladunils @liele) vasmasBulumadingms
(heterozygote) ﬁ'ﬂﬁ'mﬁﬁﬁ\d'aa?ﬂNaﬁa’hmaﬁémﬂmmﬁﬁufuﬁ' (homozygote)
Taovaluudifyw ADO wu'ldiszanmdanas 2-20 (Ray and Handyside, 1996) mmqﬁ
wissesvliduiinmuuide ﬁsjﬁu’aauqﬁgﬁuiﬂﬂtgmifmmﬁamnmiﬁ DNA (3utias
sy MaidnfisdEusas DNA ﬁﬁaammn%‘[muﬂf;ﬁ%mgni‘ﬁ"lﬁ*laiﬁ uastnalianstan
LRSTILANEITI ﬁ:}i’wmmuamqﬁﬁmsrﬁmaqﬁqmﬁiﬂﬂuuzﬁﬂmﬂﬁﬂ fluorescent PCR
(F-PCR), mnﬁuqmﬁqﬁ denaturation luiljisngnla wazmsldirendeiaadaiiadn
9 uananit mydnneiealanldis linkage analysis 3210 uaznsasUnansiileds
INFDATREEMIULARZ 8% 2Tr8aan U ELiez I ledofianaals (Piyamongkol
et al., 2001a)

fywimalwiowduilgmlnganigwmislumsingisognldnnaad
Wer mansoilasiumswdian DNA mnﬁ'amﬂﬁau'l.mﬂzjmim%'uumsﬁ"nﬂf]ﬁ‘%m
gniﬁﬂuﬁamﬂnﬁmmﬁa:mﬂu.a:agﬁqaﬁﬁnu‘inm‘ﬁ'ﬁﬂmmﬂﬁmﬂ:ﬁ saiuas
ﬁﬂmtﬁumtsnaﬁms"l,ﬁinn'ﬁmwﬁau‘lﬁuﬂa'jw'lnﬁmsﬂuu‘Jvau.a;lh.aua luduaauns
ifsusaaslfinaiia intracytoplasmic sperm injection (ICSI) Wandndpsmstwilon
DNA  9n678g3 wanaIniisenasrndaiaas cumulus ﬁag’sau 9 lildnuartaums
ﬂf]au"ﬁl.ﬁaaﬂmnut%’émdamsﬂmﬁau DNA 91n3n3en M3lfinaila nested PCR lagiin
pNA fildandgasmgnlsaiusnuiiuduunlugizsgnldasfiaesdold primers
5nqwﬁaﬁmmu‘lﬁa‘m‘uas DNA ﬁﬁ%&mu@iﬂ%iluduumm DNA 9INTULINEININTILAR
fymanmstwilawls ﬁcﬁ‘fl.ﬁumuﬁtﬁmiauamu DNA wdanuaauriaufiasldimadi
@a9N1IATI939R8 (Sermon et al.,, 1998) afglsnay mituiilan DNA s

'
[ |

duilgmiddgiidmulduaniusmguasmsifadvianae dwmiulsanmeiugnssy

=]

et o

aRadwasflansusidn mytwilan DNA nusanes i lviiemyitedsfanana
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uwdszilidmanvasdrdendndiimursalalulwsanagnldaans dmiulsania
wugnssuriiedwdmfdiansucdeos (ldun lsadavhuazddmasdiisludsanelng)
mstwilau DNA - amansanfidwinimelusadiduliaiuiud azvildnisiiiedy
e & = v & - o« e o . v
gylinardaunmdunuinig (ula) LLﬂ:L'dﬂﬂﬂ’]E]E]‘LmLﬂuIiﬂGNﬂﬂ’l'ﬂﬂluIWNNﬂgﬂ ms
aniansilasld DNA fingerprinting 3206738 azg78vantadind DNA Uuitlauniala
uazilasiumsitednAanaals (Piyamongkol et al., 2001b)

unasl

Tﬂuagﬂ N139539 PGD wianistdendldantiduinaiianititaaslyanis
ﬁuqns‘mﬁ'Lﬂu‘mmﬁaﬂ'l.mj'l.ﬁmam‘?':ﬁﬁﬂ'm;JL’fi"uaﬁq:ﬁqmtﬂﬂmmaﬁ’ugnﬁu
Frousdldasnssflasddsandnannlsadings Tdisunisifiadonauaane
I.L:t_l:l.ll.ﬁuﬁ"l.u'i'i”lLﬂuﬁmﬁmﬁaq@ﬂumtﬁﬁwammi'ﬁ]wuiﬂmmﬁﬁuﬁﬂﬂnﬁ Jailud
gausurasfanuannia: lifieeiossy dassu uszngwaneg sonunseiluldszine
nalasnaiusyuasnnizunnamant sninmaodoiln, am3dy (0., &innu
nasnuaiuauunsAdl (@na.), Ainuanenssuminmigaudnm (@na.), U3 waly
@szinalng) afifiade 1a uazu3tm 1239 wa1a asfniueun Wszinalng) dria
Wmilasansy sa. a3 wn. 39900 Tozuns uaz 3eun. S3zws Jaieaiis 18550
Wuinsmidamsauliamdadiislasldinefianisiianzvaduiannioadifion o
medngimaaiuazuinging lammmasmnsuandodlnl auzuwnsmaa’
aningnandeslng daud w.a. 2547 vmsaselud 3 1o UssauanudiSalums
fadsaulsaddmasdiiiniuadiusnlulszimalnouazmaiwadoasTusanidole
Témsninamoasaatiiatni 2 fiquiowu 2548 dwmtnusnasea 2,900y FUAN
ﬁugmfuﬁal.mﬁ HAN3ATIIABANINaUAREALAZ R IAREAHUIUHANIATIN B UM TEN
grimanldidufaunfivesdisnmaadiile (Piyamongkol et al., 2006) Uszauanudiia
Tumsdassandwiulsadavhmasddls uafousnludsanalng WnaSifigasves
Tan lénsnuwamaaaaaiaiud 2 AaNA 2551 smitnusnaaaa 3,280 n3u FUNW
amg‘s:ﬁﬁmﬂﬁ HAMNIATIABAT IO UAREAUAZ A IARaA BRI UHANNTATIINaUNIE

srhmnlidflulsedavhmasfifiiiazuuss (Piyamongkol et al., in preparation)
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an aid effort so far marked byfhalllm'gcs
and constraims,” said Raymond Hall,
the UNHCR's chief representative in
Thailand.
“‘We hape it opens up a possible cor-
ridar to allow mose international aid i
victims,

reach the cyclone
“‘What

Markets
AlG, oil drag
down Wall St

for cancer patients.

4 01

isin

allow addition
cyelone-ravaged country. * procured tacally in Yangon and the 100

Gen Surayud' inct today
force commander-in-chief ‘from Dubal.”

™M Challi Paokpasuk and The UNHCR also started ai-
Raja Prachamukroh Foundation  |ngide rlifting 100 tans of shelter sup-
secretary- Prasong 4 BORDE plies, including 4,500 plastic
Phithunkifa. The foundation R sheets and 17,000 blankets,
3o ES  ronorMaL  Tom e
patronage. 2 goon early yesterday.

They will also present aid YERANCETO The first 33 rons left on a
packages provided by the King " FRANCET World Foad Programme air-
to the Burmese generals today. mnscme% g Craft with two other fights

The King yesterday instruct- VICTIMS scheduled for carly next week.
e the foundation w send 2,000 o The relugee agency is fo-
bags of utensils and bedding 4 cusing on providing emergency

weighing 10 tonnes to Burma,

The 2,000 “'subsistence™
bags will be flown to Rangoon today at
8.30am ona Thai Air Force C- 130 aircraft,
foundation officials said.

Her Royal Highness Princess Maha
Chakei Sitindhorn also ordered three
eleciricity generators along with a second
package of disaster relief aid to be sent
to Burma yesterday.

“The relief packoges inclide 20 water

shelier for the cyclone victims

i the Irawaddy deltaand parts

;H\nmn. which were among the worst
it

More than one million people are
estimated to have lost their homes after
the cyclone hit last week,

The UNHCR has already distributed
US$50,000 worth of shelter items hought
locally in the aftermath of the storm.

The larry canvay is expected 1o take

ifying
tablets, 500 packs of basic commodities,
120 hoxes of chocolate-malt powder, 63
large tents, 34 small tents and 300 pieces
of plastic clothes.

abaout two d the border to Ran-
£oon in the south,

‘The supplies, raided by the UNHCR
from its existing stockpiles normally
intended for refugee camps scattered

between the air force, the Thai Red Cruss
and the Puen Pung (Pha) Yam Yak Vol
unteer Foundation, arrived in Rangoon
at about 2.30pm yesterday.
Meanwhile, UN refugee agency
UNHCR i fsfist trucks had arrved
Burmawithout a hitch yesterday, carry
S ittt el

www. coca.com

along the Ths border, will be
distributed by UNHCR staff.

The UNHCR negotiated a concession
for the horder posts to stay open at the
weekend to allow the convoys through,

The UNHCR launched a $187 million
appeal for Burma on Friday which in-
cluded $6 million to provide 250,000
cyclone victims with shelter,

For Thailand’s |
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Sports See our 16-page
tabloid for the latest action

Some users
not seduced
by love potion

Costly ‘namman prai’
sparks complaints

hailand has its own black magic love
potion called namman prai (prai
oil), butits magic has never been proven.

Consumers have been wamed about
the oil after a consumer Jaid a complaint.

The woman, whose name was not
released, lodged a complaint with the
Foundation for Consumers against a
trader who persuaded her to buy the oil
over the internet,

She transferted 20,000 baht to his
bank account as he requested.

“Aman, calling himself ‘master’, told
mehe could solve my problem. His nanm-
‘man prai was ready for use. He asked
me ta transfer the money to his bank
account,” she said in her complaint.

She followed his instructions, but she
never received the oil.

Namymaapyiisa pduciolenysed..
| i bluck magic. Sometimes referred to

i Horror movies, the oitis believed to

boost the seductive allure of users.
Legend has it that if men spinide o

few drops on women they fancy. they

two million |
e | NOTKNOWING —
e ety, pregnant who died in acesdents.
| Women
ﬁndmg out ot knowing the fate of loved anes  ing a daily wage of 191 baht each, “Our rasmirman gt rosw 3 it smang
Wh at’s Nis sometimes more painful than her teenagers. .
learning they have gone. the deadly storm from television coverage mmzﬁw-m-_dq- you can.
But that is the way many Burmese i saad one erinement
happenedto .| ! in Thatland feel. They have been  onlyaffected Rangoan and wereconfident | posied among mare fhan 100 webstes
tl’lei.l‘ families kept in the dark about their families after  their family, who live in the far south, offering namman
th gﬂnxwrmgiimcklhzlmwaddyﬁ!]m would be safe. Food and Drug | inead
in the areas hit hereire abouttwo PR ot R LA s bogus. His office
by the cyclone millon  Burmese CTREALLYWANT  qan —and fellow | was looking at whether traders offer i
y Cy migrants, both legal - oL workersthatthe Nargis | in the form of medicine, which would
1 1 and ille , working in catastrophe was far = break the law and make them liable to
15 provlng 'l"!ilﬂ-BlEl%nI TOKNOWIF MY mnmsuriuuslhnnl:::: penalties.
5 s Ti and Arao, a S —— thought and it
impossible ik Sooplewa FAMILYIS struck their
ingat a footwear factory hometowns in the Irr-
in Samut Sakhon prav- ~ A awaddy division. |
Storyby ince, have had many TILL ALIVE.” , 34, hastly
KULTIDA SAMABUDDHI sleepless nights for a SR : Frriay
SAMUT SAKHON week so far, T in Maubin township
“I really want I_u ABURMESE MIGRANT WORKER and was informed that

KOBE TWIST

know if my family is
still alive," said the 32-year-old Ti, staring
‘hopelessly at pictures oif dead bodies scat-

cveryone was safe. But
Ti could not reach anyone at Mawkhon,
e village.

P foreman printed
from the internet.

The couple have beein working in Thai-
land for two years. Like: most of the esti-
mated 300,000 Burmese workers in this
industrial pravince, Ti sand Arlao live in a
confined space in a grimuy aparument, cam-

Kobe beef comes only from a Japanese black Tajima-ushi breed of Wagyu
raised according fo sirict Iradiion in Hyogo Prefecture. These pracices include
an organic diet of sake and beer, and daily massages o tenderize the flesh,
Soothing music is also played fo the catile to "calm" them and promote

ke i better quality beef. Kobe beet is renowned for its flavour, legendary fenderness
and tremendous marbling. Its juicy, butery, with a melt-in-your-mouth quality
that puts even prime rib to shame.
= -3
T This quality huxury from Japan can be enjeyed af any Coca branches in Thailand today.
Two complimentory glosses (125m| each) of 2003 Mango Tree, Cotes-de-Bourg AO.C, Bordeaux with every order.

| Malaysia | Lao P.D.R. | Korea | Cambodia | Vie

Thailand | Singapore | Japan | Taiwan | Myanmar | Inda

e ———— e —— w—r

village were killed in the storm,” Ti told a

‘volunteer from the Samut Sakhon-}

Labour Rights Promotion Network (LPN).
She looks pale and exhausted after a

See THE PAIN OF NOT KNOWING Page 2

A small bottle, claimed to contain the local
version of Spanish fly and known as
‘namman prai’ oil, was posted on the internet
by a seller in Lampang who claims it can
solve family probiems.
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Jakrapob to
ban PRD staff
talking of coup !

Minister ughtens the screws on state news

By Anucha Charoenpo

PM's Office Minister Jakrapob Penkair
said he will ban Public Relations De-
pastment (PRD) staff from reporting any
news stories supporting a coup.

MAY 11,2008

tatorship and was wrongly conceived
and implemented.

“But I would not do anything 1o jeop-
ardise it (TPBS). 1 will create the NBT to
compete with it. T will tell society that
NBT, which is a state-run organisation

isable

age a coup either directly or indirectly
would be regarded as committing a dis-
ciplinary offence,” he said yesterday.

to produce TV programmes useful and
relevant to the public’s interest,” Mr
laktapnb recently said at the Foreign

Club of Thailand.

regarding
the issue would be implemented soon.

Mr Jakrapob, who is accused by the

policy igger
criticism and debate among the public.

“Let peaple debate. | want 1o know
as well who would say the media may

Democrat party of abusing
his power by supervising the NBT and
has been taken to task for his handling

ofstate media, conceded he h-dmedm

support a coup. I want
people are,” said Mr Jakrapob.

He said the state media must not
play a role in dividing the public.

His order does not apply to news-

papers, magazines and community radio.
But he called on reporters at private
companies to use carehil judgement be-

‘TPBS but
not allow him (o do so.

He said the budget of about twe billion |
baht from sin taxes to be annually spent
on TPBS was much more than the 302 |
million baht for the NBT.

‘The NBT Channel, which was changed
from Channel 11 on April 1, has under-

THe sunpay BBangkok Post

Ready,

aim. ..
Students from the
Keha
Tungsonghong
Wittaya school get
ready ta shoot
micro-organism
ballsintothe Lad
Tanecanal
yesterday as parl
of the Laksi district
office’s celebration
ofits successin
reviving the
pollution-clogged
canal with bio-
organisms. THTl
HANNAONTHA

New screening test to ward off thalassemia

Thais develop
diagnostic method

of researchers had studied the subject
since 2005 ina bid P ,

Babies with the severe form of beta-
blood

scienific wechnology for beta- halassemia
and Down's syndrome protection:
er screening for couples af risk

within sis months of birth. However,
blood ransfusions may also lead 1o
infections with H.EV. Hepatitis B and €

A study was undertaken on couples
at risk of having an affected foctus with
beta-thalassemia. The parents were both
carricrs of beta-thalassemia and had ex-
perienced one termination urpmgn-n:)
diagnosis.

fore reporting anything. gone changes to live up to the people’s By Apiradee or iron overl following a positive prenatal
“It ig the %lm; of society to watch e)qw:mluns. he said. mux,y is the most mmmun'mluﬁm. The only means of curing this con-  of bera-thalassemia.
them [the private medial. not of the  Senato the for- PGD viding  dition is through bone marrow trans:  The processinvolved removingacell
government,” he said. m!rrjnlrmnnhﬂhellmldmsljuumﬂh to protect newborns from ia,  couples apreg-  plants. However, the process is risky from an embryo at the eight-cell stage
‘He also said media control is his re-  ists Association, said for TV audiences | which is prevalent and causes an enor-  nancy and el the need d siy i when it x
sponsibility, and insisted he does not  the two stations had performed wellin | mous financial burden on the country abortion, he said. and 1.5 million baht for the treatment,  days old, and testing it for genetic dis-
want 1o have problems with the media  their reporting since the changes. and tbc region. “Thalassemia, which s the: mm Dr Wirawit said the most widely ap-  orders so that an unaffected embryo
beyond his role. i sai i ion genetic diagnosis der, is pre; plicable h wulﬂ be implanted into the mother’s
Mr Jak b also said family, enter- {mm lxinﬂli!rnmwfurmuphﬂﬂhu causes an enormous. fina n  semia still has been to control the inci-
the National Broadeasting Service of  tainment, children, news and tourism. 4 thalassemia and want 1o siart a nn Thailand and throughe wast  denceof new cases by offering screening Uslng technique, a disease-free
Thailand, or NBT, channel, operated by “I don't want Minister Jakrapob to premm:y with an unaffected foetus. { for pre-natal dingnosis with termination baby boy was bom in June 2005,
the PRI, to be a rival of the Thai Public  thinkabout TPBS. prevent a child mmaludmmuuun Thai people  of pregnancy in affected cases. Such a technique hiad been used in
Broadeasting Services (TPBS), Instead, he should give his backing toit | with a gmedr. disease being bom. are q-::im -and 600,000 of lhem ued Hnwm: the PDGcnuklhen alter-  countries having high
Hesaid TPS, which was transfored — and make many more TV channels in kol, a doctor at incidents, such asGreece, but none had
from ITVby cmmm] i vnlversiny's departrent 0F Bt ol e Afbciell hyvhala.!- ! lembryos been conducted in
government, is the product of a dic-  vices in the ﬂmue." he said, bstetrics. avﬂynmmlng-y said his team  semia each year. priorto the establishment ofa pregnancy. — countries.

Border trade

By Postroportars

order trade is back 1o nermal in
Mae Sai district of Chiang Rai fol-
lawing the eight-hour border closure
yesterday by the Burmese junta so that
Burma could smoothly hold its consti-
tutional referendum.
Vehicles were not allowed 10 cross
the two Th

back to normal i

guard to maintain law and order.

n Chiang Rai

The three.time prisane, who was re-

action would be taken against those fail-
ing to vote, all the residents went out fo
tick their ballots yesterday.

The anti-junta Moustache brothers
joined the few anti-junta voices daring
to vote against the constitution.

Par Par Lay, 60, the eldest brother of

p Bridge

until 2pm yesterday.

Over 10,000 Burmese turned up to
vote at polling stations scattered in
villages in Tachilek province, They
queed up in front of soldicrs standing

Burma's. well-k a-nyeint family
comedy troupe was delighted to receive.
rare visitors at a dim-lit house in
Mandalay which was decorated with
T-shirts for

imprisonment in October, =)qylk:illy
showed his full suppor for Aung San
Suu Kyi, leader of the National League
for Democracy (NLD).

*“How come we endorse a r that
is concerned about their own murily
rather than the people’s security? The
Burmese people can't see the dentists
in their own country, not because we
don’t have good dentists, but because
we can’t open our mouths," said the

angkok Post
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To promote education and research

strong dasire 1o study.

students in other regions of Thaitand.

assistance
For mare information
hitp: wwwe bangkokposLcomibnl/

DONATION

PAYMENT DETAI

CARD N0 Il

Yes! | would like to make a donation... (Baht
Donations can be made in any currency.

. —

184, MASTERCARD, AND LOCAL BANK CARDS ACCEFTRD)

Scholarships for needy children nationwide

The Bangkok Post Foundation was establishad in 1882. The primary objectives are:
1. To promote education and help the educational activities of needy school children

work far the press

To cooperate with other charilies for the public interest
The criteria for allocating assistance are that the children must be 1) poar and 2) have a

Atthis point. It s the foundation's objective to embark on a lund raising campaign.
Increased interest eamings in 2002 would enable the foundation to expandassistance to

Belore deciding 1o aflocate funds 1o individual students, stafl members visi the children's
‘homes and speak 1o their teachers in order 1o assess whether they genuinely nesd

Tel + 66 (2} 240 3700 ext. 3224 (Khun Kusuma Mintaknin, Editorial Department)

PLEASE P2
+68 (0) 2240 3666,
ATTENTION: KHUM KUSULA MINTAKHIN. EDITORIAL DEPARTMENT

FAX BANK TRANSFER SLIP & THIS FORM TO

O SEND A CHEQUE PAYABLE TO
I POST FOUNDATION®

NARAHONG POAI

5 Id Lu Maw, his younger and
funnier brother.

help
them.

Chakit Multakul

Aged 10.P4

Ban Nam Phan School
ThalLi district, Loel

Chakril was Iving in poverty
with his grandmother when
members of the Bangkok
Past first mel him twoyears

Ls BEELTIIIEE e,
on drug-related charges
RO o while his father is believed
el 10 be acidicted o narcotics
== and ho one knows where
e . heis. Teachers say Chakiit
doeswellinschool and has
ADORESS: - alot of potential. He came
firstin his class and is fond
of maths and dreams of
becoming a doctor, His
= gade 832
He gets 2-3 baht a day to
1ake toschool butoften this
ls nat encugh and
somalimes the schaol
peovides him wilh a liee
Bangkok Post Foundation funch
MDA SCTRALGEPATTAEAT | MinsyofFnnie . 406)
Any donation is persanal income
tan - deduetibia undor the Revenue Code.

.
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THE PAIN OF
NOTKNOWING

week of extreme anxiety and hard work
during the night shift at the factory.

Pointingat u piciure :ydum.-ﬂnkm
Ti said in a soft voice:
my parentsand my’ bmlhr.-u ind sm:rs
will be one of them."

The couple said they wanted to go
home and struggle along with their rela-
tives but they had no money and no
i 1o reach the cyclone-devastated

areas at the moment.

All they could do nowwas pray before
a small Buddha image brought from
Burmato protect their family members.

Arlao ‘said he was glad to see inter-
national military planes carrying food
supplies and survival kits to help the
Burmese people.

But when the LPN volunteer informed
him that international aid agencies have
been facing difficulties airlifting in dis-
aster relief, he looked very worried.

“This is not good. Our relativesare in
dire need of help,” said Adao.

Sam, a Burmese foreman who takes
care of hundreds of Burmese workers in
Samut Sakhon, said at least 30 people
who come from the cyclone-hit areas
were extremely worried about their fam-
ilies. Only two had managed to contact
their relatives so

Sam said heried to help the workers
contact their families, but it was very

Royal relief
AC-130military

port plane y Her Royal
ig M hakri Sirindh lﬂf‘"\ﬂThalRadess Food, power
tentsand g i Cyclone

Nargis in Burma. PATTAHAPONG HIRUNARD

who want to sec their families after the
disaster,” he said.

Atrip from Samut Sakbon to the Thal-
Burmese border in Mae Sot district of
Tak province costs about 2,200 baht.

Migrant labour advocacy gmupu.
Burmese worker

are alive: The cyclone-hit villagers also
want to contact their relatives here,”
said Adisorn Kerdmongkol, a Burmese
labour advocate from the Peaceway
Foundation,

The situation is similar to what hap-

Burmese monks studying st Mnh
chulalengkomrajavidyalayn University,

: b
down in the affected arcas.

He gathers as much information as
| possibleand keeps updating the workers
| on the situation.

after receiving reports that a number of
Burmese workers in Thailand had lost
contact with their families.

“What has been missingin the disaster

|
| some money to pay for trips for our
| fellow workers from the affected towns

mlltﬂm he cycl now is communi-

pened fthe December
2004 tsunami when families of Burmese
migrants did not know the fate of their
sons and daughters working in the six

Andaman coastal provinces.

The group agreed to set up a com-
mittee to assist cyclone disaster victims.

The committee will work on trans-
ferring donations to the victims in Burma

cation. Th
here need to know if their |uvcd ones

relatives in the cyclone-|

K

ledge Inspi

arion opirit

Celebrating its 10th anniversary this year,

KIS International
World School,

from 3 to 19 years

Open to students of ar
English and Mathema

Scholarship valid for ti
Application dead!

Please contact ad!

chool
authorised to offer the full
range of IB Programmes (Primary
Middle Years and [B Diploma), for students

an established IB

‘ears,

L

Inspired by €005

Culirater 10 S

Academic Scholarships

nationality, aged 1317 years, who achieve above average score in
and who show promise during interview.

duration of education at KIS
2

43444 or email to inft

h. www.kis.ac.th
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fire fuelled by scraps of from

in November last year. Bangkok and most parts of the country have been gripped by

Stimulus plan under fire

CRIME

Police help close net
on US fraud suspect
WASSAYOS NGAMKHAM

AMalaysian man wanted in connection
with eredit card fraud in the US has
arrested in Nonthaburi, police say.
me Suppression Division police
and US Secret Serviee agents wha deal
with financi

I PAWATL

Top economists say it'll do
little to spur t}le economy

POST REPORTERS

Kok Seng. aka Del Piero, 43,
night in front of the
estate in Pak Kret

CSD deputy chief Supisal
ruenart said Mr Goof was the subject of
an arrest warrant issued by a US court
in connection with data theft causing
damage of more than $150

He faces charges in the US of illegal
possession of a data access device, illegal
dealing in a data access device and hack-
ing into a computer.

A search of a house at the housing
estate recovered several items including
computers.

Pal Col Supisal said the suspect was
believed to be a key member of a credit
card fraud gang operating in the US

The gang allegedly has stolen credit

nnT..mmy

Top have given the thumbs.
down to the gavernment’s 115-billion-baht
supplementary spending budge, saying i

up the sagging economy.
Of 18 projects to be i
mid-March, & s

grant a one-off
it million em-

He said of the total budget, only seven
billion huht would be spent creating jobs.
yathom also eriticised the six-
illon-baht skils training scheme aimed
at creating new entrepreneurs, saying that
at a time when the economy had slowed
and purchasing power was limited, it was
abad idea to encourage small-scale oper
ators 10 invest as there was a high risk of
their businesses going under.

“Itis like leading them to bankruptey. L
could not believe the government would
be so silly. Itis utterly silly,” he said.

The most effective channel to spur the
economy was o inject the money Lhrnugh

ploy Securiry Fund and
1.4 million civil servants making less than
15,000 baht per month came under the
most fire yesterday.

Former 3 er MRP

AOS)
But he complimented the annm Min-
istry's decision not to cut corporate taxes
from 30% 10 25%, saying it was unlikely the
use the money to invest.

Devakula said the 2,000-baht geant scheme:
had caught him off guard

“I cannot imagine how the government
came up with such a plan. I do not want to
say that [ cannot believe this is from an
Oxford or Cambridge graduate, i
some cabinet members with

«card data from
and miajor retailers such asTIX and Ofice
Depot. The US Secret Service contacted
Thai authoritics to seck their assistance
after it received information Mr Gooi
had fled to Thailand.

“ol Supisal said Mr Gooi, who
has denied all charges, is facing extra-
dition to the US,

a
Finance Minister Kom
Prime Minister Abhisit Veijajiva.

I am baffled, The 18 billion [earmarked
for this scheme} will just disappear. Tt will
not stimulate the economy because it is &
one-time payment,” he said

I think paying people 2,000 bahi per
head is ta lure vores,” he said.

Sauwanee Thairungroj, vice-rector of the
e University,
said the 2,000-baht grant project would
target the wrong groups.
She said the unemployed and those below
the poverty line would not benefit
Sakon Varanyuwatana, vice dean of the
economics faculty at Thammasat University,
said the econamic stimulus package was a
disappaintment as it should have focused
‘more on mensures which would strengthen
the economy over the longer term
Di i th

es bullt for the royal funeral of Her Royal Highness Princess Galyani Vadhana at Sanam Luang
¥ StoryonPage 4

‘wrotg ", He also doubled
whetler the schemes would benefit the
peopl in real need.

Lae Dilakvidhayarat, a Chulalongkom
Univesity economist, said the government
shoull have pi
ployess or sub-contract workers made re-
dundint as they were directly affected by
the eonomic slowdown.

‘Wamwit Charenlert, of Chiang Mai Ur
versit s'u(llluKﬂnndmmcwaﬁm:hm
fund ind it could be used up in a few da

“Itwill not stimulate the economy, b
it will ffect the tax system. The government
will have to raise taxes to make up for the
lost money,” he said

Prine Minister Abhisit defended the
one-time pay-

schene, saying it was no
mentas some were saying.

Hesaid the scheme was in respo
the Thailand Development
Instit suggestion that the government
help smployees contribute to the Social
Securty Fund and the 2,000-baht grant
could be used to contribute 10 the fund.

The gant would also reach people faster.

*The measureswe are about to implement
can b: evaluated. We will see if domestic
spencing will increase or nor,”

Healso denied reports that 60% of
econemic stimulus package funds were
divertsd to Democrat-controlled ministries

the

economi he disagreed with free water
and electricity and cuts in petrol taxes, as
the measures would give consumers the

and bad coalition partners.

Editerial: Page 10

sessssessssssssas

sssssose

ssessss

Only through

WWW, bangkokair,cum

»
SAM U| Al Inclusive®

2,750:.,

n_(ll 31 March 2009

. JANUARY 15, 2009 + 30 BAHT

Abhisit says
country is
‘getting back
to business’

ANUCHA CHAROENPO
PRADIT RUANGDIT

The government is striving for political
stability and the restoration of inter-
national confidence in Klmﬂaud says
ne Minister Abhisit V
1 want to send the message that we
are back in busine lhennmcmmmu
told a forum yesterday organised by the
Foreign  Correspondents  Club  of
Thailand.

M Abhisit said the main goal of the
Democrat-led government was (0 returmn
the country, plagued by political divi-
sions, to narmal by ensuringjustice and
the rule of law.

The government would carry out ks
cy and good gov-
g that the cabinet
would work it corruption and
without violations of human rights'".

Mr Abhisit interpreted the win of the
Democral party in the by-elections last
Sunclay, when the coalition parties won
20 of the 24 seats, as a signal from voters
that they were behind the government
arts to end political instability.

The party also won the Bangkak gov
emarelection on the same day with MR
Sukhumbhand Paribatra winning the

poll alsead of the candidate from the
zival Puea Thal

Abhisit assured fairness for botls
his supporters and opponents in an at-
tempt to bring about reconciliation

the shirts they wear,” he said.

‘The forum was held at the InterCon
ntal Hotel where abour 50 protesters
rallled outside with banners calling for
it to stand down
eds polilical reform, M

s T
A R BB hvied ou by

apanel to be set up with entatives
from all sectors of the cow

The prime minister conveyed the same
message earlier in the day when he met
ambassadors and w5 of international
arganisations based in Thailand at Gov-
emment House.

He told them Thailand had suffered
uncertainty this past year and now was
heading towa .

He said the government wanted 1o
waork closely with foreign diplomats (o
restore investor confidenc

Heurged all countries nof to ise trade
measures  protect their markets.

Protectionism would hamper attempis
to tackle the economic situation, Mr
Abhisit said

Allambassadors of the Association of
Southeast Asian Nations assured the
prime minister their leaders would atend
the delayed Asean summit.

The summit will be held from Feb 27
to March 1 in the resort district of Hua
Hin in Prachuap Khiri Khan.

The summirwill focus on attempts to
foster economic, political and social ties
among the 10 members of the grouping.

“Thailand is chairman of the regional
bloc until December this year.

mncnmpnsesﬂmm .Bumm Cam-
bodia, Indonesia, Lao: laysia, the
Philippines, hmmmm Tmamm and
Vietnam.

Thalland has backed East Timor to
become a new member.

Generation of High Technology Community

Be part of hTC the
champion search
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CASH FOR CONTRACT

Japanese
arrested
over bribe

TOKYO: Furmer o1 executives of a
Jupanese construction firm were arrested
yesterday for bringing cash into the coun-
try allegodly to pay bribies in other Asian
countries, prosecutors said.

Nishimatsu Construction Co and &
Thai firm were earlier reported to I
given a total of 400 million yen (125
million baht) in bribes to Bangkok Met-
ropolitan Administration (BMA) officials
to secure i contract to build a drainage
systen,

The 2.09-billion-baht project to lay a
umlwl stretching from Lat Phrao to the

Saep canal in 2003 was undertaken
;hmugh its consortium with Italian-Thal
Development Plc, when Samak Sunda-
ravej was the Bangkak governor. It was
ed In 2007,

The Japan Times and Japan Today
broke the stary in July last year.

Chief of the Drainage and Sewerage
Department under the BMA Charnchai
Withoonpanyakit at the time denied any
bribery and said City Hall had negotiated
with the consortium to lawer the price.

Mr Samak has never commented on
the is:

Prosecutars said they arrested Kefji
Fujimaki, 68, and three other former
Nishimatsu officials on allegations they
secredly brought 70 million yen into Japan
from Hong Kong and other countries.

*The suspects are believed to have
brought it in Japanese banknotes” between
February 2006 and August 2007 without
filing mandatory reports to the finance
ministry, prosecutors said in a statement.

Media reports said the money was
pathered llicitly for the pupase of bribes
taland contracts in Japan and overseas.

Fujimaki, a former vice president of
Nishimatsu, Is accused of Issuing fic-
titious orders (o firms in Southeast Asia
to raise funds for bribes, the Yomiuri
Shimbun newspaper said

The company amassed some one bil-
lion yen in backdoor money which was
mostly kept in foreign bank accounts, it
said, BANGKOK POST AND AFP

WILDLIFE

Theft of
swiftlet
nests soars -

PHATTHALUNG: Thefis of swiltlet
nosts hiive risen since border putrol police
stapped protecting the nesting grounds
in Pak Phayun distriet.

A source with the 434th provincial
border patrol company said border police
sent to guard the nesting grounds on
Koh See and Koh Ha islands may have
colluded with thieves to steal the nesis.

Others said they face too many fegu-
Jatory restrictions in doing theirjoband
the first source said the unit had now
decided to stop protecting the nesting
grounds. [t will be replaced by security
volunteers.

‘The thefts have resulted in losses es-
timated at 100 million baht a year.

Although lucal police, administration
officers, border patrol police, forest
rangers and security volunteers were
mobilised to prevent bird's nest thefis,
they were mostly

Good worlgs rewgni;ed

Bangkok Post | THURSDAY, JANUARY 15, 2009

BREAKTHROUGH

Baby born
to parents
suffering
thalassemia

SUBIN KHEUNKAEW

CHIANG MAI: [n a first for Thalland, a
healtliy baby has been bam using embryo
selection to n couple who bath suffer
from the genetic bluod disease alpha
thalassemia.

The birth is only the second in the
world in which the embryo selection
technique has worked in o case where
bath parents have alpha thalassemia,
an acute form of the disease where pa-
tients can develap severe anacmia,

1t gives hope to couples suflering from
anaemia which leads to difficulties in
them having children.

The baby often dies while the mother
is pregnant or if she does manage a
successful delivery, it may have a dwarf
body and an unusually large head and
be mentally retarded.

However, with embryo selection,
doctors can choose the desired embryos
after the fertilisation of the mother's
eggs with the father'ssperm outside her
bady, known asin vitro fertilisation (IVF).

Only ane perfect embrya Is selected
i@ develop into & baby with no physical

. and mental disarders, explained Wirawit

chief of the UN’ Property Organisation, at i Kangwon iy fthe De Ob-

g s e feiia s i ; b : stetrics and Gynaecology at Chiang Mai

::7‘:‘::" P ¥ ¥ 4 Wwichfnin Sooguisct#r Kiwida University, which assisted in the baby's
birth.

NACC seeks criminal charges
over revenue appointments

Dhipavadee and five
others in firing line

Mek

NACC  spokesman  Klanarong
Chantik said the Supreme Adminis-
trative Court considered as illegal the
promotion of Chomant Petchpalsit,
Boorsak Jiempreccha, Chanthima Siri-

and Wichal

for the unfair selection Khunying Dhi-
pavadee, as then secretary-general of
the Civil Service Commission, former
finance permanent secretary Somchai-
nuk ngtnh:) farmer deputy finance
secretary .summm Phasi,

Khunying T

former secretary-general of the Civil
Service Commission, fs facing the
thieat of criminal action after the Na-
tional Anti-Corruption Commission
cal of thee

backed & coutt dectsion ¢
way she made fou appolntments.
The NACC tas 1o ask

Attorney-General 1o file crimiral suits
against Khunying Dhipavadee and

other former senior civil servant
the Finance Minkstry for thelr “unfai

selection af four deputy revente chiefs.

the Revenue

Jof the Rev-
enue Department in 2001

The court found the appointments
did not follow proper criteria and
u-lmlun processes for execitives in

nt
Wn net resol -

It l-dirmr the appointments might
have been decided even before the
selection process, which was unfair
10 other candidates

awatkul, Veera
Chalyatham, adviser to the Office of
the Civil Service Commission, and

which caused severe damage (o the
«cabinet and the human resource man-
agement of the state under Article 85
I the Civil Service Regulation Act.
The NACC found Mr Somehainuk,
mai, Mr Suparutand Mr Veera
had been derelict in their duty under
Article 157 of the Criminal Code

Mr Suparut, the former director-
general of the Revenus Department,

a

‘The team used embryo selection, or
“ pre-implantation genetic diagnosis " as
it is known to doctors.

D Wirawit said his team looks at the
DNA of between eight to 10 embryos
before selecting a perfect one 10 be Im-
planted into the ovary of the mother.

He led the team 10 help the couple
who suffered from alpha thalassemia
but who wanted a child.

Dr Wirawit said his team had 1o work
atthe “nanolevel” to examine the DNA
fone nanometre is a billionth of a metre),

“We are pleased (o say we have the
first male baby horn through this tech-
nique,’” said Watana Sawacharoen,
ector of Mahara) Nakhon Chiang Mal
hospital, who is a team member.

The baby, named Prem, was barn on
Oct 2 last year,

He and his mother Anchalee Kanth
amarat are now both very healthy, Dy
Watana said

Mrs

lh;,&lwlsn\nmnmhmn At war

fthe Finance

The NACC found Kt unying Dhipa-
vadee liable for a serious disciplinary

wioltien
Mr Methee left the civil service be-
fore the selection of the deputy ovenue
chiefs
He was Il!nml to have aided the

breach for

Long, chilly nights
at Sanam Luang

It’s hard to sleep out there, but homeless
still left in the cold, says Surasak Glahan

Jantuek and his wife Wan have less
than five hours 1o get some sleep.
The mupll- are homeless and have

I t's almost midnight and Wanchai

“To date, 190 thefts of swiftlet bird's
nests have taken place,” the source said.

“Same gu\‘l‘mmcnlullld.u]aampmb
ably complicit. The patrol unit lacks the
independence it needs to do its work."

‘The source said thieves had an edge
over the security personnel because they
knew their way around the area and
operate in 4 large network.

A complete revamp of the security
system around the nesting grounds
would case the problem, he said.

Now starting
your Healthcare Plan
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putting it off
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nowork. Luang
Pl giainds, u-m-mmmnmmg
it hard to get rest these days as it is 5o
cold.

““This winter is colder than in previous
years and it's been too cold out here at
night,” said Mrs Wan, 48
It's worst at three or four with the
early moming dew and the wind be-
comming stronger.”

The couple cannot afford a matiress,
a couple of pillows and a medium-
thickness blanket available for rent there
for 20 baht a night.

They simply wrap themselves in an
old jumper and a pair of trousers and
tuck themselves Inside a thin blanket,
or curl up in a plastic sheet, as strong
spotlights shine down around the park.

This week, daytise temperatires have
fallen to as low as 15 degrees.

“We have no choice but to wlerate it
no matter how cold It Is. Most of the
time we don'tsleep at night because it's
said Mr Wanchai, 42
We usually sit around o fire with
0 warm ourselves.”

Natives of Nakhon Phanom, the pair
moved to Bangkok over 10 years ago to
seek work,

Most of the time they use Sanam
Luang, bus terminals, train stations or
other public places w sleep.

The couple are amang at Jeast 500

', including children and the elder-
Iy, wha sleep in the open air at Sanam
Luar 10 the Issarachon Foun-

g
dation, which works with them.

The homeless there are jobless, daily
Wage WOTKErs, SCAVENEETS Or Sex workers.
From time t0 time, some find a temporary
monthly job outside Bangkok. but life
usually returns to normal when they get
back.

Some rent sieeping gear from a dealer
at the grounds, which allows them to
camp in a ated area.

Others, like Mr Wanchai, who use
their own gear have 1o sleep in other
pants of the park.

This winter, the couple take a bath
duringthe day in the Chao Phraya river,
or at public showers nearby

At Sam, municipal officials blow a
whistle 1o wake the homeless and clean
the area. They kick those who show no
respanse, they sald

They leave to work and rewurn in the
«evening, At night, they are surrounded
by traditional Thai masseurs and street
vendats selling food. drinks and second-
hand items.

“There are at least 1,500 homeless
people in Banghok. The number could
reach up 10 4,000 at certuin times of the

and a cabinet resolution,

LABOUR LAW

officials

under Article I n[lll:(.dmlmll Code.

Lay-off loopholes under fire

PENCHAN CHAROENSUTHIPAN

Labour activists are calling for the seiting
up of a tripartite panel io preveni com-
panies from exploiting legal loopholes
to lay off workers.

‘Wisut Ruengrit, vice chairman of the
Federation of Thailand Automotive
Workers Unions, said some empln).'m
were invoking a labour law provision
that enables them to suspend staff for

ployers, employees and the government
was needed 1o look into the problem
and find ways to prevent the exploitation
of workers.

The more than 40,000 workers in the
auto industry were among those most
o risk from being made redundant with-
out natice, he said

His comments follow reports from
the Labour Ministry that 306 workers
retummed (o Bangkok from their New
Year holidays to find their companies
had chosed, citing the economic crunch

the: ko

more than 2.000 workers being moni-
tored by

twice
before. but her prognanclis wor ter
minated due to her alpha thalassemia.
Although the embrya selection tech
nigue has proven successful, the treat
ment is costly, Couples have 1o pay be-
wween 300,000 and 500,000 baht, Dr
Watana said.

INBrief

Net suspect nabbed

BANGKOK: Aman suspectedofl
distributing online content offensive

dire straits and could soon go undy
‘The ministry said signs of this have

It Nakhon Phanom yesterday, the
chiefof the Department of Special

emenged as they
tributions to the social security fund.

Arun Noisuwan. the labour union
chairman of Saint-Gobain Sekurit Co
Lid, claimed 55 employees at the tem-
pered glass firm had been dismissed
without notice.

Bandit Chotipala, the labour union
chairman of Bangkol e
said 25 workers were dismissed
unfairly and they planned to complain
to the Labour Relations Commitiee.

he recession was cited by the auto
parts firm as the reason for the lay-offs.

Thawee Deeying, president of the
Thnﬂmlll Couneil of Industrial Labour,

Pol Col Thawee Sodsongsaid the:
suspectwasidentified as Suwicha
‘Takor, 35, Hewas arrested in amarket
inMuang district where he had gone
intohidingata relative’s house.

Thearrest followedan eardier potice
raid on hishouse in Kannayao district
of Bangkok.

MrSuwicha denied the ch:
was brought to Bangkok ta beinter:
rogated

Law in cartoons
FOREST LAW: Bookletson forest

di A(

during the economic crisis and abused
the labour law, demonstrations by
workers unfairly treated by employers

awarenessabout illegal encs
mentunder a project initiated by
HRH Princess Bajrakitiyabha,
Permanent secretary for justice
Kittlpong Kittayarak said the princess

Atleast P p

year

to seck jobs,” said Sirisat Suwannakhom,
of the Ministry of Soclal Development
and Human Security.

The ministry runs three sheliers in
Bangkok to accommodate 500 destitute
familics but the residents have 1o pay
for lectricity, water and their own meals,
he said.

The state could provide them with
15-day skill training or send them back
to their home province, but that’s it.

MrWanchai and his wife said finding
wark, even as daily construction workers
orsecurity guards, ishard. But they visit
a state-run job centre every day,
e've been jobless for over two

‘months and have no money nos. Em-
ployers prefer to hire younger workers
i g :

from temples when there are special
occasions like an abbot’s birthday, but
we can't sleep there,” she sald.

“We can't go back homie. There'll be
o job for us. We'll keep fighting to live
here as lang as we can,” she said.

Survivor to sue pub owners

SURASAK GLAHAN

A survivor of the Santika pub blaze on
New Year's Day says he svil file consumer
sults against the club’s owners and au-
tharities.

Santisuk Marongsree, an ASTV host,
said he had approached the Lawyers
Council of Thailand to act on his behalf
in the cases.

Mr Santisuk said he would not seek
negotiations, but would file consumer
«cases against the ciub for not following
safety standards and against the police
and Waithana district fo* failing to ensure
the measures were adhered (0.

MrSantisuk said he hid been undergo-
ing hospital treatment since the blaze
suffering from a stress-related illness
and respiratory problems-

He will demand dam ages for personal

injurles as well as psychological trauma,
he said af a seminar on the Consumer
Case Procedure Act 2008 at the National
Economic and Soclal Advisory Board's
office.

The new act enables

p
booklets with cartoon characters 1o
Improve people’s understanding of
the forest laws.

Mr Kittipong said some villagers
encroached on forests without real-
Ising they were breaking the law,

Judge frees Saxena
VANCOUVER: A Canadian judge
has granted fugitive Thai banker Ra-
kesh Saxena release from custody
pendingajudicial reviewof his case
burt sed fru

file charges at a civil court against et
néss operators for damages caused b
services or products provided by the
operutors.
‘The process s misch faster than other
i t

the
many years the case has been winding
through Canadian courts.
Inanilingreleased on Tuesday,
Iustice Edward Chiasson noted that
ithas been 12 years since Mr Saxena

[ falls on the business operator.

din British C
an extradition warrant from Thailand.
5 Thalland

Lawyer Chairat Saeng- . & repre-
sentative of the council, said victims of
the blaze had already sought legal help
from the council

Once the cases are filed as consumer
suits. the club’s

with loating about 2.3 billion baht
from the Bangkok Bank of Commerce.
Itis alleged the fraud partially

precipitated thebank's 1995 collapse
and led to the Asi: i i

their security measures met |h¢-muum'd
standard.

of 1997. AP
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Fancy some risotto?
Join “IK' in his TV kitchen
every Saturday, PAGE 6
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Inside today

BUSINESS
Auto slump seen: The
Thai automobile market
is expected ta fall by

15 per cent this year,
according to Toyota
Mator Thailand, which
has already announced
that it will indefinitely
delay construction of a
Bt5.4-billion pickup-truck
diesel engine plant, origi-
nally scheduled for com-
pletion in 2010, PAGEZA

Lower CBD prices: Land
prices in Bangkok's cen-
tral business district
have already begun to
drop 20-30 per cent fol-
lowing reduced demand,
Sahatchai Kwancheun,
vice president of proper-
ty firm Harrison, said
yesterday. PAGE

AU

New image: We're differ-
ent, and our new stuff is
really good. Iri a nutshell,
that's what General
Motors, Ford and
Chrysler are trying to tell
consumers - and taxpay-
«ers - as they roll out an
array of new vehicles at
the North American
International Auto Show.

BYTELINE
Indochina hub:
Thailand's Inter-
University Network, or
UniNet, is aiming to
become the research
and educational network
hub for the entire
Indachina region, and
badk=
bone infrastructure to 10
gigabits per second
within the next couple of
months. PAGE 10A

MONEY

Home-loan boost: You
are a salary earner who
wishes to have a home of
your own one day. But
your income so far can
only make ends meet
each month. Thus, you've
never saved up enough
for a down payment.
Now, it seems that luck is
on your side. PABE 124

WORLD BIZ

Bartz helms Yahoo:
Veteran Silicon Valley
executive Carol Bartz
took over the helm of
Yahoo yesterday, vowing
to revive the ailing
Internet firm and calling
on erities to give it room
to breathe. PAGE 68

Deficit shrinks: A sharp
decline in the US
November trade deficit
reflected a record drop in
imports from China and
a sharp contraction in
global commerce,
according to government
data. PAGETB

PRIME MINISTER'’S GOAL

GRAND RECONCILIATION THROUGH
SOCIAL JUSTIGE AND RULE OF LAW

Abhisit vows to be neutral, heal divisions in society end overcome financial hurdles

THENATION

rime Minister Abl
Pwuajn-u\nlcrday said
the country needed
social justice and the restora-
tion of the rule of law to
achieve “grand reconciliation”
and overcome the challenges
posed by the fallout from the
glabal economic and financial
crises.
In a 30-minute speech
delivered to the Foreign

Curmspundema Club of
Thailand the
In|=rl.ontmenta.| Hotel,

Abbhisit was confident, retht-
tive and at time humoros

difficult tasks” in uniting a
divisive society and bringin,
justice to those who have mfg
fered from various ills.

He said his top priority was
to get the political system
working again and restoring
the rule of law. “The autho

said, adding that he would

mve the critics wron;
that he could not
tral and treat evervbody
l,\ Ciderthelan
The prime minister said
that things were beginning to
return to normal. He was also
delighted that last weekend's
by-election results had given
a boust to his government.
Abhisit said he was not
worried about the coalition’s
numbers in Parliament. If the
government fails to deliver, he
pointed out, then there is no
reason for it to continue to
govern. However, hesaid if'
government can delive:
there is no reason to change.
He revealed that the gov-
ernment is setting up a new

in say-
¢ neu-

mechanism to serutinise cases
of injustice, both individual
and colleetive. This mecha-
nism will comprise knowl-
edgeable and neutral peaple
who havean understanding of
the political and human-
rights situation in Thailand

over the past few years,

He said his economie stim-
ulus package would put money
into the pockets of the publie,
50 that the economy
labour in a state of decline. He
expectsthestimulus measures
to show results in the second

PRIME MINISTER Abhisit arrives at the Foreign Correspondents’ Club dinner at the InterContinental Hotel for his speech last night.

and third quarters.
elieve in my countryand

my peupl..- Our char

ery clear; it is our resilience.
we come through many
nthe p.nl,su(ln-rmnu
reason we cannot do it again”
he said.

He added that as prime
ministerhewouldhaveioearn
therespect and cooperation of
the public. “I am confident
that I can earn it through my
hard wnrk. my education and
honesty.”

About 500 people, includ-

5
g

# & | believeinmy
country and my
people. Our
character is very
clear;itisour
resilience. We've
come through many
crisesin the past,
thereis no reason
why we cannot do it
again.”

ABHISIT VEJJAJIVA
PRIME MINISTER

ingmembers of the diplomat-
ic community, showed up at
the event organised by the
Foreign Correspondents Club
of Thailand.

On Tuesday, Abhisit met
with the representatives ofthe
medin. He reiterated that his

government would not inter-
. fere with media liberty and

freedom of expression.
The prime minister man-

aged to avoid some 30 red-
shirted anti-government pro-
testers who had gathered out-

side the InterContimental
Hotel last night to throw eggs
athim.

Somyos Pheuksakasemsuk,
a leader of the red shirts, said
his group would continue their
egg-pelting campaign until the
end of February, when they
would start using rotten eggs
for politicians from the ruling
Democrat Party.

NATIONAL AFFAIRS / 18, 28

MPC MAKES FURTHER CUT IN POLICY INTEREST RATE T0 2 PER CENT

The MPC signalled
that animproving
political situation
would ‘enable the
government to
implement its
stimulus measures
going forward'.

ANOMA SRISUKKASEM
THENATION

Economic growth will like-
Iybe alow 0.5-2.5 per cent, due
toasignificantslowdowninthe

The Mnnc!arj' Palicy Com- growth of industrial

mmce (M1 ycutits  economies, which will hit the
rate0.75per-  Ki s exports hard.

centage point to 2 per cent, the

Jowest since January 2005. LOW GROWTH [ 124

It expects the two consecu-
tive instances of this “front-
loading measure” to help boost
economic growth by lowering
financing costs and putting
business and consumer confi-
dence back on track.

Private consumption and
imvestment will remain weak,
because the effects of the gov-
emnment’s new economic-
stimulus package will take

some time to materialise -
about the second half of the
year,

The minutes of the MPC
meeting cited 4 contraction in
Thai exports, softening domes-
tic dem: d delayed fiscal
stimulus as perhaps tilting the
balance of risk unevenly to the
side of growth.

“While we don't think lower
r»ullt:\ rates will bea‘magicbul-

et’ to dispel these threats to
growth, easing ofthe policy rate
could provide an interest-rate

environment that would allow
credit demand and supply to
lead to favourable credit out-
comes while discouraging
Imusuhol:l sm ings via real
intere: itigroup saidin
oo e y.
“The NPC signalled that an
improving political situation
would *enable the government
to i its

havingthefiscal-stimulus pro-
grammecushion downside risk
to growth. While easing the
rate will make a definite con-
tribution, the effect will not be
the same as having a stronger
fiscal-spending intervention,”
Citigroup said. “We continue
to expect the overnight rate to
dropto 1.5% as afitting end to
the cycle,

stimulus measures going for-

ward’,
“Clearly, policy-makers
have signalled the urgency of

‘There is an increasing likeli-
hood that this will come in the
next scheduled MPC meeting
on February 25"
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ENFORCING THE LAW EQUALLY WOULD CREATE A BETTER IMAGE

The government will have wasted
much of the Bt325 million budget
allocated to restore the country’s
image if it is not able to repair the
nation’s internal systems so that
they function properly.

As part of a BE116 billion stimu-
lus package, the Foreign Ministry
was assigned as the main force to
present a good image of Thailand
to the international community.

The goal is to rebuild confidence
among tourists and investors in
Thailand and ultimately have them
put money back into the country.

The foreign ministry would
mobilise resources from agencies
including the Commerce Ministry,
Finance Ministry, Tourism
Authority of Thailand and the
Board of Investment to do the job.

An urgent feature of the plan is

to restore Thailand's image in the
maijor high purchasing power mar-
kets including China, Japan,
Russia and the United Aral
Emirates, according to

| BURNING ISSU

COMMENT & ANALYSIS

Tharit Charungvat.
The first act is to stage a series
of road shows in targeted marl:sts
and launch an

SupALAK GANJANAKHUNDEE

toward

paign to promote tourism anr.l
investment in Thailand.

However, judging by what the
spokesman told reporters at the
ministry on Tuesday, it seems the
& es not have a clear
idea of how the country should be
seen from a foreign perspective,
not to mention what kind of image
the country should project.

Foreign Minister Kasit Piromya
has instructed its embassies and
consulates to survey opinions and

of i

Thailand. The minister hoped
information would help his team
find a starting point on how to
best restore confidence in
Thailand, spokesman Tharit said.

Thailand used to have a good
reputation in many aspects until
the military coup in 2006.
Politically and economically
speaking. the country was regard-
ed as a free and democratic
nation with a ceriain degree of
stability and rule of law. it could

politicians backing Abhisit
Vejigjiva’s (:atunei are free from
cormuption

Moveover attempts to correct
Thaksin's mistakes brought dire
repercussions for Thailand with
street protests, the coup and more
protests causing chaos.

provide a good envi Changing gmemment inan

domg business and tourism. undemocratic way ectai failure
Members of the People’s Alliance  in the parlia

for Democracy and Minister Kasit ~ Using judicial admsts 1o rule

may argue that it was former pre-  many cases ageinst the former

mier Thaksin Shinawatra who prime minister and d‘sinlve politi-

began to destroy Thailand's good  cal parties raised dou ut

image due to i et

of interest and abuse of power law and the strength of political

during his tenure. ly, institutions,

such blame cannol be justified as A military-installed

fong as elements of Thaksin's and two elecled administrations

regime remain in the government.  last year not only failed to get the

Who can guarantee how many country back on track, but in

many cases caused more damage
1o the system as. lhey used all
mechanisms to fight each other.
Thais have shown the internation-
al community they are prepared to
exploit all means, even at the
expense of the national interest, to
defeat their opponents. The Idea
ufselzmg airports to bring a gov-
ment down is unacceptable te
tﬂe international community.
Spending money on road shows
or expensive ads in international
media cannot sustain confidence
as long as authoriti
and enforce the law with many
standards and different practices.
Before a single baht of
tax meney to *fix” the country's
image, the gavernment should
show our system works by trying
to enforce the law equally to all.

SUPARAT’S
FUTURE CLOUDY

ANTI-CORRUPTION BODY
|

AFTER RULING

Appointment of
four Revenue
deputies was
criminal: NACC

HASSAYA CHARTMONTRI

THE NATION
ermanent secretary of
Finance Suparat Kawatkul
and four former officials

committed eri offences in
unlawfully ap, ting four deputy
directors-general for the Revenue

Department, according to a ruling
by the ional Anti-Corruption
n (NACC).
amajority vote, the commis-
also, found Khunying

sion
Tipawadee Meksawan guilty of a
gravedisci) Htmzu:\' offence for relat-

ed wrongdoing while serving as
secretary general of the Office of
Civil Service Commission (OCSC)
in 2001,

By law, a guilty verdict from the
NACC in such cases requires that
officialsbe dismissed or fired with-
in 30 days,

“The NACC issued the resolu-
tion on Tuesday,” NACC member
and spokesman Klanarong
Chanthik said yesterday, “Suparat
was found guilty of a eriminal
offence as well as a grave discipli-
nary offence.”

punishment.
also forward the case o
the Attorney General for criminal
prosecution,” Klanarong said.

Finance  Minister Korn
Chatikavanij said he would look
into the details from the NACC
before taking any action.

Of the guilty officials, only

Suparat remains in the civil serv- |

Guilty in the same case were
Somchainuk Engtrakul, then per-
manent secretary for Finance,
Sommul Pasi, then deputy perma-

ent secretary for Finance, Veera

Lhal\:lhlm then anadviseratthe
OCSC, and Methee Pamaranont,
thenan OCSC representative atthe
Finance ministry.

Klanarong said Tipawadee

WIPO HONOUR FOR HM THE KING

HIS MAJESTY the King graci

‘the Global Leaders Award from the World intellectual Property Organisation director-

accepls
general Francis Gurry yesterday. His Majesty, the first recipient of the award, was honoured for his remarkable contribution to

intellectual property.

WE DO NOT
CONDONE USE
OF TORTURE,
SAYS ABHISIT

SUPALAK GANJANAKHUNDEE
THENATION

Prime Minister Abhisit Vejjajivayes-
terday rejected accusations by
Amnesty International that security
forces engaged in systematic torture
in the deep South.

The London-based Al released a
report on Tuesday that alleged Thai
security forces “systematically”relied
on torture and other cruel, mhnmnn
or degrading treatment in a bid to
obtain information.

The report was based on testi-
monies from torture victims eom-
piled between mid-2007 and mid-
2008.

But Abhisit said: ° want to reas-
sure you that [torture] is not gov-
ernment nolicvand, ;; nptcarried

ai govern-

introduced extra for
selecting officials for 9-level posts
by herself, despite the fact there
wasa Cabinet-approved guideline
in place.

The addition-
al measures later
allowed
Somchainuk,
Sommai, Veera

— and Suparat
M ~then _director
’ general of the
Suparat Revenue
Department - to
appoint favoured officials as deputy
irector generals of the Revenue
Department.

Methee played a role in sup-
porting the officials in their illegal
move.

A senior official at the
Department had lodged a com-
plaint with the Administrative
Court over the move.

“The Supreme Administrative
Court ruled that the appointment
of the deputy director generals was
illegitimate because there were
grounds to believe the selection
panel intended to appoint their
favoured people from the very
beginning, Klanarong said.

An informed source said the
Central Administrative Court had
also revoked the appointment
order and ordered that the four
deputy director generals return to
their old positions or equivalent
posts.

iy

& Suparat was found guilty of a criminal offence
aswell as a grave disciplinary offence.”

KLANARONG CHANTHIK, SPOKESMAN OF THE NACC

GOVT LIFTS ELIGIBILITY FOR ALLOWANCE

DUMRONGPAN JAIHOW
THENATION

The monthly salary ceiling for
employees eligible to get theone-off
Bt22,000 payment from the govern-
ment has been lifted to Bt14,999,
from the original Bt14,000.

“We have raised the ceiling

because we want the all to

cover more people.”labour Minister
Phaithoon Kaeothong said yester-
dm He said Deputy Prime Minister
Sabhavasu, who oversees
economic affairs, had already
approved the adjustment.
Phaithoon saidupto8.13 million
employees, all members of the social
security scheme, would be eligible
for the s

Asked about the 23 million peo-
ple not in social security schemes,
Phaithoon said they would be dis-

atthe ne\i Labmu meeting.

ment does not support extra-judicial
power;” he told reporters..

The PMsaid he ‘would investigate
ifthere were extrajudicial practicesby
security forees fighting the insur-
geney, but he also questioned the
accuracy of the report.

Healsocited the case of an inquest
Iasl month, which ruled that a

im leader died after i

.«ssncpmnmug, thprmensmd
while the government would have
to shell out Bti8 billion to pay the
allowance, the Bt2,000 could hard-

e e being interrogated, as
an example that showed the author-
ities did not tolerate or cover up tor-

ture. _ n

Iy help low- T

to the South on Saturday since
becoming PM. He has already called

THREE-MONTH- foran increase in economic and cul-
BABIES CAN BE BENE | Sracmeeeiedu
Khanthanarat, “We must win the hearts and the
Thailand's first cooperation of locals, otherwise we
BDRN FREE F bom free will merely stay with the same situa-
of alpha tion,” he sai
Meanwhile, Foreign Ministry
despite both spokesman Tharit Charungvat said
parents being the report, complied by Benjamin
KWANDAD JITPANA Carers. tnjoysa | Zawwacks, fated 6 establish all casen
THENATION break during a to make the claim that torture was
Chinung Mai press confer- conducted systematically.
ence yesterday. e government does not con-
The first baby in Thailand to be born done in any way, any acts that con-
free of alpha thalassemia thanks to in Thailand, and children born with Wattana said a foetus with alpha stitute the use of torture in violation
new embryo-screening technology  this disease caught lnftcﬁons easih' could either die in the ofour law and Canstitution,” he said.
was introduced to the public yester- m‘i{e'nen.ﬂv Tt!w womb or develop heart failure or Thailand has been a party to the
day. b\ Dr \\'L-enwlt ing on being born. Convention Against Torture and
Pakomwich Khantk kol Now parents have a 99 per cent Other Cruel, Inhuman or Degmdmg
three months old, escaped the n_sl. of i ded in iveri yy freeofthe Treatment or Punishment si
being affected by this degenerative ~screening cmhr)ns for alpha tha- di i ther-to-bei 2007. Thatw intert
blood disease with the help of new ssemia, theseverest formofthedis-  supervised with the new e gation w
technology developed by ChiangMai  ease, for the first time in Thailand. The: to all reported cases [uf
University’s Faculty of Medicine. The disease is most prevalent technologywascivilservant Anchalee torture], he said. )
invention is said to help reduce the  among Southeast Asians, and in Khanthamarat, mother ofthe boune- Last month, a Narathiwat court
risk of the disease by 99 per cent. Thailand, especially in the upper ingboy Pakornwich. | ruled that soldiers tortured Imam

Maharat Chiang \13. Hospital
director Dr Wattana M

unh.a]nnzsnuumrnrn 1,000

told reporters vesterday that tha-

are carri-

ers. Chances of & caurrier’s of ng

E\cn though the screening costs
Bt200,000,and isnot covered by lhc

Yapa Kaseng to death during inter-
rogation. That ruling suggested the

universal health scheme, 2
‘have already applied.

pl

notsupporta“culture
of impunity’, Tharit said.

lassemia was a widespread problem  getting the disease ave very hi
_am
difficult? easier |
fr——

£n sasy way 10 388rch for newa published more than 10 year ago
isearch

visit www.nationmultimedia.com.

THENATION

Democrats up fire security

The Democrat Party v&sterd?
across the party’s headquartt
and ‘safety measures.

installed 50 fire-extinguishing balls
and leaders’ offices to boost security

Party director Nattapol Theepsuwan said the so-called Elide fire-
extinguishing balls weigh 1 kilogram each, and can put out a blaze
within three to 10 seconds of reaching the fire’s source. The balls were
installed in the offices of Prime Minister Abhisit Veijajiva, party chief

adviser Chuan Leekpai
party deputy leaders,

retary-general Suthep Thaugsuban and all
il as the party reporters’ room.

Meanwhile, 20 “red shirts” gathered outside the Democrat Party's
head office to prn(est against PM’s Office Minister Satit Wongnangtaey

and his pk

close community radio stations and websites that con-

vey messages wewed as insulting to the monarchy.

Alliance for Democracy leaders, such as Kasit Piromya as foreign min-

‘ The protesters also attacked the government for appointing Peuple s

ister, and others as ministry advisers — accusing them of involvernent in
‘ the siege of Bangkok's airports and Government House. The red shirts.

dispersed after Nattapol accepted their complaints. -

THENATION
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