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Abstract: The most common α 0-thalassemia deletion in Thai populations is the so-called Southeast Asian (—SEA)
 deletion. In addition, there have been several reports among Thai and Southeast Asian populations involve two
other deletions, the Thai (—THAI) and Filipino (—FIL) deletions. But, in Thailand, the detection of α0-thalassemia
gene carrier in a routine clinical laboratory was only (—SEA) deletion.  Thus carriers of non-SEA deletion cannot be
 identified using the routine PCR of the (—SEA) deletion. In this report, we developed multiplex PCR-based protocols
 for rapid and reliable DNA diagnosis for the (—SEA), (—THAI), and (—FIL) deletions.  The multiplex PCR assays  were
carried out on 114 genomic DNA samples from patient with Hb H disease. 113 of 114 samples were heterozygous
 for (—SEA) deletion while the other one was heterozygous for (—THAI) deletion.  Furthermore, we analyzed  genomic
DNA of 100 Hb Bart’s hydropic fetuses.  Only two out of 100 cases were of compound heterozygote for the (—SEA)
and (—THAI) deletions: (—SEA/—THAI), the remaining 98 cases were homozygous for the common (—SEA) deletion: (—
SEA/—SEA).  None of them has the (—FIL) deletion.  From this study, we expected that this method should  efficiently
facilitate the genetic screening and molecular diagnosis of these deletions in Thai populations.
Key Words:  • α 0-Thalassemia  •  Hb H disease  •  Multiplex PCR •  Southeast Asian deletion
RTA Med J 2548;58:301-7.

Introduction
The frequency of alpha zero (α 0)-thalassemia in

Thai  population is one of highest in the world.  The
most  common deletion is the so-called Southeast
Asian (—SEA) deletion. This deletion spans approxi-

mately   20.5 kilobases, removing both functional  α-
globin genes while leaving the zeta (ζ2)-globin gene
intact.  Definitive diagnosis of the (—SEA) deletion is
usually based on polymerase chain reaction (PCR)
using primers that flank the deletion breakpoints.  Al-
though  the (—SEA) deletion is by far the most prevalent
in cis deletion in Thailand, there have been several
reports among Thai and Southeast Asian populations
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involve two other deletions, a complete deletion of the
ζ-α  complex on one chromosome.  They are called
the  Thai (—THAI) and Filipino (—FIL) deletions. Since
these  deletions extend beyond the α-genes at the 5'
end and beyond the α-genes at the 3' end of the α-
globin complex, they cannot be positively identified in
heterozygotes (—/αα ) by using the routine PCR of
the (—SEA) deletion and may therefore be missed dur-
ing  genetic counseling and prenatal diagnosis.  In par-
ticular,  the (—THAI) deletion that was first reported in
Thai individual since 19841-5. But, in Thailand, the
detection  of α0-thalassemia gene carrier in a routine
clinical  laboratory was only (—SEA) deletion.  Thus car-
riers  of non-SEA deletion cannot be identified using the
 routine PCR of the (—SEA) deletion.

Although of carriers of these deletions have mild
microcytosis,  with or without anemia, but otherwise
are  healthy.  However, if both couples are carriers,
they  could be at reproductive risk for hemoglobin (Hb)
Bart’s  hydrops fetalis syndrome, a condition that gener-
ally  results in fetal demise in utero or shortly after
birth.   Alternatively, they also could be a less severe
condition  known as Hb H disease6.  Therefore, it is
important  to develop a simple and reliable molecular
genetic  diagnosis test for these deletions.

In this study, we have developed a multiplex PCR
for  rapid and reliable DNA diagnosis of the (—SEA), (—
THAI) and (—FIL) deletions and confirmed the deletion
breakpoints  of these deletions by the DNA sequencing
technique.  Furthermore, we have investigated
whether  Thai individuals have other deletion, over (—
SEA)   deletion  type of α 0-thalassemia or not, and
identified what the non-Southeast Asian deletion type
of α0-thalassemia  are found in Thai individuals.

Materials and Methods
Patient samples

This study was carried out with human and ac-

cepted  by ethics committee of Faculty of Medicine,
Chiang  Mai University.  The peripheral venous blood
were  collected from 114 confirmed cases of patients
with  Hb H disease (January-December, 2002) and the
fetal  blood were collected from 100 confirmed cases of
Hb Bart’s hydropic fetuses who submitted to the Pedi-
atrics  Thalassemia Clinic, Maharaj Nakorn Chiang Mai
Hospital, Department of Pediatrics, Faculty of Medicine
at Chiang Mai University.

Genomic DNA extraction
Genomic DNA was extracted from peripheral blood

or fetal blood using the Chelex method7.  Briefly, 1-mL
of  0.5% Triton X-100 was added to 50-µL of whole blood
 in a 1.5-mL microcentrifuge tube, vortexed and
centrifuged  at 14,000 rpm for 1 min. The supernatant
was  removed by suction and 1-mL of distilled water
was  added.After centrifugation as above, the superna-
tant  was removed again.  From a Chelex-100 aqueous
 suspension settled Chelex beads were added so that
 they cover the nuclei pellet with a 2-mm thick layer.
After adding 120-µL of distilled water, the samples 
were incubated for at least 3 h (but usually overnight)
 at 56oC. After vortexing and centrifugation the 
samples were boiled for 8 min and again vortexed and
 centrifuged.  The extracts were store at 4oC until they
 were used as templates in PCR.

Strategy for multiplex PCR
To screen for severe α0-thalassemia deletions, prim-

ers   were designed for (—SEA), (—THAI) and (—FIL)
deletions  by utilizing the gap-PCR approach8,9 (Figure
1).  Each 25-µL reaction of PCR contained 200-µM of
each  dNTP; 1.5-mM MgCl2; 1x Q-solution (Qiagen,
GmbH,   Germany); 1.25 U Hotstar Taq DNA Polymerase
(Qiagen); 0.4-µM of each primer (Table 1) and 100-200
ng  genomic DNA. Reactions were carried out in a
GeneAmp PCR system-2400 or -9600 thermal cycler
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Table 1 Primer sequences for α 0-thalassemia multiplex PCR and expected amplicon sizes
Name 5'→3' sequence GenBank ID :Nucleotides Amplicon (size)
FIL-F
FIL-R

THAI-F
THAI-R
SEA-F
SEA-R
SEA-F
α -R

CTGCCCTTCACACCTCAGACA
GCAATCTTGGCTCACTGCAGG

TGACTGCATCATAATTCCAGCAG
TGAGGCAGGAGATTCGCTTGA
GCGATCTGGGCTCTGTGTTCT
ACTGCAGCCTTGAACTCCTG

As above
GTTCCCTGAGCCCCGACACG

Z84721:11961→11981
Z69706:278→258

Z84721:10504→10523
Z69706:1478→1458

Z84721:26119→26139
Z69706:2662→2643

As above
Z84721:26435→26416

(—FIL) jxna fragment
(597-bp)

(—THAI) jxn fragment
 (480-bp)

(—SEA) jxn fragment
(195-bp)

control fragment
 (314-bp)

jxn, junction

Figure 1.  Schematic representation of location of multiplex PCR primers inα-globin cluster.  Genes are rep-
resented   as filled boxes and pseudogenes as open boxes.  Hypervariable regions (HVR) are denoted as small boxes.
Forward (F) and reverse (R) primers are shown for the (—SEA), (—THAI), and (—FIL) deletions. The SEA-F primer also
serves as the forward primer for the normal control α-globin amplification reaction.

(Perkin-Elmer Co., NJ): initial denaturation at 95oC for
15 min; followed by 40 cycles of 94oC for 40 s, 60oC for
20 s, and 72oC for 2 min; with a final extension of  72oC
for 10 min.  A 10-µL amount of each amplification  
reaction product was analyzed on a 1% agarose gel  in
1x Tris-borate-EDTA buffer (TBE).

Results
Figure 2 shows the multiplex PCR results of various

α-globin genotypes and the control.  The multiplex

PCR  assays were carried out on 114 genomic DNA
samples  from patients with Hb H disease (—/-α).  Out
of  these 114 cases, 113 cases were heterozygous for (—SEA)
deletion and only one case was heterozygous for (—
THAI)  deletion.  None of them has the (—FIL) deletion.
Furthermore,  we analyzed DNA of 100 Thai Hb Bart’s
hydropic  fetuses (—/—), it was found that only two
out  of 100 cases were of compound heterozygotes for
the (—SEA) and (—THAI) deletions: (—SEA/—THAI).  The
remaining 98 cases were homozygous for the
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common (—SEA) deletion: (—SEA/—SEA).  None of them
has the compound heterozygotes for the (—SEA) or (—
THAI) and (—FIL) deletions. The results were
summarized in Table 2.  We sequenced the PCR
products corresponding to these  deletions and
confirmed the multiplex PCR results  (data not shown).

Discussion
α-thalassemia is common throughout Southeast

 Asia.  In Thailand between 15% and 30% of the
population   are carriers.  The severe  α-thalassemia
syndromes    (Hb H disease and Hb Bart’s hydrops fetalis
syndrome)  both occur in Thailand10.  The most fre-

    M      1       2       3      4       5       6 

597-bp 
480-bp 
314-bp 
195-bp 

Figure 2 Multiplex PCR results for various α-globin genotypes.  Specially sized PCR products were obtained
for the normal [314-bp], (—SEA) [195-bp], (—THAI) [480-bp], and (—FIL) [597-bp] genotypes.  Lane M, 100-bp DNA
ladder (New England Biolabs), lane 1, (αα /αα ); lane 2, (—SEA/αα ); lane 3, (—THAI/αα ); lane 4, (—FIL/αα ); lane
5,  (—SEA/—SEA); lane 6, (—SEA/—THAI)

Table 2 The results from the detection of α 0-thalassemia deletion in 114 cases of patient with Hb H disease and
100 cases of Hb Bart’s hydropic fetuses by multiplex PCR technique

Genotype Cases

* Hb H disease :
- (—SEA)/(-α  or  α Tα )
- (—THAI)/(-α  or  αTα )

* Hb Bart's hydropic fetuses
- (—SEA)/(—SEA)
- (—SEA)/(—THAI)

Total

114
113
1

100
98
2

214
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quently  encountered defects are the (—SEA) and  (-α3.7)
deletions  (Hb Bart’s hydrops fetalis: (—SEA/ —SEA) and
Hb  H disease: (—SEA/-α3.7)).  Nevertheless there have
been  reports of Thai individuals with  α0-thalassemia
in  whom there is a complete deletion of the  ζ-α com-
plex  on one chromosome.  We have called these the
(—THAI) and (—FIL) deletions.  Because of the detection
of α 0-thalassemia gene carrier in a routine clinical
laboratory  was the only (—SEA) deletion.  Thus carriers
of non-SEA deletion cannot be identified using the
routine  PCR of the (—SEA) deletion.  Therefore, the
missing  of genetic determination may lead to fault
during  genetic counseling and prenatal diagnosis and
couples  with these deletions are at risk of having a
hydrops  baby or offspring with Hb H disease11.

We have developed a multiplex PCR technique by
optimizing  various parameters of the multiplex PCR
capable  to detect the  α0-thalassemia (—SEA), (—THAI),
and (—FIL) deletions.  Especially important for a suc-
cessful  multiplex PCR assay are the cycling, the con-
centration  of the PCR buffer, and the balance between
the dNTP and MgCl2 concentrations were titrated to
provide the best result.  A clear single band of each
specially  sized PCR products were obtained for the
normal: 314 basepair (bp), (—SEA): 195 bp, (—THAI): 480
bp, and (—FIL):597 bp, genotypes had been observed
without  any complications neither non-specific back-
ground  bands nor the formation of primer-dimer.

In addition, we have overcome the inherent prob-
lem  of PCR amplification of the GC-rich  α-globin locus
by using enhancers (Q-solution) and Hotstart Taq DNA
Polymerase12, are supplied in an inactive state that  has
no polymerase activity at ambient temperatures. 
These  prevent extension of non-specifically annealed 
primers  and primer-dimers formed at low temperatures
during PCR setup and the initial PCR cycle.

From the pilot studies, the optimal multiplex PCR
technique was employed to detect α 0-thalassemia in
114  cases of patient with Hb H disease and 100 Hb
Bart’s   hydropic fetuses.  Although, only one and two
cases  of Hb H disease group and Hb Bart’s hydrops
fetalis   group, respectively, were heterozygous for (—
THAI)  deletions.  These limited data suggest that, com-
pared  with the (—SEA), (—THAI), and (—FIL) deletions are
either  relatively uncommon or under represented in
subjects  with Hb H disease and the Hb Bart’s hydrops
fetalis  syndrome.  More extensive studies will be re-
quired   to determine their true prevalence in these
populations.

Furthermore, the prevalence of non-Southeast Asian
deletion type of α0-thalassemia (—THAI) and (—FIL) de-
letions   in normal population should be further deter-
mined    to increase the importance of these types.  Al-
though    only three α0-thalassemia deletion types are
included    in the multiplex PCR assay at present, other
α -thalassemia deletions, such as α +-thalassemia: (-
α3.7)  and (-α4.2) deletions or another  α0-thalassemia:
(—MED),  should be easily incorporated into the assay if
required.  In application, the further DNA-based plan-
ning  and preventive program of  α0-thalassemia should
be more concerned in these types to efficiently facili-
tate   the improvement of medical services such as car-
rier   screening and prenatal diagnosis for pregnancies
at  risk for Hb Bart’s hydrops fetalis syndrome in the
future 13.
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เวชสารแพทยทหารบก ปที ่58  ฉบบัที ่4 ตลุาคม-ธนัวาคม 2548

คณุลกัษณะเฉพาะในระดบัโมเลกลุของโรคอลัฟาศนูยธาลสัซเีมยีในผูปวย

คณุลกัษณะ เฉพาะ ใน ระดบั โมเลกลุ ของ โรคอลัฟาศนูยธาลสัซ ีเมยี
ใน ผูปวย โรคฮโมโกลบนิ เอช และ ใน ทารก ที ่เปน โรคฮโมโกลบนิ
 บารท สไฮ ดอรบ ฟทลัลสิ
ฉันทวัฒน กันธะมูล, ศิริ วรรณ วงคไชย* และ ตอ พงศ สงวน เสริม ศรี**
 ภาควิชา ชีวเคมี กอง การ ศึกษา วิทยาลัย แพทยศาสตร พระ มงกุฎ เกลา
* ภาควิชา ชีวเคมี และ ** ภาควิชา กุมาร เวช ศาสตร คณะ แพทยศาสตร มหาวิทยาลัย เชียงใหม

บท คดั ยอ:  โรคอลัฟาศนูยธาลสัซ ีเมยี ใน ประชากร ไทย ที ่พบ บอย คอื ชนดิ เซาธอสีทเอเชยีน ด ีลชีัน่ นอก จาก นี ้ม ีรายงาน วา พบ โรค อลัฟา ศนูย
ธาลสัซ ีเมยี ที ่ไม ใช ชนดิ เซาธอสีทเอเชยีน ด ีลชีัน่อกี 2 ชนดิ ใน กลุม คน ไทย และ ประชากร ใน แถบ เอเชยีตะวนั ออก เฉยีง ใต ไดแก ชนดิ ไทย
และฟลิป โน ดี ลีชั่น แต ใน ประเทศ ไทย การ ตรวจ หา ยีน พาหะ ของ โรคธาลัสซี เมีย ใน หอง ปฏิบัติ การ โดย เทคนิค พี ซี อาร จะ ทํา เฉพาะ ชนิด
เซาธอสีทเอเชยีน ด ีลชีัน่เทานัน้ ดงันัน้ ยนี พาหะ ชนดิ อืน่ ที ่ไม ใช เซาธอสีทเอเชยีน ด ีลชีัน่จะ ไม สามารถ ตรวจ หา ได ใน การ ศกึษา ครัง้ นี ้เรา
ได พฒันา เทคนคิมลัต ิเพลก็พ ีซ ีอาร ที ่ม ีความ รวด เรว็ และ แมนยาํ ใน การ ตรวจ หา โรคอลัฟาศนูยธาลสัซ ีเมยี ทัง้ 3 ชนดิ คอื เซาธอสีทเอเชยีน
ไทย และฟลิป โน ดี ลีชั่นพรอม กัน โดย นํา เทคนิค ดัง กลาว มา ใช ตรวจ หา ชนิด ของ โรคอัลฟาศูนยธาลัสซี เมีย ใน ผูปวย โรคฮโมโกลบิน
เอชจาํนวน 114 ราย จาก ตวัอยาง ทัง้ หมด พบ ผู ที ่เปน พาหะ ชนดิ เซาธอสีทเอเชยีน ด ีลชีัน่จาํนวน 113 ราย และ ชนดิ ไทย ด ีลชีัน่จาํนวน
1   ราย  นอก จาก นี ้เรา ได ตรวจ วเิคราะห ด ีเอน็ เอ ของ ทารก ที ่เปน โรคฮโมโกลบนิ บารทสไฮดอรบฟทลัลสิจาํนวน 100 ราย พบ วา ม ีเพยีง 2
ราย ที ่สาเหต ุของ โรค เกดิ จาก การ รวม ตวั กนั ของ ยนี แบบ เฮ เทอโร ไซกสัระ หวาง ชนดิ เซาธอสีทเอเชยีน ด ีลชีัน่กบั ชนดิ ไทย ด ีลชีัน่ สวน อกี
98 ราย เกดิ จาก การ รวม ตวั กนั ของ ยนี แบบ โฮโม ไซกสัของ ชนดิ เซาธอสีทเอเชยีน ด ีลชีัน่ โดย การ ศกึษา ครัง้ นี ้ไม พบ พาหะ ของ ยนี ชนดิฟลปิ
โน  ด ีลชีัน่แต อยาง ใด จาก การ ศกึษา ครัง้ นี ้เรา คาด หวงั วา เทคนคิ นี ้นา จะ ชวย เพิม่ ประสทิธภิาพ ใน กระบวน การ ตรวจ คดั กรอง และ การ วนิจิฉยั
โรค กอน คลอด ของ โรคอลัฟาศนูยธาลสัซ ีเมยี ใน ประชากร ไทย ให ด ียิง่ ขึน้
Key Words: • โรคอัลฟาศูนยธาลัสซี เมีย • โรคฮโมโกลบิน เอช • มลัต ิเพลก็ พ ีซ ีอาร • เซาธอีสทเอเชียน ดี ลีชั่น
เวชสารแพทยทหารบก 2548;58:301-7.
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