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The aim of this study was to characterize S-globin gene micro-haplotype polymorphisms (frameworks)
associated with a p-thalassemia mutations common in Northern Thailand using a direct DNA sequencing
method. A total of 11 S-thalassemia major patients homozygous for the codon 17 (A—T) mutation admitted to
Chiang Mai University Hospital were examined. All 22 alleles were found to contain the Asian framework
3A. The homogeneity of the framework associated with the codon 17 (A—T) mutation indicates a relatively
recent origin of the codon 17 (A—T) mutation. Similar studies in other East Asian populations may provide

information concerning the origin and the migrational spread of this -thalassemia mutation.
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The B-thalassemias are a group of single gene
defects causing reduced or absent B-globin chain
synthesis®. In Thailand, the prevalence of carriers
varies from 3 to 9%®. Almost 200 B-thalassemia
alleles have currently been characterized®. However,
in a certain ethnic group a limited subset of mutations
is found®. In Northern Thailand, the most common
mutations are codon 41/42 (-TCTT) and codon 17
(A->T).Homozygosity for codon 17 (A->T)was found
in 12.9% of a group of 109 patients with 3-thalassemia
major and, thus, ranged third in frequency of (-
thalassemia genotypes in Northern Thailand®.

According to Orkin et al® and Antonarakis
et al™ the micro-haplotype polymorphism of the -
globin gene designated as ‘framework’ (FW)is defined
by five single nucleotide polymorphisms (SNPs). Four
main frameworks are identified in Table 1.

Whereas FW1 and FW2 are common world-
wide, FW3 is frequent in Africans, Europeans and West
Asians and FW3A, intermediate in structure between
FW 2 and FW 3, is characteristic for East Asian
populations™. The haplotype for many B-thalassemia
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mutations among the Thais were previously described
®9 and comparison with Chinese and Burmese had
already appeared®®. However, In previous studies on
the fine structure of B-thalassemia chromosomes in
East Asia, the framework was usually indirectly
diagnosed on the basis of characteristic restriction
patterns. To our knowledge, this is the first report on
B-globin gene frameworks of B-thalassemia patients
in Thailand using direct DNA sequencing.

Material and Method
Patients and DNA extraction

Eleven unrelated B-thalassemia major
patients with known homozygosity for the codon
17 (A->T) mutation attending the hematology clinic

Table 1. Classification of -globin gene framework®?

codon 2 1VS-I11
nt 3 nt 16 nt 74 nt 81 nt 666
FW 1 C C G C T
FW 2 C C T C T
FW 3A T G T C C
FW 3 T G T T C
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at Chiang Mai University Hospital, Chiang Mai,
Thailand, were included in the study after giving
informed consent. DNA was extracted from whole
blood using a modified version of Chelex-100 extraction
method®® as described elsewhere®),

Sample characterization

To determine the framework, the B-globin
gene region containing the five SNPs were sequenced.
Amplicons to identify codon 2 nt 3 were created using
primers (S-x12 + A-x12) and PCR conditions previously
reported for the detection of 3-thalassemia mutations
(@2, For the remaining four SNPs located in IVS-I1, the
amplicons were created using a new set of primer
(S-ivs2 + A-ivs2) as described in Fig. 1.

The PCR for the new primers was performed
in a 50 pl reaction mixture of 5 ul of genomic DNA,
2.5 mM MgCl,, 0.2 mM of each dNTPs, 0.4 uM of each
primer, 1x Taq buffer, and one unit of Tag DNA
polymerase. After the hot start, the condition was 40
cycles of 45 seconds at 94°C, 1 minute at 65°C with a
step-down of 0.5°C in each cycle, and 1.30 min at 72°C.
The samples were electrophoresed on 2% agarose
gel to check size and quality of the PCR product and
purified using the QlAquick PCR purification kit
(QIAGEN GmbH, Hilden, Germany) and electro-
phoresed to estimate the quantity of the PCR product.

The purified PCR product was used as a
template for the cycle sequencing reaction. The
primer S-X12 was used for codon 2 nt 3. For 1VVS-11-16,
IVS-11-74, and IVS-11-81, the primer was S-1VS2. To
obtain a reverse sequence at 1VVS-11-666, the primer A-
IVS2 was used. The reactions were performed using
BigDye Terminator Ready Reaction Mix (Applied
BioSystems), precipitated with ethanol-sodium
acetate, then capillary electrophoresed using an ABI
PRISM 310 Genetic Analyzer (Applied BioSystems)

Exon 1 Exon 2 Exon 3

1VS-1
-

-
S-x12

> IVS-II

A-x12

761 bps

(codon 2 nt3) > <«

S-ivs2 A-ivs2

873 bps
(IVS-11-16, 74, 81, 666)

S-x12 5’-aga aga gcc aag gac agg tac g-3’ (70399-70420 )
A-x12 5’-tgc aat cat tcg tct gtt tcc c-3” (71138-71159)
S-ivs2 5’-tca cct gga caa cct caa g-3” (70955-70973)
A-ivs2 5’-taa tce age ctt atc cca ac-3” (71808-71827)

Fig.1 Relative location of PCR primers complementary to

the B-globin gene. The primers S-x12 and A-x12 have
been previously described®. The sequence numbers
of primers in parentheses are parted of GenBank
(NG_000007.3 GI: 28380636).

as described by the manufacturer. Data were manually
compared with the standard sequence of the 3-globin
gene (GenBank NG_000007.3 GI:28380636).

Result

After three rounds of cycle sequencing for
each sample (Fig. 2 and Fig. 3) and reverse base for
IVS-11-666 (Fig. 4), all 22 B-thalassemia alleles were
found to be associated with framework 3A.

Discussion

In previous studies of B-globin alleles an
association of the frameworks with restriction sites
for Avall located around 1VS-11-16 and for BamHI
located 3’ to the B-globin gene was determined. The
restriction patterns + +, + - and - + indicate FW1, FW2
and FW3, respectively®”. However, FW3 and
FW3A cannot be differentiated with this method and
gene conversion may give rise to discrepancies®®.

110 120 130 140
GTCTGC CGTT

CACCATGGETGCATC TGACD TCCTGAGGATG

codon 2 nt 3 (T)

b

150 160 170
CTGECOCCTGTGGGGE TAGGTG C

codon 17 nt 1 (T)

v

Fig. 2 Pattern of homozygosity of codon 2 nt 3 and B-thalassemia mutation codon 17(A->T) using the sequencing primer

S-x12
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IVS-11-81 (C)

10 50 60 0

[ATGGGACGC TTGATGITTTCTTTCCCCTTCTTITTICTATGGT T

IVS-11-16 (G)

80 90 100 fi1o
GTTCATGTCATAGGAAGGGGATAL GT GGG

IVS-11-74 (T)

e

Fig. 3 Pattern of homozygosity of I1VS-11-16, 1VVS-11-74, and IVS-11-81 using the sequencing primer S-ivs2

50 60 70 80 0
TATTTATATGCA GAGATATTGCTATTGCCTT.

IVS-11-666 (read G)

TATGCA G CCCAG T

Fig. 4 Reverse sequencing pattern of homozygosity of
IVS-11-666 (C) using the primer A-ivs2

Therefore, direct DNA sequencing was employed
for the determination of frameworks in the present
study. Another advantage of the present study is
that homozygotes for the codon 17 (A—>T) mutations
were selected instead of the more common compound
heterozygotes to avoid base errors of cloning from
PCR products resulting from reduced fidelity of Taq
DNA polymerase®.

The mutation codon 17 (A->T) on 22 §3-
thalassemia chromosomes in the present study was
exclusively associated with framework 3A. This
confirms the results of previous reports where limited
numbers of probands were examined using the
restriction pattern for the diagnosis of the -globin
gene associated framework®<®131518)  Apparent
homogeneity of the mutation and the associated
framework in a vast area of East Asia extending
from Korea to Indonesia indicates a relatively recent
single origin of the codon 17 (A->T) mutation on a
FW3A chromosome. This is in contrast with the more
widely distributed 3-thalassemia mutation codon 41/
42 (-TCTT) which is common in East and South Asian
populations®. This mutation has been shown to be
associated with different frameworks®?, a finding
that argues for multiple mutation or more ancient
origin with subsequent redistribution by gene
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conversion or point mutations. Further studies of
the frameworks connected with the codon 17 (A->T)
mutation employing the DNA sequencing method,
especially in Chinese populations, may provide
information concerning the origin and the migrational
spread of this mutation in East and Southeast Asia.

Acknowledgements

The authors wish to thank all 11 patients for
their participation in the present study. We also wish
to thank Dr.Gebhard Flatz for his valuable comments
on the manuscript.

References

1. Weatherall D, Clegg J. The Thalassemia Syndromes.
4th ed: Blackwell Science; 2001.

2. Wasi P, Pootrakul S, Pootrakul P, Pravatmuang P,
Winichagoon P, Fucharoen S. Thalassemia in Thailand.
Ann N'Y Acad Sci 1980; 344: 352-63.

3. Baysal E, Carver MF. The - and §-thalassemia
repository (eighth edition). Hemoglobin 1995; 19(3-4):
213-36.

4. Forget BG. The B-Thalassemias. In: Steinberg MH,
Forget BG, Higgs DR, Nagel RL, editors. Disorders of
Hemoglobin: Genetics, Pathophysiology, and Clinical
Management: Cambridge University Press; 2001: 231-2.

5. Sirichotiyakul S, Saetung R, Sanguansermsri T.
Analysis of B-Thalassemia Mutations in Northern
Thailand Using an Automated Fluorescence DNA
Sequencing Technique. Hemoglobin 2003; 27(2):
89-95.

6. Orkin SH, Kazazian HH, Jr., Antonarakis SE,
Goff SC, Boehm CD, Sexton JP, et al. Linkage of
B-thalassaemia mutations and B-globin gene
polymorphisms with DNA polymorphisms in
human beta-globin gene cluster. Nature 1982; 296
(5858): 627-31.

7. Antonarakis SE, Orkin SH, Kazazian HH, Jr., Goff
SC, Boehm CD, Waber PG, et al. Evidence for multiple

885



origins of the B-E-globin gene in Southeast Asia. Proc hemoglobins in fetal blood samples. Hemoglobin 2001;

Natl Acad Sci U S A 1982; 79(21): 6608-11. 25(1): 19-27.
8. Lynch J, Tate VE, Weatherall DJ, Fucharoen S,  13. Lee YJ, Park SS, Kim JY, Cho HI. RFLP haplotypes
Tanphaichitr VS, Isarangkura P, et al. Molecular basis of B-globin gene complex of B-thalassemic chromo-
of B-thalassemia in Thailand. Birth Defects Orig Artic somes in Koreans. J Korean Med Sci 2002; 17(4): 475-8.
Ser 1987; 23(5A): 71-9. 14. Sambrook J, Russell DW. Molecular Cloning: A
9. Laig M, Sanguansermsri T, Wiangnon S, Hundrieser J, Laboratory Manual. 3rd ed: Cold Spring Habor
Pape M, Flatz G. The spectrum of p-thalassemia Laboratory; 2001.
mutations in northern and northeastern Thailand. Hum  15. Fukumaki Y, Fucharoen S, Fucharoen G, Okamoto N,
Genet 1989; 84(1): 47-50. Ichinose M, Jetsrisuparb A, et al. Molecular hetero-
10. Winichagoon P, Fucharoen S, Thonglairoam V, geneity of B-thalassemia in Thailand. Southeast Asian
Tanapotiwirut V, Wasi P. 3-thalassemia in Thailand. J Trop Med Public Health 1992; 23(Suppl 2): 14-21.
Ann N 'Y Acad Sci 1990; 612: 31-42. 16. Lie-Injo LE, Cai SP, Wahidijat I, Moeslichan S, Lim
11. Walsh PS, Metzger DA, Higuchi R. Chelex 100 as a ML, Evangelista L, et al. B-thalassemia mutations in
medium for simple extraction of DNA for PCR-based Indonesia and their linkage to beta haplotypes. Am J
typing from forensic material. Biotechniques 1991; Hum Genet 1989; 45(6): 971-5.
10(4): 506-13. 17. Fukumaki Y, Matsunaga E, Takihara Y, Nakamura T,
12. Sanguansermsri T, Thanarattanakorn P, Steger HF, Takagi Y, Tanphaichitr VS, et al. Multiple origins of
Tongsong T, Chanprapaph P, Wanpirak C, et al. the B-thalassemia gene with a four-nucleotide deletion
Prenatal diagnosis of B-thalassemia major by high- in its second exon. Birth Defects Orig Artic Ser 1987;
performance liquid chromatography analysis of 23(5A): 81-5.

AMYNaUNUIasEARALMAUEsIaa TN T lanaw 17 (A ST) lumawmiavaslszsinalne
INIBAALLLALAEATI*

WUSTUS ANIUIATNAS, A1TRE BNY, TA5U IDIILATAY, SAUGNT WIEN, AAWIA FIIUIATNAT

o

i = =~ ¥ A o ¥ ~
TagilszasarasnisAnsuiiaanuvanazyes ulasuanla ntveawniinaduiiv (a1 lazeludi)
PRy o o o o ‘oAogZa ¥ o A A A A P ¥
A ndniusiunsnaneiugivi i lsawmsiaagildeada iwuun luniamideveatlszmalng lagnis b
mamarauialagsss anaulalalulaiaumsdafilendnisnaieiugiilaney 17 (A > T) 494U 11
AUTLYFUN95N7 Tsane e s auandeas v wuawia 22 dadaadneg lualasei 3 LLL/L/L@L;E'E/
miwumvmm/@uﬂwmmfzTﬂNwmmﬁmmwuﬁm_/mmmzlwuﬁmTﬁm@u 17 (A 2> T) LT

Wﬂ@u?l’?ﬂ?ﬁil%ﬂﬂﬂ’??ﬂ@’)ﬁlwuﬁ fl’)?Flﬂ?:f’?t‘liuuz‘lél,@ééﬂﬂﬁ:ﬁ?u@@ﬂ’ﬂ?’ﬂ27/7”1/@.1/@LﬂEI’Jﬂ?.Iﬂ’7L‘lJﬁ)LLZ\7§Zﬂ’I§‘LLW§‘ﬂ?;‘,’@’)EI
W@Qﬂ’]?ﬂﬂWEIWiJﬁilﬂﬂLUﬁ’)ﬁ’)@ﬁéﬂLJ\IEI’quﬂu

886 J Med Assoc Thai Vol. 87 No.8 2004



