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ABSTRACT 

  
β-thalassemia is a heterogeneous group of genetic disorders characterized by  

reduced or absent β-globin chain synthesis. It is mainly caused by point mutations of β-globin 
gene. In the south of Thailand, the gene frequency is about 2-4 % with 3 % of uncharacterized 
mutations. This study have objective to analyzed mutations from unknown cases by designing 
oligonucleotide probes for reverse dot blot hybridization to detect 12 rare point mutations of β-
thalassemia including -31 (A-G), cap site +1 (A-C), Ini. nt2 (T-G), codon14/15 (+G), codon15  
(-T), codon26 (G-T), IVS1 nt1 (G-A), codon35 (C-A), codon95 (+A), codon123-125  
(-ACCCCACC), codon126 (T-G) and Poly A (AAA-AGA). The 7 rare point mutations were 
detected in 24 cases. They are 2 cases of -31 (A-G), 2 cases of Ini. nt2 (T-G), 5 cases of codon15 
(-T), 8 cases of IVS1 nt1 (G-A), 2 cases of codon35 (C-A), 2 cases of codon123-125 (-
ACCCCACC), and 3 case of Poly A (AAA-AGA). One case was unidentified and subjected to 
analyze by automated DNA sequencing.  The mutation at Ini. nt2 (T-C)] has been detected, which 
is the first reported in Thailand. From this study we add more data to the spectrum of β-
thalassemia in Thailand, which will be helpful in genetic diagnosis counseling and prevention 
planning of prenatal diagnosis program.  
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 OD  = optical density  
 Hb  = hemoglobin 
 Hb A  = hemoglobin A 
 Hb E  =  hemoglobin E 
 IVS  = intervening sequence 
 bp  = base pair 
 kb  = kilobase pair 
 Ini.  = Initiation 
 nt  = nucleotide 
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 (thalassemia)   

 

 

    

  thalassemic faces 

  autosomal recessive  

 (thalassemia trait, carrier or heterozygote) 

 (thalassemia diseases or homozygote)  25 

  

  1  

 630,000  (Panich et al., 1992)  

13,000   30-40   18-24  

 (Panich et al., 1992)  2    

   2   

(2 loci)  16 (16p13.3) 

 

 11 (11p15.5) 

  (large deletion) 

         

     

       

  

  

 5   . . 2550-2554  



   

2

   

  

  10   5  

 50  

6,500   32,197  

 

 . .2536  

   (Spectrum of 

β-thalassemia mutation)   

  

 (  3) (Nopparatana  et al., 1995) 

 

 

 

 

1.2  

 

 (Hemoglobin)  

  

  

(globin chain) 2    (α-globin chain cluster) 

 (β-globin chain cluster)  2   4  (tetramer)  

 (Hb A)   97 

 2   2    α2β2  

 (heme) 1  ( 1) 
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 1  (Hb A)  2  

2    α2β2  

 

 6   alpha globin chain  

(α-chain), beta globin chain (β-chain), zeta globin chain (ς-chain), gramma globin chain  

(γ-chain), delta globin chain (δ-chain), epsilon globin (ε-chain) 

   2 

   (α globin gene cluster)  (β globin gene cluster) 

 (α globin gene cluster)  alpha (α) 

 zeta (ς)  16 (16p13.3)  40 kb 

 5   DNA  3   5 -ς-ψς-ψα2-ψα1-α2-

α1-θ1-3   (ς)  

(embryonic Hb)  2 (α2)  1 (α1) 

 (α2γ2)  (Fetal Hb)  

(α2β2)  (Adult Hb)  beta 

(β), gramma (γ), delta (δ), epsilon (ε)  11 (11p15.5) 

 50 kb  5   DNA  3   

5 -ε-γG-γA-ψβ1-δ-β-3  (  1)  (ε) 
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  (γG
  γA ) 

 (Hb F)  

  (β) 

 1  

 

 
 

 1 α-globin gene cluster   

5 -ς-ψς-ψα2-ψα1-α2-α1-θ1-3   β-globin gene cluster  5 -ε-Gγ-Aγ- ψβ-δ-β-3  

 

 

  

   

 (  1) (   , 2544) 

 (point mutation) 

 

   large deletion 

 7  

 2     

(β+-thalassemia)  (β0-thalassemia) (  , 2541) 

 

ε Gγ βδ   ψβAγ
3’

β-globin gene cluster  Chromosome 11

α-globin gene cluster  Chromosome 16

ζ2 ψζ1 ψα2    ψα1   α1   α2   θ1

3’5’

5’
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 1  

 (  Fukumaki et al., 1992; , 2544) 

 

Mechanism Mutation 

Promoter mutation                -28 (TAAA-TAGA) 

               -31 (GCAT-GCGT) 

               -86 (CACCC-CACCG) 

               -87 (CACCC-CACAG) 

Cap site mutation              +1 (A-C) 

Initiation codon mutation              ATG-AGG 

Frameshift mutation               codon7 (-GAG) 

               codon8/9 (+G) 

               codon14/15 (+G) 

               codon15 (-T) 

               codon27/28 (+C) 

               codon41 (-C) 

               codon41/42 (-TTCT) 

               codon55 (-A) 
               codon71 (+T) 

               codon71/72 (+A) 

               codon95 (+A) 

             codon123-125 (-ACCCCACC) 

Nonsense mutation                    codon15 (TGG-TAG) 

               codon17 (AAG-TAG) 

               codon26 (GAG-TAG) 

               codon35 (TAC-TAA) 

             codon43 (GAG-TAG) 
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Mechanism Mutation 

RNA processing-signal mutation 

       - Splice junction mutation 

       - Consensus sequence mutation 

 

       - Activation of cryptic splice site in intron 

       - Activation of cryptic splice site in exon 

 

               IVS1 nt1 (GT-TT) 

               IVS1 nt1 (GT-AT) 

               IVS1 nt5 (GTTGG-GTTGC) 

               IVS2 nt654 (C-T) 

               codon30 (AGG-AAG) 

               codon19 (AAC-AGC) 

               codon26 (GAG-AAG) (Hb E) 

               codon126 (GTG-GGG) 

Polyadenylation mutation               (AATAAA - AATAGA) 

Gene deletion                105 bp deletion 

               619 bp deletion 

               3485 bp deletion 

               12.5 kb deletion 

               45 kb deletion 

               101 kb deletion 

               asian india inversion  

- 0.8 kb deletion  5  

- 7.4 kb deletion  3  

 

 

 

 

 

 

 



   

7

 (β+-thalassemia) 

   (Hb A)  

 

  

  RNA processing 

  (  2)  

-  promoter  5    3   TATA box  

 -20  -30 bp  cap site  upstream, proximal 

CACACCC elements  -80  -96 bp  distal CACACCC 

elements  -100  -110 bp 

 mRNA   

-  cap site  mRNA 

 mRNA  capping  

mRNA  

-  consensus sequence  5  donor (GT) splice site 

(  exon  intron)  3  acceptor (AG) splice site (

 intron  exon)   splicing  

-  cryptic splice site  splice site  exon  intron  

 activation  cryptic splice site 

 exon  intron  

-  RNA cleavage  polyadenylation signal  3   

 mRNA  

 (β0-thalassemia)  

   

3  (  2)  

-  exon  exon  (codon)  mRNA 

  2   nonsense 

mutation  frameshife mutation   codon 
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-  splice junction  exon  intron  intron 

 exon    GT  5  donor splice site  AG 

 3  acceptor splice site (  2) 

  splicing   mRNA  

-  initiation codon  codon  methionine 

 

- gene deletion  

 

 

 

 
 

 2  exon  3 exon (exon  

coding region )  intron  intervening sequence  exon  

 5   3   untranslated sequence  5   promoter 

sequence (  codon  coding sequence) 

         

 (βº/βº) 

 (βº/β+)  (β+/β+) 

  (  2) 

 

 

 

 

 

Exon1 Exon2 Exon3 Poly A signal 

CACCC CCAAT TATA Gene

Cap site

 Promoters

Intron 1 Intron 2

5 UTR GT AG GT AG 3  UTR

1 30 31 104 105 146
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 2 

 (  , 2541) 

 

Phenotype Genotype  

β0-thalassemia heterozygote β0/β 

 

β+-thalassemia heterozygote β+/β 

  

Hb E heterozygote βE/β  codon 26 

 Glu-Lys 

 

homozygous Hb E βE/βE  βE-globin 

 

 

β0-thalassemia/Hb E β0/βE  βE-globin 

  (

) 

β+ -thalassemia/Hb E β+/βE 

 β+ -thalassemia  

(  β0-thalassemia/Hb E) 

β0-thalassemia /β+ -thalassemia β0/β+  

 (thalassemia major) 

 (thalassemia intermedia)  

homozygous β+-thalassemia β+/β+  

 (thalassemia intermedia) 

homozygous β0-thalassemia β0/β0  

 (thalassemia major) 
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 3-9 

 3,875   1  

 (Sirichotiyakul et al., 2003) 

 

 

 200  

 

  105, 619  3485 bp  

 30  (Vathana et al., 2005) 

 8    17   

 

   TATA box  -28 (A-G) 

  

   IVS1 nt5  (G-C) 

      (Laosombat et al., 

1992)    

codon41/42  4  (-TCTT) 

 (Thein et al., 1990; Svasti et al., 2002),  

codon17 (A-T)  IVS2 nt654 (C-T) (Winichagoon et al., 1999)  4  

  IVS1 nt1  

(G-T), codon35 (C-A)  codon71/72 (+A)  8  

 (Hb E  Hb Malay) 

 (common β-thalassemia)  

 uncommon β-thalassemia 

 3 (Nopparatana  et al., 1995) (  3) 

 (  4) 
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 3  

 (    , 2541) 

 

Frequency (%) 
Mutations 

South  Central North Northeast
Type 

codon41/42 (-TCTT) 30.1 41.6 39.8 37.7 common mutation 

IVS1 nt5 (G-C) 18.8 4.3 2.8 0 common mutation 

codon19 (AAC-AGC) 15.2 2.9 ND 0 common mutation 

codon17 (AAG-TAG) 11.3 16.5 39.8 29.5 common mutation 

IVS1 nt1 (G-T) 6.0 1.3 ND 1.6 common mutation 

-28 (A-G) 5.7 9.3 3.5 1.6 common mutation 

3.5 kb deletion 4.3 1.1 ND ND common mutation 

IVS2 nt654 (C-T) 2.1 8.0 1.4 9.8 common mutation 

codon71/72 (+A) 0 2.1 0 13.1 common mutation 

codon41 (-C) 1.4 0.8 ND 0 uncommon mutation 

codon8/9  

(AGTCT-AGGTCT) 
0.4 0 0 0 uncommon mutation 

105 bp deletion 0.4 0 0 0 uncommon mutation 

codon15 (TGG-TAG) 0.4 0 0 0 uncommon mutation 

cap site +1 (A-C) 0.4 0 0 0 uncommon mutation 

IVS1 nt1 (G-A) 0.4 0 0 0 uncommon mutation 

-88 (C-T) 0 0 0 0 uncommon mutation 

-86 (C-G) 0 0.5 0 0 uncommon mutation 

codon16 (-C) 0 0 0 0 uncommon mutation 

codon35 (C-A) 0 2.7 0 0 uncommon mutation 

codon26 (G-T) 0 ND 0 1.6 uncommon mutation 
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 3 ( ) 

 

Frequency (%) Mutations 

South  Central North Northeast

Type 

619 bp deletion 0 1.1 0 0 uncommon mutation 

codon43 (G-T) 0 0.8 0 0 uncommon mutation 

codon15 (-T) 0 0.3 0 0 uncommon mutation 

codon14/15 (+G) 0 0.3 0 0 uncommon mutation 

uncharacterized 3.1 6.4 13.3 4.9 

Total allele 282 375 113 61 

 

 

 

 

 4  uncommon β-thalassemia mutation  

 

Frequency (%) 
Mutations 

South Central North Northeast 

-31 (A-G) ND 9 cases 1 case ND 

Ini. nt2 (T-G) ND 3 cases ND ND 

IVS1 nt1 (G-A) 0.4 0 0 0 

codon14/15 (+G) 0 0.3 0 0 

codon35 (C-A) 0 2.7 0 0 

cap site+1 (A-C) 0.4 2 cases 0 0 

codon15 (-T) 2 cases 0.3 0 0 

 

 

 

 

 

 



   

13

 3  

 

 

  4 

 

  

 

 

  dot blot hybridization 

    Reverse dot blot 

hybridization  

   

(Winichagoon et al., 1999) 

  direct DNA sequencing  β-globin gene  

DNA sequencing    . .1992 

 β-thalassemia/Hb E  direct sequencing 

  codon95 (+A) (Fukumaki et al., 

1992) 

 codon101  1   . .1995  dot blot 

hybridization, specific PCR-amplification  direct DNA sequencing 

  12 

  2  

  7   codon41/42 (-TCTT), IVS1 nt5 (G-C), 

codon19 (AAC-AGC), codon17 (AAG-TAG), IVS1 nt1 (G-T), -28 (A-G) 

 3.5 kb   cap site +1 (A-C)   IVS1 

nt1 (G-A)   direct DNA sequencing  

(Nopparatana et al., 1995; Sriroongrueng et al., 1997)  . .2002 

  -87 (C-A), -31 (A-G) (Charoenkwan, 2002), Ini. nt2  

(T-G), codon55 (-A)  codon7 (-GAG)  automated fluorescence DNA sequencing 

technique  β-thalassemia major (   , 2546)  
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 (Molecular diagnosis)   

 

 

              (Molecular Diagnosis of β-thalassemia)  

 

1.  (unknown 

mutation)  screen  DNA  

  DNA   screen  

 

     1.1 Denaturing gradient gel electrophoresis (DGGE) and temperature gradient gel 

electrophoresis (TGGE)    PCR product  polyacrylamide gel 

electrophoresis  denaturant  urea  formamide  PCR 

product  DNA   

- DNA  homoduplex  DNA  complementary   

 normal sequence  mutant sequence  

- DNA  heteroduplex  DNA  mismatched DNA  

duplex 

 PCR product  DNA   melting temperature (Tm)   

 polyacrylamide gel  denaturant   DNA  

gel   Tm  DNA   DNA 

  DNA   DNA  1 

  Tm   heteroduplex DNA  

homoduplex DNA  denature   Tm 

 denaturing compound  formamide   electrophoresis 

DNA  heteroduplex  denature   DNA   Y-

shaped strand  DNA  Y-shaped  PCR primer 

 GC rich sequence (GC-clamp)  5   primer  DNA  
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GC rich   DNA  heteroduplex 

  DNA  Y-shaped (  2) 

 

 

 
 

 2  Denaturing gradient gel electrophoresis (DGGE) DNA  homoduplex 

 DNA  heteroduplex  melting temperature (Tm)   

polyacrylamide gel  DNA  1   

heteroduplex DNA  homoduplex DNA  denature  

 Tm  electrophoresis  formamide gradient gel DNA  

heteroduplex  denature Wt: wild-type DNA ; Mut: mutant DNA 
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     1.2 Single-stranded conformation polymorphism (SSCP)    

denature DNA  PCR  DNA  (double strand DNA) 

 DNA  (single strand DNA) DNA 

 (folded conformation)  DNA  single 

strand conformation polymorphism (SSCP)  DNA 

 conformation  DNA  

 DNA   non-denaturing polyacrylamide electrophoresis  

 DNA  point mutation  DNA  

polymorphism   ionic strength  buffer pore size  

gel  glycerol  electrophoresis  DNA 

 PCR (  3) 

 

 

 
 

 3  Single-stranded conformation polymorphism (SSCP) DNA  denature 

 DNA  DNA  (folded 

conformation)  DNA  single strand conformation polymorphism 

(SSCP)  DNA  non-denaturing polyacrylamide 

electrophoresis  Un: un-denature; Den: Denature 
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     1.3 Linkage Analysis  (indirect 

mutation detection)  

 (unknown mutation) 

   (β-globin 

gene cluster)   DNA 

polymorphism  restriction endonuclease 

 (  3)  DNA   Restriction 

fragment length polymorphism (RFLP)   HincII  3   

 5   ε,  ψβ  ψβ  δ  HindIII  2  

  γG  γA   HaiAI  AvaII   BamHI 

 3    RFLP 

 restriction endonuclease  genetic marker 

  RFLP marker 

  haplotype  (haplotype analysis) 

  linkage  (retrospective diagnosis) 

 

 RFLP marker   RFLP 

marker   RFLP marker  

  (  4) 

 
 

 3  restriction endonuclease 

 DNA (Restriction fragment length polymorphism, RFLP) 

 DNA marker      

ε Gγ βδ  ψβAγ 3’

HincII HincII
HincII

HindIII HindIII
HaiAIAvaII

BamHI
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 4  β-

thalassemia / Hb E disease  RFLP haplotype   

Hb E (βE)  haplotype +−−−−++-  β-thalassemia (βT) 

 haplotype +−−−−+−+,  3  haplotype +−−−−+−+ 

  haplotype +−−−−−−+  (βN)  

 β-thalassemia trait 

 

     1.4 Mismatch Analysis   mismatched DNA duplex  PCR product 

 DNA  heterozygous alleles  mismatched base  (cleave)  

endonuclease  mismatched base  C  T  hydroxylamine  

osmium tetroxide DNA  unpaired  modified base  

piperidine  DNA   electrophoresis   

   

 

 

 

βN +−−−−−−+ 
βT

  +−−−−+−+ 
βN −+−+−−−+ 

βE
  +−−−−++- 

βN −+−+−−−+ 
βE

  +−−−−++- 
βT

  +−−−−+−+ 
βT

  +−−−−+−+ 
βN +−−−−−−+ 

Hb E trait β-thal / Hb E disease β-thal trait

=  Hb E (βE)

     =  β-thalassemia (βT) 

βE
  +−−−−++- 
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DNA sequencing  

 (known mutation)  (unknown mutation) 

 DNA  (Maxam and Gilbert method) 

  dideoxy terminator method  chain termination  Sanger 

  2    recombinant DNA 

 DNA  vector  plasmid, bacteriophage 

 cosmid  DNA  subclone  

 DNA  PCR  Sanger    oligonucleotide 

primer (sequencing primer)  DNA template  

 DNA polymerase  oligonucleotide fragment  complementary 

 DNA template  dideoxynucleotide (ddNTP)  analog  dNTP  

 oligonucleotide  ddNTP  3   ddNTP  

OH group  nucleotide  (  5) oligonucleotide  DNA 

 ddNTP  4  

 ddATP  ddGTP  ddCTP  ddTTP  

 electrophoresis  gel  (polyacrylamide gel electrophoresis)  

DNA   DNA 

 dideoxy nucleotide   

(  6)  (automated DNA 

sequencing)   
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 5  dNTP  ddNTP  analog  dNTP  OH 

group  nucleotide  ( ) 

 

 
 

 6  dideoxy terminator method  chain    

termination  Sanger  
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2.  (Known mutation) 

     2.1 dot blot hybridization by allele specific oligonucleotide (ASO)  allele  

specific oligonucleotide hybridization 

  oligonucleotide probe  (allele specific 

oligonucleotide, ASO)  DNA     DNA 

 PCR   hybridize  oligonucleotide probe  

 

  probe  (32P 

 35S)  (digoxigenin)  

 alkaline phosphatase  peroxidase  

  (substrate) (  7) 

 

 
  

 
  

 7  allele specific 

oligonucleotide (ASO) hybridization (dot blot hybridization)  codon17 

(A-T) 

G G G CG A GA G T AG
C CC C G T T C C TCA

G G G G T GA G T AGC
C CC C G A T C C CA T

color substrate 

streptavidin HRP

color substrate 

streptavidin HRP

normal probe 

DNA membrane

mutant probe 

DNA membrane

1 2 3 4 4321

A

B

A

B

normal probe mutant probe
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.  mutant probe  normal probe 

  hybridization  DNA  probe 

 

.  hybridization  probe  DNA  

 normal probe  mutant probe 

 4A  DNA   

(negative control)  hybridization  normal probe   hybridization  

mutant probe  

 4B  DNA  homozygous  codon17 (A-T) 

 (positive control)  hybridization  normal probe 

  hybridization  mutant probe  

 1A 1B  wild type  codon17  hybridization  

normal probe  

 2A 3B  heterozygous  codon17  hybridization 

 normal probe  mutant probe 

 2B 3A  homozygous  codon17  hybridization 

 mutant probe  
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     2.2 reverse dot blot hybridization 

 

    PCR  (  5   

)  PCR product  hybridization  ASO probe 

  (immobilize) ASO probe  probe  (dot) 

  probe   (normal allele) 

 (mutant allele)   hybridization  PCR product ( )  

ASO probe  probe   PCR product  

(complementary)  ASO probe   hybridization  probe  

 PCR product  streptavidin-alkaliphosphatase (SA-AP) conjugate (  

8) (  avidin-horseradish peroxidase, avidin-HRP)  PCR 

product  ASO probe  SA-AP conjugate (  avidin-HRP)  substrate 

 alkaliphosphatase (  peroxidase)  (

)  (  9) 

 

 
 

 8  reverse dot blot hybridization  biotinylated PCR product 

 hybridization  allele-specific oligonucleotide probe (ASO probe)  (immobilized) 

  ASO probe 

 biotin (B)  PCR product  streptavidin-alkali phosphatase (SA-AP) conjugate  

alkali phosphatase  substrate   

B
SA

AP

Precipitate 

Biotinylated PCR product

Streptavidin-alkali 

phosphatase conjugate 

Substrate 

ASO probe

Nylon membrane
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 9  reverse dot 

blot hybridization  ASO probe 

  ASO probe  N   M 

 

  1 PCR product  (βN/βN)  hybridization  ASO probe 

 N  ( )  hybridization  ASO probe  M 

 ( ) 

  2 PCR product  heterozygous  -28 (βN/β-28)  

hybridization  ASO probe  N  hybridization  ASO probe 

 M  -28 
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  3 PCR product  homozygous  -28 (β-28/β-28)  

hybridization  ASO probe  N  -28  

hybridization  ASO probe  M  -28 

  4 PCR product  compound heterozygous  -28 

 codon26 (G-A) (β-28/βE)  hybridization  ASO probe  N  

hybridization  ASO probe  M  -28  

codon26 

 

     2.3 Amplification refractory mutation system (ARMS)  allele specific  

amplification (ASA)     PCR  DNA 

 2    DNA   DNA  

 2  3   

 complementary   

complementary  

  Taq polymerase  3 -5  exonuclease (proof 

reading)  DNA  PCR  

 complementary  DNA template  DNA  PCR 

  DNA  heterozygous  PCR product 

   

homozygous   PCR product 

  PCR 

 

 DNA    fluoresceine 

  PCR product   rhodamine 

  PCR product    electrophoresis  

UV  spectrofluorometer  DNA   

heterozygous  DNA    PCR 

  Color Complement Assay (CCA) 
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1.3  

 

1.  

 

2. 

 (unidentified mutations) 

3. 

 Reverse Dot Blot Hybridization (RDB) 
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 2 
 

 
2.1    
 
     2.1.1  (analytical grade) 
 

  

Absolute ethanol Mallinckrodt  

Agarose Gibthai 

5-bromo-4-chloro-3-indolyl-phosphate-4-toluidine 

salt (BCIP) 

Boehiringer-Mannheim 

Bromophenol blue Merck 

Deoxyribonucleotide Triphosphate (dNTPs) Invitrogen 

Disodium-ethylenediamine tetra-acetate dehydrate 

(EDTA) 

Merck 

Ethidium Bromide (EtBr) Sigma 

1-Ethly-3-(3-dimethylaminopropyl) carbodiimide 

HCL (EDC) 

Sigma 

Mineral oil Sigma 

Nitro blue tetrazolium chloride (NBT) Boehiringer-Mannheim 

Sodium acetate Merck 

Sodium carbonate Merck 

Sodium chloride Merck 

Sodium dodecylsulfate (SDS) Sigma 

Sodium hydrogen carbonate Merck 

Sodium hydroxide Merck 

Tris (hydroxymethly) aminomethane (Trisma base) Merck 
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 2.1.2 Enzymes 

 

  

Proteinase K Invitrogen 

Streptavidin-alkaline phosphatase Boehiringer-Mannheim 

Taq DNA polymerase and reaction buffer Invitrogen 

 

 

     2.1.� Oligonucleotide primers and probes 
 Oligonucleotide primers  PCR  reverse dot blot hybridization  

biotin  5   PCR sequencing  Pacificscience 

 5

 5   

PCR sequencing 

 

  (5 -3 )  

(NT_009237.18) 

RDB1 Biotin-5 -AACTCCTAAGCCAGTGCCAGAAGA-3        5188465-5188442 

RDB2 Biotin-5 -TCATTCGTCTGTTTCCCATTCTAAAC-3     5187692-5187716 

RDB3 Biotin-5 -TATCATGCCTCTTTGCACCATTCT-3          5187209-5187186 

RDB4 Biotin-5 -CACTGACCTCCCACATTCCCTTTT-3          5186636-5186659 

G7 5 -GATACAATGTATCATGCCTC-3  5187218-5187199 

G10 5 -AGACTAGCACTGCAGATTCCG-3  5186126-5186146 

S3 5 -TCCCATAGACTCACCCTGAA-3                              5187793-5187812 

SN4 5 -GCCCATAACAGCATCAGGAG-3                             5187951-5187970 
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 oligonucleotide probes 

 (NH2)  5   Pacificscience  6 

 

 6  ASO probe 

 reverse dot blot hybridization 

 

 
Name Sequence (5 -3 ) Length Tm 

A G C T 
Mutations 

R1 N GGGCATAAAAGTCAGGG 17 52 6 7 2 2 -31 (A-G) 

R1 M TGACTTTTACGCCCAG 16 48 3 3 5 5 -31 (A-G) 

R2 N CATCTATTGCTTACATTTG 19 50 4 2 4 9 cap site +1 

R2 M CAAATGGAAGCAATAGAT 18 48 9 4 2 3 cap site +1 

R3 N ACAGACACCATGGTGC 16 50 5 4 5 2 Ini. nt2 (T-G) 

R3 M ACAGACACCAGGGTGC 16 52 5 5 5 1 Ini. nt2 (T-G) 

R4 N CCTGTGGGGCAAGGTGA 17 56 3 8 3 3 codon14/15 (+G) 

R4 M CCCTGGTGGGGCAAGG 16 56 2 8 4 2 codon14/15 (+G) 

R5 M CCTGGGGGCAAGGTG 15 52 2 8 3 2 codon15 (-T) 

R6 N CAGGGCCTCACCACCA 16 54 4 3 8 1 codon26 (G-T) 

R6 M AGGGCCTAACCACCAA 16 50 1 6 3 6 codon26 (G-T) 

R7 N ATACCAACCTGCCCAG 16 50 4 2 7 3 IVS1 nt1 (G-A) 

R7 M CTGGGCAGATTGGTAT 16 48 3 6 2 5 IVS1 nt1 (G-A) 

R8 N GTGGTCTACCCTTGGAC 18 54 2 5 5 5 codon35 (C-A) 

R8 M GTGGTCTAACCTTGGACC 18 56 3 5 5 5 codon35 (C-A) 

R9 N GACAAGCTGCACGTGGA 17 54 5 6 4 2 codon95 (+A) 

R9 M TGCAGCTTTGTCACAGTG 18 52 3 5 3 7 codon95 (+A) 

R10 N TGCACTGGTGGGGTGAA 17 54 4 2 8 3 codon123-125 

(-ACCCCACC) 

R10 M GAATTCAGTGCAGGCTG 17 52 4 6 3 4 codon123-125 

(-ACCCCACC) 
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 6 ( ) 
 

 
Name Sequence (5 -3 ) Length Tm 

A G C T 
Mutations 

R11 M AGCCTGCCCTGGTGG 15 52 3 6 5 1 codon126  

(GTG-GGG) 

R12 N CTGCCTAATAAAAAACATT 19 48 9 1 4 5 Poly A  

(AAA-AGA) 

R12 M CTGCCTAATAGAAAACAT 18 48 8 2 4 4 Poly A  

(AAA-AGA) 

R13 N ACAGACACCATGGTGC 16 50 5 4 5 2 Ini. nt2 (T-C) 

R14 M ACAGACACCACGGTGC 16 52 5 4 6 1 Ini. nt2 (T-C 

 
     2.1.4  

 

 Model  

Automated DNA sequence ABI Prism 3130 Applied 

Biosystem, USA 

Electrophoresis Gel System  JAPAN 

Electrophoresis Power Supply  JAPAN 

Hot plate  JAPAN 

Micro high speed centrifuge MC-150 JAPAN 

Pipetman  p10, p20, p100, p1000 µl  Gibthai 

Microwave  Nationnal 

Refrigerator  Sharp 

Shaking waterbath  JAPAN 

Thermal Cycler   480 Perkin Elmer   

 Gene Cycler  Bio-Rad                   

UV transilluminator  Genesnap 

Vortex  JAPAN 
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     2.1.5  
 

  

Biodyne C nylon membranes Gibthai 

Pipette tip  p10, p20, p100, p1000 µl Gibthai 

Plastic bag Thailand 

Plastic microcentrifuge tube  0.2 ml, 1.5 ml  2.0 ml Gibthai 

Plastic sealer Thailand 

Plastic tray Gibthai   

 UV Gibthai   

      

      

     2.1.6  (Reagents)  
2.1.6.1  DNA   

Genomic DNA Mini kit  Geneaid Biotech, Taiwan   

- TE buffer 

- GB buffer 

  - 10 mg/ml  proteinase K 

  - Absolute alcohol 

  - Elution buffer 

- W1 buffer 

  - wash buffer 

2.1.6.2  DNA  Polymerase Chain 

Reaction (PCR)  

  - Deoxynucleotide triphosphates mixture (dNTPs mixture)   

                          dATP, dGTP, dTTP  dCTP  2 mM 

- 50 mM MgCl2  

- Mineral oil 

- 10x PCR buffer  100 mM Tris, pH 8.3, 500 mM KCl, 15 mM 

   MgCl2, 0.1% (w/v) gelatin  1% Triron X-100 
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- PCR primers  20 pmol/µl  Primer RDB1, RDB2, RDB3   

  RDB4 

-  Taq DNA polymerase : 5U/µl 

2.1.6.3  agarose gel electrophoresis 

- 50x agarose gel buffer (50x TAE)  Trisma base (MW 121.24)   

  242 g, Glycial acetic acid 57.1 ml, 0.5 M EDTA pH 8.0 100 ml  

- Electrophoresis running buffer (1x TAE)  50x TAE 20 ml   

   980 ml  

  - 2% agarose :  agarose 2 g  1x TAE  100 ml 

  - Ethidium bromide : 1 mg/L 

  - Gel loading buffer 

2.1.6.4  ASO-probes  

  - 5-10 pmol/µl  ASO-probes  

  - 16 % 1-Ethyl-3-(3-dimethylamino propyl) carbodiimide HCL (EDC)    

                              solution  EDC 32 g  200 ml 

 - 0.5 M Sodium bicarbonate buffer, pH 8.4  

       NaHCO3 (MW 84.01) 4.2 g  100 ml, 

      Na2CO3 (MW 106) 5.28 g  100 ml 

      pH  NaHCO3  pH 8.4  0.5 M Na2CO3 

- 0.1 N NaOH 

 2.1.6.5  hybridization  detection 

  - 10% SDS  sodium dodecyl sulfate (sodium lauryl sulfate) 20 g  

    200 ml 

- 20x SSC  NaCl2 (MW 58.44) 175.3 g, Trisodium citrate.2H2O  

   (MW 294.10) 88.2 g  1000 ml 

- 20X SSPE  3.6 M NaCl (MW 58.44) 210 g, 0.2 M NaH2PO4.2H2O     

   (MW 156.01) 31.2 g, 20 mM EDTA disodiam (MW 372.24) 7.4 g  

     pH  pH 7.4  10 M NaOH  1000 ml 

- 1 M Tris pH 9.5  Tris 121.12 g  pH  HCl  9.5  

    1000 ml 
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- detection buffer  1 M Tris pH 9.5 20 ml, 5 M NaCl (MW 58.44)  

  4 ml, 1 M MgCl2 1 ml  200 ml 

- hybridization buffer : 2x SSC/0.1% SDS  20x SSC 10 ml, 10% SDS  

  1 ml  89 ml 

- washing buffer  20X SSPE 100 ml, 10% SDS 10 ml 

 1000 ml 

- Streptavidin-AP  

- liquid NBT/BCIP 

2.1.6.6  automated 

DNA sequencing 

  - Deoxynucleotide triphosphates mixture (dNTPs mixture)   

                             dATP, dGTP, dTTP  dCTP  2 mM 

- 50 mM MgCl2  

- Mineral oil 

- 10x PCR buffer  100 mM Tris, pH 8.3, 500 mM KCl, 15 mM   

  MgCl2, 0.1% (w/v) gelatin  1% Triron X-100 

- PCR primers  20 pmol/µl  Primer RDB1, RDB2, G7, G10 

-  Taq DNA polymerase : 5U/µl 

- 50x agarose gel buffer (50x TAE) (  2.1.6.3) 

- Electrophoresis running buffer (1x TAE) (  2.1.6.3)  

  - 2% agarose (  2.1.6.3) 

  - Ethidium bromide (  2.1.6.3) 

  - Gel loading buffer (  2.1.6.3) 

 - PCR product purification kit (Montage PCR Centrifugal Filter Devices  

  Millipore, USA) 

  - 3 M sodium acetate 

  - 95% ethanol 

 

 

 



   

8

     2.1.7  
 

3-5 ml     

 common β-thalassemia mutation  20   . . 2540 

 25   β-thalassemia trait  18   β-thalassemia 

 hemoglobin E  7   

 

2.2  
 

2.2.1    (red cell indices) 
  

        (complete blood count, CBC) 

 (Sysmex R, K1000, Sysmex R, XT2000, Japan) 

  (Hb),  (Hct), mean corpuscular volunm (MCV), mean 

corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC)  red 

cell distribution width (RDW) 

 (HPLC) (VARIANTR, Bio Rad, USA)  
 

2.2.2  DNA 
 
     2.2.2.1  DNA  (whole blood) 

       

 3-5 ml  EDTA   DNA 

 buffy coat  

  centrifuge  10,000 /   5  

 microtube  1.5 ml  -20ºC  buffy coat  

Genomic DNA Mini kit (Geneaid Biotech, Taiwan)   TE buffer 

 1.5 ml centrifuge tube  centrifuge  3,600 /   5  

    GB buffer 200 µl  proteinase K 20 µl  

incubate  58ºC  10-30   
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 absolute alcohol 200 µl  vortex   GD 

column  Elution buffer  incubate  water bath  58ºC  centrifuge  

13,000 /   2    W1 buffer 400 

µl  centrifuge  13,000 /   1  

  wash buffer  absolute ethanol  400 µl centrifuge  

13,000 /   1    centrifuge 

  14,000 /   3   column  1.5 ml 

tube  Elution buffer 200 µl  incubate   3  

 centrifuge  10,000 /   1   solution  column 

  centrifuge  10,000 /   1   DNA 

 

 

      2.2.2.2  DNA  [Amniotic cell (AF)]  cell culture 

     10-20   14- 

18    

Genomic DNA Mini kit (Geneaid Biotech, Taiwan)   AF  15 ml 

centrifuge tube  centrifuge  3,600 /   5  

  pipette  1.5 ml centrifuge tube  TE buffer 1.5 ml 

 mix  pipette  centrifuge  10,000 /   5  

  TE buffer  TE buffer 1.5 ml mix  pipette  centrifuge 

 10,000 /   5   TE buffer  TE 

buffer 1.5 ml mix  pipette  centrifuge  10,000 /   5  

 pipette  TE buffer  (  AF ) 

 45 µl, 10x PCR buffer 5 µl  proteinase K 2 µl  incubate  58ºC 

 1   7   centrifuge  

10,000 /   2   DNA 
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     2.2.2.3  DNA  spectrophotometer 

     DNA  

 1  50  spectrophotometer  

 1   DNA  260 

  DNA  DNA (DNA purification) 

 OD ratio  OD ratio = OD 260 / OD 280 

                   OD 260   =    DNA 

                                  OD 280   =    

     1.9  RNA   

1.5   DNA  1.8-

2.0  DNA  PCR  (  , 2548) 

     DNA  DNA  

 DNA  50 µg/ml  260  (OD260)  1 

(  , 2545) 

 

2.2.�  DNA  (�olymerase Chain Reaction) 
     DNA  DNA   

 DNA   7  2  

  
                      1  promoter  intron 2 

          2  intron 2 (  IVS2 nt654)  Poly A 

                      RDB1 : Biotin-5 -AACTCCTAAGCCAGTGCCAGAAGA-3  

             RDB2 : Biotin-5 -TCATTCGTCTGTTTCCCATTCTAAAC-3  

             RDB3 : Biotin-5 -TATCATGCCTCTTTGCACCATTCT-3  

             RDB4 : Biotin-5 -CACTGACCTCCCACATTCCCTTTT-3  

          biotin  4    

PCR products  4 
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 4  RDB1, RDB2, RDB3  RDB4  

 PCR  2    774 bp  RDB1  

RDB2  574 bp  RDB3  RDB4 

 

 

 7  PCR mixture  microtube 
 

 

 

 

 

 

  (µl) 

 DNA (100-200 ng/µl) 2.0 

50 mM MgCl2 3.0 

10x PCR buffer 5.0 

2 mM dNTPs 5.0 

20 pmol/µl  primer RDB 1 

20 pmol/µl  primer RDB 2 

20 pmol/µl  primer RDB 3 

20 pmol/µl  primer RDB 4 

2.0 

2.0 

2.0 

2.0 

5 units of  Taq DNA polymerase 0.3 

Distilled water 26.7 

Total 50.0 

Exon1 Exon2 Exon3 

RDB1 RDB2
RDB3 RDB4774 bp

574 bp



   

12

     PCR  (Perkin-Elmer,  

Norwalk, CT, USA)  

 

Denaturation        95°C         5              1  cycle 

Denaturation        95°C         1            

 Annealing        58°C         3                        40     cycles 

 Extension        72°C         1         

Extension         72ºC                  10             1  cycle 

 

     PCR  mineral oil 5 µl  gel loading  

buffer 2 µl  parafilm  2% agarose gel  electrophoresis  

agarose gel buffer, pH 8  50 volt  25-30   

 ethidium bromide  5   DNA  destain  5-10 

  DNA  ultraviolet  PCR product  

 

 

2.2.4  reverse dot-
blot hybridization 
 

     2.2.4.1  ASO-probe strips 

                NH2 labeled ASO-probe  6  

 (NH2)  5  ASO probes  17-19   Tm 

 48-54oC  ASO probes  (Biodyne C, Pall 

Biosupport, NY)  activate carboxyl group  16% 1-ethyl-3 (3-

dimethylaminopropyl) carbodiimide HCl (EDC, sigma E 7750)  20   2 

  3 M  3  

     ASO probes  0.5 M sodium bicarbonate buffer, pH 8.4  

 2-5 pmol/µl  1.5 µl  micropipet 

 (  10)  24 

  0.1 M NaOH  10    neutralize  
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 3     

hybridization  

 

    codon 15          codon 35           codon 41/42 codon 123-125  

  

    Normal probe          

    Mutant probe         

 

 

 10  dot oligonucleotide probes  normal probe  mutant probe 

  
 

     2.2.4.2  Hybridization 

                PCR product  ASO-probe strip  

prehybridization buffer (20x SSPE/0.1% SDS) 2 ml  plastic tray  

45°C  15   denature PCR product  10   

plastic tray  prehybridized membrane   hybridized  

45°C  45   washing buffer (20x SSPE/0.1% SDS) 

 48°C  15   PCR  biotin  

hybridization   enzymatic color-reaction  hybridized strip  incubate  

streptavidine alkaline phosphatase  blocking solution (Blocking powder/1 M Tris  

pH 7.5/4 M NaCl)  30-60    0.3% Tween 2 ml 1   

10   detection buffer (1 M tris pH 9.5, 1 M MgCl2, 4 M NaCl) 2 ml  1  

 substrate NBT 15 µl  BCIP 10 µl  detection buffer 3 ml 

 5-10   
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     2.2.4.3  
      (positive)   

 (negative)  

 

     2  (normal)  ASO probe  

 (normal probe)   ASO probe 

 (mutant probe)   

 

codon15           codon35            codon41/42 codon123-125   

Normal probe          

Mutant probe               

 
       heterozygote  normal probe 

  mutant probe  1  probe  

 

codon15          codon35            codon41/42  codon123-125   

Normal probe          

Mutant probe                            

              

 

     homozygote  normal probe  

 probe   mutant probe 

  

codon15           codon35            codon41/42  codon123-125   

Normal probe          

Mutant probe                            

            

 

 

 

Normal

heterozygote 

(codon15/N) 

      homozygote 

(codon15/codon15) 
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   compound heterozygote   

normal probe   mutant probe  2   

codon15           codon35            codon41/42 codon123-125   

Normal probe          

Mutant probe                            

 

 

2.2.5  (Automated DNA sequencing) 
         

        reverse dot-blot hybridization 

 automated DNA sequencing  Automate 

Genetic Analysis (ABI Prism 3130, Applied Biosystems, USA)  
     2.2.5.1  DNA   DNA template 

      DNA  

template  PCR  DNA  (  

5)  2  
     1  promoter  intron 2  

    RDB1 : 5 -AACTCCTAAGCCAGTGCCAGAAGA-3  

    RDB2 : 5 -TCATTCGTCTGTTTCCCATTCTAAAC-3   

     2  intron 2 (  IVS2#654)  

Poly A   

    G7   : 5 -GATACAATGTATCATGCCTC-3  

    G10 : 5 -AGACTAGCACTGCAGATTCC-3  

     2.2.5.2  PCR  

     PCR   

 PCR  primers, dNTP  DNA polymerase   

Montage PCR Centrifugal Filter Devices (Millipore Corporation, Bedford, USA) 

 

 

 

compound heterozygote     

   (codon15/codon35) 
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     2.2.5.3  sequencing  

     sequencing  DyeDeoxy Terminator 1 µl,  

1.6 pmol/µl primer 1 µl, PCR-DNA template 1 µl  Distilled water 7 µl  

10 µl  sequencing (  5)  1  S3 : 5 -

TCCCATAGACTCACCCTGAA-3   SN4 : 5 -GCCCATAACAGCATCAGGAG-3  

 2  RDB4 : Biotin-5 -CACTGACCTCCCACATTC CCTTTT-3  

     PCR  (P480,  

Perkin-Elmer, Norwalk, CT, USA)  

 

    Denaturation        96°C         3              1 cycle 

    Denaturation        96°C         0.30         

     Annealing        50°C         0.15                       25       cycles 

     Extension        60°C         4           

 

 

 

 
 

 5  RDB1, RDB2, G7  G10  

 PCR product  2    774 bp  RDB1  

RDB2  1.1 kb  G7  G10  sequencing primers  SN4, S3 

 RDB4 
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     2.2.5.4  PCR sequencing 

     PCR  1.5 µl  3 M sodium acetate, 31.25 µl   

95% ethanol  7.25 µl  distilled water   10,000 /

  15   70% ethanol  

 loading buffer 12 µl   10,000 /   2 

  95ºC  5     pipette 

 12 µl 

     2.2.5.5   

     pipette  12 µl  

  Automate Genetic Analysis, ABI Prism 3130, 

Applied Biosystems  data collection  

collect    data analysis  

( )  

 (  11) 

 

 
 

 11 
 Data analysis  ABI 
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2.2.6  
 

       

 25 

 (unknown cases) 

  
 

 ( )    =      allele        x     100 

              allele (50 alleles)
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 3 
 

 
3.1    (red cell indices) 
 

 

 �Hb)  �Hct)   MCV < 80 fl, MCH < 25 pg, 

 �one tube osmotic fragility test  one tube OF test) < 80%, 

HbA2 > 3.5%  

[dichlorophenol-indol �DCIP) precipitaion test]  25  

�  8) 

 
 8  

 �HPLC)  unknown cases  25   

 

Hematological data  

DNA code OF 

�%)

DCIP Hb 

�g/dl) 

Hct 

�%) 

MCV 

�fl) 

MCH 

�pg) 

RDW 

�%) 

Hb 

typing 

%Hb 

A2 

%Hb 

E 

%Hb 

F 

T19163 34 ND 10.0 31.0 69 ND ND AA2 5.9 0 ND 

T23079 33 ND 13.1 40.0 59 ND ND AA2 6.0 0 ND 

T25384 66 0 9.4 29.0 62 19.9 17.6 AA2 5.5 0 ND 

T29665 48 0 8.2 25.4 60 19.2 17.5 AA2 5.8 0 ND 

T30384 34 0 9.5 30.0 61 19.6 17.4 AA2 5.4 0 ND 

T30576 76 0 13.6 41.0 77 25.5 14.6 AA2 3.9 0 ND 

T31064 51 0 11.1 35.0 58 18.3 18.5 AA2 5.9 0 ND 

T31581 ND ND ND ND ND ND ND AA2 4.3 0 ND 

T33668 ND ND 7.3 24.0 62 19.1 30.3 FE 0 57.7 42.3 

T33829 ND ND 6.3 19.2 62 20.3 33.7 FE 0 67.7 32.3 

T33977 ND ND 4.0 11.0 47 17.7 ND FE 0 56.0 44 
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 8 � ) 
 

ND = Not Done 

 
 
 
 
 
 
 
 

Hematological data 

DNA code OF 

�%) 

DCIP Hb 

�g/dl) 

Hct 

�%) 

MCV 

�fl) 

MCH 

�pg) 

RDW 

�%) 

Hb 

typing 

%Hb 

A2 

%Hb 

E 

%Hb 

F 

T35890 ND ND 6.9 22.0 70 23.0 31.0 FE 0 51.8 48.2 

T36139 ND ND 5.7 18.1 61 19.3 31.2 FE 0 41.4 54.2 

T37344 ND ND 8.3 25.8 78 25.0 28.0 FE 0 ND ND 

T37675 91 0 14.1 43.0 75 24.7 15.2 AA2 4.9 0 ND 

T38344 58 0 13.3 29.4 63 21.4 18.3 AA2 5.8 0 ND 

T38864 ND ND 10.1 32.1 73 22.8 15.1 AA2 6.4 0 ND 

T39123 86 0 11.2 35.1 72 23.0 13.3 AA2 3.8 0 ND 

T40312 ND 0 9.0 29.0 63 ND ND AA2 5.3 0 ND 

T40316 ND ND 7.2 21.2 58 19.6 38.8 AFE ND ND ND 

T40436 ND ND ND ND ND ND ND AA2 6.2 0 ND 

T40649 73 0 14.4 43.7 83 27.2 15.4 AA2 5.3 0 ND 

T40951 29 0 12.1 36.2 49 16.3 22.4 AA2 6.5 0 ND 

T41300 ND ND 10.3 30.0 65 16.2 ND ND ND ND ND 

T41301 ND ND 7.9 23.0 87 18.5 ND ND ND ND ND 
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3.2  DNA  
 
  DNA  Genomic DNA 

Mini kit  � buffy coat) 

 25  �unknown cases)  DNA  

260 nm �OD260)  280 nm �OD280) 

 DNA �DNA purification)  OD ratio = OD260 /OD 280  OD ratio 

 1.8 2.0  DNA   

 DNA  1 OD260=  50 µg  x dilution factor 

 DNA  25   OD 

ratio  1.0-1.7 �  9)  DNA 

 DNA  Polymerase chain reaction �PCR) 

 

 �  DNA  

 

DNA Code OD260 OD280 OD260 /OD280 
Concentration  

(µg/µl) 
T19163 0.206 0.119 1.730 0.514 

T23079 0.065 0.053 1.228 0.163 

T25384 0.051 0.038 1.348 0.127 

T29665 0.052 0.042 1.247 0.130 

T30384 0.117 0.076 1.538 0.292 

T30576 0.114 0.077 1.469 0.284 

T31064 0.090 0.083 1.087 0.225 

T31581 0.052 0.036 1.445 0.130 

T33668 0.139 0.096 1.437 0.346 

T33829 0.087 0.076 1.146 0.217 

T33977 0.173 0.121 1.422 0.432 

T35890 0.059 0.053 1.117 0.148 

T36139 0.048 0.035 1.380 0.120 
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 � � ) 
 

DNA Code OD260 OD280 OD260 /OD280 
Concentration  

(µg/µl) 
T37344 0.071 0.045 1.575 0.176 

T37675 0.052 0.036 1.445 0.130 

T38344 0.223 0.150 1.485 0.558 

T38864 0.123 0.095 1.297 0.308 

T39123 0.051 0.038 1.348 0.127 

T40312 0.122 0.095 1.284 0.310 

T40316 0.071 0.045 1.575 0.176 

T40436 0.094 0.083 1.132 0.235 

T40649 0.095 0.083 1.144 0.237 

T40951 0.107 0.094 1.145 0.268 

T41300 0.090 0.083 1.087 0.225 

T41301 0.076 0.070 1.095 0.190 
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3.3  DNA  Polymerase Chain Reaction (PCR) 
 

  PCR  2    

RDB1 RDB2  774 bp  RDB3 RDB4 

 574 bp �  12) 

 

 
 

 12  DNA  DNA 

 polymerase chain reaction �PCR)  DNA  
   Lane M          DNA size marker �øX174 RF DNA/Hae III) 

   Lane 1  Lane 2     DNA   DNA      

                                               PCR  DNA   RDB1/RDB2 = 774 bp  

                                               RDB3/RDB4 = 574 bp 
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3.4   reverse dot-blot 
Hybridization 
 

 reverse dot blot hybridization  

 

    ASO probes  

 �NH2)   DNA  

PCR  PCR product  biotin   hybridize  ASO probe  

 hybridization  enzymatic color-detection  

  oligonucleotide probe 

 reverse dot blot hybridization  12  

 25  

 7  �  13)   -31 �A-G)  2 , Ini. nt2 �T-G) 

 2 , codon15 �-T)  5 , IVS1 nt1 �G-A)  8 , codon35 �C-A)  

2 , codon123-125 �-ACCCCACC)  2   Poly A �AAA-AGA)  3  

 1  

 Automated DNA sequencing  
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 1 

 

 
 2 

 
 3 

 

 
 4 

 



   

8

 
 5 

 

 
 6 

 

 
 7 

 

 
 8 

 

 13  reverse dot blot 

hybridization  oligonucleotide probe  12 
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  oligonucleotide probe  N  

 M  

  1  �βN/βN)  hybridization  oligonucleotide 

probe  N  � )  hybridization  oligonucleotide 

probe  M  � ) 

  2  heterozygous  -31  

�βN/β-31)  oligonucleotide probe  N  

oligonucleotide probe  M  -31 �A-G) 

 3  heterozygous  Ini. nt2 

�βN/βini.nt2)  oligonucleotide probe  N  

oligonucleotide probe  M  Ini. nt2 �T-G) 

 4  heterozygous  codon15 

�βN/β15)  oligonucleotide probe  N  

oligonucleotide probe  M  codon15 �-T) 

 5  heterozygous  IVS1 nt1 

�βN/βIVS1#1)  oligonucleotide probe  N  

oligonucleotide probe  M  IVS1 nt1 �G-A) 

 6  heterozygous  codon35 

�βN/β35)  oligonucleotide probe  N  

oligonucleotide probe  M  codon35  

�C-A) 

 7  heterozygous  codon123-

125 �βN/β123-125)  oligonucleotide probe  N 

 oligonucleotide probe  M  codon123-

125 �-ACCCCACC) 

 8  heterozygous  Poly A 

�βN/βpolyA)  oligonucleotide probe  N  

oligonucleotide probe  M  Poly A �AAA-

AGA) 
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3.5  (Automated DNA sequencing) 
 

 1   

reverse dot-blot hybridization  

automated DNA sequencing  DNA template  PCR  

RDB1 RDB2  promoter  intron 2 

 G7 G10  intron 2 �  IVS2 nt654) 

 Poly A �  14)  PCR  

PCR  PCR sequencing  PCR  sodium acetate 

  1  

Initiation codon nucleotide  2 [Ini. nt2 �T-C)] �  15)  

reverse dot-blot hybridization �  16) 

 
 14  DNA template  sequencing 

 DNA  polymerase chain reaction �PCR)  

DNA  

   Lane M            DNA size marker �øX174 RF DNA/Hae III) 

   Lane 1                      DNA  DNA   

       RDB1 RDB2  DNA  774 bp  

     Lane 2                      DNA  DNA   

       G7 G10  DNA  1.1 kb 
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 15 
 Data analysis  ABI3130  Initiation 

codon nucleotide  2 [Ini. nt2 �T-C)] 

 

 

 
 

 
 16  Initiation codon nucleotide  2 

[Ini. nt2 �T-C)]  oligonucleotide probe  N 

 Ini. nt2 �T-G)   

Ini. nt2 �T-C)  M 
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  25   reverse dot-blot hybridization  automate DNA sequencing 

 8  

 10  

 

  11 

 
 10  

 25  �50 alleles) 

 
 

  
�allele) 

 
� ) 

-31 �A-G) 2 4 

Ini. nt2 �T-G) 2 4 

Ini. nt2 �T-C) 1 2 

codon15 �-T) 5 10 

IVS1 nt1 �G-A) 8 16 

codon35 �C->A) 2 4 

codon123-125 �-ACCCCACC) 2 4 

Poly A �AAA-AGA) 3 6 

Hb E allele 7 14 

Normal allele 18 36 

Total 50 100 
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 11 
 �Nopparatana et al., 1995) 

 
   

  ( )   ( )
codon41/42 �-TCTT) 85 31.60 63 22.50 

IVS1 nt5 �TGG-TGC) 53 19.70 54 19.29 

codon19 �AAC-AGC) 43 15.99 14 5.00 

-28 �AAA-AGA)  16 5.95 42 15.00 

codon17 �AAG-TAG)  32 11.90 32 11.43 

IVS2 nt654 �C-T)  6 2.23 18 6.43 

IVS1 nt1 �GT-TT)  17 6.32 13 4.64 

codon71/72 �+A)  ND ND 6 2.14 

IVS1 nt1 �G->A) 2 0.74 9 3.21 

codon15 �-T) ND ND 7 2.50 

codon15 �TGG-TAG) 1 0.37 1 0.36 

codon41 �-C) 4 1.49 6 2.14 

codon35 �C->A) ND ND 2 0.71 

Poly A �AAA-AGA) ND ND 3 1.07 

codon123-125 ND ND 2 0.71 

-31 �A-G) ND ND 2 0.71 

codon8/9 �AGT-AGGT) 1 0.37 1 0.36 

cap site +1 �A-C) 1 0.37 1 0.36 

codon27/28 �+C) ND ND 1 0.36 

Ini. nt2 �T-G) ND ND 2 0.71 

Ini. nt2 �T-C) ND ND 1 0.36 

-86 �C-G) ND ND 0 0 

codon26 �G-T) ND ND 0 0 

codon43 �G-T) ND ND 0 0 
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 11 � ) 
 

   
  ( )   ( )

codon14/15 �+G) ND ND 0 0 

-87 �C-A) ND ND 0 0 

codon95 �+A) ND ND 0 0 

Unknown 8 2.97 0 0 

Total 269 100 280 100 
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 4 
 

 
 

  
  

 200  
 40  (Vathana et al., 2005)  2   

 10   common β-
thalassemia  codon26 (G-A)  Hb E, codon41/42 (-�C��), codon17 (A-�), IVS2 nt654  
(C-�), IVS1 nt1 (G-�), IVS1 nt5 (G-C), codon19 (A-G)  Hb Malay, codon35 (C-A), 
codon71/72 (+A)  -28 (A-G) 

 25   uncommon β-thalassemia 
 (unknown mutation)  

 common β-thalassemia, uncommon β-thalassemia  
unknown mutation  

   β-thalassemia   
  

 (β+)  (β0) 
 

    
   

 
 (prenatal diagnosis)  

 (chorionic villi)   (amniotic fluid) 
 (cord blood) 

   
 

  



   

2

 
(Fucharoen and Winichagoon, 1992)   IVS1 nt5 (G-C) 

 (Furuumi et al., 1998) 
 49-54  4.3  

 18.8  
 (Lie-Injo et al., 1989; Laosombat et al., 

1992; Fucharoen and Winichagoon, 1997) 
 

 3-9 (Vathana et al., 2005) 
  reverse dot-blot hybridization  

   reverse dot-blot hybridization 
 

  dot-blot hybridization 
   

 (Winichagoon et al., 1999)  
 

25   (unknown mutation) 
 20   reverse dot blot 

hybridization  DNA sequencing 
 (Winichagoon et al., 1992; Nopparatana et al., 1995; Sriroongrueng et al., 1997; 

Charoenkwan P et al., 2002; Vathana et al., 2005;  , 2546) 
 oligonucleotide probes 

 12   -31 (A-G)  
 A  G  promoter  (Vathana et al., 

2005), cap site +1 (A-C)   A  C 
 cap site  mRNA  

8.27  0.12 (Wong et al., 1987), Ini. nt2 (�-G)  
 initiation codon   methionine 

 arginine  29.17 (Lam et al., 1990 and Koo et al., 
1992), codon14/15 (+G)   (G) 
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 codon14  codon15   
codon22   0.12 (Chan et al., 1988), 
codon15 (-�)   (�)  codon15 

  codon18  3 
 (Winichagoon et al., 1992)  2 

 (  , 2548)  (Fucharoen et al., 1990), codon26 (G-
�)   G  �  codon26 

 codon   0.12 
  (Fucharoen et al., 1990), IVS1 nt1 (G-A) 

  G  A  splicing  
 mRNA   31.79 

    0.24 (Baysal et al., 1992; Benito et al., 
1996; Oner et al., 1990), codon35 (C-A)   C 

 A  tyrosine   0.32 
 1.22 (�hein et al., 1990; Fucharoen et al., 1989), codon95 (+A) 

  (A)  codon95 
  codon101  0.12 

(Winichagoon et al., 1992), codon123-125 (-ACCCCACC)  
 8   codon123-125  

 codon136 (Fucharoen et al., 1991), codon126 (�-G)  
 �  G  codon126  valine  

glysine    (Divoky et al., 1992)  Poly 
A (AAA-AGA)   A  G 

 1,586   mRNA  
 1.5  0.58 (Jankovic et al., 1990) 

 7   -31 (A-G)  2 , Ini. nt2 (�-G)  2 
, codon15 (-�)  5 , IVS1 nt1 (G-A)  8 , codon35 (C-A)  2 , 

codon123-125 (-ACCCCACC)  2   Poly A (AAA-AGA) 3   1 
 reverse dot-blot hybridization  automate DNA sequencing 
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  1   Ini. nt2 (�-C) 
 1   

 -31 (A-G)  1  
  14.2 (�akihara et al., 

1986)   . . 2005 (Vathana et al., 2005) 
 promoter  �A�A box (A�AAAA) 

  Ini. nt2 (�-C)  
methionine  threonine   

 2.27,  0.63 
 1.6 (Jankovic L et al., 1990)  (Jankovic 

L et al., 1990)  (Wildmann C et al., 1993) 
 oligonucleotide probe  

reverse dot blot hybridization 
  

   
 

  
   codon41/42 (-�C��), 

IVS1 nt5 (G-C), -28 (A-G), codon17 (A-�), IVS2 nt654 (C-�), IVS1 nt1 (G-�), IVS1 nt1 (G-A), 
codon15 (-�), codon71/72 (+A), codon41 (-C), codon35 (C-A), Poly A (AAA-AGA), codon123-
125 (-ACCCCACC), -31 (A-G), codon8/9 (+G), cap site +1 (A-C), codon27/28 (+C), Ini. nt2 (�-
G)  Ini. nt2 (�-C) (  10) 

 
 

 
  

 
 

 



   

1

 5 
 

 
   

  

 2��   4�  

 

 

  8   -31 (A-G), Ini. nt2 (T-G), Ini. nt2 (T-C), 

codon15 (-T), IVS1 nt1 (G-A), codon35 (C-A), codon123-125 (-ACCCCACC)  Poly A 

(AAA-AGA)    -31 (A-G)  2  

  Ini. nt2 (T-C)  1  

 

    

  unknown 

cases  
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50X TAE 

 1000 ml : 

 Trisma base (MW 121.24) 242 g 

 Glycial acetic acid   57.1 ml 

 0.5 M EDTA pH 8  100 ml 

  1000 ml  autoclave 

 

Blocking reagent 

 200 ml : 

 Blocking powder  2 g 

 Buffer I    200 ml 

  incubate  80°C  40-50  

 

0.3% Tween 20 

 300 ml : 

 Buffer I    200 ml 

 Tween 20   900 µl 

 

Buffer I 

 1000 ml : 

 1 M Tris pH 7.5   100 ml 

 5 M NaCl (MW 58.44)  30 ml 

    1000  ml 
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Detection buffer 

 1000 ml : 

1 M Tris pH 9.5   20 ml 

 5 M NaCl (MW 58.44)  4 ml 

 1 M MgCl2   1 ml 

   200  ml 

 

20X SSPE 

 1000 ml : 

3.6 M NaCl (MW 58.44)   210 g 

 0.2 M NaH2PO4.2H2O (MW 156.01) 31.2 g 

20 mM EDTA disodiam (MW 372.24) 7.4 g 

   pH 7.4   10 M NaOH (  6.5 ml)  

1000 ml  autoclave 

 

Washing buffer 

 1000 ml  

20� SSPE   100 ml 

10% SDS   10 ml 

   1000 ml (  10% SDS) 

 

�0% SDS 

 200 ml  

sodium dodecyl sulfate (sodium lauryl sulfate) 20 g 

     200  ml 

 (  mask  ) 
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Hybridization buffer 

 200 ml  

20� SSPE   30 ml 

10% SDS   10 ml  

 

� M Tris pH 7.5 

 1000 ml  

Tris    121.12 g 

 pH  HCl  7.5  1000 ml  autoclave 

 

� M Tris pH �.5 

 1000 ml  

Tris    121.12 g 

 pH  HCl  9.5  1000 ml  autoclave 

 

�0xPCR buffer 

100 mM Tris, pH 8.3 

500 mM KCl 

 15 mM MgCl2 

 0.1% (w/v) grlatin  1% Triron �-100 

 

0.5 M sodium bicarbonate buffer 

NaHCO3 (MW 84.01) 4.2 g  100 ml 

Na2CO3 (MW 106) 5.28 g  100 ml 

 pH  NaHCO3  pH 8.4  0.5 M Na2CO3   
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20x SSC  

 1000 ml   

NaCl2  (MW 58.44 )   175.3    g 

Trisodium citrate.2H2O (MW 294.10 ) 88.2      g 

     1000 ml 

 

Hydridization duffer 

 100 ml  

 20x SSC    10  ml 

 10% SDS    1    ml 

    89  ml 

  

 

 dNTPs  dATP, dCTP, dGTP  dTTP  2 mM 

   - 25 mM stock solution : pipet 25 µl    stock 100 

mM   -20 °C 

   - 2 mM working solution :  40 µl   25 mM stock solution 

 460 µl    -20°C 
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