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Abstract 
Molecular characterization of 155 �-thalassaemia genes was carried out using the Amplification Re
fractory Mutation System (ARMS) and comprised of I 01 chromosomes from the Chinese, 52 from 
the Malays and 2 from the Indians. A total of 14 mutations along rhc �-globin gene complex was 
analysed using che ARMS: -29 (A➔G),-28 (A➔G), Cap(+!) (A➔C), Cd 8/9 (+G), Cd 15 (G➔A), 
Cd 17 (A➔T), Cd 19 (A➔G), Cd 26 (I-lb E) (G➔A), IVSl #I (G➔T), IVSI # 5  {�C). Cd 41-42 
(-TCTT), Cd 71-72 (+A), IVSII #654 (C➔T) and rhe 619 bp deletion at the 3'-end of the �-gene. 
Our results indicate chat using the AR.MS at these 14 sites, prenatal diagnosis can be achieved in 96% 
of the Chinese couples and 84.6% of che Malay couples ac risk for a B-thalassaemia major child. In the 
Chinese, 5 out of the 14 B-mut:ttions (Cd 41-42, IYSII #654, -28 TATA Box, Cd 17 and Cd 71-72) 
accounted for 92% ofB-chalassaemia in this ethnic group. The B-mutations in che Malays were found 
to be more heterogeneous. Three B-mutarions (Hb F, IVS! #5 and IVS! # 1) accounted for 73.08% of 
B-rhalassaemia and 6 ocher B-mutations (Cd 41-42, IVSII #654, Cd 8/9, Cd 19, CD 17, Cap (+l)) 
made up the remaining I 1.52% of the identified mutations in chis ethnic group. The ARMS, an 
allele-specific DNA amplification system which employs direct amplification of a gene sequence fol
lowed by simple agarosc gel electrophoresis, was found co be an accurace, rapid and economical proco
col for prenarnl diagnosis for �-thalassaemia in the Malaysian populacion. 
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Introduction 

Beca thalassaemia is a generic disorder of haemoglobin 
synthesis. Affected individuals express complete sup
pression of �-globrn chain synthesis or are deficient in 
globin production. Beca-thalassaemia panents have 
chronic anaemia buc wich regular blood transfusions 
and removal of iron with chelacing agents, the disease is 
now compatible wich prolonged survival (Giardini, 
1997). 

In Malaysia, �-thalassaem1a is common tn che Malays 
and Chinese with a carrier rate of about 3% in each 
(George, 1995). Clinical and health complications in 
B-major patients pose a heavy load on blood transfu
sion and paediatric services with the only "cure" being 
a successful bone marrow transplant. An alternative 
approach tn addressing chis health problem is to offer 
efficient and economical prenatal diagnosis measures 
for couples ac risk of producing a �-major child. Mo
lecular protocols for prenatal diagnosis of �-chalassae
m ia have progressed from the laborious restriction frag
ment length polymorphism (Old et rd., 1986) and al
lele-specific oligonucleotide hybridization. (ASO) 
(Lindeman et al., I 991; Tan et 11/., 1993) techniques to 
more direct DNA amplification techniques using re
verse doc blot (ROB) (Thong et 111., 1996) and Ampli
fication Rcf ractory Mutation System (Old et al., 1990). 

The implementation of a successful and effective pre
natal diagnosis programme for �-tha!assaemia in a coun-

try or region depends very much on the diversity of the 
ethnic groups and types of different �-mu cations in che 
area as over 160 B-mucacions have been identified. The 
Malaysian population is very heterogeneous with the 
Malays, Chinese and Indians forming the main ethnic 
groups and over IO B-mutations have already been re
ported to be responsible for B-thalassaemia in t.he Malays 
and Chinese (Thong et al., 1996). Our aim was co 
establish and evaluate the ARMS technique as a rapid, 
effective and economical prenatal diagnostic cool for 
che large heterogeneity of �-rhalassaemia mutations in 
Malaysia. 

Materials and Methods 
Patients 
Sixty-eight families with one or more �-rhalassaemia 
major children, 9 couples with �-thalassacmia trait who 
requested prenatal diagnosis and one �-thalassaemia car
rier were studied. B-chalassaemia trait was confirmed 
by haematological and electrophoresis methods. All pa
cienrs attended che Obstetrics and Gynaecology or Pae
diatrics Department, University Hospital, or were re
ferred from private hospitals and private clinics. Blood 
(10 mis) was collected in so<lium-EDTA cubes and fro
zen at -70°C until required for DNA extraction. Cho
rionic villi (CV) were obtained by cransabdominal pla
cental biopsy at 8-IO weeks gestation. 
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DNA extraction and purification 
DNA was extracted overnight ac 37°C using proteinasc 
Kand soclium-dodecyl-sulphate. DNA in solucion was 
purified using phenol-chloroform-isoamyl alcohol ex
tracnons. Purified DNA was solubilized in double dis
tilled water and stored at -70°C. CV samples were col
lected tn saline wich sodium £OTA. CY was cleaned 
in several washes of saline co remove any maternal con
cammanng tissue. 

Amplification Refractory Mutation System (ARMS) 
The primers for the ARMS were synthesized in 2 forms 
- rhe normal �-sequences and che muranr �-sequences 
which contain one or a few nucleotide changes at che 
3'end(Olderal, 1990;Yarawallaetal, 1991). In each 
ARMS reacnon, amplilkation of an 861 bp inrcrnal 
control from che 3'end of che P-globin gene was in
cluded co check amplification efficiency and DNA p u 
rity. In the case of rhe B-mucacion ac JVSII #654 rhe 
incernal control was a 323 bp fragment. 

DNA nmplificntion protocol 
DNA amplification was performed using che enzyme 
Taq polymerase (Gibco BRL Life Technologies, USA) 
and the accompanying 10 X buffer and MgC1

2 
in a 

Perkin Elmer GeneAmp PCR System 2400. The con
cenrrarion ofMgCl

2 
was used at 1.5 mM for all pnmers 

except for the P-mucacion ac Cap ( + 1) which was car
ried out using MgC1

2
ac I mf..L The primer concenrra

uons used were bet\veen 5-20 pmol depending on PCR 
conditions and efficiency. PCR was carried our in chin 
wall rubes and consisted of 30 cycles ac 93 C for 1 min, 
65°C for I min, and 72°C for 1.5 min followed by a 
final extension step at 72°C for 3 min. All primers 
were annealed ac 65°C except for IVSII #654, which 
was annealed at a lower temperature of 60°C. Ampli
fied DNA was eleccrophoresed on 1.5% agarose gels 
and directly visualized after sraining with echidium bro
mide. 

Results 
DNA amplification using rhe ARMS is a sensitive and 
specific technique as amplification of each B-chalassae
mia mutation producc:s a diftcrenc molecular weight 
fragment together with an internal control band (Fig. 
1 ). A coral of 155 P-chalassaemia genes were scudied 
using che ARMS. In the Chinese, 5 B-mutations (Cd 
41-42, lYSII #654, -28, Cd 17 and Cd 71-72) com
mon to this ethnic group were responsible for 92% of 
�-thalassaemias (Table I) .  Four ocher P mutations ac 
Cd 26 (Hb E), Cd 15, Cap (+ 1) and -29 made up chc 
remaining 4% of the characterized mutations. Taken 
together, these 9 B-mucarions (5 common and /j rare) 
caused 96% of �-chalassaemia in rhe Chinese families 
studied. The ARMS was not able co characterize 4% 
(4/101) of B-mutations in the Chinese families. 
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tig. I. Agarosc gel dccLrophorcsis of amplified DNA after 
Ampl1fica1ion Refractory Mutation Symm. Lane I: I 00 bp ladder: 
lane 2 IVSII -1654 13 -banJ (828 bp); lane 3: -29 !}-band (624 bp): 
lane 4: -28 13-ban<l (623 bp); lane 5: C<l 4 1-4 2 f1-ban<l (443 bp): 
lane 6: 323 bp inccrnal control ban<l; Line 7: IVS( #5 [3-ban<l (285 
bp). lane 8: Cd 1713-banJ (240 bp): lane 9: Cd 71-72 fl-b�nd (241 
bp). Lanes 3, 4, 5, 7, 8 :md 9 contain the 861 bp inrernal control 
band 

Table 1. Distribution of �-thalassaemia mutations in 
the Chinese in Malaysia 

Bera mucacion 

Cd 41-42 
IVSII #654 
-28 
Cd 17 
Cd 71-72 
HbE 
Cd 15 
Cap (t-1) 
-29 
Unidentified 
Tocal 

No. chromosomes affected (%) 

44 (43.56) 
29 (28.71) 
16 ( l  5 .8'i) 
2 (1.98) 
2 (1.98) 
1 (1.0) 
1 (1.0) 
1 (1.0) 
I (1.0) 

4 (3.96) 
101 

The B-mut:uions in the Malay families studied were 
found co be more heterogeneous than the Chinese. The 
number of chromosomes in che Malays studied was 52 
compared co 10 l chromosomes from che Chinese fami
lies buc the number of B-mucacion� detected in the 
Mabys was et1uivalenc co thac detected in the Chinese, 
char is 9 mutations (Table 2). The mutations causing 
B-chalassaemia in chc Malays were found to be quite 
different in the types and frequencies when compared 
wich the Chinese. Three common Malay P-mutations 
(Hb E, IVS! �5 and IYSI #I) caused 73.08% of che p. 
thalassaemias. A further 6 B-mucacions (Cd 41-42, 
IYSll #654, Cd 8/9, Cd 19, Cd 17 and Cap(� 1)) ac
counted for the remain mg 11.52% of chc characcerized 
B-mucacions in the families studied. The ARMS was 
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Table 2. Distribution of P-thalassaemia mutations in 
the Malays in Malaysia 

Beta mucacion 

IVSl #5 
Hb E 
JVSI #I 
Cd 41-42 

IVSII #654 
CD 8/9 
Cd l 9  
Cd 17 
Cap(+ I) 
Unidentified 
Total 

No. chromosomes affected (%) 

17 (32.69) 
16 (30. 77) 
5 (9. 62) 
I (l .92) 
I (l .92) 
1 (l .92) 
I (1.92) 
I (1.92) 
l (1.92) 

8 (15.38) 
52 

noc able to idenrify 15.38% (8/52) of the Malay cluo
mosomes studied. 

In our study cherc was only one Indian family with 
P-chalassaemia. DNA from the P-major child showed 
a P-mutacion ac IVSII #5 with (he ocher P-mucarion 
uncharacterized by ARMS. 

Discussion 
Molecular characcerizacion of P-thalassaemia genes in 
the Malaysian population has been reported using a 
mulci-modal approach consiscing of ASO and ROB 

(Thong et al., 1996). Preliminary results using a selec
tion of the 6 most common ASOs for mass screening 
followed by RDR assays for the more uncommon mu
tations gave a 91.7% mutation detection race. The au
thors have suggested the careful selection of 4 ASO prim
ers common to a parcicular subpopulation followed by 
RDB assays co obtain a I 00% and 80% coverage in the 
Chinese and Malay subpopulations respeccively. Both 
ASO and RDB techniques are accurate and specific for 
mutation detection, however the use of rwo different 
protocols for mutation dececcion is neither praccical nor 
economical for prenatal diagnosis and molecular screen
ing in a multiracial populacion. 

The ARMS was adopted ror molecular analysis and 
prenaral diagnosis for P-chabssaemia in Malaysia 
(George ettd., I 993; Ai noon et al., 1994). Six com
mon P-mucations at -28 TATA Box, Cd 17, lVSI #1, 
IVS! #5, Codon 41-42 and fVSil #654 were dececced 
with che ARMS protocol used. In our study we ex
panded the number of B-mucacions detectable by ARMS 
co 14 sites along che B-globin gene. The ARMS proro
col was exp�nded co include che �-mutations in the 
Asian Indians (Cap(+ l ), Cd 8/9, Cd 15, 6 l 9 bp dele
cion in the 3'end), rare P-mucations found in che Chi
nese (-29, Cd 71-72) and Malays (Cd 19). At present 
rare B-mucarions in most laborarorics are characterized 
by genomic sequencing. Genomic sequencing is an 

67 

accurate protocol for directly locating unknown muta
tions but it can be expensive when used for roucine pre
natal diagnosis and rhe technique involves staff who 
require specialized training. 

The ARMS protocols established in our laboratory 
was developed with primers sharing similar PCR and 
gel electrophoresis conditions. This was designed in
tentionally to minimise error and for easy follow
chrough by laboratory staff who may noc be specifically 
trained in molecular biology protocols. The only dif
ference in PCR conditions is che annealing tempera
ture for the B-mutation ar rvsn #654 which was re
duced co 60°C as no amplification occmrcd ac the higher 
temperature of 65°C. In addition MgCl

2 
concentra

tions were also maincained at 1.5 mM for 13 �-muca
cions except for Cap (+l ) where MgCl

2 
concentration 

was reduced to 1 mM for more specific amplification. 
Using these PCR condirions a standardized ARMS pro
tocol was 1eveloped with changes only in the primer 
concc::ncranons. 

Reagents used in molecular analysis techniques have 
always been expensive. To reduce the coses of prenatal 
diagnosis, the ARMS was developed using a PCR vol
ume of only 25 ml. This strategy has allowed rhe use of 
lower concentrations of dNTPs and Tnq polymerase. 
We reduced che concentration of Tnq polymerase from 
2.5 Uni cs in previously published ARMS protocols (Old 

et al., 1990; Varawalla et al., 1991) to 0.5 U per PCR 
reaction in our laboracory. In addition detection of 
DNA amplified produces is routinely carried om using 
agarose gels inscead of che more expensive recommended 
3% Nusieve-Seakem gel combination (Varawalla et 11.I. , 
199l ; Old 1993). By using thinner agarose gelsac 1.5% 
concenrracion, maximum visibility of PCR products was 
obtained. 

The large heterogeneity of �-mutations present o f 
ten results in foetuses char are compound heterozygoces. 
In our study of the 78 P-chalassaemia families, 64% 
(50/78) of the P-major children were found to be com 
pound hecerozygotes. The ARMS will serve as a rapid 
prenatal diagnosis protocol especially in chese families. 
Two P-mutations (Cd 41-42, IVSII #654) accounced 
for the majority of �-thalassaemias in the Chinese fami
lies (72.3% in chis study) and chis was also reported in 
previous investigations (Thong et al., 1996; George et 
t✓I., 1993). The rare Chinese �-mutations at Cd 71-72 
and -29 uncharaccerized in che above previous studies 
were found in the Chinese in chis srudy. In addition 2 
of the families were found co carry the P-mucacion ac 
Cd 15 and Cap (+1) which has been reported only in 
the Malays and Indians (Varawalla et 11!., 1991; Ariffi 11 
et al., 1996). The �-mutation Hb E was detected in 
30. 77% or the Malays studied compared wirh che lower 
reported fre9L1encies of 19.5% and 2-4% in che Malays 
in Northeast and West Coast of Peninsular Malaysia 
respectively (Lie-Injo et al., 1971; Vella, 1962). The 
mllch higher percentage ofHb E reported in this study 
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is probably due to the much larger sample size and 
molecular detection technique compared wi ch Hb elec
trophoresis techniques used in the previous studies. 
Three 13-mutacions (Hb E, IVSI #5, IVSI #1) accounred 
for 73.08% of 13-thalassaemia in the Malays studied. 
The ARMS was able to detect the rare Malay 13-muta
tion at Cd 19 (1/52 chromosomes; 1.92%). ln addi
tion rhe 13-mutations at Cd 8/9 and Cap (+1) which 
were previously reported in Asian Indians (Kazazian et 

al., 1984; Wong et al., 1987) were detected at low fre
quencies (1.92%) in the Malays. 

In conclusion the ARMS protocol for the detection 
of l 4 j3-mutacions described in this study offers a sensi
tive, specific, effective and economical technique for 
molecular screening and prenatal diagnosis of 13-
rhalassaemias in Malaysia. 
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