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Abstract

Because many different mutations underlinethe -thalassemia, they generate awide variety of different
clinical phenotypes. An understanding of the genotype is important for medical personnel to provide proper
counseling to patients and their families. Characterization of these mutations should aid the planning of prenatal
diagnosis program for B-thalassemia. The heterogeneity of the mutations makesiit difficult and time consuming
to identify the mutation in some individuals. We developed a single-tube multiplex amplification refractory
mutation system (multiplex ARMS) to identify common ethni c-specific -thal assemiamutations. Confirmation of
multiplex ARM S results was carried out using direct sequencing. Three thousand three hundred and twenty-two
peoplefrom Phitsanul ok provincewere screened for B-thalassemiatrait by quantitation of HbA, with microcolumn
chromatography and characterized for the genotypes of mutations using multiplex ARM S and direct sequencing.
Wefound that thedeletion at codons41/42 (-TCTT) wasthe most frequent (48%). Other mutationsfoundin order
of decreasing frequency werecodon 17 (A—T) (30%), -28 (A—G) (6%) IVS1-1(G—T) (6%), A-87 (C—A) (4%),
IVSI1-654 (C—T) (2%), codons 71/72 (+A) (2%) and codon 35 (C—A) (2%), respectively. These techniques
were found to be a valuable tool for analysis of B-thalassemia mutations due to accurate, simple and speedy
operation. An application for the diagnosis of severe thalassemiain high-risk pregnanciesis promising.
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Introduction

B-Thalassemia is the most common genetic disorder in Thailand. The prevalence of
B-thalassemiagene carriersvariesfrom 1 to 9% (Fucharoen & Winichagoon, 1987). Thereare
morethan 170 different B-thalassemiamutations characterized world-wide (Huisman & Carver,
1998). They generate awide variety of different clinical phenotypes. The identification of the
genotypeisimportant for providing proper counseling to patientsand their families. Characterization
of these mutations should aid the planning of prenatd diagnosisprogram for 3-thalassemia

In Thailand, many molecular techniques have been employed for screening and diagnosisof
B-thalassemia. Most of the molecular diagnostic laboratories utilize PCR amplification, with
alele-specificamplification using an amplification refractory mutation system (ARMS) (Choopayak
eta., 2003; Fucharoeneta., 1992; Fucharoenet a., 1995), allele-specific oligonucl eotide probes
(ASO) (Fucharoen et al., 1989; Laig et a., 1989; Laosombat et al., 1992; Nopparatana
et al., 1995), or reverse dot-blot hybridization (Sutcharitchan et al., 1995; Winichagoon et .,
1999) to definethe known mutati onsthat cause -thal assemia. However, for unknown mutations of
the 3-globin gene, single-strand confirmation polymorphism (SSCP) (Chinchang et al., 2005)
and direct sequencing (Nopparatana et al., 1995; Sirichotiyakul et al., 2003) may be used.
Recently, more sophisticated techni ques such asreal -time PCR and oligonucl ectide microarray
analysis have been described for the rapid analysis of thalassemia and hemoglobinopathies.
However, thesetechniquesare morelaborious and expens ve than current screening tests (Bhardway
etal., 2003).
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TheARM Stechniqueisasimple PCR approach for B-thalassemia(Bhardwaj et al ., 2005;
Old et al., 1990; Varawallaet al., 1991). The ARMS protocol usually detects one mutation per
reaction and can belaborious and expensive to use when looking for many common mutations
individually in one sample. Our purposewasto establish asingle-tube multiplex ARM Sprotocol to
identify common 3- globin genemutationsin Thailand.

Morethan 40 different B-globin genemutationshave beenidentified inthe Thai population
(Fucharoen et ., 1990; Fucharoen, Fuchareon, Jetsrisuparb et al., 1991; Fucharoen, Fucharoen,
Laosombat et al., 1991; Fucharoen et al., 1989; Nopparatana et al., 1995; Nopparatana et al.,
1999; Sanguansermsri et d., 1990; Theinet al., 1990; Winichagoon et a., 1990; Winichagoon et
al.,1992) but only eight [codon 17 (A—T), IVS1-1 (G—T), codons 41/42 (-TCTT), codons
7172 (+A), IVS1-5 (G—C), IVS11-654 (C—T), -87 (C—A), -28 (A—G)] that account for
9% of B-thalassemiain Thailand (Laosombet et a., 1992; Nopparatanaet a., 1995; Sirichotiyakul
et a., 2003; Sutcharitchan et al., 1995; Winichagoon et a., 1990). The multiplex ARMS was
developed using two sets of ARMS primers. The first battery of multiplex ARMS has been
established to identify the most common 3-globin gene mutationsincluding codon 17(A—T),
IVSI-1(G—T), codons41/42 (-TCTT), and codons 71/72 (+A). The second set of multiplex
ARMSwasto identify other B-thalassemiamutations. -87 (C—A), -28 (A—G), IVSI-5(G—C),
and IVS 11-654 (C—T). Each ARMS primer was designed to produce different amplified
fragmentsthat are easily differentiated in asingle-tube reaction. Uncharacterized sampleswere
further analyzed by direct sequencing. Mutationsof the 3-globin geneinall sampleswere confirmed
by direct sequencing of the B-globin genes.

Materials and M ethods

Subjects

We studied 3320 unrelated Thai subjects living in Phisanulok province who attended
ThalassemiaResearch Unit at Naresuan University Hospital, Phisanul ok, for thalassemiascreening.
After informed consent was obtained, 2 mL of peripheral blood sampleswere collected withEDTA
asanticoagulant. All sampleswere screened for 3-thal assemiawith microcolumn chromatography
on DEAE-Sephadex for quantitation of hemoglobin A2. Fifty out of 3322 samples had HbA,
concentrationsbetween 3.5% and 9% and were considered 3-tha assemiatrait. Themultiplex ARMS
was developed using two setsof ARM S primers, onetoidentify the most common 3-globin gene
mutations including codon 17 (A—T), IVS1-1 (G—T), codons 41/42 (-TCTT), and codons
71/72 (+A), and the second to identify other B-thalassemiamutations. -87 (C—A), -28 (A—G),
IVSI-5(G—C),and 1V SI1-654 (C—T). EachARMS primer was designed to produce different
amplified fragmentsthat easily differentiated the mutationsin asingletubereaction.

Genomic DNA extraction

Thefifty samplesfrom those who had been diagnosed with 3-thalassemiawere further
extracted for DNA with Chelex-100 method (Walsh et al., 1991). Briefly, 30 ul of EDTA blood
was added to 1 ml of 0.5% Triton X-100, mixed and centrifuged at 12 000 g for 1 min. the
supernatant was removed and the pellet was washed with 1 ml of sterile water. Five percent
chelex-100 suspension was added on top of the pellet, followed by 110 ul of deionized sterile
water. The solution was incubated at 56 °C for at least 2 hours and boiled for 10 minutes.
The extracted genomic DNA was used as a template for multiplex ARMS and kept at 4 °C
until B-globingeneandyss.
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Primer design

Sixteen primers were designed according to the ARMS protocol for -thalassemia
mutationscommonly found in Thai populations (Choopayak et d ., 2003; Fucharoen & Fukumaki,
1992; Wesatherall, 2001). Primers for -87 (C—A) and codons 71/72 were designed using
acomputer program, www.PrimerBiosoft.com. The genomic sequence of the B-globin genewas
obtai ned from the GenBank database under thename HUMHBB, accession number U01317. The
primer sequences were synthesized from Qiagen (Qiagen GmbH, Germany) and are shownin
Figureland Table 1.

87 F Set 11
-28
WA VSI-5 v IVSI1-654
5 Exon | IVSI Exon IVSII Exon s
N\ N AN W\
cd 17
E IVSI-1 Set |
cd 41/42
cd 7172

Figure 1. Schematic diagram showing the B-globin genes and eight PCR fragments amplified for the multiplex
ARMS assay. The B-globin gene is composed of three exons (grey boxes) and two introns (white boxes). Set |
was the multiplex ARMS to identify the most common 3-globin gene mutations [codon 17 (A—T), IVS1-1
(G—T), codons 41/42 (-TCTT), and codons 71/72 (+A)] and set Il was the multiplex ARMS to identify other
B-globin gene mutations [IVS I-5 (G—C), IVS I1-654 (C—T), -87 (C—A), and -28 (A—G)] found in Thai
population. Arrows indicated 5'—3’ directions of the primer pair to identify each B-globin gene mutation.

Table 1. Primer sequencesfor themultiplex ARMSset | and 11

Primer Nucleotide sequence (5 —>3') Position® Product size (bp)
ARMS Set |
1A CAATGTATCATGCCTCTTTGCACC 63224-63247 861
1B GAGTCAAGGCTGAGAGATGCAGGA 64061-64084
1C ACCTCACCCTGTGGAGCCAC 62028-62047
Codon 17 CTCACCACCAACTTCAGCCACGTTCAGCTA | 62238-62267 239
IVSI-1 TTAAACCTGTCTTGTAACCTTGATACCGAA | 62279-62308 281
Codons41/42 | GAGTGACAGATCCCCAAAGGACTCAACCT | 62441-62470 439
Codon 71/72° | AGGTTGTCCAGGTGAGCCAGGCCATCAATT | 62533-62562 535
ARMS Set 1
C AGTGCTGCAAGAAGAACAACTACC 35677-35700 326
D CTCTGCATCATGGGCAGTGAGCTC 35981-36004
F CCCCTTCCTATGACATGAACTTAA 62680-62703
G ACCTCACCCTGTGGAGCCAC 62028-62047
H GAGTCAAGGCTGAGAGATGCAGGA 64061-64084
-87° CACTTAGACCTCACCCTGTGGAGCCACACA | 62021-62050 683
-28 AGGGAGGGCAGGAGCCAGGGCTGGGCTTAG | 62080-62109 624
IVSI-5 CTCCTTAAACCTGTCTTGTAACCTTGTTAG 62312-62283 285
IVSI1I-654 GAATAACAGTGATAATTTCTGGGTTAACGT | 63256-63285 829

%Position according to the GenBank accession number U01317.
®These sequences were designed by the software from www.PrimerBiosoft.com

These primerswere coupled with one of the common primers depending onthelocation of
the mutation inthe B-globin geneand the direction of thealele-specific primer (Figure 1). A pair of
control primerswasa so used asinternal control for the PCR for al themutations (A and B for the
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multiplex ARMS set I, and C and D for set I). In set |, [codon 17 (A—T), IVSI-1 (G-T),
codons 41/42 (-TCTT), and codons 71/72 (+A)], the four most common mutations, were
amplifiedinasinglereaction with thecommon primer E. For set 11, oligonucloetide primerswere
designed for four mutations, namely, -87 (C—A), -28 (A—G), IVSI-5(G—C), and IVSI1-654
(C—>T), wereamplified in asingle reaction with the common primers F, G, and H. These eight
mutationsaccount for 99% of mutationsin Thailand.

M ultiplex amplification refractory mutation system (Multiplex ARMS)

Each samplewasinitialy screened for themost common mutations[codon 17 (A—T),IVS
[-1(G—T), codons41/42 (-TCTT), and codons 71/72 (+A)]. If no mutation was detected, the
samplewasanalyzed for other mutationsreportedin Thais[IVSI1-5(G—C), IVSI1I-654 (C—T),
-87 (C—A), and -28 (A—G)]. The multiplex ARMS set | was carried out in a 25-ul reaction
containing 1x PCR buffer, 3.0mM MgCl,, 2.5 U HotStar Tag Polymerase (Qiagen GmbH, Germay),
200 uM dNTPs, 200 pmol of each primer set, and 250 ng template DNA. After incubation at
95 °Cfor 15 min, followed by 35 cyclesof denaturation at 94 °C for 1 min, annealing at 65 °C for
1 minand 72 °C for 1 min, with afinal extensionat 72 °C for 7 min. For the other B-thalassemia
mutationsthe multiplex ARM S set || was performed with the same condition, except the primers
set |1 wasused instead. The PCR productswere analyzed by el ectrophoresison a3% agarose gel
containing ethidium bromide and werevisualized by ultravioletillumination. ARM Snegetivealeles
were subjected to nucl eotide sequencing of the PCR product.

Direct DNA sequencing

Two segments of the 3-globin genethat covered all mutations previoudly characterizedin
Thal populationwereamplified with the primersprevioudy described (Sirichotiyakul et al., 2003)
The primerssequencesareshownin Figure2 and Table 2.

C |
\l/ Set 11 \l/
Exon | 1VSI Exon |1 IVSII Exon [11

N N
A B

Figure 2. Schematic diagram showing the B-globin genes and two fragments amplified for the direct DNA
sequencing. The 3-globin gene is composed of three exons (grey boxes) and two introns (white boxes). Set |
representsthe primer pair that amplified exon | and |1 region and produced the fragments amplified sizes of 760
base pairs (bp). Set Il represents the primer pair that amplified exon Il region and produced the fragments

amplified sizesof 690 bp.

Table 2. The sequences of primers used for the direct DNA sequencing

Primer Nucleotide sequence (5’ >3') Position* Product size (bp)
A AGAAGAGCCAAGGACAGGTACG | 61991-61990 760
B TGCAATCATTCGTCTGTTTCCC | 62730-62751
C TCCCTAATCTCTTTCTTTCAGG | 63190-63211 660
D TTTTCCCAAGGTTTGAACTAGC | 63829-63849

*position according to the GenBank accession number U01317.

The reaction was carried out on a 25-ul reaction mixture containing 1xPCR buffer,
2.5 mM MgCl,, 1 U HotStarTaq Polymerase (Qiagen, Germany), 200 uM dNTPs, 400 pmol
primers, and 250 ng template DNA. Thethermal cycling of set| consistsof heeting thereaction at
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95 °C for 15 min and 40 cycles of denaturation at 94 °C for 45 sec, primer annealing at 60 °C
for 1 min and DNA extension reaction at 72 °C for 2 min. The set || was performed like the
set | condition except that the concentration of MgCl.,, and primerswere 1.5 mM and 500 pmol,
respectively. After heatingtheset |1 reaction at 95 °C for 15 min, 35 cycleswas performed with
denaturation for 45 sec at 94 °C, annealing for 1 min at 55 °C, and el ongation for 90 sec at 72 °C.

Following gel electrophoresis to confirm successful amplification of the correct size
product, the remaining PCR product was purified using aQl Aquick PCR Purification Kit (Qiagen,
Germany). Purified PCR products were sequenced using an ABI PRISM ™ BigDye Terminator
Cycle Sequencing Ready Reaction Kit protocol (Applied BioSystems, USA). Briefly, toa0.2-ml
PCR tube, 5-20 ng of DNA, 3.2 pmol of sequencing primer, 8 ul Terminator Ready Reaction Mix
were added and made up to afina volumeof 10 ul with deionized distilled water. The sequencing
products were cycled in athermal cycler for 25 cycles of 96 °C for 10 sec, 50 °C for 5 sec and
60 °C for 4 min.

The extension products were precipitated using ethanol and sodium acetate. To the
sequencing reaction, 2 ul of 3M sodium acetate, pH 4.6, 50 ul of 95% ethanol wereadded and | eft
at room temperature for > 15 min but not overnight. Sampleswere centrifuged at 12 000 g for
20 min and the supernatant was removed and discarded. To the pellet, 250 ul of 70% ethanol was
added and briefly vortexed. After centrifugation for 5min at 12 000 g, the supernatant wasdried for
1 min at 90 °C with aheat block

Sampleswere analyzed on an automated sequencer, ABI PRISM 310 Genetic Analyzer
(Applied Biosystems, USA) asper the manufacturer'sinstructions.

Results

Wehave devel oped the multiplex ARM Sto identify the eight most common 3-thal assemia
mutationsin Thal population and standardized on DNA sampleswith known mutation, the pattern
being shown in Figure 3. The method was subsequently tested on 50 unrelated samples with
unknown B-thalassemiamutations (Figure4). Interna control bandswereadsoamplifiedindl of the
reactions, indicating successful PCR. No band other than theinternal control wasamplifiedinthe
negative control reaction, which was carried out with anormal blood for 3-thal assemia(Figure4).
Thecodons41/42 (-TCTT) mutation isthe most common [-thaassemiadefect in Thai population.
Thefollowing mutationsare presented in decreasing frequency: codon 17 (A—T), -28 (A—G),
IVSI-1(G—T), -87 (C—A), codons 71/72 (+A), IVS 11-654 (C—T), and codon 35 (C—A)
(Table3).

Figure 5 shows the sequencing of the B-thalassemia mutations found in Phitsanul ok.
We were unable to determine the mutation in one sample with multiplex ARMS. Genomic
sequencing reved ed thismutation was codon 35 (C—A) (Figure 5F). Theprimer for thismutation
wasnot used in our multiplex ARM S condition becausethis mutation waslesscommoninthe north.
Thusby using themultiplex ARM Sa ong with sequencing, itispossbleto detect al of themutations.
Thestrategy presented herefor characterization of unknown mutationsis quite simpleand cost
effective.
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Figure 3. Multiplex ARMS patterns of eight common [-globin gene mutations in a 3% agarose gel. Lane 1-4,
861-bp aninternal control for multiplex ARMS set |; lane 1, 281-bp of IVSI-I (G—T); lane 2, 535-bp of codons
7172 (+A); lane 3, 241-bp of codon 17 (A—T); lane 4, 454-bp of codons 41/42 (-TCTT). Lane 5-8, 326-bp an
internal control for multiplex ARMSset 11; lane 5, 258-bp of 1V S1-5 (G—C); lane 6, 624-bp of -28 (A—G); lane7,

829-bpof IVSI1-654 (C—T); lane8, 683-bp of -87 (C—A); M (marker), 100 base pairsDNA ladder (Promega, USA).

861 bp—>

A: Multiplex ARMS Set I B: Multiplex ARMS Set I1

Figure 4. Results of multiplex ARMS for the most common [3-thalassemia mutations found in Thai population.
(A) Themultiplex ARMSset | ; M (marker), 100 base pairs DNA ladder (Promega, USA); the 861-bp band isthe
[3-globin fragment used asaninternal control. Lane 1 and 2 werethe codon 17 (A—T) (241-bp); lane 3, 4, 6, 8, 9,
and 10 werethe codons41/42 (-TCTT) (454-bp); lane 5 wasthe codons 71/72 (+A) (535-bp); lane 7 wasthe IVS
I-1 (G—T) (281-bp); lane 11 wasthe negative control. (B) Themultiplext ARMSset 11; M (marker), 100 base pairs
DNA ladder; the 326-bp band is the Gy-globin fragment used as an internal control. Lane 1, 2 and 3 were -28
(A—>G) (624-bp); lane 4 and 5 were -87 (C—A) (683-bp); lane 6 was IV S11-654 (C—T) (829-bp); lane 7 isthe

negative control.
Discussion

B-Thalassemia is the most common genetic disorders in Thailand. A previous report
investigated the distribution of -thalassemiamutationsin thisarea, thisreport was based on the
analysisof afairly small number of subjects (Choopayak et al., 2003). In the present study we
described awider spectrum of B-thal assemiamutationsin Phitsanul ok by analyzing 50 3-globin
chromosomes. Eight different B-thal assemiamutationswereidentified in our study accounted for
more than 99% of all the B-thalassemia chromosomes. These included four of the common
Tha mutations: codons 41/42, codon 17, IVS I-1, and codons 71/72. In the current study,
24 chromosomeswere found carrying the codons 41/42 mutation, representing 48% of thetotal
Thai B-thalassemic chromosomes. When compared to other areas of Thailand (Table 3), the
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digtribution and typesof 3-thaassemiamutationsin Phitsanulok werefoundto begeneraly smilar;
asmall number of mutations predominated and the most common oneswere geographically the
most widespread and theoretically the oldest.

Table 3. Distribution of B-thalassemiain Thailand

M utations Central South Northeast North
No. % No. % No. % No. %
B°-thalassemia
Codons 41/42 (-TCTT) 156 416 | 8 301 19 31.6 45 39.8
Codon 17 (A—T) 62 165 | 32 114 13 21.7 45 39.8
Codon 35 (C—A) 7 19 0 0 0 0 ND -
IVS1-1(G-T) 5 13 17 6.0 1 1.7 ND -
Codons 71/72 (+A) 8 2.1 0 0 8 133 | ND -
Codons 8/9 (+G) ND - 1 0.3 ND - ND -
Codons 14/15 (+G) 1 03 | ND - ND - ND -
Codon 15 (-T) 1 0.3 0 0 ND - ND -
Codon 26 (G—T) ND - ND - 1 1.7 ND -
Codons 27/28 (+C) 2 05 | ND - ND - ND -
Codon 41 (-C) 2 0.5 4 14 ND - ND -
Codon 43 (G—T) 2 0.5 0 0 ND - ND -
Codon 95 (+A) 1 03 | ND - ND - ND -
3.4 kb deletion 1 0.3 12 4.3 0 0 1 0.9
619 bp deletion 5 1.3 | ND - 0 0 ND -
105 bp deletion ND - 1 0.3 ND - ND -
B*-thalassemia
-86 (C—G) 1 03 | ND - ND - ND -
-28 (A—>G) 35 9.3 16 5.7 1 17 4 35
Codon 19 (A—G) 11 29 43 153 0 0 ND -
IVS1-5 (G—C) 16 4.3 53 1838 0 0 2 1.8
IVS11-654 (C—>T) 28 75 6 21 5 8.3 1 0.9
Codon 26 (HbE) 2 05 | ND - 9 150 | ND -
Unknown 29 7.8 12 4.3 5.0 15 13.3
Total 375 282 60 113

*from Winichagoon et al., 1995
ND = not determined

Themost common mutation wasthe codons41/42 and thiswasthe samefinding observed
inThailand (Fucharoenet al., 1989; Laiget a., 1989; Laosombat et a ., 1992; Nopparatanaet al .,
1995; Sirichotiyakul et a., 2003; Sutcharitchan et d., 1995; Westherall, 2001; Winichagoonet d.,
1995; Winichagoon et al., 1999). The second most common mutation wascodon 17, similar tothe
centra (Winichagoonet a., 1995; Winichagoon et d., 1999), north (Sirichotiyakul et d., 2003) and
northeast (Fucharoen & Fukumaki, 1992; Fucharoen et al., 1989), whereas IVS |-5 was the
second most common mutation observed in the south (Laosombat et a., 1992; Nopparatanaet al.,
1995). Thefrequency of 1VSI-1wassmilar tothenorth (Sirichotiyakul et a., 2003), and -28 was
similar to the central (Winichagoon et a., 1995), whereas codon 19 wasthe third most common
mutation in the south (Laosombeat et a., 1992; Nopparatanaet d., 1995; Winichagoon et ., 1995).
Furthermore, the mutations -87, codons 71/72, and IVS 11-654 were similar to the north
(Sirichotiyakul et al., 2003), while codon 35 wassimilar to the central (Winichagoon et al., 1995;
Winichagoonetal., 1999).
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CCACACCCT A Normal GGCATAAAAGT CAGG Normal
CCACACACT A Mutant GGCATAGAAG T CAGG Mutant
A B

GGCAA GG TGAACGT Normal ACCCAGAGGTTCT TTGAGT Normal
GGCTA GG TGAACGT Mutant ACCCAGAGGTTGNNTNCTT  Mutant
At -
GCCTTT AGTGATGGC Normal TCT ACCCTT G Normal
GCCTTT AN TGANNGN Mutant TCT AACCTT G Mutant
MM E SN, F
GGCAGGTTGGTAT Normal TGCTATTGCCTTAAC Normal
GGCAGITTGGTAT Mutant TGCTATTNCCTTAAC Mutant

. DAY

Figure 5. Nucleotide sequence chromatograms of the B-globin genes. (A) The forward sequence of a
substitutionin-87 (C—A); (B) The forward sequence of asubstitutionin-28 (A—G); (C) Theforward sequence
of asubstitutionin codon 17 (A—T); (D) Theforward sequence of a4 bp deletion of codons41/42 (-TCTT); (E)
The forward sequence of a addition in codons 71/72 (+A); (F) The forward sequence of a substitution in codon
35 (C—A); (G) Theforward sequence of asubstitutionin IVSI-1 (G—T); and (H) The reverse complementary

sequence of asubstitutionin IV S11-654 (C—T).

When the percentage of the eight most common [3-thalassemiamutationsin the population
of Phitsanulok iscompared withtheoverdl frequency of mutationsinthe country, someinteresting
differences are revealed. Increased percentage of the mutations -28, -87, and decreased
percentage of codons71/72 were observed compared to the North (Sirichotiyakul et al., 2003).
ThelVSI-5mutation whichisfreguent in the central and south, was absent in the samplesfrom
Phitsanulok.
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Our amwasto establish multiplex ARM Sto detect e ght common 3-thal assemiamutations
in Thailand sincethistechniquereducesthe overall cost and time. Multiplex ARM Srelieson the
principlethat oligonucl eotideswith mismatched terminal 3-nucleotideswill not function asprimers
in a PCR under appropriate conditions. As a result, DNA amplification does not occur.

Wefound that the most important factor for reliable and accurate results using multiplex
ARM Swasthe primer concentration. Polymerase chain reactionswere carried out in 25-ul volume
with primer concentrations of not morethan 200 pmol. Increasein the primer concentrationsled to
non-specific DNA amplificationsof the samemolecul ar weight, although these non-specific DNA
bandswerelessdistinct compared with the specific amplified bands.

The PCR conditions for denaturation (95 °C), annealing (65 °C), and synthesis (72 °C)
werethesamefor all the mutations studied. Detection of amplified DNA inour multiplex ARMS
protocol was clearly observed on 3 percent agarose gel and there was no need to use the more
expensive NuSieve agarose gels. In addition, wewere ableto lower the concentration of enzyme
Taq polymeraseto 0.5 U per PCR. The cost per analysisusing multiplex ARM S compared with
sequencingisaso greatly reduced.

TheARM Stechnique used inthisstudy alowed preciseidentification of themutationsinal
sampl es, making detection easy, straightforward and | esstime consuming with 100% accuracy.
Theuseof themultiplex ARM Stechnique saved both time and cost with 100% accuracy. Fromthe
economical point of view, reduced |abor timeand use of asimpler equipment decreasethe cost of
test per sample by themultiplex ARMS.

In Thailand, with its vast spectrum of -thalassemia mutations, a procedure such as
multiplex ARM S is much more efficient and practical than single ARMS because as many as
[3-thal assemiamutati ons can be s multaneously screened on asinglereactionin areasonably short
time. Thisnumber can beincreased by designing asecond set to berunin paralld, i.e. 10 mutations
on2reactions.

Conclusion

In conclusion, the multiplex ARMS protocol described in this study has permitted an
accurate, rapid, inexpensive, and direct diagnosistechniquefor 3-thalassemia. Multiplext ARMS
and sequencing would provide rapid screening for B-thalassemia mutations in Thailand.
Furthermore, the detailed distribution tablesof 3-thal assemiamutationsare essential for counseling
and extraction of genetic diversity estimatesfor smilar sudiesin other inherited disorders.
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