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Abstract

Obijective: To evaluate a novel reverse dot blot assay for the simultaneous detection six types of
common od-thalassaemia alleles (three deletional and three common non-deletional mutations)
and |9 types of common B-thalassaemia alleles in a Chinese population.

Methods: Genomic DNA samples were collected from three hospitals in southern China. The
novel thalassaemia gene assay involved one multiplex polymerase chain reaction amplification
system and one round of hybridization. Each of the clinically validated DNA samples was
re-tested using the new multiplex polymerase chain reaction/reverse dot blot assay Il (M-PCR/
RDB Il) assay in a double-blind manner.

Results: A total of 1060 unrelated study participants, including 829 patients with thalassaemia
and 231 healthy control subjects, were analysed. The whole PCR and RDB procedures were
completed in 260 min. All the samples, including heterozygous thalassaemia, homozygous
thalassaemia and compound heterozygous thalassaemia, were correctly genotyped, yielding
100% concordance with the reference assays. HK oo/~ and Hchcx/fcx“’z, which were not
included in the detection panel, yielded a contradictory result with this new assay.
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Conclusion: The novel M-PCR/RDB Il assay was simple, rapid and accurate, suggesting that it
could be used for the genetic screening and clinical diagnosis of common a-thalassaemia and

B-thalassaemia variants in Chinese populations.
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Introduction

The thalassaemia syndrome is the most
common single gene mutation in
humans."? There are two main types of
thalassaemia known as a-thalassaemia and
B-thalassaemia: o-thalassaemia, arises from
deletions or point mutations of the a-globin
genes, leading to diminished or absent syn-
thesis of the a-globin chain of haemoglobin
(Hb);*> and B-thalassaemia is characterized
by mutations on the B-globin gene that
leads either to a decrease or absent B-globin
chain synthesis.*

Thalassaemia is prevalent in tropical and
subtropical areas such as the Mediterranean
basin, Africa, the Middle East, the Indian
subcontinent and  Southeast  Asia.>®
Previous studies demonstrated a high prev-
alence of thalassaemia in southern China,
especially in Guangxi, Guangdong and
Hainan provinces.” '' The —SEA deletion
was the most frequent in o-thalassaemia in
southern China, followed by -o*7 and -o*?;
and the frequency of the CD41-42 (-TCTT)
mutation was the highest in B-thalassaemia,
followed by IVS-11-654 (C >T), -28 (A > G)
and CD17.7!" Patients in each ethnic pop-
ulation carry their own specific types of muta-
tions, including a few very common ones and
a variable number of rare ones.” !

Several molecular methods for the diag-
nosis of thalassaemia mutations have
been described, including next-generation

sequencing,'”>  amplification  refractory
mutation system,'>'* allele-specific oligo-
nucleotide polymerase chain reaction,'>de-
naturing  high  performance  liquid
chromatography (DHPLC),'® reverse dot
blot'” and gap-polymerase chain reaction
(Gap-PCR).>>7 However, the main draw-
backs of these methods are that they are
expensive, labour intensive and have limited
resolution.'*!” Our previous study reported
a multiplex PCR/reverse dot blot assay I
(M-PCR/RDB 1)."” It is now widely
used for clinical thalassaemia diagnosis in
southern China. Nevertheless, M-PCR/
RDB I involves two multiplex PCR ampli-
fication systems for o-thalassaemia and
B-thalassaemia, so it is still technically
time-consuming.

This current study describes the
improvement of the M-PCR/RDB I assay.
The new M-PCR/RDB II assay includes
one multiplex PCR and one round of
RDB, so that the procedure time is greatly
reduced. Moreover, the Hb Westmead (Hb
WS (oV3u), HBA2: ¢.369C > G) mutation
was added into the new assay system. This
new M-PCR/RDB II assay was designed to
detect six types of common o-thalassaemia
mutations and 19 types of common
B-thalassaemia mutations simultaneously.
This current study reports the diagnostic
reliability of the new M-PCR/RDB II
assay in patients from southern China.
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Patients and methods

Study population

This study collected samples from patients
with thalassaemia that had been previously
genotyped using the reference method
(RDB, Gap-PCR and PCR-Sanger
sequencing) between January 2010 and
December 2012 from Guangdong Women
and Children Hospital, Hainan Women
and Children Hospital and General
Hospital of  Guangzhou Military
Command of PLA.>'" The patients with
thalassaemia were intentionally selected
and the healthy controls were randomly
selected from patients undergoing routine
check-ups at the Guangdong Women and
Children Hospital. In addition, patients
with rare haemoglobin genotypes con-
firmed by Guangdong Hybribio Limited
Corporation were also tested with this
new kit. These samples were used to test
the specificity and accuracy of the newly
developed assay in a double-blind manner.

The study was approved by the Ethics
Committees of all three participating hospi-
tals: Ethics Committee of Guangdong
Women and Children Hospital (no.
2012042), approved in Guangzhou, 4
April 2012; Ethics Committee of Hainan
Women and Children Hospital (no.
2011021), approved in Haikou, 9
September 2011; Ethics Committee of
General Hospital of Guangzhou Military
Command of PLA (no. 2011ECO021,
approved in Guangzhou, 8 December
2011). As the patient data were analysed
anonymously and the blood samples in
this study were used after the clinical diag-
nosis (i.e. routine blood samples), a waiver
of the need for written consent was
approved by the Ethics Committees of the
three hospitals. The study is reported in accor-
dance with the STROBE guidelines."
The patient details were de-identified so that

the identity of any patient might not be ascer-
tained in any way.

Genomic DNA sample preparation

Genomic DNA from the study participants
was extracted from peripheral blood leuko-
cytes using a DNA Prep Kit (Guangdong
Hybribio Limited Corporation, Chaozhou,
Guangdong Province, China). The DNA
concentration was determined using a
NanoDrop™ One/One C Microvolume
UV-Vis  Spectrophotometer  (Thermo
Fisher Scientific, Rockford, IL, USA) at a
wavelength of 260nm. The purity of the
DNA was checked from the value of the
260/280nm ratio. These DNA samples
were used for the subsequent PCR analysis.
Both the clinical test (the reference method
of RDB, Gap-PCR and PCR-Sanger
sequencing) and the validation test
(M-PCR/RDB 1II) were performed in the
clinical diagnosis laboratory of Guangdong
Hybribio Limited Corporation, Chaozhou,
Guangdong Province, China.

Design of primers and probes

The thalassaemia detection kit was designed
and made by Guangdong Hybribio Limited
Corporation. The detection kit included
one PCR reaction system as follows. Five
sets of primers of the M-PCR assay were
designed to amplify three a-thalassaemia
deletions (the Southeast Asian [—SFA], the
rightward deletion [—o"] and the leftward
deletion [—o*?] on chromosome 16; the
three o-globin gene mutations: Hb
Constant Spring [Hb CS (o“Sa) HBA2:
c427T >C], Hb Quong Sze [Hb QS
(00), HBA2: ¢.377T > C], Hb Westmead
[Hb WS (aV3a), HBA2: ¢.369C > G]; and
the 19 pB-globin gene mutations [-28
(A>GQG), HBB: ¢-718A>G; -29 (A>Q),
HBB: ¢~79A > G; Cap (-AAAC, A>Q),
HBB: c.—11_—8delAAAC, c¢.—50A>C;
initiation codon ATG >AGG, HBB:
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¢.2T > G; codons 14/15 (+G), HBB: c.
45 46insG; codon 17 (A>T), HBB:
¢.52A >T; codons 27/28 (+C), HBB: c.
84 85insC; codon 26 (G>A), HBB:
¢.79G > A; codon 31 (—C), HBB: c.94delC;
codons 41/42 (-TCTT), HBB: vc.
126_129delCTTT; codon 43 (G >T), HBB:
¢.130G >T; codons 71/72 (+A), HBB:
c.216 217insA; 1VS-I-1 (G>A, G>T),
HBB: ¢92+ 1G> A, ¢.92+1G>T; IVS-I-
5 (G>C), HBB: c. 92+5G > C; IVS-II-
654 (C>T), HBB: c.316-197C>T; -30
(T>C), HBB: c-80T>C; -32 (C>A),
HBB: ¢.—82C > A]. One 1800 base pair (bp)
fragment of a-2 globin gene was amplified as
a normal control (marked NP on the hybrid-
ization membrane). Oligo 6.31 (Molecular

(a) QS CDI25 CTG>CCG

Biology Insights, Colorado Springs, CO,
USA) software was used to design the pri-
mers and probes. Schematic representation
of the six types of a-thalassaemia allele loca-
tion in the a-gene cluster is shown in Figure
la. All probes were immobilized on a nylon
membrane. Their localization in the mem-
brane is shown in Figure 1b. The detailed
information of the primers and probes are
presented in Tables 1 and 2.

Multiplex PCR amplification

The assay was performed according to the
manufacturer’s  protocol  (Guangdong
Hybribio Limited Corporation). Briefly,
the o-thalassaemia and B-thalassaemia

CS CD142 TAA=CAA

{2} E. Lo el —Tor}-
: : - :
| Pome :
. .
1 SEA J
(b)
41-42N 17N 654N 71-72N -28N PEN
41-42M 17M 654M T1-72M -28M fEM
43M 14-15M -30M -32M -29M CapM
SEA a3.7 a4.2 31M IVS-1-5M IntM
NP CSN QSN WSN IVS-I-IN 27-28N
CSM QSM WSM IVS-I-1M 27-28M

Figure |. (a) Schematic representation of the six types of a-thalassaemia allele location in the a-gene
cluster. (b) The probe location in the gene chip. NP indicates a fragment for a2 gene, as the control for —F4,
—a*7 and —o*% —28N: the control for —28M,—29M,—30M, and —32M; 41 —42N: the control for 41 —42M
and 43M; |7N: the control for 17M and 14—15M; IVS-I-IN: the control for IVS-I-IM and IVS-I-5M; BEN,
654N, 71—-72N, 27—28N, CSN, QSN, and WSN are the controls for BEM, 654M, 7|1 —72M, 27—-28M, CSM,
QSM, and WSM, respectively. No control point for CapM, IntM and 3IM.
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Table |. Detailed information about the primers used in the novel polymerase chain reaction/reverse dot

blot assay Il assay.

Primer Sequence (5'—3')

Position

HBA-IF (forward)
HBA-IR (reverse)
HBA-2F (forward)
HBA-2R (reverse)
HBA-3F (forward)
HBA-3R (reverse)
HBA-4F (forward)
HBA-4R (reverse)
HBB-F (forward)

HBB-R (reverse)

5'-CCACATCCCCTCACCTACATTC-3’
5-GAAGGGCCGGTGCAAGGAGGGG-3'
5'-CCACATCCCCTCACCTACATTC-3’
5'-CTCCACTTTCCCTCCTCCATC-3'
5-TCACCCCACATCCCCTCACCTAC-3'
5-TGGACTTCGCGGTGGCTCCACTT-3
5-GAGGTGGAGCACAGGTGGCAGT-3
5-CTGCCTTGGGCAGAGAAGGAAG-3’
5'-CAGAAGAGCCAAGGACAGGTAC-3’
5'- CCACACCAGCCACCACTTTCTG-3'

Hg38 chrlé: 171916171937
Hg38 chrlé: 173657173678
Hg38 chrlé: 171916171937
Hg38 chrlé: 177653177673
Hg38 chrl6 171911171933
Hg38 chrl6 177666—177688
Hg38 chrlé 169166—169187
Hg38 chrl6 17517117519
Hg38 chrl | 5227197-5227218
Hg38 chrl| 5225627-5225648

PCRs (i.e. the reaction system) were per-
formed in a PCR appliance (GeneTouch;
BIOER, Hangzhou, China), with a reaction
volume of 50 ul containing Sul of DNA
template, 2.5 U HotStart DNA polymerase
and 44.5ul PCR MIX (100 pmol/l Primer
MIX: 1.25ul, 25mmol/l MgCly; 3,
10 x PCR buffer; Spl, 5x PCR enhancer;
7ul, 25mmol/l dNTPs; 0.8ul, H-O;
27.45 ul). The cycling programme involved
preliminary denaturation at 95°C for
15min, followed by 35 cycles of denatur-
ation at 97°C for 50s, annealing at 60°C
for 60 s, and elongation at 72°C for 120 s,
followed by a final elongation step at 72°C
for 10 min. The amplicons of the reaction
system (one tube) were subsequently dena-
tured and subjected to hybridization.

Flow-through hybridization

Hybridization reactions were performed
using a thalassaemia gene diagnostic kit and
flow-through hybridization kit (Guangdong
Hybribio Limited Corporation) as described
previously.!” The assay utilized flow-through
hybridization technology (HB2012A;
Guangdong Hybribio Limited Corporation).
After hybridization, a blue-purple precipitate
at the probe dot could be discerned. The
results  were interpreted by  direct
visualization.

Reference methods

For the reference methods, all of the thal-
assaemia alleles were characterized by
a combination of techniques including
M-PCR/RDB 1, direct DNA sequencing,
RDB and a two-round nested PCR strate-
gy. Three types of a-thalassaemia deletion
(=SFA, —o®7 and —a*?) and two types of
o-thalassaemia mutation (Hb CS and
Hb QS) were analysed by M-PCR/RDB
I (Guangdong  Hybribio Limited
Corporation).!” The a-thalassaemia muta-
tions (Hb CS, Hb QS and Hb WS) were
identified by the RDB assay (Decipher
Bioscience Shenzhen, Shenzhen, China) as
described previously.'” The mutation of
a-thalassaemia (Hb WS) was also amplified
and sequenced using an ABI3700 automat-
ed sequencer (Applied Biosystems, Foster
City, CA, USA) as described previously.'
A two-round nested PCR strategy was car-
ried out to detect the possible presence of
HK oo, a rare o- thalassaemia mutation,
which has been reported in southern
Chinese subjects.?%!

Statistical analyses

All statistical analyses were performed
using the SPSS statistical package, version
16.0 (SPSS Inc., Chicago, IL, USA) for
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Table 2. Detailed information about the probes used in the thalassaemia gene chip.

Probe Sequence (5'—3') Position

Alpha-thalassaemia

NP 5-GTAGCCGTTCCTCCTG-3 Hg38 chrlé: 173613-173628
—SEA 5'-CTAGTCGGGAGGCTGAGG-3' Hg38 chrlé: 185000-185017
—a3.7 5-TGCCTGAGTTTTTTCCCT-3' Hg38 chrlé: 177532-177549
—04.2 5-CTGTCCCGGAATGTGCC-3' Hg38 chrlé: 173737-173750
CSN 5'-AATACCGTTAAGCTGGA-3' Hg38 chrlé: 173590-173606
QSN 5'-GCCTCCCTGGACAAGTTC-3 Hg38 chrlé: 173541-173558
WSN 5'-CCTGCGGTGCACGCCTCC-3' Hg38 chrlé: 173529-173546
CSM 5'-ATACCGTCAAGCTGGA-3’ Hg38 chrlé6: 173591-173606
QSM 5'-CCTCCCCGGACAAGTT-3 Hg38 chrlé: 173542-173557
WSM 5-TGCGGTGCAGGCCTC-3' Hg38 chrl6 1735211-173545
Beta-thalassaemia

41-42N 5-GGACTCAAAGAACCTCTG-3 Hg38 chrl|: 5226757-5226774
17N 5-TTCACCTTGCCCCACAGG-3' Hg38 chrl|: 5226963-5226980
654N 5'-ATTGCTATTGCCTTAACCCA-3’ Hg38 chrl|: 5225914-5225933
—28N 5'-GCCCTGACTTTTATGCCCA-3’ Hg38 chrl|: 5227089-5227107
71-72N 5'-CCATCACTAAAGGCACCGAG-3’ Hg38 chrl|: 5226668-5226687
BeN 5'-GGGCCTCACCACCAACT-3 Hg38 chrll: 5226937 to 5226953
IVS-I-IN 5'-TTGATACCAACCTGCCCA-3 Hg38 chrl |: 5226919-5226936
27-28N 5'-CTGCCCAGGGCCTCACCA-3’ Hg38 chrl|: 5226930-5226947
41-42M 5'-CAAAGGACTCAACCTCT-3’ Hg38 chrl|: 5226762-5226773
43M 5'-AAGGACTAAAAGAACCTC-3' Hg38 chrl|: 5226764-5226772
I7M 5'-CGTTCACCTAGCCCCAC-3’ Hg38 chrl|: 5226961-5226977
14-15M 5-CTTGCCCCACCAGGGC-3 Hg38 chrll: 5226968-5226983
654M 5'-TGCTATTACCTTAACCCA-3' Hg38 chrl|: 5225916-5225933
71-72M 5'-CCATCACTTAAAGGCACCG-3 Hg38 chrl|: 5226668-52265
—28M 5'-CCTGACTTCTATGCCCA-3' Hg38 chrl|: 52270811-5227107
—29M 5-GCCCTGACTTTCATGCCC-3’ Hg38 chrl|: 5227089-5227106
—30M 5-TGACTTTTGTGCCCA-3’ Hg38 chrl|: 5227093-5227107
-32M 5-GACTTTTATTCCCAGCCC-3' Hg38 chrl|: 5227095-5227111
BeM 5'-CAGGGCCTTACCACCAAC-3 Hg38 chrl|: 5226935-5226952
IVS-I-IM 5'-GATACCAAACTGCCCA-3' Hg38 chrl|: 5226919-5226936
IVS-I-IM 5'-ATACCAATCTGCCCAG-3' Hg38 chrl|: 5226920-5226935
IVS-I-5M 5-TTGATAGCAACCTGCC-3’ Hg38 chrl|: 5226917-5226932
27-28M 5'-CTGCCCAGGGGCCTCAC-3 Hg38 chrl|: 5226930-5226945
3IM 5'-CCACCAGCACCTAAGGG-3’ Hg38 chrl|: 5226789-5226806
CapM 5-TGGTGTCTGAGGTTGCT-3’ Hg38 chrl|: 5227021-5227041
CapM 5'-AGCAAATGGAAGCAATAG-3' Hg38 chrl|: 5227063-5227080
IntM 5'-GATGCACCCTGGTGTCT-3' Hg38 chrl|: 5227012-5227028

N, normal control; M, mutation; NP, a-globin gene normal control; CSN, haemoglobin Constant Spring, QS, haemoglobin

Quong Sze; WS, haemoglobin Westmead.

Windows®. The agreement between
M-PCR/RDB II and the reference methods
was determined by kappa statistics and
McNemar’s y -test. A P-value <0.05 was
considered statistically significant.

Results

This study collected samples from 1060
unrelated study participants, including 829
patients with thalassaemia and 231 healthy
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control subjects as follows: Guangdong
Women and Children Hospital (n=400),
Hainan Women and Children Hospital
(n=260) and General Hospital of
Guangzhou Military Command of PLA
(n=400). A further 32 patients with rare
genotypes of haemoglobin were also tested
with the new kit, including 30 patients with
Hong Kong oo (HKoo)/-S** and two
patients with of HKawo/—a*?. The whole
PCR and RDB procedure in the M-PCR/
RDB II assay could be completed in 260 min.

In a verification test, a total of 1060
genomic DNA pre-characterized samples
(829 patients with thalassaemia and 231
healthy control subjects) were analysed
with the M-PCR/RDB 1II assay in
a double-blind manner. Valid hybridization

results were obtained for all samples. The
hybridization results of the M-PCR/RDB II
assay are presented in Table 3, which
included heterozygous thalassaemia, homo-
zygous thalassaemia and compound hetero-
zygous thalassaemia (Figure 2).

Agreement between the M-PCR/RDB II
assay and the reference methods
were in absolute concordance (kappa=1,
P <0.001) for detection of the three
a-globin deletions (—SEA, )
two a-globin mutations (CS, QS) and 19
types of B-thalassaemia mutations [—30(T-
C), —32(C-A), —28(A-G), —29(A-G), Cap
(-AAAC, A-C), Ini(T-G), CD14/15(+QG),
CDI17(A-T), CD27/28(+C), BE(G-A),
CD31(—C) CD41/42 (=TCTT), CD43(G-T),
CD71/72(+A), IVS-I-1(G-T, G-A), IVS-1-5

Table 3. Results of a verification test that analysed genomic DNA pre-characterized samples from 829
patients with thalassaemia using the novel polymerase chain reaction/reverse dot blot assay Il assay in a

double-blind manner.

o-Thalassaemia n p-Thalassaemia n o-Thalassaemia/f-thalassaemia n
—SEA/a0 134 BI7/BN 28 —0a3.7/00 and B71-72/pN 2
—03.7/00 64 B-32/BN 20 —0a3.7/o0 and f—28/BIVSI—1 I
—o4.2/00 37 f—30/BN 20 —a3.7/oa and BCap/BN I
aCSo/ool 24 B31/BN 20 —03.7/o0 and B41—42/pN 6
0 QSa/owo 16 [—28/BN 39 —03.7/000 and B14—15/BN I
oW Sa/oo 15 B41-42/N 62 —03.7/—04.2 and B41—42/BA 4
oW Sa/oWSal | 654/BN 41 —04.2/0WSa and B41—42/BA 2
—03.7/—04.2 4 BCap/BN 29 —04.2/—04.2 and B41—42/BA I
—03.7/—03.7 6 -29/BN 25 —0a3.7/o0 and f—28/BN 3
—04.2/—04.2 2 B71-72N 20 —o04.2/o0 and P654/f14—15 I
o QSo/aWSal | BE/BN 24 —o4.2/00 and B654/BN 2
—03.7/aWSa 3 27-28N 20 aQSa/aor and $654/PA I
—0a3.7/aQSa | B14-158N 18 oWSo/oor and B—28/BN 2
—04.2/0QSo. 2 BIVSI-1/BN 23 aWSa/aa and B43/BN I
—04.2/0WSa. 2 BIVSI-5/BN 20 —SEA/—03.7 and 327-28/BN I
—SEA/—a3.7 6 BInt/BN 20 aWSa/oo and B41—42/pN 6
—SEA/—04.2 3 B43/BN 24 —SEA/aior and BIVST—1/BN I
—SEA/aCSal | 41-42/BCap | —SEA/aior and B14—15/BN I
—SEA/aWSa | [—28/p-28 | —SEA/oor and 43/3N I
BI7/817 | —SEA/aio and $41—42/8N 4

B41-42/B71-72 | —SEA/aior and B—28/BN I

B41-42/B41-42 | —SEA/aior and B654/BN 2

BI7/BIVSI-I | —SEA/aor and B71-72/BA I

I

—SEA/aor and BCap/N
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Figure 2. Hybridization results of the novel polymerase chain reaction/reverse dot blot assay Il assay.
(a) =FMao BNBN; (b) —o oo BNIBN; (€) —or* o BN, (d) aSasao BNBN; (&) aBavao BN/BN,

(®) oWSadoar BNBN; () SFA—o>7 BB, (h) S YSa BN/BN; (i) aorfarar BH BN, () aodorar BN,
(k) oa/oror BEHPN; (1) aofarar BB (m) aofoor BB, (n) —odTaa PNIBE; (0) —FAao BTN,
(p) —"Maa /BN, (q) HKao =S4 BN/BN; (r) HKoo/—a*? BN,

(G-C), IVS-11-654(C-T)]. The Hb WS were
also successfully identified using M-PCR/
RDB II assay and the results showed
100% concordance with the direct sequence
analysis (Table 3, Figure 2).

The current study also tested 30 patients
with HKoo/~SEA and two patients with

HKoo/-0*? using the M-PCR/RDB 1I
assay. The NP (a-globin gene normal con-
trol), —o®” and —SE* dots were positive on
the chip for the HKoo/~SEA patients
(n=130) (Figure 2q); and the NP, -o’*” and
-o*? dots on the chip were positive for two
patients with HK o/-a* (Figure 2r), which
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was not in conformity with the principle of
the kit that NP on the chip should be neg-
ative when homozygote or compound het-
erozygotes of -o*7, o*? and S were
detected.

Discussion

Thalassaemia is a common genetic disease
in southern China, which has a large impact
on the public health burden in these epi-
demic areas.”®!'"*2 A screening test, com-
prising complete blood count, haemoglobin
quantification by capillary electrophoresis
and high performance liquid chromatogra-
phy, may not be able to screen out all the
thalassaemia diseases. Laboratory diagno-
sis of thalassaemia requires molecular anal-
ysis. With the advance of molecular
diagnosis, the genetic diagnosis of thalas-
saemia can be easily performed by direct
analysis of the affected globin genes. It is
becoming an important tool in the preven-
tion and control programme of thalassae-
mia in China. However, most of the
current clinically used molecular diagnostic
methods for thalassaemia are still technical-
ly time-consuming.'*!”

This current study describes the further
development of an earlier first-generation
kit for thalassaemia detection (M-PCR/
RDB I)."” The earlier kit involved two mul-
tiplex PCR amplification systems for o-
thalassaemia and p-thalassaemia and it
has been shown to be an accurate and sen-
sitive method for the identification of thal-
assaemia genotypes, with it subsequently
becoming widely used in the clinic for the
molecular diagnosis of thalassaemia.'” This
improved M-PCR/RDB II kit sees the
number of PCRs reduced from two to one.

The described M-PCR/RDB II has sev-
eral advantages over the previously devel-
oped M-PCR/RDB 1 and any other
methods currently applied clinically. The
process of sample preparation is simpler
because the new M-PCR/RDB II assay

only involves one multiplex PCR amplifica-
tion system (i.e. one tube), which makes it
more convenient. In addition, Hb WS was
added into the new M-PCR/RDB II assay
and it was successfully detected.
Traditionally, the RDB analysis and a
single-tube multiplex PCR was used to
detect non-deletion mutations of the
a-globin gene and B-globin mutations, so
this needed two PCR reactions. a-globin
gene deletions are often diagnosed by gap-
PCR,>>’ but this is time-consuming
because its conventional method requires
post-PCR work. The new M-PCR/RDB II
assay combines three PCRs (two for muta-
tions of the a-globin gene and [-globin
mutations; and one for a-globin gene dele-
tions) into one PCR in a single tube; and
the improved RDB-based technology made
the analysis process simpler.

It is acknowledged that the new M-PCR/
RDB 1II assay has some limitations. For
example, a rare o-thalassaemia mutation
—HKoaa genotype, which was observed in
previous reports in China,?**"*** showed
conflicting results when the M-PCR/RDB
IT assay was used, although a single carrier
of the HKaa allele is unlikely to suffer any
deleterious effects.”*** The HKoo allele is
an unusual rearrangement of the a-globin
gene cluster containing both the —o’
(rightward) and aaanti *2 crossover dele-
tion/duplication.”®  Clinically, HEKowo/oot
and HKoo/—o7 were often mistakenly
identified as oo/—o’’ by the M-PCR/
RDB II assay and the earlier version M-
PCR/RDB 1 assay; while HKoo/~SE* pre-
sented with —o’7 and —SF* hybridization
dots and one a-globin gene normal control
dot, but this presentation is theoretically
impossible for an a-thalassaemia genotype.
This contradictory gene chip result meant
that the current study had to refer to
other methods for a final diagnosis.
Therefore, during the clinical application
of this novel M-PCR/RDB II assay, it will
be necessary to be cautious if only the
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positive result of o2 and -0’ (or o2 and
-o*+?) are observed, because the actual geno-
type might be aa/-0>’ (or oo/-0*?),
ao/HK oo or HKoo/-0>7 (or HKoor/-o*2).
Further confirmation will be necessary
using 2-round nested PCR analysis or by
pedigree analysis.?® In Chinese carriers of
silent deletional a-thalassaemia the frequen-
cies of the HKao and anti-HKaa alleles
were 2.27% and 0.35% in -o" and -o*?
carriers, respectively.?’ Given the rarity of
the HK oo and anti-HK oo alleles, a routine
screening for these two rearrangements is
not necessary on most occasions.?

In the clinical situation where a couple
requests prenatal diagnosis for thalassae-
mia, if one of the parents was diagnosed
with aw/-0>7 and the other parent carried
a normal o-globin gene, then the fetus
would not need further gene diagnosis. If
one of the parents was diagnosed with
ao/-o>" using the new M-PCR/RDB II
assay, and the other parent carried an o’
(such as —SEA) thalassaemia gene, then the
fetus should be further screened because
they could possibly be a HKao carrier.
The levels of Hb, mean corpuscular
volume and mean corpuscular haemoglobin
of HKaa/aa carries are similar to those of
-0>7 Jor and HK oor/~SE? carriers and Hb is
usually over 100 g/l. >>?* But —SEA/-o7
presents as haemoglobin H disease, usually
with Hb <100 g/1. %*

In conclusion, the simplicity and the uni-
versality of this improved single-tube mul-
tiplex-PCR-based RDB assay could
significantly reduce the time and the com-
plexity of screening for the common geno-
types of a-thalassaemia and B-thalassaemia.
It is especially suitable for routine clinical
diagnosis of thalassaemia in Chinese
populations.
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