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Abstract
cific primers selectively amplify the a2 and a1 genes. After electrophoresis of PCR products,

Using polymerase chain reaction to detect common deletional « thalassemia—2. Spe—

then can make diagnosis for genotypes of the «"" and «"” deletions. This method is simple,
fast, reliable and non-radioactive. It offers a new method forlarge screening and prenatal diag—

nosis of & and «"” deletions in the area with high frequency of deletional a thalassemia—2
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The a thalassemia (thal) is the most common
genetic disorder which is due to an absence or dimin-
ished chain of the

hemog]obinm.

synthesis  of a—globin
The human a—globin gene cluster is
located on chromosome 16p 13. 3—ter and arranged in
the order 55296 o 19624241813, a-tha-
lassemia frequently results from deletions involving
one (<) or both (4 a—globin genes. 1t is less fre—
quency of resulting from nondelational mutations in—
volving one or a few nucleotides within the struc—
tural gene (OlTOL Oraa'r)m‘

The deletional @ -thal-2 may involve one entire
a—globin gene (eithera2 oral), part of a2—globin
gene, or the S end of @2, and 3 end of al. The
numbers of deletions discovered thus far total to
eightm. The most commona-thal-2is the «" " dele-
tion, and followed by the «"? deletion. Heterodu—
plex and DN A sequence analysis have shown that
two a—globin genes are embedded within two highly
homologous, 4kb duplication units. These regions
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are divided into homologous subsegments (X, Y
and Z) by non-homologous elements (I , II and
IIT). Reciprocal recombination betw een Z segments.
which are 3.7 kb apart, produces chromosomes
with only one a—gene ("', rightward deletion)
that causes a 4halassemia. W hereas, recombination
between homologous X boxes, which are 4. 2 kb a-
part, also gives rise to a @ —thalassemia determinant
(«**)"™. The high frequencies of the " deletion
are observed in Southern China, Southeast Asia,
African and many other Mediterranean populations.
The «*? deletion also mainly presents in Southern
China and Southeast Asia'’.

The molecular characterization of @ thalassemi-
a-2 mentioned in previous reports were performed
by restriction enzyme mapping of the Southern blot
hybridization and some PCR based methods. In this
study, we present a rapid, simple, accurate and
non-radioactive PCR method for molecular diagnosis

of @7 and «*? deletions.
1 Materials and Methods

1.1 Patient selection
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43 cases of Hb Hdisease were collected from the
First Affiliated Hospital of Guangxi Medical Uni-
versity from July to October 1997. Hematological
data were obtained by standard methods. DN A was
extracted from peripheral blood by phenol and chlo-
roform as described in reference [5]. Ten cases pre—
viously analyzed by Southern blot hybrdization
method were used as positive controls.

1.2 The primers and PCR procedure

The primers designed by E Baysal® were used
with modification in PCR conditions. These specific
primers were designed to allow the selective amplifi—
cation of thea 2 and al genes (Figure 1). The se-
quences are showed on table 1.

Primers AcproF, # 271 and# 273 were used to
detect the presence of the o’ genotype. Two sepa—
rated reactions are run simultaneously for each DN A
sample. One reaction contains primers A2 pro F+ #
271 which amplifies a segment of chromosome with
deletion, while primers A2proF+ # 273 amplifies a
comparable fragment of the normal gene. For test-
ing <’ genotype, primers D+ E amplify the frag-
ment of the abnormal gene with «"” deletion, while
primers D+ F amplify that of the normal gene. The

PCR reaction is run in one tube.

Table 1 The sequences of the primers

Primer Seque nces

#271 5' CCCATGCTGGCACGT TTCTGAGG=3

#273 5 CCATTGTTGGCACATTCCGGGACA-S
D 5'-CCTCCTCTCACTTGGCCCTGAG-3
E 5 -CCCTGGGTGTCCAGGAGCAAGCCS

F 5'-GGCACATTCCGGGACAGAGAGA-3

The PCR condition we used here is modified
from original Baysal s one. Each of 50 L, PCR reac—
tion contains 0. 5* g genomic DN A, 12. 5 pmoles of
the each primer, 67mmol Tris-HCI, pH 8. 8, 16. 6
mmol (NH:i)2S0:, 0.1 mg/mL BSA, 10 mmolf -
mercaptoethanol, 4 mmol MgCl2, 1% DMSO and
200#* mol dNTPs. The PCR are carried out in the
thermal cycler ( Perkin Elmer Cetus, Normalk,
CT). After denaturation at 99C , added Taq poly—
merase, then a total of 32 cycles were performed
under the following conditions 95C , 1 min; 63C ,
1 min; 72C, 2 5 min with an additional 5 min ex—
tension at 72C in the final cycle. The PCR products

were analyzed by electrophoresis on 1. o agarose
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gel after ethidium bromide staining and visualized on

Gel Doc 1000. ( Bio-Rad, molecular analysis soft-—

W are) .
A2ProF 3. 7kb # 271
|__) # 273 | a3 7 deletion
- %‘1 (J az a
F o* 2 deletion

4 2kb

D E
Fig. 1

2 Results

The location of the primers

The results are showed on Figure 2 and Figure
3. Figure 2 shows the results of the detection of the
1. 8 kb band with primers AzproF+

# 271 indicates the presence of an amplification

«” deletion
product from the «*" chromosome, while a same
size fragment with primers AcproF+ # 273 identi-
fies the presence of a normal chromosome. Figure 3
shows the amplification of the «** genotype. 2 1
kb fragment with primers D+ E and 581bp fragment
with Df Findicate the chromosomes with «" dele—

tion and normal gene respectively.

Ly B T
f"""“m! -t —
lﬂ'“"";""'l'l" Wm_ e T LR BT P -
T
FEE FAFT IFFFE AP .
MR LI FRAD L LT F Y
A T
3 AR ]
N LA R
ALY =R E LR =TT
THFRFTRT [T
R Y —
EFEIEETE TR e T
i T
»
Roaaails

i
a
i

i
t
;
!
T
i

Fig. 2 PCR amplification product of «37 deletion
Each DN A sample runin two separate tube for PCR reaction. N nor—
mal, primers Ayprof+ # 273, M: mutant, primers Ayprof+ # 271
Lanes 2, 3 nomal (aa ), lanes 4 3 heterozygote (—413'7 fa), lanes
6, 7 HbH disease (—/«37), lanes 8, 9 homozygote (@37 /a37).
Ma marker, DNA mass.

All the Hb H cases here have an a-—thal-1 allele
of Southeast Asia type (data not shown), and ana—
thal2 allele of different types. Among them, 10

. 3.7 . . 42
cases are with " deletion and 7 cases with «
deletion. The remains had Hb Constant Spring (da-
ta not shown). These genotypes are confirmed by
restriction enzyme mapping of Southern blot hy-

bridization later.
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Fig. 3 PCR amplification product of «*?* deletion
Three primers D+ E+ Fare added together in a reaction. 2. 1 kb band
indicates @*2 deletion, while 581 bp indicates normal fragment. Lanet
HbH disease (—/-«*?2), lane2 heterozygote (aa /«*2), lane3 normal

control (aa ha). Ma marker, DN A mass.

3 Discussion

a —thalassemia is mainly due to a part deletion of
the a globin gene cluster which has high GC con-
tent, and @l and a2 gene are highly homologous,
they differ only in IV S-2 and their 3/n0n—(:0ding re—
gion. It is quite difficult to use PCR-based method
to detect deletional a—thal2 genotype. Previous
methods have entirely relied on DN A analysis by re-
striction enzyme mapping of Southern blot hy-
bridization'”". Tt is rather laborious and needs ex—
pensive restriction endonuclease and radioactive iso—
tope.

In China, although the gene diagnosis of a thal
began in 1980's, the only way for detecting dele-
tionala thal-2 is still the same as above up to date.
Dode”®' has initially described a PCR-
based method for the diagnosis of the «*7 genotype
only. Ta—Chih Liu” used PCR followed by reg-

. . . . . 42 3.7
istriction enzyme digestion to detect « =, « ', —

Recently,

a®” and " deletions. Lemuel'” described a quanti—
tative PCR technique, butit required fragment anal-
ysis by ACF DN A sequencer.

In this study, specific oligonucleotide selective
amplification has been established for the detection
of @ thal=2 deletions according to the method de—
scribed by Baysal with modification. The sequences
of primers used in this study are the same as that of
the original method. Certain modification has been
made to obtain optimal yield of PCR in primer con—

centration, initial denaturation temperature, an—
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nealing temperature and amplification cycles.

We used the concentration of each primer at
125 pmol /reaction and gained quite clear PCR
product yield. For GC richa globin gene region re—
quiring high denaturation temperature, incomplete
denaturation allows the DN A strands to renature
and reduce DN A template for polymerase reaction.
When the
changed to 99C | amplification efficiency increased.

initial denaturation temperature was

The temperature and the length for primer an—
nealing depend on the base composition, length,
and the concentration of amplification primers. Low
temperature gives nonspecific product while high
temperature enhances discrimination of incorrectly
anneal primers. Comparing within different anneal-
ing temperatures of 55C , 58C . 63C and 65C , we
found that at 63C | satisfactory PCR product was
obtained.

The number of PCR cycles depends mainly on
the starting concentration of target DN A. More cy—
cles canincrease the amount and complexity of non-
specific products and less cycles result in low prod-
uct yield. We found that 25 cycles used by Baysal
produced a low PCR product yield- When the cycles
were increased to 32, the result was quite optimal.

The role of DM SO here is to increase the de—
gree of strand separation of target DN A template by
decreasing the stability of H-bands. It increased the
efficiency of a-thal-2 amp]ifi(:aﬁon[“]- Although
concentration of DM SO exceeding 10/ is known to
inhibit Taq polymerase activity by 5@ , in this
study the concentration of DM SO varying at 3% ,
7.% and 1060 , we found that at 1000 DM SO the
amplification was the best.

This modified method for detecting deletional
a-thal-2 can easily and efficiently identify «*7 and —
at? genotype. However, this method can not distin—
guish combined heterozygous o—thal-lk—thal-2
( HbH, —/e ) from homozygous athal2 (& /=),
and normal haplotype (oa ) from Hb Constant
Spring (a®a). But combining with PCR amplifica—

41" and Hb Constant Spring[m made

tion of a —thal
it possible to resolve these problems.
In Guangxi province, the incidence of @ —thal is

14. 9% """, When delational a-thal2 coinherits

with deletional a-thal-1, the most common South-
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