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Abstract　 Using polymerase chain reaction to detect common deletionalα-thalassemia-2. Spe-

cific primers selectiv ely ampli fy theα2 andα1 genes. Af ter elect ropho resis of PCR products,

then can make diagnosis fo r geno types o f the -α
3. 7
and -α

4. 2
deletions. This method is simple,

fast , reliable and non-radioactiv e. It o ffers a new method fo r la rg e screening and prena tal diag-

no sis of -α
3. 7
and -α

4. 2
deletions in the area wi th high f requency of deletionalα-thalassemia-2.

Key words　 deletional α-thalassemia-2, -α3. 7 and -α4. 2 deletions, polymerase chain reaction

( PCR)

摘要　应用聚合酶链反应技术检测缺失型α地中海贫血 -2。特异性引物选择性扩增α2和α1基因 , PCR产物经

琼脂糖凝胶电泳后即可对 -α3. 7和 -α4. 2缺失型作出基因诊断。此方法简便 ,快速和可靠。本研究为在缺失型α地中

海贫血-2高发区进行 -α3. 7和 -α4. 2缺失型的筛查和产前诊断提供了一个新的方法。
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　　 Theα-thalassemia ( thal ) i s the most common
genetic diso rder w hich is due to an absence o r dimin-

ished synthesis of α-globin chain of the

hemog lobin
[1 ] . The humanα-globin gene cluster is

lo cated on chromosome 16p 13. 3-ter and a rranged in

the order 5′-ζ2-ψζ1 -ψα1-ψα2-α2-α1-θ1-3′. α-tha-
lassemia f requently resul ts f rom deletions involving

one ( -α) o r both ( --)α-g lobin genes. It is less f re-
quency o f resul ting f rom nondelational mutations in-

vo lving one o r a few nucleo tides w ithin the struc-

tural g ene (α
T
αo rαα

T ) [2 ] .

The deletionalα-tha l-2 may involve one enti re
α-globin gene ( eitherα2 o rα1) , pa rt ofα2-g lobin
gene, or the 5′end ofα2, and 3′end ofα1. The
numbers of deletions discovered thus far to tal to

eight
[3 ] . The most commonα-tha l-2 is the -α

3. 7
dele-

tion, and fol low ed by the -α
4. 2
deletion. Heterodu-

plex and DN A sequence analy sis have show n tha t

tw oα-globin genes are embedded wi thin tw o highly

homologous, 4kb duplica tion uni ts. These regions

are divided into homologous subsegments ( X, Y

and Z) by non-homologous elements (Ⅰ , Ⅱ and

Ⅲ ) . Reciprocal recombination betw een Z segments,

w hich a re 3. 7 kb apa rt , produces chromosomes

wi th only one α-gene ( -α3. 7 , rightwa rd deletion )
tha t causesα-thalassemia. Whereas, recombina tion
betw een homolo gous X boxes, w hich are 4. 2 kb a-

pa rt , also gives rise to aα-thalassemia determinant
( -α

4. 2 ) [ 4] . Th e high f requencies of the -α
3. 7
deletion

are observ ed in Souther n China, Southeast Asia,

African and many other Medi terranean populations.

The -α
4. 2
deletion also mainly presents in Souther n

China and Southeast Asia
[ 3]
.

The molecular characterization ofα-thalassemi-
a-2 mentioned in previous repo rts w ere perfo rmed

by rest riction enzyme mapping of the Southern blot

hybridiza tion and some PCR based methods. In this

study , w e present a rapid, simple, accurate and

non-radioactiv e PCR method for molecular diagnosis

of -α
3. 7
and -α

4. 2
deletions.

1　Materials and Methods
1. 1　 Patient selection
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43 cases of HbHdisease w ere co llected f rom the

First Af filiated Hospi tal of Guangx i M edical Uni-

versi ty f rom July to October 1997. Hematological

data w ere obtained by standard methods. DN A was

ex t racted f rom peripheral blo od by phenol and chlo-

ro fo rm as described in reference [5 ]. Ten cases pre-

viously analy zed by Southern blo t hybridization

method w ere used as posi tiv e controls.

1. 2　 The primers and PCR procedure
The primers designed by E Baysal

[6 ]
were used

w ith modification in PCR condi tions. These specific

primers w ere designed to allow the selectiv e amplifi-

cation of theα2 andα1 genes ( Figure 1) . The se-
quences a re show ed on table 1.

Primers A2 proF, # 271 and # 273 w ere used to

detect the presence of the -α
3. 7
genotype. Tw o sepa-

ra ted reactions are run simultaneously for each DN A

sample. One reaction contains primers A2 pro F+ #

271 which amplifies a segment of ch romosome wi th

deletion, while primers A2 proF+ # 273 amplifies a

comparable f ragment of the no rmal gene. Fo r test-

ing -α
4. 2
geno type, primers D+ E ampli fy the f rag-

ment o f the abnormal gene w ith -α
4. 2
deletion, w hile

primers D+ F ampli fy tha t of the no rmal g ene. The

PCR reaction is run in one tube.
Table 1　 The sequences of the primers

Primer 　　　　　 Sequences

A2proF 5′-C TT TCCCT ACCCAGAGCCAGGTT-3′

# 271 5′-CCCATGCTGGCACGT TTCTGAGG-3′

# 273 5′-CCAT TGTTGGCACATTCCGGGACA-3′

D 5′-CC TCC TC TCAC TTGGCCCTGAG-3′

E 5′-CCCTGGGTGTCCAGGAGCAAGCC-3′

F 5′-GGCACAT TCCGGGACAGAGAGA-3′

　　 The PCR condi tion w e used here is modi fied

f rom o riginal Bay sals one. Each of 50μL PCR reac-
tion contains 0. 5μg genomic DN A, 12. 5 pmo les o f
the each primer, 67mmol Tris-HCl, pH 8. 8, 16. 6

mmol ( N H4 )2 SO4 , 0. 1 mg /mL BSA, 10 mmo l β -

mercaptoethanol , 4 mmol MgCl2 , 10% DMSO and

200μmol dN TPs. The PCR a re carried out in the
thermal cycler ( Perkin Elmer Cetus, No rmalk,

CT) . Af ter denatura tion at 99℃ , added Taq poly-

merase, then a to tal of 32 cycles w ere perfo rmed

under the follow ing conditions: 95℃ , 1 min; 63℃ ,

1 min; 72℃ , 2. 5 min wi th an addi tional 5 min ex-

tension at 72℃ in the final cycle. The PCR products

w ere analyzed by elect rophoresis on 1. 5% agarose

gel af ter ethidium bromide staining and v isualized on

Gel Doc 1000. ( Bio-Rad, molecula r analysis so f t-

w are) .
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Fig . 1　 The loca tion o f th e primer s

2　Results

The results a re show ed on Figure 2 and Figure

3. Figure 2 show s the resul ts of the detection of the

-α
3. 7
deletion: 1. 8 kb band w ith primers A2proF+

# 271 indica tes the presence of an ampli fica tion

product from the -α
3. 7
chromosome, w hi le a same

size f ragment w ith primers A2proF+ # 273 identi-

fies the presence o f a no rmal chromosome. Figure 3

shows the amplification o f the -α4. 2 geno type. 2. 1

kb fragment wi th primers D+ E and 581bp fragment

wi th D+ F indicate the chromosomes w ith -α
4. 2
dele-

tion and no rmal g ene respectiv ely.

Fig. 2　 PCR amplification product of -α3. 7 dele tion
Each DN A sam ple run in tw o separate tube fo r PCR react ion. N: nor-

mal , primers A2 proF+ # 273, M: m utant , primers A2 proF+ # 271.

Lan es 2, 3: no rmal (αα/αα) , lanes 4, 5: h eterozygote (-α3. 7 /αα) , l an es

6, 7: HbH diseas e ( --/-α3. 7 ) , l an es 8, 9: homozygote ( -α3. 7 /-α3. 7 ) .

Ma: mark er, DNA mass.

　　 All the HbH cases here have anα-thal-1 allele

of Southeast Asia type ( data no t show n) , and anα-

tha l-2 allele of di fferent types. Among them , 10

cases are w ith -α
3. 7
deletion and 7 cases wi th -α

4. 2

deletion. The remains had Hb Constant Spring ( da-

ta not show n) . These geno types a re confi rmed by

rest riction enzyme mapping o f Southern blot hy-

bridization later.
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Fig. 3　 PCR amplification product o f -α4. 2 deletion

Th ree primers D+ E+ F are added tog ether in a reaction. 2. 1 kb band

indicates -α4. 2 deletion, whi le 581 bp indicates no rmal f ragment. Lanel:

HbH diseas e ( --/ -α4. 2) , lane2: h eterozygote (αα/-α4. 2) , lane3: no rmal

cont rol (αα/αα) . Ma: marker, DN A mass.

3　 Discussion

α-thalassemia is mainly due to a par t deletion o f

theα-g lobin gene cluster w hich ha s high GC con-

tent, andα1 and α2 gene a re highly homologous,

they di ffer only in IV S-2 and thei r 3′non-coding re-

gion. It is qui te dif ficul t to use PCR-based method

to detect deletional α-thal-2 geno type. Previous

methods have entirely relied on DN A analy sis by re-

st riction enzyme mapping of Southern blo t hy-

bridiza tion
[ 7 ]
. It i s ra ther labo rious and needs ex-

pensiv e rest riction endonuclease and radioactiv e iso-

tope.

In China, although the gene diagno sis ofα-thal

began in 1980′s, the only way fo r detecting dele-

tionalα-thal-2 is still the same as above up to da te.

Recently , Dode
[8 ]
has initially described a PCR-

based method fo r the diagnosis of the -α3. 7 genotype

only. Ta-Chih Liu
[ 9]
used PCR fo llow ed by reg-

ist riction enzyme dig estion to detect -α
4. 2
, -α

3. 7
, -

α
2. 7
and -α

3. 5
deletions. Lemuel

[ 10]
described a quanti-

tativ e PCR technique, but i t required f ragment anal-

y sis by ACF DN A sequencer.

In this study , specific oligonucleo tide selectiv e

amplification has been established for the detection

o fα-thal-2 deletions according to the method de-

scribed by Bay sal wi th modi fica tion. The sequences

o f primers used in this study are the same as tha t o f

the original method. Certain modi fica tion has been

made to obtain optimal yield of PCR in primer con-

centration, initial denaturation temperature, an-

nealing temperature and amplification cycles.

We used the concentra tion o f each primer at

12. 5 pmol /reaction and gained qui te clear PCR

product yield. Fo r GC richα-g lobin gene reg ion re-

quiring high denatura tion temperature, incomplete

denaturation allow s the DN A strands to renature

and reduce DN A template fo r polymerase reaction.

When the ini tial denatura tion temperature wa s

changed to 99℃ , ampli fica tion ef ficiency increa sed.

The temperature and the leng th for primer an-

nealing depend on the base composi tion, leng th,

and the concentration o f amplification primers. Low

temperature giv es nonspecific product while high

temperature enhances discrimination of inco rrect ly

anneal primers. Comparing wi thin dif ferent anneal-

ing tempera tures o f 55℃ , 58℃ , 63℃ and 65℃ , w e

found that a t 63℃ , sati sfactory PCR product wa s

obtained.

The number of PCR cycles depends mainly on

the starting concentration of targ et DN A. M ore cy-

cles can increase the amount and complexity o f non-

specific products and less cycles result in low prod-

uct yield. We found that 25 cycles used by Bay sal

produced a low PCR product yield. When the cycles

w ere increased to 32, the result w as qui te optimal.

The role of DM SO here is to increase the de-

g ree o f st rand sepa ra tion of ta rg et DN A templa te by

decreasing the stabili ty of H-bands. It increased the

efficiency of α-thal-2 ampli fica tion
[11 ] . Al though

concentration of DM SO exceeding 10% is known to

inhibi t Taq polymera se activi ty by 50% , in this

study the concentration of DM SO varying a t 5% ,

7. 5% and 10% , w e found tha t at 10% DMSO the

ampli fication was the best.

This modi fied method fo r detecting deletional

α-thal-2 can easily and efficient ly identify -α3. 7 and -

α
4. 2
genotype. How ever, this method can not distin-

guish combined hetero zygous α-thal-1 /α-thal-2

( HbH, -- /-α) f rom homozygousα-tha l-2 ( -α/-α) ,

and no rmal haplo type (αα) f rom Hb Constant

Spring (α
cs
α) . But combining wi th PCR amplifica-

tion o fα-thal-1
[12 ]
and Hb Constant Spring

[13 ]
made

it possible to reso lv e these problems.

In Guangxi prov ince, the incidence ofα-thal is

14. 95% [14 ] . When delational α-thal-2 coinheri t s

wi th deletionalα-thal-1, the most common South-
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east Asia Type, i t becomes HbH ( --/-α) disease

w ith modera tely hemoly tic anemia. So it i s qui te im-

portant to do popula tion screening and prenatal di-

agnosis. Our study develops a quite simple, low

cost , rapid and reliable method. It i s useful for

la rg e scale detection and prenatal diagnosis o f the -

α
3. 7
and -α

4. 2
deletions in the area where deletionalα-

thal-2 wi th high incidence.
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争漆酶Ⅱ型铜 (Ⅱ ) 部位产生的结果。

由于漆酶分子的底物种类较广 ,专一性较差 ,可

以认为漆酶分子中无专用 “口袋” 来包络底物 , 因此

底物的氧化反应发生在漆酶分子的外围
[ 8]
。这表明Ⅱ

型铜 (Ⅱ )部位可能位于漆酶分子的浅表层处 , 底物

分子或阴离子通过酶分子表面的一道较浅可能也较

窄的 “裂缝” 进入酶分子与Ⅱ型铜 (Ⅱ ) 结合 , 因而

结合有可能是瞬时完成的。同时 , 从 Cl
-
、 NO

-
3 和

SO
2-
4 离子对漆酶催化活性的抑制率依其离子半径的

增大而下降的事实看 ,阴离子对漆酶催化活性的抑制

程度除了与它们和漆酶Ⅱ型铜 (Ⅱ )的亲和力有关外 ,

可能还与它们的离子半径和离子形状有关。
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