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ABSTRACT

B thalassaemia is a heterogeneous group of disorder resulted from more than 200
mutations to date with most of the defects involve a few base pair changes. Denaturing
high performance liquid chromatography (DHPLC) is a relatively new technique for
mutation screening, which have been reported to have a high sensitivity rate but its
application for 3 thalassaemia mutation screening is still very limited. D/I{J?\\IFCI/-Lvas used
in this studyv to screen Mmm’in-% partieipants: 19 known B

v
thalassaemias (16 patients and 3 carriers) and 6 normal contrdls. “Five sets of primers

were designed to cover the B gene with consequentiai@g}nplicons have been analysed.

DHPLC was only able to detect 6 ot 28 mut(a{i n> ;taining amplicons resulting in its
~—

sensitivity of 21.4%. Twelve of the LQI}GI@saémia patients were homozygous for the
common f3 thalassaemial mut/agiegs %\a\using these to be undetected. Only one compound
heterozygous patient )\'Bﬁ{@@?&l\lny detected. The mutations in the 3 carriers also
tailed to be det?ctf{ mpst likely-due to their locations at the end of the D A sequence

and possivb@d:e to the stabilized the heteroduplex molecules. The pre-DHPLC
AV

preparation” steps were labour intensive, analysis was lengthy, optimization and
Jstandardization were difficult. The cost, on the other hand could potentially be
advantageous in the long run. In conclusion, this study showed that DHPLC was labour
intensive, was technically difficult in terms of optimization and standardization and was
also insensitive for mutation screening in 3 thalassaemia but had an advantage of being

relatively cheap for long term use.
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ABSTRAK

B thalasemia adalah satu kumpulan penyakit disebabkan mutasi pada gen [ thalassaemia
dan lebih daripada 200 jenis mutasi telah ditemur setakat ini, dimana kebanyakan mutasi
tersebut adalah disebabkan perubahan pada nucleotid. ‘Denaturing high performance
liquid chromatography’ (DHPLC) adalah satu kaedah yang masth baru untuk saringan
mutast yang telah dilaporakan mempunyai paras sensitivitt yang tinggi. Namun
kegunaannya dalam saringan mutasi 3 thalasemia masih lagi terhad. Kami telah
menjalankan kajian ke atas 25 orang dimana 16 pesakit dan 3 pembawa 3 thalasemia yang
dikenalpasti serta 6 individu normal untuk saringan mutasi pada gl}bm/gen

menggunakan kaedah DHPLC. Li rl k gen f thalasemia telﬁh(di‘gAunakan,

menjadikan jumlah keseluruhan ‘amplicon’ yang diuji adalah /seban/yag 5. Kajian ini
mendapati bahawa DHP\LC hanya dapat mengenalpasti 6<da/ripada/28 ‘amplicon’ yang
mempunyai mutasi. menjadikan sensitiviti teknik in /&}ya 21.4%. Dua belas orang
pesakit [ thalasemia tersebut mempunyai @L\‘T\o ozygous', menyebabkan ia tidak
dapat dikenalpasti dengan DHPLC.A\’H»;.quaiseorang pesakit yang mempunyal mutasi
‘compound heterozygous’ da(paQ 'E’ﬂélpasti dengan DHPLC. Mutasi gen 3 thalasemia
pada tiga orang pemywazjggagﬁak dapat dikenalpastt oleh DHPLC mungkin disebabkan

lokasi mutaﬁ ,t’é;r:sebut berada terlalu dipenghujung jujukan (sequence) D A, atau

mungkin/keréﬁa/kehad ran struktur molekul ‘heteroduplex’ yang stabil. Dengan
o7 v

B mg/nggunakan DHPLC, kami juga mendapati penyediaan sampel mengambil masa yang
_panjang, analisa memakan masa yang lama serta optimisasi and standardisasi adalah
sukar dilakukan. Walau bagaimanapun, kos jangka panjang penggunaan DHPLC
mungkin akan lebih murah. Kesimpulannya, kami mendapati penyaringan mutasi gen [3
thalasemia menggunakan DHPLC adalah kaedah yang memerlukan tenaga kerja yang
banyak pada peringkat penyediaan serta kaedah optimisast dan standardisasinya sukar dan

juga tidak sensitif, namun agak murah dari segi kos dalam jangkamasa panjang.
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CHAPTER ONE

INTRODUCTION

f_/’_\/\,\ //\( o
1.1 Haemoglobin — o -

‘\ ¢ v

\)
Haemoglobin (Hb) molecule is a tetramer Of/t\ () ﬂjp\ha-like and two beta-like globin
—
chains. Each of the globin is covalenjlﬁl(lgedjto an oxygen-binding haem group. In a
healthy adult. about 95% of ﬁ‘e@e@;lob\in 1s haemoglobin A (Hb A) with less than 4%%6
haemoglobin A, (Hb A}) ﬁgi((‘l@%\than 2% haemoglobin F (Hb ['). Hb F is the main
haemoglobin d%ring/fetal life while three embryonic haemoglobins. Hb Gower 1. Hb

Gower Z/arﬁ;lib'j’ortland are synthesized before the 8™ week of intrauterine life. The
A Y

and ¢ chaifis are the embryonic counterparts of the adult a and B and y and & chains

\ /}spectively. During tetal development. orderly switch from C to a-chain and from - to
y-chain production occurs, followed by [3- and 8-chain production after birth. These are
all physiological haemoglobin that changes throughout a human life to adapt to diftering
physiological needs. In addition, there are minor haemoglobin components that are the
result of post synthetic modifications that may take place in vivo, or in vitro during
storage in the laboratory, and the most commonly encountered are HbA .. the product of
Hb A reacting with glucose, Hb As3. which possibly occur in virro as a result glutathione
binding to Hb, and the acetylated form of fetal haemoglobin, Hb F1 (Weatherall D.,
2001).



All normal human haemoglobins are tetramers of two pairs of unlike globin chains
(Figure 1.1). Adult and fetal haemoglobins have o chains associated with B (Hb A,
oP2), & (Hb Aj. a287) or vy chains (Hb F, a;y2), whereas in the embryo £ chains combine
with y (Hb Portland, £2y2) or € chains (Hb Gower 1, £2€2) and a and € chains combine to
form Hb Gower 2 (a2€2) (1). The alpha globin chain is produced by of two sets of a-

genes (termed al and a2) located within the a-gene cluster situated on the short arm of

chromosome 16.

-

imilarly. the B-globin chain is formed by f-globin genes that are present within

the B-globin gene C]UWMWZ). The y-genés\é(re present in

pairs. called %y and *y g hich ditfer by a single amino acid. ().~
\ -
\
®
e
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(Reference : www.thalassaemia.org.cvimagesHem.jpg)
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Figure 1.1 Three dW@MM] structure com'pi\sLde’t two
a and two [ globin chains as well as four haem rings at the feﬁ\e\oj/éach globin
\

molecule. v
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mﬁ@)@\wm . @ B

44 2k

0y Q8

toGwer!  HbPodzd G2 HF O WA H,

— e —
EMT At

(Reference : www.thalassaemia.org.cyimagesHem.jpg)

Figure 1.2 [-globin gene cluster on chromosome 11 (left figure) is made up of €.

two v, 0 and B genes that are developmentally regulated. Also shown is a gene

clusters (right).



Regulation of B-globin gene cluster expression occurs at various levels, with
transcription being the most important level of regulation. Transcription of globin gene
cluster is initiated by alterations in chromatin structure that render this part of the gene
susceptible to exogenous nucleases. It is controlled by interaction between the genes and
transcription factors that bind to both promoters and B-locus-controlling region (B-LCR)
(Bain). The promoters of all the globin genes share remarkable homology but they also
show unique sequences that may be responsible for conveying the developmental stage
specificity of each promoter. The three regulatory elements within the promoter are
identified as TATA. CAAT and CACCC boxes (Cao. 2002). For B-globin. the sequences
within the boxes are CATAAAA. CCAAT and CACCC respectively. These lie i m close
proximity with the B-globin gene an

B-LCR includes tour e

for full B-globin gene e\pfegsuy The
hroid-specitic D.-ase sites. named'HSl HS2. H’S.a and HS4.

-

The HS are a hallmark of D A- -protein interactions and of mterestmg modmcatlons of

the chromatin structure that tacilitate the access of reg r and lower the threshold for
activation of the linked genes (Cao. 2002). Their lg\él\i:b\s vary during different stages of
development. In tetal life] these sites /Elre\ai( aﬁi with the promoter regions ot all four
globin genes. In adult emh}l(} T'l<\{hL sites-associated with the y-genes are absent

(Williams). Trans-acting t: c't\gs’ encoded by genes on chromosomes other that 11 and

16. are also 1mpartant folr globin gene expressions. An example of these is erythroid-
Kruppel -like fé‘ctdr (EKLF) which enhances (-globin gene synthesis. In addition to
&scnptlon {factors that are specific to ervthroid cells, general transcription factors also
Jplay a role in influencing globin gene expression (Bain). The methylation state of the
genes also plays an important role in the ability to be expressed. In human and other
animal tissues. the globin genes are extensively methylated in nonerythroid organs and
are relatively undermethylated in haematopoietic tissues. Changes in chromatin
configuration around the globin genes at different stages of development are retlected by

alterations in their methylation state (Williams ).

After transcription. the primary transcript undergoes a great deal of processing such as

capping the 5" end and polyadenylation of the 3° end. both of which are for stabilization



-

W

of the transcript. Then, the intervening sequences are spliced from the primary transcript
in a complex two-stage process that relies on certain critical sequences at the intron-exon
junctions. From the nucleus, the mRNA moves into the cytoplasm where translation
takes place in the polyribosomes. The control of globin chain synthesis is probably

mainly at the level of transcription, with translational control being less important.

The content of haemoglobin tetramer changes to adapt to the physiological needs at
different stages of human development. The haemoglobin switching is a process in which
there is suppression of the y-globin gene with complementary rise in the expression of the
previously silent f-globin gene. Promoter sequence seems to be the regulator of this
event as the y- and B-globin genes are developmentally regulated in transgenic Picef even

in the absence of LCR. Severa iption—tactors that bind to the pwmcgte‘r:elemems

have been implicated, one example of which is EKLF that activates gle/ [-globin gene
(Cao, 2002). This could explain the time of presentation of various types of thalassaemia

corresponding to the type of globin chain affected an?}@everity of the mutation.
C—\\/
p (‘// 7
o

1.2 Thalassaemia /G u
X

~
/

G
‘Thalassaenmia’ 5riginated from a Greek word means ‘the sea’. It was first recognized by

- o
/\Dr T."Cooley in 1925 in children of Mediterranean origin. It is now known that

) thalassaemia affects many other different countries in the world, extending from the

Mediterranean across the Middle East right down to Indian subcontinent, South East Asia
and the Pacific islands. In fact. it is the most common monogenetic disease in human,
affecting 4.5% of the world population. This is an example of positive selection pressure
of the mutations that result in thalassaemia as a survival advantage against the fatal

malaria infection (Figure 1.3).
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Thalassaemia is essentially a group of inherited disorders that result in variable
reduction in the production of globin chain. The globin chain produced, however is
structurally equivalent to the normal globin chain. Nuclear DNA is subject to
spontaneous mutation, ranging from point mutation to more extensive deletions. The
different mutations can lead to production of structurally abnormal haemoglobin (variant
haemoglobin), reduction of globin chain synthesis (thalassaemia) or the combination of
both (thalassaemic haemoglobinopathy). A significantly reduced rate of synthesis of one
type of globin chain leads to unbalanced chain synthesis, with an excess of a normal
globin chain contributing to the pathological effects, causing either damage to the red cell
precursors and ineffective erythropoiesis or damage to mature erythrocytes and
haemolytic anaemia. The nomenclature of thalassaemias derived from which globin Chain
is affected. for example - or f3- emia-when_the a- or -globin cba'fn&y?ﬁhesis is

reduced respectively. Thalassaemia can either be classified according 1o phenotype or
\ C -

genotype. The major types of thalassaemia. classified according to genotype, are shown

in table 1.1 (Bain B.. 2003). ‘i‘x
c \(X




Table 1.1 : The major type of thalassaemia, classified according to genotype

Type of thalassaemia

Chain or chains synthesized

at a reduced rate

Haemoglobin(s)

synthesized at a reduced

rate
Alpha: o’ orat o A, Ayand F
Beta: °or p° B A
Gamma: y Y F
Delta: 8° or 8" 5 Az R
Delta beta: 33° or 3" 5 and f Aand A, ( c\ V¥
AGamma delta beta: ByéW‘~_A and A; O 7
Epsilon gamma delta btﬁ[d‘. A. Z‘Az;i;l\d\F/\
gGyAySBO gl Sy My, 8 and B @ |
Haemoglobin Lepore dand f o ix/ A and A>
<7
D (Bain. 2006)




1.3 Beta thalassaemia

B-thalassaemia in itself is a heterogenous group of disorders affecting the B-globin gene
with a highly variable clinical severity. It is divided into two broad categories: B°-
thalassaemia and B’-thalassaemia. P°-thalassaemia is most commonly a result of gene
mutations, or less commonly deletions that lead to a total lack of B-globin chain synthesis.
In homozygous or compound heterozygous states for the severe mutations, the individual
does not have any haemoglobin A production. In B’-thalassaemia. there is reduced but
not absent expression of the abnormal B-gene so that even in homozygotes, there is still

-

some production of haemoglobin A. QW

a0
-~ -

The general structure _of P-globin gene is_tvpical of thie other globin loci

(Efstratiadis et al. 1980).“ The genomic sequence. which co@es/for 146 amino acids. spans
1600 bp: the transcribed| region is contained in three ,'\ s separated by two introns or
intervening sequences (1VSs). Exon 2 enco /s@e_\(esndues involved in haem binding and
o dimer formation. while exons. | a.n\c\i%\doﬁffor the non-haem-binding regions of the f3
globin chain. Many of the Ml@,&‘ds involved in globin subunit interactions required
for the Bohr effect.yd Z:B-Eli-p osphoglycerate binding. are found in exon 3. Conserved
sequences i@poﬁa;nt for b globin gene expression are found in the 3° promoter region, at
the e/xon{nLrgﬁ jinction 5. and i the 37 untranslated region (3’-UTR) at the end of the
P ’m/RNA sequences (Figure, 1:4).

-/

-

The underlying pathophysiology.of B thalassaemia relates to a quantifiable
deficiency of functional B globin chains, which leads to an imbalanced globin chain
production and an excess of a globin chains (Weatherall & Clegg, 20C1). The latter
aggregate in red cell precursors leading to premature destruction of red cells in bone
marrow or in the spleen. Thus, anaemia in J thalassaemia is due to a combination of
ineffective ervthropoiesis. peripheral haemolysis and an overall reduction in haemoglobin

synthesis. Factors which are able to reduce the degree of chain imbalance and the



magnitude of a chain excess in the red cell precursors have an ameliorating effect on the

B thalassaemia phenotype (Thein S L, 2004).

There are over 200 different mutations reported (Olivieri, 1999), mainly of the
non-deletional types that result in B-thalassaemia syndrome (Figure 1.5). These different
mutations seem to vary with geographical locations and ethnic distributions with only five
to six mutations causing 90 percent of the total {3 thalassaemia cases in each ethnic. The
vast majority of P thalassaemia are caused by point mutations within the gene or its
immediate flanking sequences. Rarely, it is caused by gene deletions and mutations that
affect the trans-acting regulatory factors (Thein S L. 2004). The point mutations are the
result of single base substitutions, minor insertions or deletions of a few bases /Hfhl;l/the
gene or its immediate fla n in . ) and may attect gm/fe\ el of

-

genetic regulation. Mutations in the conserved DNA sequence§ tﬁat form the B globin

promoter or the stretch ot 50 nucleotides in the 5° UTR can dlrectly affect transcription
but they generally result/in a mild to minimal det&@\ﬁ globin output that reflects the
relatively mild phenotypé of these B~ thalas?@er@\

Other mutations t hat(&ﬁ{‘c}gRNA processing can involve either of the invariant

[0S

dinucleotides (GT at 5*“and A6 at'3').in the splice junction in which case normal splicing

is completely. dbolished |resulting in p° thalassaemia phenotype. Mutations within the
" N . . . . ..
consensus-sequences at he splice junctions reduce the efficiencv ot normal splicing to

B ’x\'érying degrees and produce a B phenotype that ranges from mild to severe. Mutations

/ - within introns or exons might also affect the splicing pattern of the pre-mRNAs. The
most common example of this is HbE mutation. Other RNA processing mutants affect

the polyadenylation signal (AATAAA) and the 3°-UTR. These are generally mild B

thalassaemia alleles.
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== Point Mutations causing g Thalassaemia

cACCC
CACCC
104 105 146
ATG GT AG GT AG TAA P
ATARA
Promater
S&FUTR . B
RNA
Processing (M [l [ 1T 1M | B*°
ATG ] g°
codone Ll I ] B°
fomesns. T TTIIT - e
Frameshiftsf 10 » B T ][ (Dominant”
Nonsense e i <"1 perinant
codons  * y —— - = o '
Delins cod [ (d R \T!\H\'\\\\\\\\\\\\\ T T T T e /\_‘L‘H‘; 3 3 1, Dominant
]
Missense \ O EESOOOOO,SEEGsS . B ] pominant

\
Figure 1.5 Figure of the globin gene Ymh(\&ms and 2 introns and the different classes

of point mqtgtzrongéausmg B thalassaemia.
™«

Nete : The vast majorl f-B{halassaemla alleles are caused by point mutations. These

resuit in a complet &g} (B°) or reduced production () of B globin. Mutations which

affect the promo ej n the 5° and 37 UTRs and polyA site lead to minimal deficit of

chain s rhe51s nd are usually associated with very mild p thalassaemia. A large group

of muéntmns causes aberrant splicing of mRNA. Those which involve the invariant

_ dmucleotlde in the splice junction inactivate normal splicing and cause ° thalassaemia.

< Those which affect consensus splice site, introns or exons reduce normal splicing and
AN cause B thalassaémia. About half of the mutations cause B° thalassaemia from premature
), termination of translation due to F/S or nonsense codons. Other mutations which aftfect
translation include those affecting ATG codons. A spectrum of underlying molecular

lesions is found including missense mutations, minor insertions/deletions, leading to

insertion or loss of intact codons, aberrant splicing and premature termination caused by

F/S or nonsense mutations. The molecular mechanisms underlying the unusual severity of

these mutations appear to be the predicted synthesis of highly unstable 32 chain variants,

so unstable that in many cases they are not detectable. and only implicated from the DNA

sequence. Compared to recessive [? thalassaemia. the premature termination codons

caused by single base substitutions and frameshift mutations are concentrated in exon 3 or

3" half of exon 2. These PTCs escape nonsense mediated decay (NMD) resulting in the

synthesis of mutant 2 mR A and highly unstable truncated [3* chain variants.
Thein S L, 1998



Mutations that abolish mRNA translation either at the initiation or extension
phases of globin synthesis are all associated with a B° phenotype. About half of the B
thalassaemia alleles are characterized by premature termination of 8 chain extension due
to introduction of premature termination codons, a result of frameshifts or nonsense

mutations and nearly all terminate within exons | and 2.

Deletions causing {3 thalassaemia result in a complete absence of B globin product
and are expected to cause a severe phenotype but in reality, they do not normally cause a
B’ phenotype. The mutational effect is compensated by unusually high Hb F and HbA2
levels. The deletions appear to remove competition by the different -like genes for the
upstream LCR and limiting transcription tactors. resulting in increased mteracﬂon with

,(“

the y and 9 genes in c¢is. enhanci

P -

In Malaysia, tf*lalassaemla and haemoglobmopa{hv are common similar to the

other parts of the world where malaria is endemic. iﬂ@camer rate tor B-thalassaemia is

about 4.5% amongst |the Malays and C | ‘w laysians (George E. 2001). More

interestinglv. there is|a large ethnlc\nqv-where various combinations of thalassaemia
inheritance are seen. This lea dltferent types and trequencies of mutations are present
in our populatioy,E Gge& 1992). Five mutations in Malays and four in Chinese
comprised/gbﬁ_@t 94%! of the mutations seen (Table 1.2) (E. George 1992). Similar

mutations and fr/eqnen( 1es were also found in a different study (Ainoon O et al., 1994).
o

-

<« Ty



14

Table 1.2 : B-thalassaemia mutations in Malays and Chinese in Malaysia

Malays Frequency (%) Chinese Frequency (%)
IVS 1-5 (G to C) 47.2 Codon 41-42 50.9
(-TCTT)
IVS1-1(Gto T) 19.4 IVS 2-654 (Cto T) 23.4
Codon17(Ato T) 13.9 -28 (A to G) 13.3
Codon 35 (-C) 8.3 Codon 17 (Ato T) 10.1
Codon 41-42 5.6 Codon 71 (+A) 23
(-TCTT)
IVS 2-654 (C toT) 28 N
e~ O
‘ N . ¢ i /(;5. George 1992)
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1.4 Diagnosis of f thalassaemia

In 1995, it was estimated that 8000 people were affected with homozygosity for beta
thalassaemia, about 40% of whom, were transfusion dependent for survival (Kaur, 1995).
With gene frequencies of 3-4%, B-thalassaemia is a public health problem especially
amongst Malays and Chinese (E. George, 1984). Management of thalassaemia includes
transfusion support and iron chelators as well as the associated complications of the
disease. These are very expensive especially where the prevalence of the disease is high.
A more economical approach includes prenatal screening and genetic counseling to
affected individuals. This approach has been shown to reduce the p,omo/zygous
thalassaemia incidence in_manx 1 1 al., 1996. Lena—Russ’Oe(t etal.. 2002.

Ghanei et al., 1997). . D\~

-~

‘ -

The diagnosis| B-thalassaemia is usually ‘:“e by a combination of clinical
presentation. full blood count indices. l}a /((gpbfn electrophoresis and high performance
liquid chromatographyf methods. Jn/ﬂiﬂ British of Haematology guideline for laboratory
diagnosis of haemoglobi ep‘aij’é?iﬁe full blood count was proposed to be the initial
screening test (BJH- gui/deﬁne, 1998). When there is evidence of hypochromia (MCH<27

pg) or when the patient is of ethnic origin in which thalassaemia is prevalent. further tests

< \Na . . . . L.
suchras hﬁemoglobm electrophoresis, Hb A2 quantification and other specialized tests are

. o~.performed to make a diagnosis. In carrier detection, the diagnosis lies on the

-

./

identification of an increased haemoglobin A; percentage, in which the high performance
liquid chromatography (HPLC) is a good method available for classical B thalassaemia
trait detection (George E, 2001). Other methods for Hb A2 quantification include
microcolumn chromatography and the elution of Hb A2 portion from an electrophoretic
strip. However. HPLC should be combined with haemoglobin electrophoresis at alkaline
pH if variant haemoglobins and with unstable haemoglobin test if unstable haemoglobins
are suspected (BJH guideline 1998). Quantitication of haemoglobin F (Hb F) is not

essential for the diagnosis of 3 thalassaemia. but it is normally performed as part of the
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whole thalassaemia diagnostic work up. If HPLC is used, Hb F level is automatically
available together with the other haemoglobins percentages. When Hb F is elevated, it
usually comprises between 2-7% of total haemomoglobin (Bain). Elevation is usual
when [ thalassaemia trait is caused by deletion of the 5’ part of the B globin gene.
However, if a patient has red cell indices suggestive of thalassaemia, but has a normal
haemoglobin A2 percentage, it is essential to exclude elevation of Hb F as &f

thalassaemia is an alternative diagnosis.

Although current available techniques are good enough to identify almost all the
thalassaemia cases. there are limitations to the current algorithm. A small proportion
with a verv mild. silent B phenotype which has normal MCH and HbA?2 leveF ma/); be
mi sed. It is important to be a identify cases because it can ,czfué/e clinically

significant disease in homozygotes and compound heterozygotes therefore it is

important to identity nhe carriers. - Another problem is, mal\mg the diagnosis in the
neonatal period. [ thalassaemia cannot be dla%r{ﬁ rom the Hb A2 percentage in
neonates as levels are low. Coin (e of [ thalassaemia with other
haemoglobinopathy su¢h as « or & thﬂabﬁpa\eﬂna can also mask the diagnosis. as well as
presence of haematinics defiei . Inability to accurately quantify an A2 variant as
elevated may causg tlefd&’losw of B thalassaemia trait to be missed. Another

significant ared of intetest in today's world is prenatal diagnosis of thalassaemia, which
P S

is not/pﬁ,ssiﬁlé with the|usual approachin Malaysia.
o7 -

RN

) With the advent of molecular technology techniques and better resources, molecular
characterization of this condition is now made possible. Molecular methods are able to
overcome the limitations discussed above. They can also provide the definitive
diagnosis of the condition when the need arises. However, cost and expertise are the
main issues when molecular techniques are employed. Over the years, a number of
studies have been performed to characterized various mutations exist using variable
molecular methods. PCR-based methods have gained much popularity. The variability
and specificity of these techniques come from the primers used (Clark B E. 2004). The

mo t commonly used techniques used in haemoglobin diagnostics include allele-
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specific oligonucleotide (ASO) hybridization or dot-blot analysis. allele-specific
priming or amplification refractory mutation system (ARMS), restriction enzyme
analysis and gap-PCR. These techniques are useful for identifying a known mutation.
For unknown mutations, technologies that make use of altered conformation of single-
stranded DNA include denaturing gradient gel electrophoresis (DGGE), single-stranded
conformation polymorphism (SSCP), heteroduplex analysis and denaturing high
performance liquid chromatography (DHPLC). The ultimate method of mutation
identification is by direct sequence analysis of specifically amplified DNA. Southern
blotting is probably the one of the few non-PCR based techniques that still has a
significant role in the molecular diagnosis of haemoglobinopathy. [t is particularly
useful for large deletions or rearrangements and is essential in the charactep’zatign of

novel deletions. Some of these are-htehlv laborious and time con§u¥ning. Each

laboratory should carefully select test to be employed Baseg on cost effectiveness.
population size that it caters for and the type of ethnic mix present in the population of
interest. Positive seléction bv malaria parasites ?\\he thalassaemia has led to an

. . ~ ~ ~ \ . .
increased in frequency| of some of the mutatieas\in the malarial regions. such that each

olf A~

population has its own combination“ot a lifhited number of common Hb variants and
» \\\\ . . ~ . .

thalassaemia mutation$ thgka/;g)r“m a great majority of the patients together with a

larger number of rarer prics..

~
// /




1.5 Denaturing high performance liquid chromatography (DHPLC)

Denaturing high performance liquid chromatography (DHPLC) is a relatively new tool
for unknown mutation screening. It detects mutations on the basis of mismatches
between amplified chromosomal fragments that result in the formation of heteroduplices
(Xiao and Oefner, 2001) (Figure 1.6). The heteroduplices, which are thermally less stable
than their corresponding homoduplices, are resolved by means of ion-pair reverse-phase
liquid chromatography at elevated column temperatures typically in the range of 50 oC

70 °C depending on the GC-content of the sequences. The detection is based on fragment
size and charges that result in a different retention times when D A fragn}cnts/pass

through the solid/liquid phases i svslem: ingle well-defined peak/a’t\t(hc;(pected

retention time for the amplicon size indicates the presence of a clean /Ple/product, while
fragments containing mutations give rise to slicing of the(pe/alks. ISHPLC allows tor an
automated detection of|single base DNA substitutiﬁ})\{a}well as small insertions and
deletion (Oefner and Huber 2002. Xiao a @efp/er. 2001). When using heteroduplex
analysis by DHPLC under parlially\\dééqm;(ng conditions. heteroduplexes are retained
less than their correspondjngﬁjjﬁféduplexcs on a unique D A separation matrix.
DHPLC uses unpu@ed f’ékg{oducts that are subjected to a final denaturing/reannealing
step to engre’ ,g/dequat)e formation of. the heteroduplex. Analysis time for such a

NV . .
procedtﬁ/ls typically within 8 mins per sample.
N v

R\

-

./

There are various integral components that form the whole DHPLC Helix system.
These include the oven, that hosts the Helix Column, the UV light source as a means of
detection system, the autosample handler unit that automates sample injection from a 96-
well plate, two pump systems that regulate the flow rates of buffers, the computer unit
which allow instant result visualization of the results as well as storage of data for later

analysis and the valve organizer box.

All these are shown in Figure 1.8, except for the computer system which is just

next to the whole integrated unit.
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DHPLC was reported to have greater than 95% sensitivity 1n detecting single
nucleotide polymorphisms (SNPS) and mutations (O’Donovan et al., 1998). A few
studies have used this method for detection of B-thalassaemia gene mutations. In China,
Grant W. et al have tried using multiplex primer extension combined with DHPLC for
rapid and accurate genotyping of their -thalassaemia mutations. They concluded that the
technique was simple, highly accurate and cost-effective for the use of genotyping
common disease-causing mutations (Grant W. et al, 2003). Similarly, an Italian study
also showed that DHPLC to be sensitive and reliable for screening, with reported
accuracy of 100% (Colosimo A, et al.). Taiwanese group has also studied similar aspect
of DHPLC sensitivity tor detection common Taiwanese [(3-thalassaemia gepe/m:vfation

and found a similar sensitivi

ing S. 2003). Thére(forf{ DHPLC

is one of the most sensitive techniques of mutation screening. however it is costly for

diseases with large number of exons. 1
P /\
-
cf\\i\
- (// >
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.
P
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Figure 1.7 Locations of primer sequences that flank almost the entire 3-globin

gene where most of the mutations were found.
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1.6 Objectives of the study
1.6.1 General objective

1. To optimize the settings of denaturing high performance liquid chromatography

(DHPLC) to perform mutation screening of [3-thalassaemia gene.

2. Todetect B-thalassaemia gene mutations by using DHPLC.

1.7 Research h)'pothm a0 f J
DHPLC is a sensitive method to detect the mutations in -thalassaemia patients and

N
carriers. N\
ler C\‘(\x‘i\
P (‘// 7

o /\4 ~—
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