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Beta-thalassemia is the most common autosomal genetic disorder in Malaysia 

particularly among Malays and Chinese-Malaysians. The heterozygous carrier 

frequency of β-thalassaemia in Malaysia is estimated to be 4.5% from micro-

mapping studies. The spectrum of β-thalassaemia mutations differs in each ethnic 

group in Malaysia. There are four to five common mutations responsible for more 

than 95% of the mutations seen in each ethnic group respectively.  

 

The current diagnostic method in Malaysia, amplification refractory mutation system 

(ARMS-PCR), is only able to identify one mutation in each reaction. It is found 

labour intensive and time consuming when few mutations need to be identified. 

Therefore, there is a need to have an effective and accurate laboratory method that 

can identify common mutations simultaneously in each ethnic group. 



© C
OPYRIG

HT U
PM

iii 

 

In this study, the reverse dot blot hybridization (RDBH) technique was used in 

development of strip assays for characterisation of the β-thalassaemia mutations. 

Two strip assays were designed specifically for Malays and Chinese-Malaysians 

respectively with each strip to identify six common mutations simultaneously. The 

mutations identified with the strip assays were validated with the gold standard 

method, ARMS-PCR.  

 

A total of 177 patients (354 alleles) from University Malaya Medical Centre 

(UMMC) and the Institute of Medical Research (IMR) in Malaysia were studied. 

One hundred and thirty seven were Malays (274 alleles) and 40 were Chinese-

Malaysians (80 alleles) respectively. One hundred and nineteen (86.9%) Malay 

patients consisting of 238 alleles were identified by the RDBH-Strip M(6). In the 

Malays, the most common β-thalassaemia mutations identified was CD 26, followed 

by IVS I-5, IVS I-1, CD 19 and the least with CD 8/9. In view of possible inter-

marriage with Chinese, the RDBH-Strip C(6) was used to identify the 18 

unidentified alleles in the Malays. The mutations identified were common Chinese 

mutations, CD 41/42 (5 heterozygous), CD 17 (2 heterozygous), -29 (2 heterozygous) 

and CD 71/72 (1 homozygous). Thus, a total of 129 (94.6%) Malay patients 

consisting of 258 alleles were identified using the RDBH-Strip Assays [RDBH-Strip 

M(6) and RDBH-Strip C(6)] . In the Chinese-Malaysians by the RDBH-Strip C(6), 

mutations were identified in 32 (80%) patients consisting of 64 alleles. IVS II-654 

and CD 41/42 were the two most common β-thalassaemia mutations amongst 

Chinese-Malaysians, followed by CD17 and -28.  In the Chinese-Malaysians, 

RDBH-Strip M(6) identified CD 26 (3 heterozygous) and IVS I-5(1 heterozygous). 

Thus, a total of 36 (90.0%) Chinese-Malaysians patients consisting of 72 alleles 

ii 
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were identified using the RDBH-Strip Assays [RDBH-Strip C(6) and RDBH-Strip 

M(6)] . The RDBH-Strip Assays developed in this project study identified 93.2% of 

the mutations seen in the Malays and Chinese-Malaysians. There were remaining 11 

heterozygous beta-thalassaemia carriers (eight Malays and four Chinese) whose 

mutations could not be identified. These unknown mutations require DNA 

sequencing for ultimate diagnosis.  

  

ARMS-PCR was used to confirm and validate the presence of the six mutations used 

in the RDBH-Strip Assays. It amplified each mutation as a separate and distinct PCR 

product. The Strip Assays showed 100% sensitivity and specificity through 

validation by ARMS-PCR. Therefore, the Strip Assay can be defined as a reliable 

diagnostic tool for accurate beta-thalassaemia mutation identification in Malays and 

Chinese Malaysians. 

 

In conclusion, the developed RDBH- Strip Assays [M(6) and C(6)] are accurate and   

rapid diagnostic tools for the identification of beta-thalassaemia mutations in the 

Malays and Chinese-Malaysians.  
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Beta-Talasemia adalah penyakit gangguan genetik autosom yang paling umum di 

Malaysia khususnya di kalangan Melayu dan Cina. Frekuensi pembawa heterozigus 

β-Talasemia di Malaysia adalah dianggarkan sebanyak 4.5% melalui kajian mikro-

pemetaan. Spektrum mutasi β-Talasemia adalah berbeza bagi setiap kumpulan etnik 

di Malaysia. Terdapat empat atau lima mutasi biasa yang bertanggungjawab lebih 

daripada 95% mutasi-mutasi bagi setiap kumpulan etnik. 

 

Kaedah diagnostik di Malaysia sekarang, “amplification refractory mutation system” 

(ARMS-PCR), hanya berupaya mengenalpasti satu mutasi dalam setiap tindak balas. 

Ini didapati intensif buruh dan makan masa apabila beberapa mutasi hendak 

dikenalpasti. Oleh itu, satu kaedah makmal yang berkesan dan tepat adalah 
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diperlukan untuk mengenalpasti mutasi-mutasi biasa secara serentak dalam 

kumpulan etnik masing-masing. 

 

Dalam kajian ini, teknik “reverse dot blot hybridization” (RDBH) telah digunakan 

dalam pembangunan jalur cerakin dalam pencirian mutasi-mutasi bagi β-talasemia. 

Dua ujian jalur direka khususnya untuk orang Melayu dan orang Cina masing-

masing. Setiap jalur dapat mengenal pasti enam mutasi yang biasa secara serentak 

dalam kumpulan etnik masing-masing. Mutasi-mutasi yang dikenalpasti dengan 

ujian jalur ini disahkan dengan kaedah piawai emas, ARMS-PCR.   

 

Sejumlah 177 orang pesakit (354 alel) daripada University Malaya Medical Centre 

(UMMC) dan Institut Penyelidikan Perubatan (IMR) di Malaysia telah dipelajari. Ia 

terdiri daripada seratus tiga puluh tujuh orang Melayu (274 alel) dan 40 orang Cina 

(80 alel). Seratus sembilan belas (86.9%) pesakit Melayu yang mengandungi 238 

alel dapat dikenalpasti dengan RDBH-Strip M(6). Bagi orang Melayu, mutasi β-

talasemia yang paling lazim dikenalpasti ialah CD 26, diikuti dengan  IVS I-5, IVS 

I-1, CD 19 dan yang paling sedikit ialah CD 8/9.  Memandangkan kemungkinan 

kahwin campur dengan Cina, RDBH-Strip C(6) digunakan untuk mengenal pasti 18 

pesakit Melayu yang mutasinya tidak dapat dikenalpasti. Mutasi-mutasi yang 

dikenalpasti ialah mutasi yang paling biasa dijumpai bagi orang Cina iaitu CD 41/42 

(5 heterozigot), CD 17 (2 heterozigot), -29 (2 heterozigot) dan CD 71/72 (1 

homozigot). Dengan itu, sejumlah 129 (94.6%) pesakit Melayu yang terdiri daripada 

258 alel dapat dikenal pasti dengan menggunakan RDBH-Strip Assays [RDBH-Strip 

M(6) dan RDBH-Strip C(6)] . Dengan menggunakan RDBH-Strip C(6) bagi orang 

Cina, mutasi-mutasi bagi 32 (80%) pesakit yang terdiri daripada 64 alel dapat 
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dikenal pasti. IVS II-654 dan CD 41/42 merupakan dua mutasi yang paling biasa 

dijumpai bagi orang Cina, diikuti dengan CD17 dan -28.  Bagi orang Cina, RDBH-

Strip M(6) mengenalpasti CD 26 (3 heterozigot) dan IVS I-5(1 heterozigot). Oleh itu, 

sejumlah 36 (90.0%) pesakit Cina yang mengandungi 72 alel dapat dikenalpasti 

dengan menggunakan RDBH-Strip Assays [RDBH-Strip C(6) dan RDBH-Strip 

M(6)]. RDBH-Strip Assays dibangunkan dalam kajian projek ini dapat 

mengenalpasti 93.2% mutasi-mutasi yang dijumpai dalam orang Melayu dan orang 

Cina.  Mutasi-mutasi yang tidak diketahui memerlukan “DNA sequencing” sebagai 

diagnosis muktamad.  

 

ARMS-PCR digunakan untuk mengesahkan enam mutasi seperti dalam RDBH-Strip 

Assays. Ia mengamplifikasikan mutasi masing-masing dengan produk PCR yang 

berbeza. Strip Assays menunjukkan 100% kepekaan dan ketentuan melalui 

pengesahan dengan menggunakan kaedah ARMS-PCR. Oleh itu, Strip Assays dapat 

ditakrifkan sebagai satu alat diagnostik yang boleh dipercayai dalam pengenalpastian 

mutasi beta-talasemia dengan tepat bagi orang Melayu dan Cina di Malaysia.  

 

Sebagai kesimpulan, RDBH-Strip Assays [M(6) dan C(6)] adalah peralatan 

diagnostik yang tepat dan pesat dalam pengenalpastian mutasi-mutasi beta talasemia 

bagi orang Melayu dan orang Cina. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

1.1 HAEMOGLOBINOPATHIES 

 

Haemoglobinopathies are inherited haematological disorders due to alteration in the 

globin gene expression. These abnormalities are characterised by both quantitative 

and qualitative defects in haemoglobin (Hb) synthesis (Daniel, 2004). 

 

1.2 HAEMOGLOBIN SYNTHESIS 

 

Human haemoglobin molecule carries and transports oxygen to all parts of the body. 

Haemoglobin binds oxygen at the iron porphyrin site due to its allosteric effect on 

oxygen binding. It is made up of two parts–heme and globin. Heme is a porphyrin 

containing iron. Globin has tetrameric structure of two globin chain pairs; two α- and 

two non α-chains. Alpha chain is encoded by two closely related genes, α1 and α2, on 

chromosome 16. The non-alpha chains-beta (β), gamma (γ) and delta (δ), are 

encoded by a cluster of genes on chromosome 11 (Figure 1.1) (Hartwell et al., 2005; 

Shah, 2004; Bowden, 2001; Kulozik, 1992). 
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Different globin chains are produced during embryonic, foetal, and postnatal/adult 

phases. Embryonic haemoglobins, Gower 1 (δ2ε2), Gower 2 (α2ε2) and Portland (δ2γ2), 

are tetramers of α-like δ-chains and β-like ε- or γ-chains. It is synthesised about 3 to 

8 weeks of development. Foetal has a high amount of HbF (α2γ2). A newborn has 

about 80% of HbF at the age of about one year old. Following that, the production of 

HbA (α2β2) (96-98%) becomes dominant while HbA2 (α2δ2) and HbF are only 

present in 2-3% and less than 1% respectively. The switch from HbF to HbA is due 

to the genetic control of γ-, α- and β-chains. After birth, the production of γ-chains 

slows down and β-chains increases correspondingly (Hartwell et al., 2005; Shah, 

2004; Bowden, 2001; Weatherall, 1999; Kulozik, 1992). 

 

1.2.1 CLASSIFICATION OF HAEMOGLOBINOPATHIES 

 

Haemoglobinopathies can be sub-divided into 3 major categories: structural 

haemoglobin variants, thalassaemias and hereditary persistence of foetal 

haemoglobin (HPFH) (Table 1.1) (Daniel, 2004). 

 

Table 1.1: Subdivisions of haemoglobinopathies (adapted from Daniel, 2004) 

Haemoglobinopathy Type of 

defect 

Causative factor Example 

Structural 

haemoglobin 

variants 

Qualitative 

defect 
 Synthesis of an abnormal globin chain 

synthesis 

 Substitution of  single/ or more amino 

acid in globin chains 

Sickle cell 

disease 

(Glu→Val) 

Thalassaemias Quantitative 

defect 
 Reduced/imbalanced or absent synthesis 

of a normal globin chain 

β-thalassaemia;  

α-thalassaemia 

Hereditary 

persistence of foetal 

haemoglobin 

(HPFH) 

Qualitative 

defect 
 Genetic defects in the switch from foetal 

to adult Hb  

 Foetal haemoglobin remains high 

throughout life. 

 Benign condition 
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1.3 THALASSAEMIAS 

 

Thalassaemia is the most common single gene disorder known. It is a heterogeneous 

group of genetic disorders which results from mutations that cause a diminished rate 

or total absence of synthesis of one or more globin chains. The imbalanced ratio of 

α- to non α-chains leads to a reduced synthesis of haemoglobin. Thalassaemias are 

classified either by the clinical manifestations or particular globin chain that is 

synthesized at a reduced rate; α-thalassaemia indicates a reduced rate of α-globin 

chain synthesis; similarly, β, δ, δβ and γδβ-thalassaemias indicate a reduced 

synthesis of the β, δ, δ+β and γ+δ+β chains, respectively (Daniel, 2004; Hoffbrand et 

al., 2003; Weatherall, 1999). 

 

1.4 ALPHA THALASSAEMIAS 

 

Alpha thalassaemias result from a defect in α-globin chains synthesis either reduced 

or absence in production of α-globin chains. It is primarily caused by gene deletions 

or point mutations and is classified as α-thal 1 (--/αα) or α
o
-thalassaemia and α-thal 2 

(-α/αα) or α
+
-thalassaemia. This is related to the number of genes which are non-

functional and to the amount of α-chains produced (Daniel, 2004; Hoffbrand et al., 

2003; Weatherall, 1999). 

 

1.5 BETA THALASSAEMIAS 

 

Beta thalassaemias result from a defect in the β-globin chain synthesis either reduced 

or absence in production of β-globin chains. It is considered as one of the most 



© C
OPYRIG

HT U
PM

4 

 

common autosomal single-gene disorders worldwide and constitutes a major health 

problem (Bain, 2006; Hoffbrand et al., 2003; Weatherall et al, 2001). Severe 

anaemia may be due to deficiency of normal HbA (α2β2). The excess α-globin chains 

precipitates cause red blood cell membrane damage and early destruction of red 

blood cells (Suthat et al., 1985).  

 

1.6 BETA GLOBIN GENE CLUSTER 

 

Beta globin and beta-like gene is a linked cluster on chromosome 11, which spread 

over approximately 60 kb. They are arranged in the order 5’-ε-
G
γ-

A
γ-ψβ-δ-β-3’. The 

ψβ gene is pseudogene. It has sequences that resemble the β-gene but contains 

mutations that prevent synthesis of any products. Beta-globin gene contains three 

exons with two introns (intervening sequences; IVS), between codons 30, 31 and 

104, 105, respectively (Figure 1.1). Locus control region (LCR) is found at 20kb 

region upstream from the ε-globin gene. It contains several types of regulatory 

elements that promote erythroid specific gene expression and co-ordinate changes in 

globin gene activity during development (Weatherall, 1999). 
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Figure 1.1: The genetic control of haemoglobin: Structural organization of the 

globin gene clusters (from Weatherall, 1999). 
 

 

1.6.1 MOLECULAR BASIS OF BETA THALASSAEMIA 

 

Beta thalassaemia represents a great heterogeneity as more than 200 different types 

of mutations has been identified, occurring in a wide range of ethnic groups on the β-

globin gene in molecular level (Bain, 2006).
 
However, each geographic population 

has its own unique and common mutations. These mutations may occur within the 

gene complex itself, promoter/enhancer regions, exons, introns or the exon-intron 

boundary of the β-globin gene in transcription. It causes abnormal RNA splicing, 

RNA modification and translational defects (Hoffbrand et al., 2003; Suthat et al., 

1985). Majority of the genetic lesions are point mutations and a small proportion are 

frameshift or deletions at β-gene itself or controlling sequences 5’ to the gene 

(upstream from the gene);  abbreviated as β-LCR
 
(Bain, 2006).

  

 

Beta thalassaemia mutations are divided into two broad categories: β
0
-thalassaemia 

and β
+
-thalassaemia (Weatherall and Clegg, 2001). In β

0
-thalassaemia, there is either 

an abnormal gene or, less often, gene deletion and causes absence of HbA formation. 
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In β
+
-thalassaemia, there are some production of HbA by the abnormal gene. The 

extent of impairment of HbA production is one of the determinants of clinical 

severity in β-thalassaeamia; β
0
-thalassaemia often has greater clinical impact than 

β
+
-thalassaemia (Weatherall and Clegg, 2001). 

 

1.6.2 CLINICAL MANIFESTATIONS IN BETA THALASSAEMIA  

 

Beta thalassaemia can be divided into three general categories: β-thalassaemia trait, 

intermediate and major (Table 1.2) (Daniel, 2004; Hoffbrand et al., 2003; Weatherall, 

1999). 

 

Beta thalassaemia trait or β-thalassaemia minor is characterised by heterozygosity of 

one deleted or mutated gene and one normal functioning gene. Individuals are 

usually asymptomatic (Table 1.2) (Daniel, 2004; Hoffbrand et al., 2003; Weatherall, 

1999). 

 

Beta thalassaemia intermediate is referred to a clinical phenotype with diverse 

genetic explanations but not to the degree of chronic transfusion therapy. Individuals 

will have a homozygous or heterozygous β-globin mutation that causes a decrease in 

β-globin chain production. There are significant clinical problems in comparison 

with a typical patient with β-thalassaemia trait (Table 1.2) (Bain, 2006; Daniel, 2004; 

Hoffbrand et al., 2003; Weatherall, 1999). 

 

Beta thalassaemia major or Cooley’s anaemia refers to patients with homozygosity 

or compound heterozygosity for β-thalassaemia. There is absence of β-globin chain 
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and HbA production (Weatherall and Clegg, 2001). Affected individuals are 

transfusion dependent for life. The only possible cure is the transplantation of 

compatible stem cell from a human leucocytes antigen (HLA) matching donor to the 

patient (Hoffbrand et al., 2003).   

 

Table 1.2: Categorization of beta thalassaemia (adapted from Daniel, 2004;  

Hoffbrand et al., 2003; Weatherall and Clegg, 2001; Weatherall, 1999) 

Phenotype  β  (%)  α (%) Mutations Clinical Manifestations 

minor/ trait (β
+
/ β) 

(β
0
/β) 

>50 100 Only one β globin 

allele bears a 

mutation 

• Asymptomatic 

• Mild microcytic anaemia  

intermediate (β
+
/ β

+
) 

(β
0
/ β

+
) 

10-50 100 One or both β globin 

allele bears a 

mutation 

•  Intermediate between 

the major and minor  

forms 

• May need occasional   

transfusions  

major (β
0
/ β

0
) 0 100 Both alleles bears 

mutations 

• Severe microcytic,  

         hypochromic anaemia  

 Transfusion dependent  

          for life 

 

 

1.7 BETA THALASSAEMIA IN MALAYSIA 

 

Beta thalassaemia has emerged as one of the most common genetic disorders of 

haemoglobin synthesis. It is a public health problem in Malaysia, particularly among 

Malays and Chinese-Malaysians (Rozitah et al., 2008; Tan et al., 2004; George E., 

2001). Previous studies reported about 4.5% of the population are heterozygous 

carriers for beta thalassaemia (Tan et al., 2004; George, 2001).  However, the 

mutations that caused beta thalassaemia are ethnicity dependent. Each ethnic group 

comprises of common and some rare mutations (George, 2001). A study by Tan et al. 

(2004) showed that CD41/42, IVSII-654, -28 and CD 17 comprise 92% of β-

thalassaemia mutations in the Chinese population while CD 19, IVSI-5, poly A and 
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Hb E caused 76% of β-thalassaemia in the Malay population. The Filipino 54-kb 

deletion with mutations at CD 41/42 encompasses 87% of β-thalassaemia in the 

indigenous group namely Kadazan, Bidayuh and Dusun people (Tan et al., 2004).  

 

The World Health Organization has highlighted the importance of ways for 

community control of β-thalassaemia (Weatherall and Clegg, 2001). Therefore, the 

accuracy in newborn screening, prenatal diagnosis and mutation diagnosis is 

essential to manipulate the incidence of β-thalassaemias.  

 

In Malaysia, screening tests (full blood count, full blood picture, haemoglobin 

analysis and haemoglobin electrophoresis) are done for presumptive identification of 

β-thalassaemia but DNA studies are necessary for definitive diagnosis in 

thalassaemia (George, 2001). It is essential to implement a sensitive and reliable 

diagnostic method in the detection and diagnosis of β-thalassaemia disorders. 

 

1.8 BETA THALASSAEMIA DIAGNOSIS  

 

Currently, strategies in thalassaemia definitive diagnosis are mainly DNA-based 

diagnostic techniques using PCR-based protocols.  In Greece, Kanavakis et al. (1997) 

characterized β-thalassaemia mutations with denaturing gradient gel electrophoresis 

(DGGE) and amplification refractory mutation system (ARMS-PCR) as primary and 

principal method while restriction endonuclease (RE) analysis of PCR fragments, 

oligonucloetide hybridization and “gap” PCR as secondary techniques for 

thalassaemia diagnosis (Kanavakis et al., 1997).  
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According to Kanavakis et al., (1997), the DGGE method was a technically 

challenging method. It requires sophisticated equipment, experience in handling and 

interpretation. It is subject to many causes for methodological failure including 

chemical components. Therefore, DGGE pattern alone can never be considered as 

definitive diagnosis (Kanavakis et al., 1997). 

 

Polymerase chain reaction (PCR) based methods, ARMS-PCR and gap-PCR, are the 

methods used for thalassaemia diagnosis in Malaysia (Tan et al., 2004). These 

molecular techniques are direct mutation detection and rapid in producing results 

within a few hours of PCR-set-up (Kanavakisi et al., 1994). However, each PCR can 

address only single known mutation or two/three mutations in a single reaction and 

is time consuming to screen for different polymorphisms (Tan et al., 2001; Tan et al., 

2004). Thalassaemia molecular diagnosis is challenged by existence of a great 

number of different β-thalassaemia mutations even within a defined ethnic group 

(Sutcharitchan et al., 1995). Moreover, it is found difficult in differentiation between 

heterozygous and homozygous genotypes for single pathological mutations 

(Kanavakis et al., 1997). Two reactions need to be carried out in order to check for 

heterozygous or homozygous condition of patients. These techniques are labour-

intensive, costly and time consuming (Sutcharitchan et al., 1995; Hossein et al., 

2001).  

 

Restriction enzymes (RE) analysis is also widely used in Malaysia as shown by 

Rozitah et al. (2008). It is a direct mutation analysis but limited to specific mutations 

only. Analyses by both ARMS-PCR and RE methods require electrophoresis of 
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ethidium bromide stained agarose gel which is carcinogenic to the body (Kanavakis 

et al., 1997). 

 

Reverse dot-blot hybridization (RDBH), a PCR-based technique has emerged as a 

beneficial tool to scientists in the globin field, who have been engaged in the 

diagnosis of thalassaemia. This technology combined with a hybridization technique 

of specific oligonucleotide probes and primers can detect mutations in an individual. 

It offers the possibility of screening several mutations with a single hybridization 

reaction which is less labourious when compared to the PCR-based method of 

ARMS (Hossein et al., 2001; Lappin et  al., 2001; Saiki et  al., 1989; Sutcharitchan 

et al., 1995; Tuzmen and Schechter, 2001).  

 

RDBH technique is convenient and easy as well. It enables the process of 

differentiation the heterozygous or homozygous condition in a single hybridization 

reaction. The result with appearance of blue dots is easy to interpret without any 

highly-skilled technician. RDBH allows accurate distinction of mutant alleles and 

reduces false-negative results. It showed higher reliability compared to ARMS-PCR 

(Hossein et al., 2001). 
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1.9 SIGNIFICANCE OF STUDY 

 

There have not been studies done in Malaysia to develop a strip assay utilising 

RDBH technique to identify common β-thalassaemia mutations in the various ethnic 

groups of Malaysia. 
 

 

The developed strip assay will contain probes for detection of the most common β-

thalassaemia mutations in Malays and Chinese-Malaysians in Malaysia. This 

diagnostic approach has potential for routine clinical, neonatal and prenatal diagnosis 

for both local and regional use in the identification of β-thalassaemia mutations.
 
The 

development of a strip assay to identify β-thalassaemia in different ethnic groups in 

Malaysia will help to improve the efficiency of our health care system with minimal 

costs. 
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1.10 GENERAL OBJECTIVE 

 

The general objective of this study is:  

 To develop a molecular tool to identify common beta thalassaemia 

mutations in Malays and Chinese-Malaysians in Malaysia. 

 

1.11 SPECIFIC OBJECTIVES 

 

This study aims to satisfy the following specific objectives: 

 To develop a reverse dot blot hybridisation (RDBH) strip assay to 

identify common beta-thalassaemia alleles in Malays and Chinese-

Malaysians in a single hybridization reaction. 

 To compare the RDBH-strip assays with the amplification refractory 

mutations system (ARMS) in current use in the identification of the beta 

thalassaemia alleles. 

 To validate the mutations identified in RDBH-strip assays using the 

ARMS- polymerase chain reactions.   

 To compare the RDBH-strip assays with the commercial beta globin strip 

assay from Viennalab in the identification of the beta thalassaemia alleles. 
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