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SNPs Associated with g-Thalassemia Phenotypes M odification
In the Palestinian Population

By

Abeer Mousa Zawahr eh

ABSTRACT

Beta-thalassemias are hereditary genetic diseases of blood disorders. In these diseases
the production of normal hemoglobin (Hb) is partly or completely suppressed as a
result of mutations that lead to the defective synthesis of one or more of B-globin
chains. Recent estimates accounts for 1.5% of the global population (80 to 90 million
people) are carriers of B-thalassemia, with about 60,000 symptomatic individuals born
annually; the great majority is in the developing world. Over 200 mutations of theB-
globin gene on chromosome 11 can lead to reduced (3+) or absent (o) synthesis of
the B chains of hemoglobin with an autosomal recessive mode of inheritance. The
clinical manifestations of B-thalassemias are extremely variable in severity; ranging
from blood transfusion-dependent form of thalassemia major to the asymptomatic
carrier state.  Between the two extremes; thalassemia intermediate patients
encompasses a wide spectrum of phenotypes without the need for regular transfusion.
In many of these cases, the clinical variability can be explained either by co-existing
point mutations or deletions characterized by a residual high p-chain production,
coinheritance of a thalassemia, and through the influence of genetic modifiers that
increase the production of y-globin chain increasing HbF that has an ameliorating
effect on the phenotype. Recently, genetic variants at the BCL11A locus (SNP
rs11886868 C/T) located on chromosome 2p16.1, and the HBS1L-MYB intergenic
region (SNP rs9389268 A/G) on chromosome 6g22-23 have been shown to be
associated with milder p-thalassemia phenotype by increasing HbF production. The
purpose of our study was genotyping of these two variants for thalassemic patients
homozygous for the same mutation (IVS 1-6 T/C) by using PCR, RFLP, gel
electrophoresis, and DNA sequencing techniques. Genotyping may help to predict the
phenotype severity in newborns and accordingly, improve genetic counseling,
appropriate clinical management, and effective treatment. Unfortunately, there was

no statistical significant correlation between these variants and p-thalassemias



phenotypes, while HbF was high in mild phenotypes indicating that elevated levels of
HDbF contribute positively in ameliorating the clinical phenotype of-thalassemia

Key words: SNPs, Hemoglobin, p-thalassemia, Mendelian autosomal recessive, 3-
globin gene, genetic modifiers, HbF, genotyping, PCR, RFLP, DNA sequencing, and

gel electrophoresis.



o LraanDli L) i jal A0S0 ol e W 5l g 4 5 il 2ol Gl e el il
‘5...” .‘ M :.\

s Al 5 ) R ke

Omsta sl ZU (S (el 10 aall (ml el (e (s (e sa Liapsdl Uiy
a5 S 5 A IR ) (ga58 e 3 ga g Aagin WIS ol L e L) (alls pall 3 oanlal)
A alladl S e 96Y,0 (1 1A e Clelian¥) ciiy Ly Gasla dudlas (e ST
ol el ale ek Gadd Te, v (s aa cbiasadl Uy ddal dala ((adid g sale 40
Un sl s B lghall e Yoo ga ST agalil) Jgall G adalid) apllall 5 ¢y sal
G Uy dudle wiai () e 5l (M) omis D) a5 V) asses S e
DSV e aliaT 5 shadll Cus (g B pate LD Ul anm el Gl e ) G sla sasgl)
Jela) sl palsel ade Hedai ¥ (e ) pall 5 Sie J8 N glisg il 5 sha
5 Sl Aalall (550 (81 (gl je W) (8 pad elad ) ¢l G dan g (5 AT 5 ¢l
Gaob e W) pasall alel (b Gl pdi (Say YA oda (e IS 8l il
G U Tt PR RTEN. RUENPR P [ | RPN S (W AP R OFE L U AR PENp
s A5 Clinna dga s sl clrapdl Ll 5 jadal o yidia 3 ga g cAgiiiall L) Judld e
& 052 5 (HDF) F Omsla sam 78 80b 5 ) 505 Lae Lalas JuDls W) (50 3y 38
ol BCLIIA (s & ainl @lopwid) ol 1ase & G pall (gl gl (puend
o= HBSIL-MYB @liall ¢y dilies (SNP rs11886868) YP16.1 aswses S
Uiy (i el 2SN Lalad¥) 300 o (38 55 il (SNIP rs9389268) 1(22-23 45w a5 S
Al anddS sa A all o3 e i ) ) F Cmsla sain 2 800 ) Ba sk e LiasudS
IVS1-6 T/C 3 ib likkia (pbas LDl (oim e Gl 3 &l paiall s3] 4380, )
xLld 38 DNA sequencing 4:si s PCR, RFLP, Gel electrophoresis, alaaiul
3y el (ppuand (A W55 oa¥ gl Foaa (A& (ayall 5 ) shad sady il 8 485l Al
o3 G Alaa) AV 3 ADe a0 Al daall o gl (SUy Jladll 23l 480
& Al daalue aalud HOF G s i) o Cpn (8 claaansdli U o) sha g <l il

LDl Uy oam yad AICEN Talai) (s



DECLARATION

1 declare that the Master Thesis entitled " SNPs Associated with f-Thalassemia
Phenotypes Modification in the Palestinian Population” is my own original work, and
hereby certify that unless stated, all work contained within this thesis is my own
independent research and has not been submitted for the award of any other degree at
any institution, except where due acknowledgment is made in the text.

Name and signature: Abeer Mousa Zawahreh 2

Date 45201

Copyright © “Abeer Mousa Zawahreh", 2011

All nghts reserved

VI



STATEMENT OF PERMISSION TO USE

In presenting this thesis in partial fulfillment of the requirements for the joint master
degree in biotechnology at Palestine Polytechnic University and Bethlehem
University, 1 agree that the library shall make it available to borrowers under rules of
the library. Brief quotations from this thesis are allowable without special permission,
provided that accurate acknowledgement of the source is made.

Permission for extensive quotation from, reproduction, or publication of this thesis
may be granted by my main supervisor, or in |his/her| absence, by the Dean of Higher
Studies when, in the opinion of either, the proposed use of the matenal is for scholarly
purposes. Any copying or use of the material in this thesis for financial gain shall not
be allowed without my writien permission.

T e
',.-""

Date q /51200

Vil



Dedication

Thisthesisis dedicated to:

Tomy family and my husband for their love, support, and believing in me, in addition
to their continuous encouragement for me to continue higher education.

To my lovely daughters for their tolerance of my frustration and impatience when |
wanted to study and keep them away from me.

To my son who took the responsibility of his sisters when | was in the University,
thank you dear.

To my supervisor for his standing by my side through the research steps.

VIl



Acknowledgement

My sincere appreciation and heartfelt gratitude go first to my thesis committee: Prof.

Moen Kanaan, for enabling me to do my research project at the Hereditary Research

Lab at Bethlehem University. Dr. Hashem Shahin, my advisor for his guidance,
thoughtful analysis, and supervision. To al the lab technicians especially Ms. Amal
Abu Rayyan, who helped me in my work and provided me with the materials needed.
Without them this research project would not have been possible; they gave me
guidance, knowledge, expertise, and creativity throughout the research process. They

also gave me their time, friendship, patience, and support, which enabled me to
complete thisthesis.

Sincere thanks and appreciation also is expressed to Mr. Mohammad Zawahreh, who
hel ped me with the statistical analysis.



Abbreviations

B-thalassemia
MCV

o- & Y- 0
RBCs
HbF
HbA
HbA2
™

TI

WHO
DNA
VS
SNPs
HBA
HBB
LCR
QTL
USDA
NCBI
UCSC Genome Browser
GWAS
cDNA
PCR
NTC
RFLP
GTP
PGD
HRL
ANOVA
EtBr
Mboll
Aci |

Betathalassemia

Mean Corpuscular Volume
Alpha-Epsilon- Gamma- Delta

Red Blood Cells

Fetal Hemoglobin

Adult Hemoglobin

Minor Adult Component
ThalassemiaMajor

Thalassemia Intermediate

World Health Organization
Deoxyribonucleic acid

Intervening Sequences

Single Nucleotide Polymorphisms
Hemoglobin Alphagene

Hemoglobin Beta gene

Locus Control Region

Quantitative Trait Locus

United States Department of Agriculture
National Center for Biotechnology Information
University of California, Santa Cruz (UCSC) Genome Browser
Genome Wide Association Study
Complementary DNA

Polymerase chain reaction

Non Template Control

Restriction Fragment Length Polymorphism
Guanosine triphosphate

Prenatal Genetic Diagnosis

Hereditary Research Lab

analysis of variance

Ethidium Bromide

Moraxel | a bovi ssecond enzyme isolated
Arthrobacter citreus first enzyme isolated



List of Figures:

Figure
«y
2
©)

(4.9

(4.)
®)

(6)
(7)
)
9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17.9)

(17.b)
(17.0
(18.9)
(18.b)
Graph (1)

Graph (2)
Graph (3.9)
Graph (3.b)

Description
Prevalence of -thalassemia
Types of Hemoglobin
B-thalassemia transfusion dependent child
Mode of Inheritance of B-thalassemia of carrier and normal
parents
Mode of Inheritance of B-thalassemia of two carrier parents
Glaobin chains and components of normal adult hemoglobin
HbA (0232)
B-thalassemia genetics
Beta-globin gene cluster
Mutations causing -thalassemia
Point Mutations causing B-thalassemia
BCL11A gene location on chromosome 2p16.1
HBSI1L gene location on chromosome 64g23.3
The location of HBS1L-MY B intergenic region
rs9389268 gel electrophoresis result
rs11886868 gel electrophoresis result
rs9389268 RFL P gel electrophoresis result
rs11886868 RFLP gel electrophoresis result
Finch TV view displays the sequence with SNP rs11836868
(CtoT) heterozygous
Wildtype sequence for SNP rs11886868
Homozygous mutant for rs11886868
Wildtype sequence for SNP rs9389268 (A to G)
Heterozygous for SNP rs9389268 (A to G)
Means of HbF level with respect to phenotype by:
aBar Graph.
b. Pie Chart
Means of HbF level with respect to gender
Genotype-phenotype correlation for SNP rs11886868
Genotype-phenotype correlation for SNP rs9389268

Xl

Page

a w N

(@]

10
10
13
14
14
24
24
26
27
29

29
29
30
30
32

33
35
36



Graph (4.8)

Graph (4.b)

Means of HbF level with respect to genotype for SNP
rs11886868

Means of HbF level with respect to genotype for SNP
rs9389268

X1l

37

38



List of tables:

Table
1)
)
©)

(4)

(%)
(6)
(7)

(8)
(9)
(10)

(11)
(12)

(13)

(14)
(15)

(16)

(17)

Description

Common mutations reported according to severity and ethnic groups

Grading criteria

the pattern of cutsin the wildtype allele and the mutant for

rs11886868

the pattern of cutsin the wildtype allele and the mutant for

rs9389268
RFL P reaction recipe (total volume 20ul)

The reaction volume used for sequencing PCR

One way ANOV A results to compare the means of HbF with respect

to phenotype
Results of Multiple Comparisons

Means of HbF level with respect to phenotype

T-test results to compare the means of HbF
with respect to gender
Genotype * Phenotype Crosstabul ation for rs11886868

Genotype * Phenotype Crosstabulation for rs9389268

Oneway ANOV A results to compare the means of
HbF with respect to genotype

Results of Multiple Comparisons
Means of HbF level with respect to genotype

T-test results to compare the means of HbF
with respect to genotype
Descriptive Statistics

X111

Page

20

25

25

26

28

31
32

33

35

36

37
37

38

39



Table of Contents

Abstract

Declaration

Statement of Permission to Use
Dedication

Acknowledgement
Abbreviations

List of Figures

List of tables

X1V

Il
VI
VII
VIl

Xl
X1



CHAPTER L oottt e e eeee e e seeeee e e seereeassaneeesesaeseeeesasnnnesans
(g1 g0 e (8T L) o FH

1.1 ClasSIfiCaliON. ...t e e
1.2  Inheritance of B-thalassemia.............ccoovvieiiiiiiiniiine
1.3  Geneticsof B-thalassemia...........cooeviiiiiiiiiiieiiiiee e
1.4  Normal BetaGene.........coooviiiii i

15  B-thalassemiamutations..............ccooveuvenenn.
1.6 IVSLI-6 MULALiON. .. ..o e e e e e
1.7 Genetic Modifiers. .. ..o e

1.8 Literature Review

CHAPTER 2 ...t

Objectives..............

21 Overdl objectives..........ccooiiiiiiiii,
22 SPeCIfiICODJECHIVES ....viiee i v e e

CHAPTERS3 .............

Methodology/Materialsand Methods ..o,
3L DESION. e
34 INSrUMENt ..o
35 Datacollection ..........coovviiiiiiiiiiii e,
3.6 Ethical Considerations.................covevvnen.
3.7  Method of Data AnalysSiS .......covvviiiiii i
3.8  DINA @NAIYSIS. ..ttt e e
3.9 PriMEr deSIgN. .. ce it
310 PCRIIEACHION. .. ..ee ittt e et e e e e e
311 Agarose Gel Electrophoresis. ......c.vvvvviviiiieie e e
3.12 Restriction Fragment Length Polymorphism (RFLP)............
3.13 Cleaning PCR for SEQUENCING. .. ... cuveine it e e ieeeen
314 PCRTOr SEQUENCING .. vuettee i et e e e e e e e
315  SequenCing OULPUL..........c.uveeneeurinineanennn

XV

19
19

19
19
19
20
20
21
21
21
21
23
23
24
27
28
28



Do 0 s o) o N

51  Discussion of the Study Finding ..........cccooviviiiiniinnenn.
52 LIMITaiONS ..ueeie it e e e e e s

CHAPTERG .................

Conclusion & RecommendationS ..........ovvvvvvveeenn...

RE I ONCES. .. oo e e e

APPENTIXES ...ttt e

31
31

40
40

40
41

42
42

43
43

48
48

8.1  Tableof Patients number, code and hematological parameters......... 48

8.2  Components of 2x ReddyMiX"™MPCR Master MiX....................
and concentrations of 1yophilized primers (forward and reverse).

XVI

50



CHAPTER 1
I ntroduction

B-thalassemia is an inherited, autosomal recessive disease of faulty synthesis
of hemoglobin. The name is derived from the Greek word, thalassa meaning "the sea"
and hemia meaning "blood" in reference to anemia of the sea, because the condition
was first described in populations living near the Mediterranean region, and in
portions of Asia, Africa, the South Pacific, and India (Galanello & Origa, 2010).
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Figure (1): Prevalence of B-thalassemia.
From: Weatherall, (1997)
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"B-thalassemia is prevalent in Mediterranean countries, the Middle East,
Central Asia, India, Southern China, and the Far East as well as countries along the
north coast of Africa and in South America. The highest carrier frequency is reported
in Cyprus (14%), Sardinia (10.3%), and Southeast Asia. The high gene frequency of
B-thalassemia in these regions is most likely related to the selective pressure from
Plasmodium falciparummalarid’. Recent estimates accounts for 1.5% of the global
population (80 to 90 million people) are carriers of B-thalassemia, with about 60,000
symptomatic individuals born annually, the great majority in the developing world
(Galanello & Origa, 2010).



B-thalassemia is widespread in the West Bank and Gaza areas, a study
conducted by Younis, et al. (1994) showed 23.6% carrier frequency among the west
bank students of higher education. While 9734 of the total screened students, 304
were having elevated level of Hb& ( 3.0%) with low MCV (< 79fL); hence the
frequency of B-thalassemiatrait was 3.13%. According to the Society of Thalassemia
Patients Friends in Ramallah (n.d.), the carrier frequency in the Palestinian Population
is4.3% that equal s to 100-120 thousand persons.

Hemoglobin is the substance that carries oxygen and gives blood its red color.
It is made up of heme (i.e the porpherin ring) and globin (i.ethe protein chains that
surround the heme complex).

There are four types of hemoglobin (Bank,et al., 1980):

1) Embryonic hemoglobins, Gower 1 {22, Gower 2 a2e2, and Portland
C2y2 those are detectable from the 10" to the 12" week of gestation.

2) Fetal hemoglobin (HbF, a2y2); predominant oxygen carrier during
pregnancy.

3) Adult hemoglobin (HbA, a2p2); that replaces HbF shortly after birth.

4) A minor adult component (HbA2, 0262).

Chromosome 16 Chromosome 11
[ o o E Y Yy a B
—T - —— - - —
CoEs L &) s 0,
Hb Gower 1 HbF HbA HbA,
Embryo Fetus Adult

Figure (2): Types of Hemoglobin.
From: Weatherall, et al ., (1997)

In normal conditions, RBCs contain 98% HbA, 2% HbA2, and traces of HbF (<
0.6%) (Aessopos, et al., 2007, Menzel, et al ., 2007).
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1.1 Classification
Clinical presentation of B-thalassemia has three main forms according to severity:

1.1.1 Thaassemia Major (TM): referred to as Cooley's anemia and Mediterranean
anemia (the severe disease). observed between 6 to 24 months of age
(Galanello & Origa, 2010), a baby looks normal, but toward the end of the first
year, he or she experiences slower growth, loss of appetite, pale skin, certain
bones of the face may become prominent, energy diminish, anemia is found
and iron treatment fails, a lifelong blood transfusions are required figure (3),
and are generally continued throughout life. Organ failure plus endocrine
complications appears when iron-overload is not treated with chelating
therapy. Although there is a treatment, it is not satisfactory and there is no
cure. It does not cause mental retardation, but is a severe physical handicap.
On the overall, life span is reduced (division of genetics, 2009,Martinez, et
al., 2007, Uda, et al ., 2007a).
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Figure (3): p-thalassemia transfusion dependent child.

From: Cooleys anemia foundation, (n.d.)




1.1.2 Thalassemia intermedia (Tl): does not or occasionaly require blood
transfusion, the severe form presents late at age 2 and 6 years, capable of
surviving without regular blood transfusion but their growth and development
are retarded. The other spectrum of patients is asymptomatic until adult life
with only moderate anemia. They suffer from the complications of reduced
availability of p chains in hemoglobin including bone deformities and
splenomegaly (Galanello & Origa, 2010).

1.1.3 Thalassemia minor, also named B-thalassemia carrier, B-thalassemia trait, or
heterozygous B-thalassemia: clinically are asymptomatic; usually people are
unaware of having the condition, but sometimes have a mild anemia, some
cases, heterozygous p-thalassemia may lead to the thalassemia intermedia
phenotype instead of the asymptomatic carrier state due to excess functional
alpha globin genes (triplication or quadruplication) which increases the
imbalance in the ratio of alpha/non-alpha globin chain synthesis (Galanello &
Origa, 2010).

Classification between thalassemia intermedia and thalassemia major can be
confusing; the borderline between them is blood transfusions; regular transfusions
are likely to be classified as thalassemia major (Cooley’s Anemia Foundation, n.d.).
Known genetic modifiers were identified and are able to modify the severity of the
homozygous B°thalassemia such as polymorphism in BCL11A gene located on
chromosome 2pl16.1, and in the HBSIL-MYB (intergenic region) located on
chromosome 60g22-g23.3 unlinked to B-globin gene cluster (Gaanello & Origa,
2010).



1.2 Inheritance of p-thalassemia:

The disease is inherited in a Mendelian recessive manner, and when a norma

individual marries a carrier, haf their children will be wildtype and half carriers

figure (4.9).
- -«
(=] ﬁlﬂ
I ;/
n, f"k.,

50%% chance of a child
With mormal hemmoglobin

Elﬁm
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™
.

| EO% chance of a child |

With thalassemia trait

A — indicates gene for normal hemoglobin

T — indicates gene for thalassemia

Figure (4.a): Mode of inheritance of B-thalassemia of a carrier and anormal parents.

From: Division of genetics, (2009).

If two carriers marry, there is a 50% chance to pass thalassemia alleles in each
pregnancy to their child, 25% chance of thalassemia major, and 25% completely
normal child. Mae or female get the disease equally (division of genetics, 2009)
figure (4.b).
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Figure (4.b): Mode of inheritance of B-thalassemia of two carrier parents

From: Division of genetics, (2009).

1.3 Genetics of p-thalassemia:

Normal hemoglobin vs. thalassemiaz HbA (normal adult hemoglobin), is
composed of two alpha (o) and two beta (B) polypeptide chains, there are two
copies of the hemoglobin alpha gene (HBA1 and HBA?2), each encodea-chain,
and both genes are located on chromosome 16. The hemoglobin beta gene (HBB)
encodes the 3-chain and is located on chromosome 11.



Normally, a and B globin chains are made in roughly equal amounts figure (5).

a chains f chains
a?z al B
chromosome 16——l— . — —  cuomosome 1
EIeS
—il —l—
= == mRNA ——
tiom

‘hﬂlsh rate
8-

Hb tetramers

Figure (5): Globin chains components of normal adult hemoglobin HbA ¢2p2)
From: Wajcman, (n.d.).

When B-globin chains are in short supply or absent, this lead to imbalance of globin
chains available for hemoglobin dimmer construction, andr-chains are in excess. The
excess a-chains are highly unstable; “they precipitate in the bone marrow erythroid
precursors causing membrane damage and cell death. This ineffective erythropoiesis
isthe principal determinant of anemi& (Galanello & Cao, Y42 A) figure (6).

a chains P chains
az al B
cliromosome 16— E— — —  chromosome 11

- - Genes _D_

= mRNA =i

Figure (6): B-thalassemia genetics.
From: Wajcman, (n.d.).




1.4 Normal Beta Gene:

The order of the genes in the B-globin cluster is. 5-epsilon -- gamma-G --
ganma-A -- delta -- beta-3'. The cluster is located on chromosome 11p15.5, and
contains 5 functional genes presented in the same order in which they are expressed
during development. The B-locus control region (B—LCR) is a major regulatory
element located 6-20bp far upstream from epsilon gene. It is necessary for the high
level of expression of those genes figure (7.a) (Strachan & Read, 2004, p.300).

During fetal life, Hb F @2y2) is the predominant type of hemoglobin. Fetal
switching refers to the developmental process that “leads to the silencing of y-globin
gene expression and the reciprocal activation of adultp-globin gene expression. This
results in the replacement of Hb F by Hb A @2B2) as the predominant type of
hemoglobin in adult lif& figure (7.c) (Frenette & Atweh, 2007).

A B-globin gene cluster
Chromosome 11
) / \ )
[ — |
B-LCR = Gy Ay 3 B
B

c-globin gene cluster
Chromosome 16

Hemoglobin

Va = » ¥
Fetal life———Hb F (o,v,) P Heme
o oty

Infant/adult life

P, B
Hb A (o, B.) r—
[+ oy

Figure (7): beta-globin gene cluster.
From: Frenette & Atweh, (2007).




1.5 B-Thalassemia mutations:

Over 200 mutations affect one or both of the B-globin genes. Deletion mutations
are rare; the majority of mutations are point mutations in important functional regions
of the 3 globin gene (Galanello & Origa, 2010).

Splice mutations and those that occur in the promoter region tend to cause a
reduction, rather than a complete absence of B-globin chains and thus result in milder
disease. Nonsense mutations and frameshift mutations tend not to produce any -
globin chains leading to severe disease (loss of function) figure (8).

The severity of anemia caused by p-thalassemia depends on which mutations
are present and on whether they decrease beta globin production (called betd
thalassemia) or complete elimination (called betithalassemia) figure (9).



Mutations Causing }-Thalassemia

Transcriptional mutations » -87(C=20G) BT
RNA Processing
Splice junction > IVS-I-1 (GA) B
Consensus sequence » IVS-I-6 (T =C) pT
Cryptic splice sites in introNS———— IVS-I-110 (G 5 A) 7
Substitutions in exons s Codon27(G_,T)Knossos
Non functional mRNA
Nonsense mutations » Codon39(C—-»T) B’
Frameshift mutations » Codon6(-A) p°
initiator codon mutations > ATG—p AGG

Figure (8): Mutations causing p-thalassemia
From: Kleanthous, (n.d.)
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Figure (9): Point mutations causing 3- thalassemia
From: Kleanthous, (n.d.).




Table (1): Common mutations reported according to severity and ethnic groups

Population [-gene mutation Severity
Indian -619 del i
Mediterranean -101 C—T B+
Mediterranean; African -87C—G B
Japanese -31A-G B
African 29 A-G B
Southeast Asian -28 A—C B
Mediterranean; Asian Indian IVS1-ntl G—A pe
East Asian; Asian Indian IVS1-nt5 G—C i
Mediterranean IVS1-nt6 T—C gt
Mediterranean IVS1-nt110 G—A B
Chinese IVS2-nt654 C—T B*
Mediterranean IV S2-nt745 C—G B
Mediterranean codon 5-CT i
Mediterranean; African-American codon 6 -A i
Southeast Asian codon 41/42 -TTCT i
African-American AATAAA to AACAAA B
Mediterranean AATAAA to AATGAA B+
Mediterranean codon 27 G—T Hb (Hb Knossos) B**
Southeast Asian codon 79 G—A (Hb E) B
Mediterranean codon 39 CTT i

BO:compIete absence of beta globin on the affected allele
B*:residual production of beta globin (around 10%)
B**:very mild reduction in beta globin production

From: Galanello & Origa, (2010).
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1.6 1VS1-6 mutation:

IVS1-6 (T —»C) mutation is one of the most common causes of B-thalassemiain
the Mediterranean and the Middle East descent. This mutation interferes with mRNA
splicing and results in reduced expression of B-globin chains (3*-thal assemia) (Waye,
et al. 1995, Galanello & Origa, 2010). Rosatelli, et al. (1992) found that 1V S1-6
mutation is a mild mutation, because a less marked decrease of the red cell volume
and Hb content per cell as compared to the other -thalassemia mutations investigated
indicating that mild mutations may produce a mild phenotype. Also, they found that
mild hematological characteristics of heterozygotes for mild mutations (1VS1-6 orf -
87) as compared to carrier of p’-thalassemia or severe p* thalassemia are certainly
related to the residual relatively high output of B-globin chains from the affected
locus. “The IVS1-6 mutation is of moderate severity, allowing normal splicing to
occur in aportion of the B-globin transcripts’ (Abd El-Latif, et al. 2002).

1.7 Genetic modifiers

Genetic modifiers are defined as. "genetic variants that lead to differences in
disease phenotype affecting the clinical severity of the phenotype, by reducing the
globin chain imbalance, resulting in a milder form of thalassemia® (Waye, et al. 1995,
Galanello & Origa, 2010).

They include:

1. The coinheritance of a thalassemia.

2. Co-existing point mutations or deletions characterized by aresidual high-
chain production.

3. Recently, the genome wide association study reveal ed genetic elements that
increase the production of HbF; such as polymorphism in BCL11A gene
(rs11886868 Cto T) and in the HBS1L-MY B intergenic region (rs9389268 A
to G) unlinked to beta globin gene cluster, that are able to modify the severity

of B-thalassemia.
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1.8 Literature Review

Geneticists and hematologists have been interested in p-thalassemia for
decades. Several studies have been recognized the importance of such disease for the
increased widespread throughout the world, and not confined to a particul ar region.

Being aglobal public health problem, this is due to the high rate of migration
from Mediterranean basin to “USA, Canada, Australia, South America, the United
Kingdom and France, where migration occurred up to a century ago and where large
ethnic minority groups are now entering their fourth and even fifth generatiorf
(Atweh, et al.,1987 & Aessopos, et al., 2007).

The disease causes anemia of variable severity which becomes manifest in
early childhood. Mogt patients have the severe form referred to as thalassemia major,
characterized by lifelong transfusion dependency. However, in about 10-20% of
homozygous patients, the clinical phenotype is less severe and the anemia does not
require (regular) transfusion treatment (thalassemia intermedia) (Colahst al., 2004).

Waye, et al. (1995) found that the co-inheriance of a-thalassemia was
correlated with some mild-transfusion independent phenotype, while in the remaining
families there was no correlation, suggesting the presence of other genetic
determinants that ameliorate the phenotype.

By genome-wide association scan, it has been found inf-thal assemia patients
with elevated levels of HbF, there were Quantitative trait loci (QTL) contributed in
ameliorating the clinical phenotype of these patients. QTL“are loci, or locations, on
chromosomes for genes that govern a measurabl e trait with continuous variation, such
as height, weight, or color intensity’ (United States Department of Agriculture
[USDA], 2008).

By genome-wide association mapping strategy applied by Menzel,et al.
(2007a) to individuals with elevated levels of HbF, they mapped an F cell QTL to a
region on chromosome 2p15 included the BCL11A gene. The 2p15 QTL accounted
for 15.1% of HbF variance. The strongest associations were in a region spanning 14
kb in the second intron of the BCL11A gene. The second association cluster spanned
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67 kb in the 3-prime region of the gene downstream of exon 5 of the BCL11A. The
molecular mechanism of HbF reactivation is not fully understood, but when HbF
elevated levels interact with3-thalassemia, it shows a milder phenotype in severity of
these patients.

BCL11A gene refers to “B-cell CLL/lymphoma 11A’ encodes a C2H2 type
zinc finger protein, located on chromosome 2p16.1 figure (10). During hematopoietic
cell differentiation, this gene is down-regulated (National Center for Biotechnology
Information [NCBI], 2010), implicated previousy in myeloid leukemia and
lymphoma pathogenesis (Menzel, et al. 2007a). This gene is required for B-cell
formation in fetal liver. Genetic variation of BCL11A is associated with quantitative
variation in the production of F cells (erythrocytes containing measurable amounts of
fetal hemoglobin HbF) (UCSC, 2009).
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Figure (10): BCL11A gene location on chromosome 2p16.1.
From: UCSC Genome Browser on Human (2009).

According to Menzel, et al. (2007a), BCL11A found to be expressed in a
variety of tissues, including erythroid cells and shown that BCI11A is essential for
early lineage commitment in the development of T and B cells.

DNA analysis of SNP rs11886868 (Cto T) in BCL11A gene was tested by Restriction
Fragment Length Polymorphism (RFLP) digest of a PCR fragment, discussed later in
the material s and methods.

Uda, et al, (2007) found by genome-wide analysis conducted on 4,305
Sardinian individuals, a significant association between the BCL11A gene and
hepatocellular persistent fetal hemoglobin. The strongest association was with the C
allele of a SNP rs11886868 in intron 2 of the BCL11A gene. The C allele was
associated with an ameliorated phenotype in patients with -thalassemia and sickle
cell anemia, indicating that SNPs in the BCL11A gene may modify these phenotypes
by increasing HbF levels.
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Sankaran, et al. (2008) tested the expression of the BCL11A locusin erythroid
cells, amulti-zinc finger transcription factor, which encodes a stage-specific regul ator
of HbF expression through its involvement in control of they-globin genes. They
observed that “cells homozygous for the“high-HbP’ allele expressed a lower level of
BCL 11A transcripts than those homozygous for the “low-HbF” allele or heterozygous
for both alleles. The difference in expression between the“high” and “low” HbF-
associated BCL11A alleles is 3.5 fold. Hence, relatively modest differences in
BCL11A expression appear to be associated with changes in HbF expressiory.

HBSIL gene encodes a member of the GTP-binding elongation factor family.
Located on chromosome 6023.3 figure (11), and found to be expressed in various
tissues with the highest expression in heart and skeletal muscle. DNA polymorphisms
at this region associated with fetal hemoglobin levels and pain crises in sickle cell
disease (Lettre, et al., 2008). A single nucleotide polymorphism in exon 1 of this gene
is significantly associated with severity inp-thalassemia/lHemoglobin E. Multiple
alternatively spliced transcript variants encoding different protein isoforms have been
found for this gene (NCBI, 2010).

thré (423.3) 122, 3 BRI 1 BN 1 BB

Figure (11): HBSIL gene location on chromosome 6023.3.
From: UCSC Genome Browser on Human (2009).

MY B gene encodes a transcription factor that is important in the regulation of
hematopoiesis (NCBI, 2010). This gene is located on chromosome 6g22-g23 figure
(12). Major site of expression include: bone marrow, colon, leukocyte, and
hematopoietic stem cells (Human Protein Reference Database, n.d.).

The intergenic region of HBSIL gene and the MYB genes have been
identified to be QTL, and have arole in controlling fetal hemoglobin level (Menzelet

al., 2007b , Nancy, 2009).

DNA analysis of SNP rs9389268 (A to G) in this intergenic region in our population
was tested by RFLP digest of a PCR fragment.
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Figure (12): The location of HBS1L-MY B intergenic region
From: National Center for Biotechnology Information [NCBI], 2010.
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CHAPTER 2
Objectives
21 Overall objectives
Even though the clinical severity of B-thalassemia is variable, most patients

are pB-thalassemia major depending on transfusion and will suffer from related
transfusion complications of iron overload and viral infection. On the other hand -
thalassemia major is considered a socioeconomic burden, due to the pain and
suffering of the affected families and the society. The WHO calculated the annual
cost of US $10,000 per patient (Younis, et a., 1994).

B-thalassemia severity is determined by the degree of imbalance in globin-
chain synthesis; the absence or reduced production of 3-globin leads to excess of a-
chains, any factor able to reduce the degree of globin imbalance may produce milder
phenotype (Galanello & Cao, 1998).

This study was designed to investigate the variable severity of anemia caused
by B-thalassemia patients who have been previously tested and found to be
homozygous for (IVS 1-6 T — C) mutation. This mutation affects position 6 of the
splice consensus sequence of intron 1 of thep-globin gene.

The clinical variability can be explained either by a high residua activity of
the B-globin gene itself due to the inheritance of mild B-thalassemia aleles, by
coinheritance of a-thalassemia, or by genetic modifiers that increase the activity of the
v-globin genes (HbF) (Galanello & Cao, 1998).

2.2 Specific objectives

Screening for these modifiers to correlate between the genotype and the
phenotype in our population, which is important to help proper diagnosis in early
infancy before onset of symptoms appear, and to offer the parents genetic counseling
for the complications associated with severe anemiaif not trested properly.

The Palestinian population has a high rate of consanguinity of 50% (Gayth,
2004), so it’s important to have genetic tests demanded by law before marriage for
carriers to help them manage for the disease to decrease the number of thalassemia
major patients.
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This study tried to find answers to the following questions:

1. Is there a significant correlation between genotype and phenotype for the

people homozygous with 1V S 1-6 mutation when genotyped at:

a SNPrs11886868
b. SNPrs9389268

2. Dose elevated levels of HbF ameliorate the clinical phenotype?
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CHAPTER 3

Methodology/M aterials and Methods

Molecular genetics studies are commonly reasonabl e to confirm the diagnosis,
prognosis, and to be able to offer comprehensive genetic counseling to family
members. It is also necessary when prenatal diagnosis is required by the family to
avoid the birth of another affected baby in future pregnancy.

The molecular investigation usually confirms the phenotypic findings, but in
some cases, phenotypes can be misleading. The classification of genotype- phenotype
correlation of subjects is particularly important in the diagnostic steps of -
thalassemia, as well as familystudies.

31 Design
The design was based on biotechnological PCR based assays such as RFLP
and DNA sequencing because of its availability.

32  Setting
This study was conducted at Bethlehem University Hereditary Research
Laboratory (HRL), Science Faculty.

3.3  Sampling
The sample included extracted DNA from 75 patients homozygous for the
same mutation IV S1-6 previously genotyped in an earlier study conducted at HRL.

Clinical phenotype classification of the patients was evaluated using a set of
criteriafor grading system. The severity of the disease is usually measured by the age
of diagnosis, age of first regular transfusion, transfusion frequency, splenectomy and

age of splenectomy.
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Table (2): Grading criteria.

Group | - Severe:
1. Ageat diagnosis < 3years
2. Received first transfusion at age 2 years or under.
3. Receiving regular transfusions at arate of one every 1-3 month or
more frequently (shorter interval).
Group Il — Mild:
1. Ageatdiagnosis 3years
2. Received first (if any) transfusion at age 5 year or over.
3. Never or rarely transfused (<1/yr) until adulthood (for women, during
pregnancy which may precipitate lifelong need for transfusion).
4. Baseline Hb without transfusion: minimum 7.
5. Splenectomy, if required, was performed in adulthood (over age 15).
Group II — Intermedi ate:
All the patients milder than Group | and more severe than Group 1.

34 I nstrument:
In this study, these instruments were used:
1. Gene Amp thermal cycler (PCR system 9700).
Agarose Gel Electrophoresis (Mini SubCell GT®) from Bio-Rad Laboratories.
Gel Documentation System (Syngene Corporation).
Sanger Sequencer Machine ABI PRISM ® 3130 DNA analyzer.
NanoDrop ® instrument.
Analytical balance.
Microwave.
Centrifuge
Vortex

© 00 N o g bk~ W DN
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. Multichannel pipettes
3.5 DataCollection:

In this study all B-thalassemia patients were selected from National Center for
Blood Diseases Hippocrates in Ramallah, from districtsin the West Bank.



The files which included the past history of the cases were used to include
laboratory parameters such as. Hb level, HbA2 level, HbF level, and MCV in the
statistical analysis (Appendix 1).

3.6  Ethical Considerations:

To ensure the subjects confidentiality, each subject was assigned a code
number. The data collection tools were identified only by the code number. A subject
list that included the patient code number, subject name, date of birth, age at
diagnosis, age of first transfusion, transfusion requirements, age at splenectomy, and

hematological |aboratory tests were kept in alocked filing cabinet in the lab office.

3.7 Method of Data Analysis.

The data analysis procedure of this study included both descriptive and
inferential statistics. The descriptive statistics included mean, and standard deviation.
The statistical test used was one way ANOVA, LSD for multiple comparison,
independent sample t-test, and Chi-Square. The program that was used for the

analysiswas the IBM SPSS datistics version 19.

3.8 DNA analysis:
2ul of DNA was measured by NanoDrop® instrument, working concentration

100 ng/ul was used for each sample in the PCR reaction (see Appendix 8.1)

39  Primer design:
1. SNPrs9389268 (A& G

The sequence below for the SNP was taken from NCBI data base for SNPs:

AGTGCTTCTG GCAGTGAATT

GICCATTTGT
TCTTTTGITA
TTGIGAAACA
TTCTGTGGAT

TATTGITTTA
CTAATGATAC
CCTTTTCATA
TGTTATGTAG

AACCTTGTAA
CTTTAAATGG
TCaaatttta
TACTTCATCA
TACTCCTTTG

TTTTTCTTTT
tt ggagacag
ctgcaacctc
gat t acaggc
A

cacccgact a
tct cgaactc
t gt gagct ac

GATTTTTATT
agtcttgctg
cgcttccagg
gcat gcaacc

attttttgtg
ct gagct cag
t acacATGCGG

CAAAGTTTTA
CACTCTACCT
TTTTAACATT
GAGACACCTG
TTCATCAAAA
CATATACTTC

AGCTTTATGT
GAATATTGTA
TGAGAACATG
TATAGGat at

CACTATCGAA
ATTCTTCTTT

TTTTACTAAT
t gt cacccag
gtt caagcaa

ttttagtaga
gc aat ccacc
CAGATTCTTA
AAACTAATCT
AAAATATTAA
ATATCTCTGG
aaat aat at a
TAACTATCCT

CAATAAATAG TATTACTGAA
TATCTTGCCA GGTTTTTAAA
aaatatattt atcttttatt
TTTTTATACT GGGCATTTTT
TTATACATGT AGCAATGICT
TTAtttttgt ttgtctttge
gct ggagt gc agt ggcacaa
ttctcgtgec tcagcctcct

tacgatgttt caccgtgttg
tgcctcagtc tcctaaagca
ATTTTTCATG TTTTAACATA
GCTACCTTTG GCACCAAACT
CAATTATTCT CTGGTACTCA
AATCTGTITTT GGGGCATTGT
ttttatattt t GCCCTCAAA
TTCCCCATTG ATTAGAAATG

AR

AACAATCTTA
ACTCTGTATT
ttaCTTTCTT
CATTATTCAT
TTATCAGICT
tttttttttt

tctcatctca

gggt agct ga

ctcaggttgc
t gatt acagg
AAACAGCTCT
TAGAAATTCT
AAGGTTTTAG
TTGAGITAGA
TGATTAGCCA
CCATTTTGIT



The primers were designed by MacV ector software:

Rs9389268-F 450-469 5-ATTCTCGTGCCTCAGCCTCC-3'
20 nt forward primer

Pct G+C: 60.0 Tm: 55.6

Rs9389268-R  726-700 5 - GENGCCANACCTACCACATTAGIIAL -3

27 nt backward primer
Pct G+C: 44.4 Tm: 57.0

The primerswill be flanking this sequence that includes 277 nucleotides wherey
represents the SNP in the wildtype.

ATTCTCGTGCCTCAGCCTCCTGGGTAGCTGAGATTACAGGCGCATGCAACC
aCACCCGACTAATTTTTTGTGTTTTAGTAGATACGATGTTTCACCGTGTTGC
TCAGGTTGCTCTCGAACTCCTGAGCTCAGGCAATCCACCTGCCTCAGTCTC
CTAAAGCATGATTACAGGTGTGAGCTACTACACATGGGCAGATTCTTAAT
TTTTCATGTTTTAACATAAAACAGCTCTCAAAGTTTTAAGCTTTATIGTARA

2. SNPrs11886868 (CaT)

The sequence below for the SNP was taken from NCBI data base for SNPs:

tct GTCATTA
ATGTACTTTG
GGTTACAGAC
tttattaagg
caatttgcca
caccagtcta
accccttcct

ttgttacaaa

Cctccctctce tcectcetcetcetce
GAATACAAAG GGCATTCTCA
TAGAGICTTG AGGAGACCCA
GGITGGGIGIT TTGITTTGIT
agtcattcat tttaagtgta
ctccaccaaa at caagatac
ttgctgtcaa tccccttccc
ctaccaccac agtgttgaga
tcttttgtgt ttaatttctt
Y
cacagagcag
tctactgttg
gtgggttgtg accacttttt
tgtttatagg aatgtatgtc
ACAGAAAAGG TTTTGAGITT GAGICCAGGG AGCCCTCATT
CCCCTCCCAC CCCATTCCCT GGAGAGITCA ACTCCAAACC
TGGCTCAGCT ACCAAATGIC ATCCTATTCC GAATAGAAAC
ATGATGG

tctctctctc
TTTCCCTGAA
AACAGTTAAA
TCGCTTTAGC
cagtt ggatt
agaacacgt c
taaccctctg
att ct agaat

aatgattctg
agttgtattc

ggattcatcc
caccat aggg

at ggt gt gga
cgtttatcca
gaccact at g aacagtgcta
tacatttctc ttaggtaaac

Y represents where the single nucleotide polymorphism has changed.

The primers were designed by MacV ector software:

CCAACTTCTA
GIGCTACCCT
AGACTTGGTIT
tatactttac
gttgtataca
gaaagccccce
t ct aaccact
t ggact cat a

gtgtgttact
tt caacct at
caat ggacac
at ct aagGCA
TTGTCATCCT
CTATATCCCA
CTCTCCACTA

TAAAATCTCA
GAAAGACGEC
CCACTCCAGT
at acaacaaa
gct gt gt ggc
t cat gcccct
gaacccccac
caggat at cg

ctttcattct
t ggt t gccat
tgt gt agat g
TTTCGAGAAC
CCAGGCTGCC
GCTATCTGIT
CACTAAGGAA

rs11886868-F 323-346 5'- ACCCTCTGACCCCTTCCTTCTAAC -3

24 nt forward primer
pct G+C: 54.2 Tm: 57.0

s11886868-R 545-524  5- IEANICCRINNCCOCONNISE -3

22 nt backward primer
pctG+C: 455 Tm: 555
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The primerswill be flanking this sequence that includes 223 nucl eotides where
represents the SNP in the wild type.

ACCCTCTGACCCCTTCCTTCTAACCACTGAACCCCCACCTACCACCACAGT
GTTGAGAATTCTAGAATTTGTTACAAATGGACTCATACAGGATATCGTCTT
TTGTGTTTAATTTCTTcCACAGAGCAGAATGATTCTGGGATTCATCCATGGT
GTGGAGTGTGTTACTCTTTCATTCTTCTACTGTTGAGTTGTATTCCA CEEIA

The primers where ordered from hy-labs, lyophilized and diluted by nuclease free
water to reach 100pmol/ul, the working concentration is 10pmolul.

3.10 PCR reaction:
The reaction volume prepared was 25ul that included all components of PCR

reaction: 12.5ul ReddyMix (see Appendix 2 for contents), 0.5u1 Forward primer,
0.5ul reveres primer, 1ul DNA, and 10.5ul nuclease free water. A negative control
was prepared with all the components except the DNA.

The PCR wasrunin an Applied Biosystem's Thermal cycler, the cycler was
programmed touchdown 55-45 as follows:
95°C (5:00)....cuviviiiiii i e el CyClE
The annealing temperature starts at 63°C and it goes down 2 degreestill it reaches
55°C. Each time the PCR machine does 2 cycles.

94°C (0:30), 55°C (0:30), 72°C (0:45)............ 30cycles
72°C (4:00)...cceviiii i il CYClE
10°C (10:00).....ceeveveiieiieie e e e eee eeeen 2000 (OVErNIQH).

311 Agarose Gel Electrophoress:

1% agarose was prepared: 1gm powder per 100ml 1XTris-acetate-EDTA
electrolyte buffer solution in a 250ml flask. The resulting media became foggy. Then
using the microwave, the media is allowed to boil for 3 minutes or more until it
become clear, cooled by running tap water, in order to prepare for the addition of
Ethidium Bromide (EtBr), finally poured in the gel castor until solidified with combs
in place.
3ul PCR product was loaded in the well of each sample and Su of DNA ladder
(fragments: 100, 300, 500, 700, 900, and 1200 base pair/bp).

The power supply was set at 120V for 20 minutes. The gel was observed on a
gel documentation system for detection of PCR products.
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DNA ladder PCR product 277bp Negative control (NTC)
200 bp

Figure (13): rs9389268 gel el ectrophoresis result.

DNA ladder PCR product 223bp
100bp

Figure (14): rs11886868 gel electrophoresis result

3.12 Restriction Fragment Length Polymor phism (RFLP):

In this procedure, the genotypes of the two SNPs were tested by restriction
digest to differentiate between the wildtype allele, homozygous mutant, and
heterozygous polymorphic status.

First, the Webcutter version 2.0 was used, to choose the most suitable
restriction enzyme.

1. For rs11886868, thereis 1 cut in the mutant allele at position 181 by the

enzyme Mboll (recognition site gaaga) which also makes 2 cutsin the
wildtype allele at position 119 and 181.
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Mboll

5...GAAGAN;g... 3

3...CTTCT(N)7a... 5
From: Nebcutter online http://tools.neb.com/NEBcutter2/enz.php?name=76430814-
& enzname=Mbol& recpos=176 Retrieved August 26,2010.

Table (3): the pattern of cuts in the wildtype allele and the mutant for rs11886868

Mboll Wildtype 2 /119181 gaaga 119, 62, 42
Mutant 1/ 181 181, 42

2. For rs9389268, thereis 1 cut in the mutant allele at position 53 by the

enzyme Acil (recognition site ccgc) and no cutsin the wildtype allele.

Acil
5... CCGC.. 3
3... GGC.G.. 5

From: Nebcutter online http://tools.neb.com/NEBcutter2/enz.php?name=76430814-
& enzname=Acil & recpos=49 Retrieved August 27, 2010

Table (4): the pattern of cuts in the wildtype allele and the mutant for rs9389268

Acil Wildtype No cuts CCGC 277
Mutant 1/ 53 224,53
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Table (5): RFLP reaction recipe (total volume 20uls):

1% SNP Reagents 1X reaction Sour ce
10x buffer 2 2ul TAKARA SHUZO (DALIAN)
Rs11886868 CO., LTD Biomedica Group,
Japan http://www.takara.com
Mboll 1l TAKARA Biomedicals
Substrate DNA 5ul PCR product from previous
step
Nuclease freewater 12 pl
10x buffer 3 2ul New England BioL abs
www.neb.com
Acil 0.5 New England BioL abs
Rs9389268 www.neb.com
Substrate DNA 5ul PCR product from previous
step
Nuclease freewater 12.5

Uncut: was used as control that only contains the PCR volume.

The incubation period used for the reactions was at 37°C for 16 hoursin athermal

cycler and then loaded on 3% gel electrophoresis at 80Volts for ~45 minutestol:15

hour.

DNA ladder
200bp

Figure (15): rs9389268 RFLP gel electrophoresis result.

277bp wild type

Heterozygous 277bp uncut
277bp, 224bp, 53bp
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Homozygous
100 ladder mutant 181bp

42bp.

Wildtype
119 bp,
62bp 42bp

Heterozygous
181, 119, 62,
42bp.

223bp
uncut

Figure (16): rs11886868 RFLP gel electrophoresis result.

3.13 Cleaning PCR for sequencing:

Promega kit (Cat # A9282) Wizard® SV Gel and PCR Clean-Up
System was used to remove excess primers and nucleotides.

1. A membrane based system in which 25l of membrane binding solution were

added to the PCR to clean it up from fragments and primers.

2. The solution was transferred to afilter column then centrifuged for 1 min. at

14.000 rpm.

3. Theresidue was thrown and 750 pl of membrane washing solution (MWYS)

were added to the filter, centrifuged again for 1 min. at 14.000 rpm.

4. Step 3 was repeated but 500 ul MWS were added, centrifuged for 5 min. at

16.000 rpm.

5. Finally, the filter column was transferred to an empty eppendorf tube and 20pl

sterile water was added. This should be our cleaned PCR.
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3.14 PCR for Sequencing:
Table (6): The reaction volume used for sequencing PCR

Reagents 1X reaction
5x reaction buffer 4ul
Big Dye Terminator 1pl
version 1.1
Clean PCR product 0.3 ul
Water 13.7 ul
Primer (forward or 1pl
reverse) 10 pm/ ul
Total volume 20 pl

Note: the amount of PCR product used in sequencing PCR depends on the length and
purity of the PCR product (for each 100bp of sequence, 10ng of PCR product is
needed).
1. The PCR reaction was run in a PCR machine programmed as follow: 96C for
1 min.denaturation, [96 °C for 10 sec, 50°C for 5 sec, 60°C for 4 min]x25
cycle. Then £C overnight or as needed. This takes about 2.30 hr.

2. The PCR product was transferred to gel tube, centrifuged at 750rpm for 2 min.

3. Thetube wastransferred to speed vacuum with heat 60°C for 30 min to dry
the sequence PCR product.

4. 16 pl of Hi-Di™ Formamide (from applied biosystem, UK) were added to the
tube to denature the DNA, vortex, heated at 95 °C for 2 min, then directly put
it onicefor 5 minutes.

5. 16pl from the sample was transferred to a 96 well tray and runitin a
sequencer machine ABI 3130.

3.15 Sequencing output:

The sequences were tested for each SNP to see the polymorphism; they were
analyzed by software called Finch TV, in which the SNP was detected by the number
of peaks representing the polymorphism; wildtype, heterozygous, or homozygous
mutant.
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W@ 08 @ |8 =1 cesa

Find Sequence |ATCGTCTTTTGTGTTTAATTTCTT | AES.LE

CGT CTTTTGTGT TTAAT TTCTTIBlcacAG A CAG AATG AT
&0 g0 100 110 d

Figure (17.a): Finch TV view displays the sequence with the SNP rs11886868 (C to
T) heterozygous

wE Qg

& (e || Geoane

Find Sequence [ATCGTCTTTTGTGTTTAATTICTT AL G T
IGT CTTTTOTGT TTAAT TTCTT|EBlCcACAG A& CAG AATGATE CTC
70 a0 a0 100 110

Figure (17.b): Wildtype sequence for SNP rs11886868

W@ BB @G| 80 ccosa

Find Sequence iTATCGTCI GTGTTTAATTTCTT | ACG T
BT CTTTTGTGTTTAAT TTCT T|E|CACAG AG CAG AATG ATTCT
80 90 100 110

Figure (17.c): homozygous mutant for SNP rs11886868
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Figure (18.b): Heterozygous for SNP rs9389268 (A to G)




Results

Hypothesis 1.

CHAPTER 4

Doesthe means of HbF differ with respect to phenotype at the level of significanio =

0.05?

To answer the question, one way ANOV A was used to compare the means of HbF

with respect to phenotype.

Table (7): Oneway ANOV A results to compare the means of HbF with respect to

HbF

Between Groups

Within Groups
Total

phenotype.
Sum of Squares df Mean Square
386.178 2 193.089
4827.945 72 67.055
5214.123 74

2.880

Sig.
.063

The table shows that there is no differences at the level o = 0.05 in the means of HbF

with respect to phenotype since the cal culated significant is 0.063 which is greater

than 0.05.

For multiple comparisons the LSD test is cal culated and the results are shown in the
following Table.

HbF
LSD

(I) phenotypel
Mild

intermediate

Severe

Table (8): Results of Multiple Comparisons.

Mean Difference

(J) phenotypel (1-9)

Intermediate 3.6147
Severe 5.8792°
Mild -3.6147
Severe 2.2645
Mild -5.8792"
Intermediate -2.2645

*, The mean difference is significant at the 0.05 level.

)

Std. Error
2.6658
2.4604
2.6658
2.1859
2.4604
2.1859

Sig.
179
.019
179
.304
.019
.304

95% Confidence Interval

Lower Bound Upper Bound

-1.699 8.929
974 10.784
-8.929 1.699
-2.093 6.622
-10.784 -.974
-6.622 2.093



Table (9): Means of HbF level with respect to phenotype

Mild 16 11.563 10.8168 2.7042 15 45.0
intermediate 23 7.948 7.4253 1.5483 .5 30.0
Severe 36 5.683 7.2898 1.2150 .5 30.0
Total 75 7.632 8.3941 .9693 .5 45.0

The table shows that there is a difference between the mild and severe phenotype in
HbF level to the mild. The mean for HbF in mild patientsis 11.563 while it is 5.683
for severe ones.
Graph 1: Means of HbF level with respect to phenotype by:
a. Bar graph

HbF vs. Phenotype

mile {16} intermediate {23) severe (36)

b. Pie chart.

¥ intermediate (23)
= severe (36)
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Hypothesis 2:
Doesthe means of HbF differ with respect to gender at the level of significanto =
0.05?
To answer the question t-test was used to compare the means of HbF with respect to
gender.

Table (10): T-test results to compare the means of HbF with respect to gender

Group Statistics

HbF male 51 7.700 9.1758 1.2849 73 0.102 0.919
female 24 7.488 6.6059 1.3484

The table shows that there is no significant differences at the level ofo. = 0.05 in the
means of HbF with respect to gender since the calculated significant is 0.919 which is

greater than 0.05

Graph2: Means of HbF level with respect to gender
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Hypothesis 3.a:
Does the phenotype correlate to genotype for SNP rs11886868 at the level of

significanta = 0.05?
To answer the question chi-sguare test was used as atest of independence to check the
correlation between the phenotype and genotype.

Table (11): Genotype * Phenotype Crosstabul ation for rs11836868

Phenotype
intermediate mild severe Total
hetero Count 11 4 12 27
Expected Count 8.3 5.8 13.0 27.0
% of Total 14.7% 5.3% 16.0% 36.0%
SNP homo/mut Count 8 12 18 38
genotype Expected Count 11.7 8.1 18.2 38.0
% of Total 10.7% 16.0% 24.0% 50.7%
wildtype Count 4 0 6 10
Expected Count 3.1 21 4.8 10.0
% of Total 5.3% .0% 8.0% 13.3%
Total Count 23 16 36 75
Expected Count 23.0 16.0 36.0 75.0
% of Total 30.7% 21.3% 48.0% 100.0%
Chi-square =7.238 df=4 sig. =0.124

There is no relationship between the phenotype and genotype at level of significant
a =0.05 since 0.124 is greater than 0.05

Ye



Graph (3.a): Genotype-phenotype correlation for SNP rs11886868.
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Does the phenotype correlate to genotype for SNP rs9389268 at the level of

significanta = 0.05?

To answer the question chi-sguare test used as atest of independence to check the

correlation between the phenotype and genotype.

Table (12): Genotype * Phenotype Crosstabulation for rs9389268

mild
heterozygous Count 0
Expected Count 7
% of Total .0%
wildtype Count 17
Expected Count 16.3
% of Total 22.4%
Count 17
Expected Count 17.0
% of Total 22.4%

Chi-square=0.945 df=2 sig.=0.621

Yo

intermediate
1

.9

1.3%
22
22.1
28.9%
23
23.0

30.3%

severe
2

14

2.6%
34
34.6
44.7%
36
36.0

47.4%

Total
3

3.0

3.9%
73
73.0
96.1%
76
76.0

100.0%



There is no relationship between the phenotype and genotype at level of significant
a =0.05 since 0.621 is greater than 0.05

Graph (3.b): Genotype-phenotype correlation for SNP rs9389268.
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Hypothesis4.a:

Doesthe means of HbF differ with respect to genotype for SNP rs11886868 at the
level of significanto = 0.05?

To answer the question, one way ANOV A was used to compare the means of HbF

with respect to phenotype
Table (13): One way ANOV A results to compare the means of HbF with respect to
genotype.
ANOVA
Sum of Squares Df Mean Square F Sig.
Between Groups 119.384 2 59.692 .844 434
Within Groups 5094.740 72 70.760
Total 5214.123 74

The table shows that there is no significant differences at the levelo. = 0.05 in the
means of HbF with respect to genotype since the calculated significant is 0.434
which is greater than 0.05
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For multiple comparisons the LSD test is cal culated and the results are shown in the
following table.

Table (14): Results of Multiple Comparisons.

HbF LSD

Wildtype heterozygous 3.3163 3.1140 .290 -2.891 9.524
homo/mut .9753 2.9897 745 -4.985 6.935

heterozygous  wildtype -3.3163 3.1140 .290 -9.524 2.891
homo/mut -2.3410 2.1173 273 -6.562 1.880

homo/mut wildtype -.9753 2.9897 .745 -6.935 4.985
heterozygous 2.3410 2.1173 .273 -1.880 6.562

Table (15): Means of HbF level with respect to genotype.

10.3387

3.2694

27 6.004 6.5809 1.2665 .5 30.0
38 8.345 9.0146 1.4624 .5 45.0
75 7.632 8.3941 .9693 .5 45.0

Graph (4.a): Means of HbF level with respect to genotype for SNP rs11886868.
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Hypothesis 4.b:

Does the means of HbF differ with respect to genotype for SNP rs9389268 at the level
of significanta = 0.05?

To answer the question independent sample t-test was used to compare the means of

HbF with respect to genotype.

Table (16): T-test results to compare the means of HbF with respect to genotype.

HbF Std. df T Sig.
genotype N Mean Deviation Std. Error Mean
wild type 72 7.867  8.4865 1.0001 73 1.189 0.238
heterozygous 3 2.000 .8660 .5000

The table shows that there is no significant differences at the level ofo. = 0.05 in the
means of HbF with respect to genotype, since the calculated significant is 0.238 which
is greater than 0.05.

Graph (4.b): Means of HbF level with respect to genotype for SNP rs9389268.
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Finally, the frequencies of Hb level, HbA2 level, and MCV level were cal cul ated for
our samples as shown in table below.

Table (17): Descriptive Statistics

N Minimum Maximum Mean Std. Deviation
Hb 75 5.4 10.6 8.056 1.1165
HbA2 75 1.8 25.0 3.504 2.6344
MCV 75 45.7 88.1 63.863 9.6170

The mean of hemoglobin level (Hb) forf-thalassemia patientsin our sampleis
8.05g/dl.

The mean of hemoglobin A level (HbA2) for B-thalassemia patientsin our sampleis
3.5%

The mean of MCV level forp-thalassemia patientsin our sampleis63.8 fL.
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CHAPTER 5

Discussion

Recently, Genome-wide association progress has identified many loci
associated with common diseases such asp-thalassemia. The two SNPs (rs11836868,
and rs9389268) were previously reported to be associated with fetal hemoglobin
(HbF) levels. We analyzed the presence of these two SNPs in patients showing
variable phenotypic heterogeneity, and previously genotyped to be homozygous with
IVS1-6 (T—C) mutation. The technique used is PCR, RFLP and direct DNA
sequencing, the aim of the study was to find positive correlation between the two
SNPs and the clinical severity in phenotype (genotype-phenotype correlation).

5.1  Discussion of the Study Finding

One of the important findings which contribute in ameliorating the severity of
B-thalassemia phenotype is elevated levels of HbF. After testing the correlation
between HbF levels and patients phenotype at the level of significanta=0.05, we
found that HbF =11.563% for mild cases and 5.683% for severe patients (see table 9,
graph 1). But there was no correlation between HbF level and polymorphism at these
SNPs (see tables 15, 16 & graphs 4.a, 4.b) which indicates that these particular SNPs
may have a minor influence on HbF level in our population.

Genetic disease such as p-thalassemia (autosomal recessive disorder) is
transmitted equally to both females and males. In this study it was found that from the
total subjects, 68% were males and 32% were females (see table 10). The sample of
this study was selected by studying the 1VS1-6 homozygous patients from total
population of 266 B-thalassemia patients.

Chi sgquare test was performed to find out the correlation between genotype of
the two SNPs and the patients phenotype. Unfortunately, no correlation between these
polymorphisms and disease severity was found. Furthermore, 24% of the patients
were homozygous mutant for rs11886868 and showed sever phenotype (see table 11,
graph 3.a). On the other hand, all mild patients did not have SNP rs9389268, and the
more heterozyosity percentage was found in severe cases (66.6%). This is
contradictory to what was found in previous studies of GWAS, but is compatible with
other study investigated by Nguyen, et al., (2010) who did not find statistically



significant correlation between the two SNPs and HbF level, suggesting that the
BCL11A and HBS1L-MY B loci have a minor effect on HbF level.

B-thalassemia trait (heterozygosity) is suspected when MCV <79 fL and
elevated HbA2 ( 3.0%), our samples were having MCV = 63.8 fL, and mean HbA?2
3.5%, genetically it was confirmed by PCR test that all 75 patients were homozygous
for 1VS1-6 mutation. Applying PCR tests along with hematological tests for j-
thalassemia patients can help in establishing more accurate hematological parameters
identifyingp-thalassemiartraits.

5.2  Limitations

When performing gel electrophoresis for RFLP PCR digests, it needs long run
at 3% agarose gel and the ladder lowest band is 100 bp. One of the cuts of 42 bp
length was missed. So, direct DNA sequencing is a good validation tool to confirm
the results of gel electrophoresis directly. Also, ethidium bromide is carcinogenic and
need much care when handling the gel into the gel documentation system.

Sometimes, incompl ete digests were misleading to read the pattern of cuts on
the gel due to the volume of enzyme used (0.5 ul of Mboll per PCR reaction), after
using 1ul the results got better cuts.
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CHAPTER 6

Conclusion & Recommendations

IV S1-6 mutation is one of the mild B+ thalassemia mutations, due to the high
residual activity of B-globin chains from the affected locus. Nevertheless,
homozygous patients of this mutation exhibit a variable clinical presentation of
phenotype; mild, intermediate, and severe forms.

The genetic modifiers that were previously found by GWAS to contribute in
ameliorating the disease such as rs11886868 at BCL11A gene and rs9389268 at
HBSIL-MY B intergenic region had no correlation with the phenotype heterogeneity
of 75 homozygous IV'S patients from our popul ation.

Since elevated levels of HbF was found in mild cases, molecular
determination of fetal hemoglobin switch in early childhood will help to identify
candidates for pharmacological HbF switching such as hydroxyurea. However, in
most cases, the genetic basis for the observed clinical variability has remained
unknown.

Recommendations for further research steps, genotyping for other SNPs
located in BCL11A region (rs4671393) and three SNPs located in the HBS1L-MYB
region (rs28384513, rs9399137 and rs4895441).

Finally, the application of molecular methods of DNA analysis can elucidate
the relationship between genotype and phenotype, furthermore predict the
phenotype in genetic counseling and prenatal diagnosis and this is important for
planning the proper treatment in homozygous p° thalassemia. Hopefully, in the
coming future, the HRL at Bethlehem University will find novel SNPs that are
significant to our Palestinian population (West Bank and Gaza Strip) by applying

the microarray chip technique,
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CHAPTER 8
Appendixes

Appendix (8.1)

Table containing: Sample number, Patients code, hematological parameters (HbF, Hb,
HbA?2, and MCV) and phenotype.
Sample Patients HbF Hb  HbA2 MCV Phenotype

Number code e gid e s

1 001 Yy 1LY & fo,v mild
2. 009 Voo 4,0 £ Ve, intermediate
3. 011 £o,. AA \FE VEY mild
4, 012 A ALY A oy, mild
5. 018 °, 3 v,0 04, severe
6. 019 Y, ALY \FE °ov,4 intermediate
7. 020 Y,o Ay v,e 10,1 intermediate
8. 023 AFE Y AFE 1o,V severe
0. 026 Y, AY AFE vy, severe
10. 035 Y, AA AFE Ve, t severe
11. 040 Y,o Youe v,0 1,0 severe
12. 057 \FE 4,0 v,0 1E,1 severe
13. 059 A 1Y v,4 of,Y mild
14. 064 Y,o v,) Y,o T, intermediate
15. 068 Ty V,A AFE °1,) severe
16. 071 A 4,Y \FE TAY mild
17. 072 Voo v,4 v,e AXR severe
18. 073 o, Ay Y, 1e,Y intermediate
19. 074 Voo 4,v Y, AT, severe
20. 075 Yo v,V ¥,0 v,y severe
21. 077 Voo AA Y,o 1A severe
22. 078 V.4 ALY Y, TEA intermediate
23. 080 a. AT A o1, A severe
24, 083 AP Ay \FE 1.0 intermediate
25. 089 v,0 \A v,0 oV, A severe
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26.
27.
28.
29.
30.
31.
32.
33.

35.
36.
37.
38.
39.
40.
41.
42.
43.

45.
46.
47.
48.
49.
50.
Sl
52.
53.

55.
56.
57.
58.

090
108
117
125
126
132
143
170
179
180
187
189
190
191
192
194
196
198
199
200
203
207
208
209
211
212
215
217
219

220
225
228
229

€9

AN

severe
severe
Severe
Severe
Severe
Severe
Severe
Severe
Mild
Intermedi ate
Intermediate
Mild
Severe
Mild
Intermedi ate
Severe
Mild
Mild
Severe
Intermedi ate
Severe
Intermedi ate
Severe
Intermediate
Severe
Intermedi ate
Severe
Intermediate
Intermediate

Severe
Mild
Severe
Severe



59. 231 ),0 Ay v,V °oT,A mild

60. 232 v, Ao v, Yv,1 Severe
61. 242 v, A Y, AY,Y Severe
62. 244 Vo, ALY v, 19,A Intermedi ate
63. 245 VY, Y, A ¥, VY, A Severe
64. 247 Yoo A €0 o), A Mild
65. 248 Ve,0 v,Y ¥,o oA, Mild
66. 249 \ARE 1,4 £y T, Intermedi ate
67. 250 Ay 1vA Y, oy, A Intermedi ate
68. 251 £, LA v, oA, Intermedi ate
69. 255 Vo,. YA v, A0 Mild
70. 256 Yoo V.1 Y, ov, ¢ Mild
71. 257 Yo,. v, ¢ v, of,¢ Severe
72. 258 Yo ) v, 04,0 Severe
73. 259 v, 1, v, vy,y Intermedi ate
74. 262 o, v, Y v, 16,14 Intermedi ate
75. 264 Vo, LY v, OA,Y Intermedi ate
Appendix (8.2

1. Components of 2x ReddyMiX™PCR Master Mix from ABGene, UK
2. Concentration of Iyophilized primers (forward and reverse).

Thermoprime Plus DNA Polymerase 1.25 Units

TrissHCL (pH 8.8 a 25°C) 75mM
(NH4)2S04 20mM

Tween 20° 0.01% (V/v)
dATP, dCTP, dGTP, dTTP 200uM of each
MgCl2 1.5mM
rs9389268 29.2 nmol 16.8 nmol

rs1188268 26.0 nmol 17.3 nmol



