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Most common/oldest monogemc dlsorders WorldW1de
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- Structural variants: alter the globln polypeptlde

without affectl_ng 1ts rate of synthesis.
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defects that reduce or completely abo
of hemoglobin chains.
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Selective protection /hetérozygote advantage against P. falciparum

Malaria-endemic regions => ngh frequency of Hb-pathies T
Worldwide gene frequency: 5.1% (~300 mio carriers)

300 000 affected children born annually (all Hbpathies)

Bogazici

University i : :
Department of Molecular Biology & Genetics




.

—

— -

titative disorders of Hb syn;hesis

‘most common AR c iseases worldwide
k of a- or B -globin chains in erythrocytes

i

| -chain imbalance!
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a-Thalassemia
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, asult of deficient/absent
| a|n synthe5|s resulting in reduced Hb in
&It includes 3 main forms:

Major: Cooley’s Anemia, Medit Anemia
Intermedia
Minor: Beta Thal trait/carrier
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> Children of Italian origin
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“Form of severe anemia
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~ —_Splenomegaly & “peculiar bone changes”

Majority of early cases of Mediterranean origin

- thalassa + haima =>
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Me“dlte.rranean Basm
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North Afr;.éa

Middle East
Indian Subcoh'ﬁnent & Bulima

Central and Southeast Asia: China, Malaysia,

Indonesia




90 mio people are
S0Re0]0) symptomatic individuals born /year
Annual incidence of patients 1/100.000

_:_-ft‘%_eta thal major patients come to medical

-~ attention within the first 2 years of life and
require regular RBC transfusions to survive.

® Acc to Thal Int Federation patients
jth beta thal major are registered only.
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xtent of o/non-o chain imbalance
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-}nain pathopyhsiological determinant

of the severity of B-thalassemia
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°8 éltion° short arm of Chr. 11p15.5

® e 60 kb: 5 functional genes& a pseudo gene

= ‘f Sene Arrangement: the 5 functional genes are in
’:%Ehronologlcal order of expression

~Regulation: 5’ promoter with TATA, CAAT, CACCC

LCR: 20 kb 5’ of ¢-globin gene, contains four
erythroid-lineage-specific and one ubiquitious DNasel
| béersensitive sites and a strong enhancer.
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31

Composed of: 3 exons, 2 introns

S’ and 3’ regulatory sequences (UTRs)
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227111 disease-causing mutations
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mechanism, by which they
B-gene expression.
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L Transcrlptlon Frameshift
- RNA Processing Nonsense Codon

= 1 Cap Site +1 (A->C) | Unstable Globin
_'-: | RNA Cleavage — Small Deletion

—

-/ Initiator codon ATG-> AGG, ACG, GTG

Single nt subst, small in/del common: 180
oross gene deletions rare: 13
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! oter and 5'UTR mutations lead to defective
g=gene transcription

i -

'Lé'e-junction, cons. sequence, polyA and 3'UTR
===——Tts affect mRNA processing
L Nonsense, frameshift and initiation codon mts result
iIn abnormal mMRNA translation
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° ) phenotypes:

* "-thalassemia: mutations in exons,
exon/intron junctions & large deletions

regulatory regions

=>
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genetic fact

1anifestation of B-thal can be modulated by
eral factors: -

° _;nature of the mutation

'_.; Jo-inheritance of a-thal
- () reduction in o/p imbalance
To—mherltance of genetic factors
~ ) increasing y-chain production
—y-chains will combine with excess a-chains
—) favourably influencing HbF.

iron absorbtion, bilirubin and
bone metabolism, infection susceptibility
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“marked molecular heterogeneity

P o=

Department of Molecular Biology & Genetics




_—

| JE [
molecul

rogeneity is simplified
mutations are ethnic-group specific

in a given population
~ => account for of B-globin genes
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in a given population
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. 'terozygote detection (carrier screening)
ounselllng
= ‘-E etal diaghosis

Very effective in reducing the birth rate
- of B-thal major

:> Such programs are ongoing in several at-risk
areas
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Iast 20 years the methodologles used in fetal

C grovedad arc 0 allV.

s 3"uction of 1st trimester fetal sampling
avelopment of procedures for mutation detection
y DNA analysis

—= olecular definition of B-thal in at-risk populations
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of PCR,
nbined with of ASO probes/ sequencing

=

T

“has offered a variety of new approaches
—for facmtatlng the speed and accuracy
of carrier detection and fetal diagnosis
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Despite the apparc_ent
“high technology”

= " of some of these approaches,

itﬁey have been established succesfully
In many at-risk populations.
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broad group of Mediterraneans:
- ~35 mutations described

= - _lele frequencies vary among countries
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What is the situation in Turkey?
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"T'requency' 2.1-10% (Thrace, Mugla, Antalya)
affected births:

gh birth rate (36:1000)
*Consangumeous marriages (21%)
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=> Unlike other Mediterranean countries
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design and implementation
= of
& prenatal diagnosis strategies

)

molecular basis of -thalassemia
in Turkey
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;‘_-1500 patients with (3-thal major

(>3100 chromosomes)

not pre-selected and not related

~ were investigated by DNA analysis
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;:_'éss-screening of B-thal populations,

& in whom the mutant alleles are
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Frequency, PT Mutat 1 QR e
10 (G-A) 39.4 B¢ 1VS-1-116 (T-G)
2 CT-C 10.1 o> =101 (C-_T)

9 ) D —

pe -28 (A-0)
p* 1VS-1-130 (G-A)
pe FSC36/37 (-T)
pe 290 bp deletion
p* IVS-11-654 (C-T)
P* Cd15(TGG-TAG)
go Cd15(TGG-TGA)
B+ FSC74/75 (-C)
B FSC22-24 (-7 bp)
p-  3°=UTR (=13 bp)

(G-A)
1 (G-A)
(| —T)

3 _5 ;A)
_-___:__,,;." CT)
d:"E«S@B/Q (+6)

— __FSC44 (-0
~1VS—1-5 (G—C)

-87 (C-6)

Poly A (TAA—TGA)

FSC6 (-A) Be

1VS-11-848 (C—A) Bt
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trast to most other Mediterranean countries,
8y is very heterogeneous at molecular level

.“The 6 most common mutations add up to

The overall frequency of the first 12 mutations, all
having a frequency above 1%, is only
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e the majority of beta-thal cases in TR bears
S severe 1VS-1-110, most of the mts give rise

_ B thal major in homozygous or compound

"-.'

= heterozygous combinations

Several rare and 5 novel mutations

Many unidentified cases (7%)
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simplify this complex picture
f"the mutation distribution in

 —

~ six geograp

hical regions of Turkey
was investigated.
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0O 34_.1%
14 .8%
0 .1%

1VS1-110
1VS1-6
-30

FSC8
1VS1-1
FSC8/9

10 26.4%
8 5y
- (%
6.0%
4 _3%
3.5%

IVS1-110 52.3%
1VS1-6 7.2%
IVS2-745 7.2%
6 .3%
5.4%

0
1VS1-410 42._4% 4-5%

1VS1-
1VS2-
FSC8
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Distribution of Mutations in 6 regions

Patients organized according to their origins

Istanbul and the Western parts of Asia Minor are in
accordance with the nation-wide distrib. pattern

Central Anatolia and the Eastern parts of TR are
different, IVS-I-110 decreases to 26% in East.

Gradient of increasing heterogeneity from W to E.

A map displaying the origins of rare and novel
mutations, identified in TR, was established.
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IVS1-110 IVs1-110

Others
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heterogeneous

<6 Chromosomes/mutation
6-10 Chromosomes/mutation
B >10 Chromosomes/mutation
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tations in Turkey

-, Hic identities: more preserved in the
orthern and Eastern parts of Turkey

_,H,..;‘-fU mdentlﬁed mutations: reflect the presence of

..—i".-l-l-"_

~—  rare and novel lesions

—

“PCR-based techniques and DNA sequencing:
simplify the problem of molecular heterogeneity
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terogeneous population, it is expensive and time-
Jming to use Dot-Blot Hybridization in molecular
enatal diagnosis.

everse DOT Blot Hybridization, in which the ASO
*y@bes are immobilized on the membrane (instead of
- the DNA samples) obviates the need for multiple
hybridizations.

RDBH provides a rapid and simultaneous analysis of
several muts. in a single hybridization reaction.
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ybrldlzatlon simultaneously detects

edltterranean-spec1ﬁc mutations,
---—=~ onto a membrane in form of probes
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21 R‘eliable & fast: <1 day
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IVSI-2 (T> )
_ \)i—-——vme )
. on5( ) IVS L6 (T )
moglobm C(G> ) IVS 1.110 (G> )
H eamoglobin S (A ) IVS 1.116 (T> )
= %odon 6( ) IVS I-25 (
__fj’”_ ‘Codon 8( ) Codon 36/37 ( )
- Codon8/9( ) Codon 39 (C~> )
Codon 22 ( Codon 44 ( )
Codon 30(G~> ) IVSIL1 (G )
IVSL1(G> ) IVS I1.745 (C> )
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ForWard Seq. Reverse Seq.
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Black Sea Region
Ordu
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IVS-II-2 (T-A) / pA

1VS-I-2 (T-A): Invariant “G =G ” substitution at IVS-l
Phenotype : B-thalassemia carrier
Elevated HbA, levels and decreased RBC indices
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Marmara Region
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Cd30 (G-C) / IVS-I-110 (G-A)

Codon 30 (AG -AG ): Arg— Ser
Phenotype: severe *-thal
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Eastern Anatolia
Bingol
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Cd37 (TGG-TGA) / Cd37 (TGG-TGA)

Cd37 (TG -TG ): Trp — Stop Codon
Phenotype: °-thal
First described in a Saudi Arabian family
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Mediterfanean Region

Samen—isparta _____

Hb Ankara / pA

Phenotype: normal in heterozygote
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Codon 41/42 (—CTTT, 4bp deletion)
Phenotype: B-thal major in homozygote
Prenatal Diagnosis on the fetus

BoRerici &sdiagnosis risk eliminated with VNTR analysis
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pneous beta-thal mutations

JTo manage the large number of patient
_amples: DENIZ database construction

Statlstlcal analysis of 36.000 beta-thal
- chromosomes
displaying the frequency of mutations in a

population/country/ continent- specific
way....
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Globin gene server

. http://www.globin.cse.edu
B

}boun.edu.tr
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mewennalab com

Protocols

NCBI

http://www.ncbi.nlm.nih.gov
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Regional Distribution in TR
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t disease studied at molecular level

ANl T OANO era ) INNETYOTVDE . ].a.ti.ons
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tant part of clinical practice in tropical countries

V] Val to the DL decade of life represents a dramat1c

rears after the initial description ot * pecuhar bone
”, B-thal still emerges as a huge public

concern worldw1de

In terms of cure, B-thal- remains a therapeutic challenge
in the 21. century.
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pping and sequencing of the human genome has opened
es in understanding disease pathologies in recent years.

notable pro_ﬂress in this field and the new technologies
e, we are still far from understanding the key processes
trating developmental regulation in the globin gene clusters

'6ientific strategies are needed to facilitate the translation of

Tésearch from bench to bedside, like in all other diseases.
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