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Inherited Disorders of HemoglobinInherited Disorders of Hemoglobin

•• Most common/oldest monogenic disorders worldwideMost common/oldest monogenic disorders worldwideMost common/oldest monogenic disorders worldwideMost common/oldest monogenic disorders worldwide

•• Two broad groups:Two broad groups:g pg p

•• -- Structural variantsStructural variants: alter the globin polypeptide : alter the globin polypeptide 
without affecting its rate of synthesis.without affecting its rate of synthesis.

•• ThalassemiasThalassemias: result from an array of molecular: result from an array of molecularThalassemiasThalassemias•• -- ThalassemiasThalassemias: result from an array of molecular : result from an array of molecular 
defects that reduce or defects that reduce or completely abolish completely abolish the synthesis the synthesis 

f h l bi h if h l bi h i

ThalassemiasThalassemias

of hemoglobin chains.of hemoglobin chains.

Boğaziçi
University

Department of Molecular Biology & Genetics



Mutations in the globin genes provide…Mutations in the globin genes provide…

•• Selective protection /Selective protection /heterozygoteheterozygote advantageadvantage against against P. P. falciparumfalciparum
•• MalariaMalaria--endemic endemic regions   regions   =>=> High frequency of HbHigh frequency of Hb--pathiespathies
•• Worldwide gene frequency: 5.1% Worldwide gene frequency: 5.1% ((~~300300 mio carriers)mio carriers)Wo dw de ge e eque cy: 5. %Wo dw de ge e eque cy: 5. % (( 300300 o ca e s)o ca e s)
•• 300 000 affected children born annually 300 000 affected children born annually (all Hbpathies)(all Hbpathies)

Boğaziçi
University

Department of Molecular Biology & Genetics



Thalassemias…Thalassemias…Thalassemias…Thalassemias…
•• Quantitative disorders of HbQuantitative disorders of Hb synthesissynthesis
•• The most common AR diseases worldwideThe most common AR diseases worldwide

L k fL k f ββ l bil bi h i i th th i i th t•• Lack of Lack of αα-- oror ββ --globinglobin chains in erythrocyteschains in erythrocytes

αα//ββ--chain imbalance !chain imbalance !αα//ββ chain imbalance !chain imbalance !

αα--Thalassemia               Thalassemia               β-Thalassemia
(80 mio carriers)(80 mio carriers)
ββ--ThalassemiaThalassemia
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BetaBeta--ThalassemiaThalassemiaBetaBeta ThalassemiaThalassemia
β th l i i th lt f d fi i t/ b tβ-thalassemia  is the result of deficient/absent 
β-chain synthesis, resulting in reduced Hb in 
RBCs.

It includes 3 main forms:It includes 3 main forms:
 Thal Major: Cooley’s Anemia, Medit Anemia
 Thal Intermedia
 Thal Minor: Beta Thal trait/carrier Thal Minor: Beta Thal trait/carrier
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ββ--Thalassemia: HistoryThalassemia: Historyββ Thalassemia: HistoryThalassemia: History
•• 1925: Thomas Cooley & Pearl Lee1925: Thomas Cooley & Pearl Lee

•• Child f It li i iChild f It li i i•• Children of Italian originChildren of Italian origin

•• Form of severeForm of severe anemiaanemiaForm of severe Form of severe anemiaanemia

•• Splenomegaly & Splenomegaly & ““peculiar bone changespeculiar bone changes””p g yp g y p gp g

•• Majority of early cases of Mediterranean originMajority of early cases of Mediterranean origin

-- thalassa thalassa + + haimahaima =>=> ThalassemiaThalassemia
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ββ--Thalassemia: Thalassemia: High PrevalenceHigh Prevalenceββ gg

•• Mediterranean BasinMediterranean Basin

•• North AfricaNorth Africa

•• Middle EastMiddle East

•• Indian SubcontinIndian Subcontineent & Burmant & Burma

•• Central and Southeast Central and Southeast Asia: China, Malaysia, Asia: China, Malaysia, 
Boğaziçi
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1 5 % f th ld l ti1 5 % f th ld l ti1.5 % of the world population…1.5 % of the world population…

•• 8080--90 mio people are 90 mio people are betabeta--thal carriersthal carriers
•• 60.00060.000 symptomatic individuals born /yearsymptomatic individuals born /year
•• Annual incidence of patients 1/100 000Annual incidence of patients 1/100 000•• Annual incidence of patients 1/100.000Annual incidence of patients 1/100.000
•• Beta thal major patients come to medical Beta thal major patients come to medical 

attention within the first 2 years of life and attention within the first 2 years of life and 
require regular RBC transfusions to survive.require regular RBC transfusions to survive.q gq g

•• Acc to Thal Int Federation Acc to Thal Int Federation 200.000200.000 patients patients 
with beta thal major are registered onlywith beta thal major are registered only
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ββ Thalassemia: PhenotypeThalassemia: Phenotypeββ--Thalassemia: PhenotypeThalassemia: Phenotype

extent of  extent of  /non/non  chain imbalance chain imbalance extent of  extent of  /non/non-- chain imbalance chain imbalance 

••the main pathopyhsiological determinant the main pathopyhsiological determinant p py gp py g

of the severity of of the severity of ββ--thalassemiathalassemiayy ββ
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Human Human ββ--Globin Gene ClusterGlobin Gene Cluster
LCR               G A  

5’ 3’11p15.511p15.5

ββ

•• LocationLocation: : short arm of short arm of ChrChr.. 11p15.511p15.5

•• SizeSize: : 60 60 kb: 5 functional genes& a pseudo genekb: 5 functional genes& a pseudo gene

•• GG AA tt th 5 f ti l ith 5 f ti l i•• Gene Gene ArrangArrangementement:: the 5 functional genes are in the 5 functional genes are in 
cchronological order of hronological order of expressionexpression

••RegulationRegulation: 5’ promoter with TATA, CAAT, CACCC: 5’ promoter with TATA, CAAT, CACCC

•• LCRLCR 20 kb 5’ f20 kb 5’ f l bil bi t i ft i f•• LCRLCR: 20 kb 5’ of : 20 kb 5’ of --globinglobin gene, contains fgene, contains fourour
erythroiderythroid--lineagelineage--specific specific and one ubiquitious and one ubiquitious DNDNaseaseII
h itih iti itit d t hd t h
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ββ--Globin GeneGlobin Geneββ Globin Gene Globin Gene 
5’ 3’11p15.511p15.5

 G A  

E1 IVS1IVS1 3’5’ IVS2IVS2E2 E3E1 IVS1IVS1 35 IVS2IVS2
1               30                31                           104                                         105               146

E2 E3

•• SizeSize: : 1.6 1.6 kbkb

•• C d fC d f 33 2 i t2 i t•• Composed ofComposed of: : 3 exons3 exons, , 2 introns2 introns
55’ and 3’ regulatory’ and 3’ regulatory sequencessequences ((UTRsUTRs))
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ββ--Thalassemias: very heterogeneous at Thalassemias: very heterogeneous at ββ y gy g
molecular level!molecular level!

•• >> 200200 diseasedisease--causing causing mutationmutations s gg
a variety of mechanismsa variety of mechanisms !!

•• MutationsMutations can be groupedcan be grouped aacccc to theto the•• Mutations Mutations can be grouped can be grouped aacccc.. to theto the
mechanismmechanism,, by which they inactivate by which they inactivate 
ββ--gene expressiongene expression..

Boğaziçi
University

Department of Molecular Biology & Genetics



Mutations inactivate beta-globin gene expression by 

different mechanisms

E1 E2IVS1IVS1 3’5’ E3IVS2IVS2

F hiftF hift
1               30                31                           104                                         105               146+1

TranscriptionTranscription
RNA ProcessingRNA Processing

FrameshiftFrameshift
Nonsense CodonNonsense Codon
U t bl  Gl biU t bl  Gl biCap Site +1 (ACap Site +1 (A-->C)>C)

RNA CleavageRNA Cleavage
Unstable GlobinUnstable Globin
Small DeletionSmall Deletion

Si l t b t ll i /d l 180Si l t b t ll i /d l 180

Initiator codonInitiator codon ATGATG--> AGG, ACG, GTG> AGG, ACG, GTG

•• Single nt subst, small in/del common: 180Single nt subst, small in/del common: 180
gross gene deletions rare: 13gross gene deletions rare: 13
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Point mutations in betaPoint mutations in beta--thal belong tothal belong toPoint mutations in betaPoint mutations in beta thal belong to thal belong to 
three categories: three categories: 

•• Promoter and 5’UTR mutations lead to defective Promoter and 5’UTR mutations lead to defective 
betabeta gene transcriptiongene transcriptionbetabeta--gene transcriptiongene transcription

•• SpliceSplice--junction, cons. sequence, polyA and 3’UTR junction, cons. sequence, polyA and 3’UTR 
mts affect mts affect mRNA processingmRNA processing

•• Nonsense frameshift and initiation codon mts resultNonsense frameshift and initiation codon mts resultNonsense, frameshift and initiation codon mts result Nonsense, frameshift and initiation codon mts result 
in abnormal in abnormal mRNA translationmRNA translation
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The allelic heterogeneity at the The allelic heterogeneity at the --globin globin 
locus results in…. locus results in…. 

•• Two phenotypes:Two phenotypes:Two phenotypes:Two phenotypes:

-- 00--thalassemiathalassemia: mutations : mutations in exons, in exons, 
exonexon//intronintron junctions junctions & large deletions& large deletions

 l bi h i th il bi h i th i=> => nno o --globin chain synthesis globin chain synthesis 

++ thalassemiathalassemia: mutations in introns and: mutations in introns and--  --thalassemiathalassemia: mutations in introns and : mutations in introns and 
regulatory regions regulatory regions 

=> => rreduced educed --globin chain synthesis.globin chain synthesis.
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Phenotypical variation may also derive from Phenotypical variation may also derive from 
genetic factors OUTSIDE thegenetic factors OUTSIDE the ββ globin globin gene/clustergene/clustergenetic factors OUTSIDE the genetic factors OUTSIDE the ββ--globin globin gene/clustergene/cluster

The The manifestationmanifestation of of ββ--thalthal can be modulated by can be modulated by ββ yy
several factors:several factors:

••Th  t  f th  t tiTh  t  f th  t ti••The nature of the mutationThe nature of the mutation
••CoCo--inheritance of inheritance of --thalthal

d ti  d ti  i  i  //ββ i b li b lreduction reduction in in //ββ imbalanceimbalance
••CoCo--inheritance of genetic factors inheritance of genetic factors 

increasincreasinging γγ--chain productionchain productionincreasincreasinging γγ--chain productionchain production
––γγ--chains will combine with excess chains will combine with excess --chains chains 

favourably influencing Hbfavourably influencing HbFFfavourably influencing Hbfavourably influencing HbF.F.
••Modifier genes:Modifier genes: iron iron absorbtion, absorbtion, bilirubin bilirubin and and 

bone metabolism  bone metabolism  infection susceptibilityinfection susceptibility
Boğaziçi
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ββ--Thalassemia:Thalassemia:ββ Thalassemia: Thalassemia: 
Molecular HeterogeneityMolecular Heterogeneity

great phenotypical variationgreat phenotypical variationgreat phenotypical variationgreat phenotypical variation

marked molecular heterogeneitymarked molecular heterogeneity
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Despite marked Despite marked molecular heterogeneity:molecular heterogeneity:
molecular  defects are limited in atmolecular  defects are limited in at--risk groups…. risk groups…. 

••Heterogeneity is simplified                                 Heterogeneity is simplified                                 g y pg y p
=> mutations are ethnic=> mutations are ethnic--group specificgroup specific

••Thumb rule: Thumb rule: 44--8 8 mtsmts in a given populationin a given populationThumb rule: Thumb rule: 44 8 8 mtsmts in a given populationin a given population
=> => account for account for 9090--9595% % of of ββ--globin genesglobin genesg gg g
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Preventive ProgramsPreventive ProgramsPreventive ProgramsPreventive Programs

•• Treatment ofTreatment of ββ--thal is still unsatisfactorythal is still unsatisfactory•• Treatment of Treatment of ββ--thal is still unsatisfactorythal is still unsatisfactory
•• Most important approach to its control is Most important approach to its control is p ppp pp

Prenatal Diagnosis !Prenatal Diagnosis !
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Implementation of PreventiveImplementation of PreventiveImplementation of  Preventive Implementation of  Preventive 
Programs in BetaPrograms in Beta--thalassemiathalassemia

Prenatal diagnosis Prenatal diagnosis programsprogramsgg p gp g

determination of commondetermination of common mutations mutations 
in a givenin a given populationpopulationin a given in a given populationpopulation
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Preventive Programs rely on:Preventive Programs rely on:Preventive Programs rely on:Preventive Programs rely on:
•• Mass educationMass education•• Mass educationMass education
•• Heterozygote detection (carrier screening)Heterozygote detection (carrier screening)
•• CounsellingCounselling
•• Fetal diagnosisFetal diagnosisgg

Very effective in reducing the birth rate              Very effective in reducing the birth rate              
ff ββ th l jth l jof of ββ--thal major thal major 

Such programs are ongoing in several atSuch programs are ongoing in several at--riskriskSuch programs are ongoing in several atSuch programs are ongoing in several at risk risk 
areasareas
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Fetal DiagnosisFetal Diagnosiseta ag os seta ag os s
In the last In the last 20 20 years the methodologies used in fetal years the methodologies used in fetal y gy g
diagnosis improved dramatically.diagnosis improved dramatically.

•• Introduction of Introduction of 1st 1st trimester fetal sampling trimester fetal sampling 
•• Development of procedures for mutation detectionDevelopment of procedures for mutation detectionDevelopment of procedures for mutation detection Development of procedures for mutation detection 

by DNA analysis by DNA analysis 
•• Molecular definition ofMolecular definition of ββ--thal in atthal in at--risk populationsrisk populationsMolecular definition of Molecular definition of ββ thal in atthal in at risk populationsrisk populations

Prenatal diagnosis is Prenatal diagnosis is routinely routinely applicableapplicable
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Fetal Diagnosis: DNA AnalysisFetal Diagnosis: DNA AnalysisFetal Diagnosis: DNA AnalysisFetal Diagnosis: DNA Analysis

The advent of The advent of PCRPCR ,,
bi d ith fbi d ith f ASOASO b / ib / icombined with of combined with of ASO ASO probes/ sequencingprobes/ sequencing

has offered a variety of new approaches has offered a variety of new approaches 
for facilitating thefor facilitating the speedspeed andand accuracyaccuracyfor facilitating the for facilitating the speedspeed and and accuracyaccuracy
of carrier detection and fetal diagnosisof carrier detection and fetal diagnosis
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HighHigh--Tech MethodsTech MethodsHighHigh--Tech MethodsTech Methods

Despite the apparent Despite the apparent 
““high technologyhigh technology” ” 

of some of these approaches, of some of these approaches, 
th h b t bli h d f llth h b t bli h d f llthey have been established succesfullythey have been established succesfully

in many atin many at risk populationsrisk populationsin many atin many at--risk populations.risk populations.
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ββ Thalassemia in TurkeyThalassemia in Turkeyββ--Thalassemia in TurkeyThalassemia in Turkey
•• In the broad group of Mediterraneans: In the broad group of Mediterraneans: 

~~35 mutations described 35 mutations described 

•• AAllele frequencies vary among countriesllele frequencies vary among countries

What is the situation in Turkey?What is the situation in Turkey?What is the situation in Turkey?What is the situation in Turkey?
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ββ--Thalassemia in TurkeyThalassemia in Turkeyββ yy
•• M j bli h lthM j bli h lth•• Major public health concernMajor public health concern

•• Gene frequency:Gene frequency: 2 12 1--1010%% ((Thrace Muğla AntalyaThrace Muğla Antalya))Gene frequency: Gene frequency: 2.12.1--1010%% ((Thrace, Muğla, AntalyaThrace, Muğla, Antalya))

•• Many affected births:Many affected births:

**HHigh birth rate (36:1000)igh birth rate (36:1000)
**Consanguineous marriages (21%)Consanguineous marriages (21%)**Consanguineous marriages (21%)Consanguineous marriages (21%)

=>=> Unlike other Mediterranean countriesUnlike other Mediterranean countries    Unlike other Mediterranean countriesUnlike other Mediterranean countries
Turkey is very heterogenous at clinical levelTurkey is very heterogenous at clinical level
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Prenatal DiagnosisPrenatal DiagnosisPrenatal DiagnosisPrenatal Diagnosis
ddesignesign and implementand implementationation

ffofof
pprenatal renatal ddiagnosisiagnosis strategstrategiesiespp gg gg

mmololecularecular basis ofbasis of ββ--thalthalassemiaassemiammololecularecular basis of basis of ββ thalthalassemiaassemia
in Tin Turkeyurkey
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Turkey: Boğaziçi University Experience Turkey: Boğaziçi University Experience u ey oğa ç U e s ty pe e ceu ey oğa ç U e s ty pe e ce
((19871987--present)present)

15001500 ti t ithti t ith ββ th l jth l j>>1500 1500 patients with patients with ββ--thal major thal major 
(>3100(>3100 chromosomes)chromosomes)(>3100 (>3100 chromosomes)chromosomes)

not prenot pre--selected and not relatedselected and not relatednot prenot pre selected and not related selected and not related 
were investigated by DNA analysiswere investigated by DNA analysis
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PCRPCR based ASObased ASO HybridizationHybridizationPCRPCR--based ASO based ASO HybridizationHybridization

II i fi f ββ th lth l l til tiIn massIn mass--screening of screening of ββ--thal thal populations, populations, 

in whomin whom the mutant alleles arethe mutant alleles arein whom in whom the mutant alleles are the mutant alleles are 

at highat high frequencies PCRfrequencies PCR based technologiesbased technologiesat high at high frequencies, PCRfrequencies, PCR--based technologies based technologies 

great breakthrough!!great breakthrough!!great breakthrough!!great breakthrough!!
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TR: TR: MutationMutation Distribution / Distribution / FrequencFrequenciesies
Mutation        FrequencyMutation        Frequency PTPT
IVSIVS--II--110 (G110 (G--A)   39.4A)   39.4 
IVSIVS--II--6 (T6 (T--C) 10.1C) 10.1 

Mutation        FrequencyMutation        Frequency PTPT
IVSIVS--II--116 (T116 (T--G)   0.2G)   0.2 
--101 (C101 (C--T) 0.1T) 0.1 

IVSIVS--II--110110
IVSIVS II 6 (T6 (T C)     10.1C)     10.1 
FSC8 (FSC8 (--AA)         5.5AA)         5.5 
IVSIVS--II--1 (G1 (G--A)      5.0A)      5.0 
IVSIVS--IIII--745 5 0745 5 0 

101 (C101 (C T)        0.1T)        0.1 
CD27 (GCD27 (G--T)        0.1 T)        0.1 
--28 (A28 (A--C)         0.1C)         0.1 
IVSIVS II 130 (G130 (G A) 0 1A) 0 1 IVSIVS--IIII--745         5.0745         5.0 

IVSIVS--IIII--1 (G1 (G--A)     4.7 A)     4.7 
CD39 (CCD39 (C--T)         3.8 T)         3.8 
30 (T30 (T A) 3 1A) 3 1 

IVSIVS--II--130 (G130 (G--A)   0.1 A)   0.1 
FSC36/37 (FSC36/37 (--T)     0.1 T)     0.1 
290 290 bpbp deletion   0.1 deletion   0.1 

--30 (T30 (T--A)          3.1 A)          3.1 
FSC5 (FSC5 (--CT)         2.1 CT)         2.1 
FSC8/9 (+G)        1.3FSC8/9 (+G)        1.3 

IVSIVS--IIII--654 (C654 (C--T)  0.1T)  0.1 

CdCd1515((TTGGGG--TTAG)G) 00..11 

CdCd1515(TG(TGGG--TGTGA)) 00 11 FSC44 (FSC44 (--C)         1.3 C)         1.3 
IVSIVS--II--5 (G5 (G--C)      1.1 C)      1.1 
--87 (C87 (C--G)          0.8 G)          0.8 

CdCd1515(TG(TGGG TGTGA)) 00..11 
FSC74/75 (FSC74/75 (--C)     0.1 C)     0.1 
FSC22FSC22--24 (24 (--7 7 bpbp)  0.1 )  0.1 



FSC74/75 (FSC74/75 (--C)     0.1 C)     0.1 
FSC22FSC22--24 (24 (--7 7 bpbp)  0.1 )  0.1 
3’ UTR ( 13 b ) 00 11 Poly A (TAAPoly A (TAA--TGA)   0.5 TGA)   0.5 

FSC6 (FSC6 (--A)          0.4 A)          0.4 
IVSIVS--IIII--848 (C848 (C--A)   0.4 A)   0.4 

3’3’--UTR (UTR (--13 13 bpbp)   )   0.0.11 

Cd41/42 (‐4bp)                       0.1             
IVS‐II‐2 (T‐A) 0.1 

3’-UTR (-13 bp) 0.0.1 1 
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The Thumb Rule: The Thumb Rule: 
Does Not Apply to TurkeyDoes Not Apply to Turkey

•• In contrast to most other Mediterranean countries,In contrast to most other Mediterranean countries,
Turkey is very heterogeneous at molecular level Turkey is very heterogeneous at molecular level 

•• The 6 most common mutations add up to The 6 most common mutations add up to 69,7%69,7%

•• The overall frequency of the first 12 mutations, all The overall frequency of the first 12 mutations, all 
having a frequency above 1%, is only having a frequency above 1%, is only 82,4%82,4%..
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Severe Mutations are PredominantSevere Mutations are PredominantSevere Mutations are PredominantSevere Mutations are Predominant

•• The ratio of The ratio of ββ00: : ββ+ + mutations is 1:1 mutations is 1:1 

Since the majority of betaSince the majority of beta thal cases in TR bearsthal cases in TR bearsSince the majority of betaSince the majority of beta--thal cases in TR bears thal cases in TR bears 
the severe IVSthe severe IVS--II--110, most 110, most of of the mts give rise the mts give rise gg
to to ββ--thal major in homozygous or compound thal major in homozygous or compound 
h th t bi tibi tiheterozygous heterozygous combinations combinations 

SeveralSeveral rare andrare and 55 novelnovel mutationsmutationsSeveral Several rare and rare and 5 5 novel novel mutationsmutations

•• Many unidentified cases Many unidentified cases (7%)(7%)
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AreAre mutationsmutations rregionegion specificspecific??Are Are mutations mutations rregionegion--specificspecific??

To simplify this complex pictureTo simplify this complex pictureTo simplify this complex picture , To simplify this complex picture , 
the mutation distribution in  the mutation distribution in  

six geographical regions of Turkey six geographical regions of Turkey 
was investigated.was investigated.
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IVS1IVS1 110 34 1%110 34 1% IVS1IVS1 110 31 0%110 31 0%
Common Common --Globin Mutations in Turkey: Regional DistributionGlobin Mutations in Turkey: Regional Distribution

IVS1IVS1--110 34.1%110 34.1%
IVS1IVS1--6   14.8%6   14.8%
IVS1IVS1--1    9.1%1    9.1%

IVS1IVS1--110 31.0%110 31.0%
IVS1IVS1--6   10.9%6   10.9%
IVS2IVS2--745 10.9%745 10.9%
30 9 1%30 9 1%FSC8      8.0%FSC8      8.0%

IVS2IVS2--745  4.6%745  4.6%
Cd39      4.6%Cd39      4.6%

IVS1IVS1 110 52 3%110 52 3% IVS1IVS1--110 27.1%110 27.1%

--30       9.1%30       9.1%
--87       7.3%87       7.3%
IVS2IVS2--1    5.5%1    5.5%

IVS1IVS1--110 52.3%110 52.3%
IVS1IVS1--6    7.2%6    7.2%
IVS2IVS2--745  7.2%745  7.2%

8 6 3%8 6 3%

IVS1IVS1--6   10.2%6   10.2%
--30       8.5%30       8.5%
FSC8 8 4%FSC8 8 4%

IVS1IVS1--110 42 4%110 42 4%

FSC8      6.3%FSC8      6.3%
IVS2IVS2--1    5.4%1    5.4%
IVS1IVS1--1    4.5%1    4.5%

FSC8      8.4%FSC8      8.4%
IVS1IVS1--1    5.1%1    5.1%
FSC8/9    5.1%FSC8/9    5.1%

IVS1IVS1--110 42.4%110 42.4%
IVS1IVS1--6   12.6%6   12.6%
IVS1IVS1--1    6.6%1    6.6%
IVS2IVS2 1 5 6%1 5 6%

IVS1IVS1--110 26.4%110 26.4%
IVS1IVS1--6    8.5%6    8.5%
--30 6 7%30 6 7%IVS2IVS2--1    5.6%1    5.6%

FSC8      4.6%FSC8      4.6%
IVS2IVS2--745  4.6%745  4.6%

30       6.7%30       6.7%
IVS2IVS2--745  6.0%745  6.0%
FSC8      4.3%FSC8      4.3%
FSC5 3 5%FSC5 3 5%
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b fb fDistribution of Mutations in 6 regionsDistribution of Mutations in 6 regions
P ti t  i d di  t  th i  i i 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 p
different, IVS-I-110 decreases to 26% in East.

 Gradient of increasing heterogeneity from W to E.g g y
 A map displaying the origins of rare and novel 

mutations, identified in TR, was established., ,
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Common Common --Globin Mutations in Turkey: Regional DistributionGlobin Mutations in Turkey: Regional Distribution

IVS1-110Others
IVS1-110

Others

IVS1-6 
FSC8

IVS1-1
IVS1-6 

FSC8

Others

IVS1-110FSC8

IVS1-110

Others IVS1-1
IVS1 110

Others

IVS1-6 

FSC8

IVS1-1 IVS1-6 

FSC8
IVS1-1

Others
IVS1-110

Others

IVS1-110

IVS1-6 
FSC8

IVS1-1
IVS1-6 

FSC8

IVS1 1

Others
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Gradient:Gradient: Increasing Increasing Heterogeneity Heterogeneity from from W W to to EE

more 

less
heterogeneous

heterogeneous

<6 Chromosomes/mutation<6 Chromosomes/mutation
66--10 Chromosomes/mutation10 Chromosomes/mutation
>10 Chromosomes/mutation>10 Chromosomes/mutation
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ββ--ThalassemiaThalassemia: : 
Regional DifferencesRegional DifferencesRegional DifferencesRegional Differences

•• MigrationsMigrations:: pprobablerobable reason of large numbersreason of large numbers•• MigrationsMigrations:  :  pprobablerobable reason of large numbers reason of large numbers 
of mutations in Turkeyof mutations in Turkey

•• Ethnic identitiesEthnic identities: : mmore ore preserved in the preserved in the 
Northern and Eastern parts of TurkeyNorthern and Eastern parts of Turkey

•• Unidentified mutationsUnidentified mutations: : rreflecteflect the presence of the presence of 
rare and novel lesionsrare and novel lesionsrare and novel lesionsrare and novel lesions

•• PCRPCR--based techniquesbased techniques and and DNA DNA sequencingsequencing::
i lif th bl f l l h t iti lif th bl f l l h t itsimplify the problem of molecular heterogeneitysimplify the problem of molecular heterogeneity

Prenatal diagnosis is applicablePrenatal diagnosis is applicable!!
Boğaziçi
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Boğaziçi University Experience:Boğaziçi University Experience:
20012001 tt20012001--presentpresent

•• In a heterogeneous population, it is expensive and timeIn a heterogeneous population, it is expensive and time--
consuming to use consuming to use DotDot--Blot Hybridization Blot Hybridization in molecular in molecular gg yy
and prenatal diagnosis. and prenatal diagnosis. 

•• Reverse DOT BlotReverse DOT Blot HybridizationHybridization in which the ASOin which the ASO•• Reverse DOT Blot Reverse DOT Blot Hybridization, Hybridization, in which the ASO in which the ASO 
probes are immobilized on the membrane (instead of probes are immobilized on the membrane (instead of 
the DNA samples) obviates the need for multiplethe DNA samples) obviates the need for multiplethe DNA samples) obviates the need for multiple the DNA samples) obviates the need for multiple 
hybridizations. hybridizations. 

•• RDBH provides a rapid and simultaneous analysis of RDBH provides a rapid and simultaneous analysis of 
several muts. in a single hybridization reaction.several muts. in a single hybridization reaction.
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several muts. in a single hybridization reaction.several muts. in a single hybridization reaction.



ββ--GlobinGlobin Strip AssayStrip Assayββ p yp y
(Vienna (Vienna Lab)Lab)

•• One hybridizationOne hybridization simultaneously detects simultaneously detects 
••2222 MeditterraneanMeditterranean--specificspecific mutations,mutations,

fixedfixed onto a membrane in form of probesonto a membrane in form of probesfixed fixed onto a membrane in form of probesonto a membrane in form of probes

••Reliable Reliable & fast: & fast: <1 day<1 day

•• Di tiDi ti ffi iffi i f TRf TR >95%>95%Boğaziçi
University

Department of Molecular Biology & Genetics

•• Diagnostic Diagnostic efficiencyefficiency for TR for TR >95%>95%



Mutations Covered by the AssayMutations Covered by the Assayy yy y
--87 (C87 (CGG))


IVS IIVS I--2 (T2 (TAA))
--30 (T30 (TAA))
Codon 5 (Codon 5 (--CTCT))


IVS I.5 (GIVS I.5 (GCC))
IVS I.6 (TIVS I.6 (TCC))

Heamoglobin C (GHeamoglobin C (GAA))
Heamoglobin S (AHeamoglobin S (ATT))

IVS I.110 (GIVS I.110 (GAA))
IVS I.116 (TIVS I.116 (TGG))

Codon 6 (Codon 6 (--AA))
Codon 8(Codon 8(--AAAA))

IVS IIVS I--25 (25 (del 25 bpdel 25 bp ))
Codon 36/37 (Codon 36/37 (--TT))

Codon 8/9 (Codon 8/9 (+G+G))
Codon 22 ( Codon 22 ( del 7bpdel 7bp))

(( ))
Codon 39 (CCodon 39 (CTT))
Codon 44 (Codon 44 (--CC))

Codon 30(GCodon 30(GCC))
IVS I.1 (GIVS I.1 (GAA))

(( ))
IVS II.1 (GIVS II.1 (GAA))
IVS II.745 (CIVS II.745 (CGG))

Boğaziçi
University

Department of Molecular Biology & Genetics

(( ))



Strip Assay combined with genomic Strip Assay combined with genomic y gy g
sequencing: very powerful!sequencing: very powerful!

T A A TT           A A           T

Forward Seq. Reverse Seq.
Boğaziçi
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Novel Mutation: IVSNovel Mutation: IVS--IIII--2 (T2 (T--A)A)(( ))
Black Sea Region

Ordu

Family 1Family 1

IVS-II-2 (T-A) / βA

• IVS-II-2 (T-A): Invariant “GT”    GA” substitution at IVS-II( )
• Phenotype : β-thalassemia carrier
• Elevated HbA2 levels and decreased RBC indices
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Elevated HbA2 levels and decreased RBC indices 



Rare Mutation: CD30 (AGRare Mutation: CD30 (AGGG--AGAGCC))(( ))
Marmara Region

TekirdağTekirdağFamily 2Family 2

Cd30 (G-C) / IVS-I-110 (G-A)

• Codon 30 (AGG-AGC): Arg      Ser
• Phenotype: severe β+-thal
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Phenotype: severe β thal



Rare Mutation: CD37 (TGRare Mutation: CD37 (TGGG--TGTGAA))Rare Mutation: CD37 (TGRare Mutation: CD37 (TGGG TGTGAA))
Eastern Anatolia

Bingöl

ilFamily 3

Cd37 (TGG-TGA) /  Cd37 (TGG-TGA)  

• Cd37 (TGG-TGA) : Trp       Stop Codon ( ) p p
• Phenotype: β0-thal
• First described in a Saudi Arabian family
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• First described in a Saudi Arabian family 



Hb Ankara (CD10 GHb Ankara (CD10 GCCCC--GGAAC)C)b a a (C 0 Gb a a (C 0 GCCCC GG C)C)
Mediterranean Region

Ispartailil IspartaFamily 4Family 4

Hb Ankara / βA

• Hb Ankara (Codon 10 GCC-GAC): Ala      Asp
Ph t l i h t t• Phenotype: normal in heterozygote
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Novel mutation: CD 41/42 (-CTTT)

Central Anatolia

Family Family 55

 Codon 41/42 (–CTTT, 4bp deletion) 
Ph B h l j i h Phenotype: B-thal major in homozygote

 Prenatal Diagnosis on the fetus
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 Misdiagnosis risk eliminated with VNTR analysis



Classification of Patient Classification of Patient Data in Deniz DataData in Deniz Data--base: base: 
Iranian TR and Japanese populations carry the mostIranian TR and Japanese populations carry the mostIranian, TR and Japanese populations carry the most Iranian, TR and Japanese populations carry the most 
heterogeneous betaheterogeneous beta--thal mutationsthal mutations

••To manage the large number of patient To manage the large number of patient 
samples: DENIZ database constructionsamples: DENIZ database constructionsamples:  DENIZ database constructionsamples:  DENIZ database construction

••Statistical analysis of 36.000 betaStatistical analysis of 36.000 beta--thal thal 
chromosomeschromosomeschromosomes chromosomes 
––displaying the frequency of mutations in a displaying the frequency of mutations in a 

population/country/ continentpopulation/country/ continent-- specificspecificpopulation/country/ continentpopulation/country/ continent-- specific specific 
way….way….
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Structure of Structure of the DENIZ Databasethe DENIZ Database
Globin gene server

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

Deniz

bi b b d t

NCBI

www.biobase.boun.edu.tr http://www.ncbi.nlm.nih.gov

PATIENT 
DATA

Iontek

www.iontek.com.tr 
Vienna Lab

www.viennalab.com

ClinicianProtocols

Regional Distribution in TR

ClinicianProtocols
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ββ--Thalassemia: Model SystemThalassemia: Model Systemββ yy
••First disease studied at molecular levelFirst disease studied at molecular level
••Id l d l f  t / h t  l tiId l d l f  t / h t  l ti••Ideal model for genotype/phenotype correlationsIdeal model for genotype/phenotype correlations
••Important part of clinical practice in tropical countriesImportant part of clinical practice in tropical countries
••Survival to the 5Survival to the 5thth decade of life represents a dramatic decade of life represents a dramatic 

improvement in improvement in morbidity/mortality morbidity/mortality in genetic diseasein genetic diseasepp y yy y gg
••85 85 years after the initial description of “peculiar bone years after the initial description of “peculiar bone 

changes”, changes”, --thal still emerges as a huge public health thal still emerges as a huge public health changes , changes ,  thal still emerges as a huge public health thal still emerges as a huge public health 
concern concern worldwide worldwide 

••In terms of cure  In terms of cure   thalthal remains a therapeutic challenge remains a therapeutic challenge In terms of cure, In terms of cure, --thalthal-- remains a therapeutic challenge remains a therapeutic challenge 
in the in the 21. century.21. century.
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--Thalassemia: Model SystemThalassemia: Model System yy
 The mapping and sequencing of the human genome has opened The mapping and sequencing of the human genome has opened 

new avenues in understanding disease pathologies in recent yearsnew avenues in understanding disease pathologies in recent yearsnew avenues in understanding disease pathologies in recent years. new avenues in understanding disease pathologies in recent years. 

•• Despite notable progress in this field and the new technologies Despite notable progress in this field and the new technologies 
il bl till f f d t di th kil bl till f f d t di th kavailable, we are still far from understanding the key processes available, we are still far from understanding the key processes 

orchestrating developmental regulation in the globin gene clustersorchestrating developmental regulation in the globin gene clusters

•• Novel scientific strategies are needed to facilitate the translation of Novel scientific strategies are needed to facilitate the translation of 
globin research from bench to bedside, like in all other diseases.globin research from bench to bedside, like in all other diseases.

Understanding Understanding the molecular the molecular mechanisms mechanisms involved in globin involved in globin 
gene regulation,gene regulation, will be anwill be an important step towardsimportant step towards finding a curefinding a curegene regulation, gene regulation, will be an will be an important step towards important step towards finding a cure finding a cure 
for for ββ--thalassemia.thalassemia.
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