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dliniin yapist

Hemoglobin molek
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Alfa ve beta benzer globin genleri ve
sentezinden sorumlu oldugu hemoglobin
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Embnyo Fetis Yetiskin




Embriyonik ve fetal gelisimin farkl
evrelerinde globin sentezi
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Talasemiler
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ANORMAL HEMOGLOBINLER (978*)

#* HbS:B6 (GAG—GTE) Glu—Val

# Eritrositler oksijen azliginda sonucunda polimerleserek
eritrositlerin orak seklini almasina (sickling) neden
olmaktadir

# HbE: Hb E p26(GAG—AAG) Glu—Lys

# pPE-globin mMRNA'nin normal splicinginde azalma
gorulmektedir

# Mikrositoz ve hipokromi ile hafif derecede anemi
meydana gelmektedir

# HbE homozigotlari, asemptomatiktirler ve sadece hafif
anemik olmalarina ragmen, HbE mutasyonu farklh p-
talasemi alleleriyle birlikte anormal fenotip
olusturmaktadir.

* http://globin.cse.psu.edu/



ANORMAL HEMOGLOBINLER

HbC: B6(GCAG—AAG) Glu—Lys
HbA'dan daha az ¢éziinir; kilcal damarlarda deformasyonu
azaltip hafif hemolitik anemiye yol acarak eritrositlerde
kristallesme egilimi gosterir
Homozigot C ise, splenomegali ile hafif hemolitik anemi ile
karakterizedir

HbD: B121 (6AG—AAG) Glu—Gin

Tasiyicilarinda klinik, hematolojik yada fizyolojik olarak
bir anormalik gozlenmez

Homozigot olgularda orta derecede hemolitik anemi tespit
edilmektedir




Hb Ad1
Hb Adana*
Hb Ankara*

Hb J Antakya*
Hb Beograd
Hb Brockton
Hb C

Hb D-Los Angeles

Hb E

Hb E Saskaton
Hb F-Baskent*
Hb G-Coushatta
Hb Hakkari*

Hb Hamadan
Hb City of Hope
Hb Istanbul*

Hb J-iran

Hb Knossos

Hb Ko6ln

Hb Lepore-Boston
Hb M-iwate

Hb Moabit

Hb N-Baltimore
Hb O-Arab

Hb O-Padova
Hb Q-iran

Hb P-Nilotic

Hb Ube-2

Hb Summer Hill
Hb J-Anatolia
Hb Strumia

Hb Capa*

Hb J-Meerut

Hb J-Paris I

Mutasyon
Alfa 2, 59Gly—>Asp
Beta 10 Ala—>Asp

Beta 65 Lys—>Met
Beta 121 Glu—Val
Beta 138 Ala—>Pro
Beta 6 Glu—Lys

Beta 121 Glu—=Gln

Beta 26 Glu—>Lys
Beta 22 Glu—Lys
Gama 128 Ala—>Thr
Beta 22 Glu—>Ala
Beta 31 Leu—>Arg
Beta 56 Gly—>Arg
Beta 69 Gly—Ser
Beta 92 His—>GlIn
Beta 77 His—>Asp
Beta 27 Ala—>Ser
Beta 95 Val>Met
Fusion Hb

Alfa 87 His—>Try
Alfa 86 Leu—>Arg
Beta 95 Lys—>Glu
Beta 121 Glu—Lys
Alfa 30 Glu—Lys
Alfa 75 Asp—His
Alfa 2 (Beta-Delta)2
Alfa 68 Asn—>Asp
Beta 52 Asp—His
Alfa 61 Lys—>Thr
Alfa 112 His—>Arg
Alfa 94 Asp—Gly
Alfa 120 Ala>Glu
Alfa 12 Ala—>Asp

Bulundugu yore

Adana
Kastamonu

Antakya
Gogmen
Istanbul
[zmir, Adana

Birden fazla bolgede

Birden fazla bolgede
Kayseri

Ankara

Kastamonu, Denizli
Hakkari

Bati1 Trakya

Gogmen
Ankara

Malaya

Diyarbakir, K. Kibris
Bursa

Denizli

Antalya
Kiitahya,Kibris, Trakya
Adana

Adana, Bat1 Trakya
Orta Anadolu
Kayseri

Kuzey Kibris

Bursa
Kars

Cukurova

Yazarlar
Ciiriik ve ark.
Arcasoy ve ark.

Huisman ve ark.
Arcasoy ve ark.
Ulukutlu ve ark.
Goksel/Kiling/Ozsoylu

Dinger/Cavdar/Ozsoylu

Aksoy/Arcasoy/Altay
Prozorova/Giirgey
Altay ve ark.
Dingol/S6zmen
Giirgey ve ark.
Dingol ve ark
Kutlar ve ark.
Aksoy ve ark.
Arcasoy ve ark.
Kutlar ve ark.
Giirgey ve ark.
Cavdar ve ark.
Ozsoylu ve ark.
Knuth ve ark.
Bircan ve ark.
Altay/Cin/Aksoy
Kiling ve ark.
Aksoy ve ark
Altay ve ark.
Bilgin ve ark.
Cin ve ark.
Giardano ve ark.
Akar ve ark.
Dingol ve ark.
Yalgin ve ark.
Dikmen ve ark.



DUNYADA YAYGIN OLARAK GORULEN
ANORMAL HEMOGLOBINLER ve TALASEMILER.

:: Beta talasemi

B-s. B3-cC. =-Dg- P _ZZ E.

/ Alfa talasemi




Talasemiler

Alfa talasemiler
Kl Delesyonel o talasemi mutasyonlari >40
E2 Nondelesyonel o talasemi mutasyonlar: >25

Beta talasemiler
E2 Nokta mutasyonlar: >200
E2 Kiguk delesyonlar ~13




B- Talasemiler

@ p°-talasemi: p-globin zincir sentezi olmamakta

Ekzon/intron birlesme yerindeki mutasyonlar &

blyik delesyonlar

@ B*-talasemi: Az p-globin zincir sentezi

Intron ve regiilatér bolgelerindeki mutasyonlar




p-6Globin Gen Mutasyonlari: >200

+1 /1 e 30 31 104 105 146_
| Transkripsiyon Frameshift
RNA Processing Nonsense Kodon
| Cap Site +1 (A>C) Unstable Globin
RNA Cleavage — Kiictik Delesyon

/' Baslangic kodonu ATG> AGG, ACG, GTG




Ulkemizde B-Talasemi
Mutasyonlari ve Goriilme Siklig

Mutasyon Siklaigis Tipi| Mutasyon Sikligas Tipi
IVSI-110 (G—A) 39.4 B* | IVSII-848 (C—A) 0.4 B*
IVSI-6 (T—C) 10.1 B* | IVSI-116 (T—@G) 0.2 e
FSC8 (-AA) 5.5 B® | -101 (C—T) 0.1 B*
IVSI-1 (G—A) 5.0 B° | CD27 (G—T) 0.1 B+
IVSII-745 5.0 Bt | -28 (A—C) 0.1 B+
IVSII-1 (G—A) 4.7 B® | IVSI-130 (G—A) 0.1 pe
CD39 (C—T) 3.8 B® | FSC36/37 (-T) 0.1 pe
-30 (T—A) 3.1 B* | 290 bp deletion 0.1 e
FSC5 (-CT) 2.1 B® | IVSII-654 (C—T) 0.1 B*
FSC8/9 (+G) 1.3 B® | Cd1l5(TGG—TAG) 0.1 Bo
FSC44 (-C) 1.3 B® | cd15(Tee—TGA) 0.1 e
IVSI-5 (G—C) 1.1 B" | FsCc74/75 (-C) 0.1 e
-87 (C-G) 0.8 B* | FSC22-24 (-7 bp) 0.1 e
Poly A (TAA—TGA) 0.5 B* | 3 -UTR (-13 bp) 0.1 B+
FSC6 (-A) 0.4 pe Unknown 9.0

En yaygin 6 mutasyon %69.7 siklikta, 12 mutasyonun goriilme sikligi ise %82.4



Delesyonel Alfa Talasemiler
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TARAMA VE TANI YOTEMLERI
NELER OLMALI ?

Hematolojik Degerler | Normal Sinirlar
Kan SGYImI RBC 10"2/L 4,10-5,10
ki Hb g/dL 12,3-15,3
Hct % 36,0-45,0
Hb
MCV fL 80,0-96, 1
Hct MCH pg 27,5-33.2
MCV MCHC g/dL 33,4-35,2
MCH Hb Elektroforezi HbAA
Hb A, % 2,5-3,5
MCHC
Hb F % <1,0
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Hb tiplendirmesi

Elektroforez

HPLC

TEF

Oraklasma testi
HbA2 (%2,5-3,7)
# > %3,7 p talasemi
# > %25 atalasemi
HbF




Hemoglobin F (Hb F)

® Bazi B-talasemi tagiyicilarinda miktari artar > % 1

® Bazi orak hiicre anemililerde miktar: artar > % 1

Y

® HPFH'li vakalarda seviyesi artar
(Herediter Persistance Fetal Hemoglobin)




Hb Elektroforezi
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Normal

o zincir varyantlar 0 . inci
¥ hemoglobinler f zincir varyantlar
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HbEE-
Saskaton




TARAMA VE TANI YOTEMLERI
NELER OLMALI ?

1. asama
MCV MCH Hb?rrofo<i
Azalmis Azalmis Hb A,T, HbFT Anormal Hb
<78fL <27 pg Rapor edilir

A 4
2. Asama




2. asama

Mikrokolon ile HbA, dlgimi

e

| [

Hb A, >3.6 Hb F Olgimi
Beta talasemi tasiyicisi / \
Normal Artmis
l |
SD, Ferritin %5 (izerinde
/ \ ( 5-p thal)
Normal Azalmis

Alfa talasemi Demir eksikligi anemisi




Adi | EBC | Hb | Het | MCV |MCH | MCHC Hb
sSoyadl |1 oL g/dL | % fL Pg g'dl. | Elektr. Mutasyon
0. B. 510 | 159 (461 | 903 | 31.2 346 AS AS
E E 487 | 141 |420| 862 | 290 337 AS AS
[e) 557 | 156 (457 | 819 | 280 34.2 AS AS
E K 573 [ 164 |458.0| 83.7 | 286 34.2 AS AS
E A 513 | 144 [42.8| 835 | 280 336 AS AS
ME | 569 [149 |460| 808 | 262 32.4 AD AD
HE | 443 | 125 (382 862 | 281 327 AD AD
M. G | 563 [ 161 |[47.8| 848 | 285 336 AD AD
EH 3.89 | 114 (356 915 | 293 32.0 AD AD
T H 511 | 166 [502| 983 | 325 33.1 AD AD
E E. 43¢ | 110 340 778 | 251 318 AFE AE
E O 447 1107 | 344 770 | 240 31.1 AFE AE
0. Q. 385 | 100 (305 791 | 259 32.8 AE AE
M E. .09 | 157 (447 | 734 | 258 352 AFE AE
G E. 466 | 114 | 349 750 | 244 32.6 AFE AE
N 3 606 [ 165 (467 | 770 | 272 353 AC AC
. D 27 161 [452| 774 | 276 356 AC AcC
D E. 50 | 129|382 763 | 259 339 AC AC
H E. 584 | 166 (459 | 786 | 284 262 AC AC
A EL 575 | 163 (455 791 | 283 357 AC AcC




Ada

RBC

Hb

Hct

MCV

MCH

MCHC

Soyadl 10%L g/dl. %o fL. Fg o/dl. | Elektr I_EI__‘:}F Mutasyon
5.8, 3.07 | 7.6 2420 811 | 245 | 305 | S5(F) | 65 b
C.E. | 358 | 99 305|854 | 278 | 326 | 8S(F) |20 b
ZE | 283 | 89 260|918 | 222 | 330 | S5(F) |79 !

. A | 270 | 58 21.0] 777 | 21.5 276 | S8(F) | 5.1 b
0. Z | 320 |99 281|877 | 308 | 351 b 1.9 b
o G| 416 | 85 295 709 | 206 | 307 | 88(F) | 34 | SAVSI-1
. A | 503 105 330 656 | 209 | 318 SE 158 SIVSI-S
IT 610 | 131 325] 67.6 | 22.5 37.5 S 1.7 | SAVSI-6

H O | 455 | 88 294|645 | 194 | 301 S 2.0 | S/AIVSI-110
A G | 371 |91 286 771 | 244 | 316 | S8(F) |77 | S/AVSI-110
o K| 326 | 7.3 228 700 | 223 31.8 SE (170 §/Cd39
AE | 275 | 60 1%24] 705 | 21.6 | 307 SE  |10.0] §/Cd 39
s B 299 | 9.5 2857 964 | 31.7 32.9 b 0.3 s/ Fsc S
N H | 424 | 114 328| 77.5 | 268 | 346 DD 0.4 DD
2D | 467 |11.7 392 733 | 251 34 2 DD 1.7 DD
C.G | 606 | 123 325 63.6 | 203 30.9 DD 14 | DIVSI-1
SoA | 534 1111 332 634 | 208 | 329 DD 1.1 | IVIVSI-110
ME | 598 |12.1 326| 64.6 | 20.3 31.3 DD 1.7 | DAIVSI-110
BE.G | 467 | 85 281|601 | 122 | 304 EE 1.2 | EAVSI-6
E.D | 426 [104 354] 832 | 245 25.4 FF _[10.0[ EAVSI-110




ANORMAL HEMOGLOBINLER

Adi | (S3° | Hb |Hct | MCV | MCH | MCHC | Hb | o0
Soyadi L g/dL | % fL Pg g/dL | Elektr. Y

AE-
A.S. | 599 |15.1|446| 745 | 253 | 339 AE

Saskatoon
SA. | 428 |12.4|363|84.9 | 290 | 341 EE EE-

Saskatoon
T B | 446 |11.0|341|765 | 247 | 323 | as AG-

Coushatta

AG-
Z. B | 464 |125|382| 824 | 269 | 327 AS

Coushatta
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CCagaagage
coeckagggll

aSagtoaygg
caacctoaaa

108
caaggacaqgg FacggocbEgbe akcacttaga

ggooaatota CLOCCadgay oaggogagooc
Cagagocatc CAtCgoCClc atttgottot

cagacacoc

ATG GTG CAC CTG ACT CCT GAG GAG ARG TCT GCC
GGC O RAG CTE BAC GTG GAT GAL GTT oGT &GT GRAG

16

gtbtggtatca aggtltacaag acaggtbttaa ggagaccaat
cagagaayac tcttgggbtt ctgataggoa ctgactotct

ooaccottadg

cotoacco kg

Eggagocaca

agoagocady gotggooata
gacacasacty tgttoactag

GTT ACT GCC CTG TGG
FCC CTE il Al

agasactggy catgbggaga
ctgootatty ghotatttbo

G CTGE CTG &GTG GTC TAC CCT TG: ACC CAG AGG TTC TTT GAG TCC TTT GGG
GAT CTE TCC ACT CCT GAT GCT GTT ATG GGC RAC
CAT GGC AAG BRALA GTG CTC GET GCC TTT AGT GAT
GAC RAC CTC AALG GGC ALCC TTT &CC ACAR CTG AGT
bac CTG CAC GTG GAT CCT GAG ARC TTC AGG

gLygagtotat

OyacCotty

cataggaaqgq guagaagtas
143

tcagbgbgga
o o¥ o) o o o ol o
CRatgooLta
aaaasaasact
TgoatatLea
tacatattta
gogtaatthtg
StottatLto

229
cabtgookobk
aatatttotog
ttgotaatag
ctogattatt
CoLoCCasa

agbtcbcagga
taattottos

acattgtgta
LLacacagyte
Taatotooot
Lot T aaag
catttgtast
taatacttto

Egcaccatto
catatasata
cagotacaat
CLOagtotas

ACgLLttott
CAagytacag

toegttttagt
Lttotthttt
Laacasaagy
LooCtaytac
actttatttt
togtaatgttt
tttaasaaat
cotaatotot

taaagaatas
tttotogoata
coagotacoa
ootagoooot

tooCoocttott
LLCagaatog

ttottttatt
tLootboton
gaqatatoctot
Aattactattt
CLLOLLatttt
taatatgtgt
gotttottot
tLottooaogg

cagtgatasat
Laaattygtas
ttotgotttt
tttgotaste

169

CTC CTG &C AAC GTE CTG GTC TGT GTG CTG GCC
GAA TTC ACC CCA CCh GTG CAG GCT GCZC TAT CAG
GTG GCT AAT GCC CTE &CC CAC AAG TAT CAC Thld

gotogottte
taaactodyy
tattttoatt
CICIC Rt oA
acactatato
aacagoootg
tttogaggtt
atgaatgtot

ttogotgtooa
gatattatoa
ooaatgatot
LOEatttaas
LLagactooa
atogootatos
aaagttttoo
LLooactacs

CCT ALZ GTG LAG GCT
FxC CTe GCT CAC CTG
FAG CTS CALC TGT GAC

ttotakbggll
Jaaacagacg

tgotghtoat
graattttta
gagatacatt
goaatacatg
taattogatac
acacatattg
tLtaatatac
goaatsatoa

ttotggytta
ctogatogtaadg
attttatggt
atgttoatac

109
aagkticatgk
aatgattgos

aacaattgtt
ctattatact
aagtaactta
tytgottatt
ataatcatta
accasatcag
LLEtELtgELt
tacaatgkak

agooaatago
aggtttoata

tgggataagy
CLCoCCLCaccto

CAT CAZ TTT GGC LAl

atttctatta
agggoottga
atttasatta
aCatasngas
Loasagaagg
cttattoato
tatgotgtat
CcRtTLogrtta

aaggbtoctt
goatotggat
Lttotgaata
atgaagagot
Toagoot oo
cotoagaaas
tLtacattac
Ecckgoabok

AL GTE GTE GCT GGT

tgttocotas
Lotgoot AT
ttttactaaa
agttcaaacc
aacagotaat
gogattoaagt
Ltattghttt
ctoagookbbg

gtocsactac
Apilsmcatt
aaggogaatgt
ttogoaaaat
goacattoogo
agagogottga
agotogoocto
actoocactoa

230




ARMS

O
O

Nokta mutasyonlarinin saptanmasi icin kullanilan yaygin bir teknikftir
ARMS yantemi iki tanimlayici reaksiyondan olusur

B 1 reaksiyon: Mutasyonu tasimayan normal primerler kullanilarak
amplifikasyon yapilir

B Bu reaksiyonda, normal DNA dizisine 6zgil ARMS primerleri
icerir ve belirli bir yerdeki mutant DNA"y1 amplifiye edemez,
s%d%qlg normal (mutasyon igermeyen) DNA dizisini amplifiye
edebilir

B 2 reaksiyon: Arastirilacak mutasyona 6zgu primerler (mutant
primer)

B Tkinci reaksiyonda mutanta 6zqil primerleri icerir ve normal
DNA dizisini amplifiye edemez, sadece DNA'daki belirli bir
mutasyonu amplifiye edebilmektedir

Sonug¢ olarak normal bir birey galmzca normal reaksiyonda PCR rinii
olustururken, heterozigot bir birey her iki reaksiyonda PCR urind
o}usfurur. Mutant birey ise yalnizca mutant reaksiyonda PCR urund
olusturur.




HbS (A—T) (M) |5'-CCC ACA GGG CAG T AA CGG CAG ACT TCT GCA-3'
HbS (A—T) (N*) | 5'-CCC ACA GGG CAG TAA CGG CAG ACT TCT GCT-3'
HbD (6-C) (M*) | 5'- ATA GGC AGC CTG CAC TGG TGG GGT GAG TTG -3’
HbD (6-C) (N*) | 5'- ATA GGC AGC CTG CAC TGG TGG GGT GAG TTC-3'
HBE (6->A) (M*) | 5'-TAA CCT TGA TAC CAA CCT GCC CAG GGC GTT-3'
HBE (6 ->A) (N*) | 5'-TAA CCT TGA TAC CAA CCT GCC CAG GGC GTC-3'
IVSI-110 (G>A) (M*) |5'- ACC AGC AGC CTA AGG GTG GGA AAA TAC ACT-3
IVSI-110 (6>A) (N*) | 5'- ACC AGC AGC CTA AGG GTG GGA AAA TAC ACC-3'
IVSI-1 (6>A)  (M*) |5-TTA AAC CTG TCT TGT AAC CTT GAT ACG AAT-3'
IVSI-1 (6>A)  (N*) |5'-TTA AAC CTG TCT TGT AAC CTT GAT ACG AAC-3'
IVS1-5 (650  (M*) |5'-CTC CTT AAA CCT GTG TTG TAA CCT TGT TAG-3'
IVS1-5 (60  (N*) |5'-CTC CTT AAA CCT GTC TTG TAA CCT TGT TAC-3'
Fsc 5 (-CT) (M*) | 5'- ACA GGG CAG TAA CGG CAG ACT TCT CCG CGA-3
Fse 5 (-CT) (N*) | 5'- ACA GGG CAG TAA CGG CAG ACT TCT CCG CTC-3'

*M: Mutant primer *N: Noimal primer




HbS mutasyonun ARMS ile belirlenmesi. 1 anne, 2 babag,
3 ve 4 CVS, 5 negatif kontrol ve 6 pozitif kontrol

IM 2M  3M  4M S5M OM

IN 2N 3N 4N 5N 6N



RFLP

Anne Baba CVS KONTROL
AS AS AA AA AA AS SS
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|
0

ddNTP analog
(b)




ACGT ACGT

I B6;GAG—GIG I

HbAC
B6GAG—AAG

HbS heterozigot HbAA HbAC
(P66AG—GTG)



ACGT ACGT ACGT

HDAA B22 GAA—GCA

22 GAA

HbEE-Saskatoon

‘ HbG-Coushatta
B22 GAA—AAA ‘

HbEE- AA HbAG-
Saskatoon Coushatta



A/FSC 44(-C)  HbAA



