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Project Code: PDF44/2540
Project Title: Study on the stability of B-thalassemia mRNA: a novel approach for mRNA
quantitation.
investigators: Department of Biochemistry, Faculty of Medicine, Srinakarinwirot. University,
Sukumvit 23, Bangkok 10110, THAILAND.
E-mail Address: yuwadee@psm.swu.ac.th
Project Period: August 1, 1997 - July 31, 1998
Objectives: 1. To develop a convenient and reliable technique for mRNA quantitation in
aorder to give a better reproducible results than the classical methods.
2. Study the mRNA stability in B-Thalaassemia patients in Thailand using
the technique from 1.
ABSTRACT: B-thalassemia and hemoglobin (Hb) E patients, with seemingly identical
genotype, have a remarkable variability in severity. As most of B-thalassemia mutations
normally exhibit recessive inheritance resulting in a reduced or no B-globin chain synthesis.
Therefore, many groups tried to quantify the amount of B-globin mRNA whether there is a
correlation with the reduced B-globin chain. Premature termination mRNA is also unstabte but
no significant systematic attempts to look at mMRNA stability among different genotypes. in this
work, the one-step real time PCR has been performed as it detected the amount of mMRNA in
real time during log phase of amplicon accumulation. This circumvents many other problems
associated with quantitation in the plateau stage of a PCR amplification. The results show the
increase in CX/B mRNA ratio (2.4-9.4) in B-thalassemia/Hb E patients with chain termination
mutation as compare to normal controls (1.0-1.2) and Hb E traits (1.7-2.6). This could be due
to the pathway called nonsense-mediated mRNA decay (NMD) which accelerated the
degradation of unstable mRNA that could be toxic to cells and not be translated along their
full length in [3-thalassemia/Hb E patients. The difference in OU/[3 mRNA in [B-thalassemia/Hb
E patients with the same genotype could be due to the difference in NMD activity in each
individual. Interestingly, the CX./B mRNA ratio in normal control is approximately 1.0, which
correlates to the OL/B globin chain synthesis ratio of 1:1. However, the previous report
showed that the CI/B globin mRNA ratio is about 4.3 in normal control by using the two-step
RT-PCR followed by detection and quantitation of PCR products on a non-denaturating gel,
and densitometric scanning of the autoradiograms. To confirm that the (I/B mRNA ratio
obtained by real-time PCR detection is not an artifact, the CL/B globin DNA ratic in normal

control was determined. The result indicates that O./B globin DNA ratio is approximately 1.9,

which correlates with the OL/B globin gene ratio of 2.0,

Key word: Real-time PCR, B-thalassemia/HbE, mRNA
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(1.7-2.6) uaaIin HN19aaaITay 3 mRNA msﬁgﬂwﬁﬁ Genotype nilaunuuaiian o/
mRNA ratio d9nuiilasnin luudazaufionuuaneraiulu Nonsense-mediated mRNA decay
(NMD) pathway %dl'ﬂu Pathway ‘ﬁLfDaﬁiJ:ﬁ’]mU Premature termination mRNA %M:Lﬂu
suanudairad vlbifinadoUiunmwas B mRNA fiinaulefia o/ mRNA ratio luawng 3
Arzunm 1 SsgaandasiuiFunn o/B Globin chain (1:1) atelsfiony faruuansran
HANTNARAINGNEUATILINIT O/ mRNA ratio TuanUnd Seszunm 4 usldinadiaficn
fu Goimialun1sbuduiunailanms Real time PCR \lwnafinfifianuugiui Qnﬁam%a
fiald Jaldvimmaassminianm o/ DNA ratio Rowuuifinuiudiuan Gene copy
(0 = 4:2) “rmpaadssiunioll TanavinmsnassIwuin Ui o/} DNA ratio e
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Executive Summary

1. Twinkin1sisn uasasdrdysasilynn

LUSN-TIR DL mu'l,%ml,ﬁﬂmnmimmm (Mutation) vesluianadiiduiavesduue-
Iﬂa‘fm r|.‘LLI‘§F1L‘1J(:"1’I 5'1aasm,;mmmmmmimmamuu Nonsense-mutation ®38 Premature
termination 1w dsznalnparulnwwululaaaufl 17 waifia Frameshift mutation (4 Base-
pair deletion) tulanaw 41, 42 azfimsainldsdu @olnalin) aass duanuaiiosves
mRNA Selaiiufinseusite luns@nesvsanm mRNA fusonaiausfoslinad liuinou
lwBarSunm (Quantitation) LLVETai'}i?umauﬁzjamneﬁ’wEau
2. JaguszasAvoslasenis

21 Wanawmwinefialnwifiiye wasszean uaslW Reproducible result n13EE 10

ATTRIUINIE mMRNA

22 heaflelufinwanuaiioswes mRNA uawldiud-maadiilo
3. s=deul5ivw

3.1 udstaiaaanasldiud-maadils Theangg

3.2 &Neuun RNA

3.3 31 RNA anUfisen One step RT-PCR lawlt Real-time PCR detection
system ﬁ’mm‘%aa ABI PRISM 7700 Perkin Elmers

3.4 SIRIUMIANUTNTRLEY MRNA LSsufisuussulana
4. HANITNARDI

n3wILSu1me mRNA Tag Realtime PCR detection 1w §ia7nusnimwas mmaamnlums
NORDI Probe 9z@99 Hybridize U Template tasaz Detect WUﬂ’]?L‘;‘aJLLaﬂ@ﬂ@]aLaJamJgﬂ?m
PCR 1Aaiu wax Probe asdaatdnly Hybridize trinin wonaniudaduwitnisiidedeldiies
ﬁrmL‘]Jumm‘nm@m'smﬁﬂgﬂ'sm’l,umﬂﬂ sau"naamﬁmwgmm PCR laguanisnaasawuin
luawld B -thaitb E (B -thalassemia/tb E Loz B’ -thalassemia/bb E) $1%74 20 118 o3
Globin MRNA ratio = 2.4 - 9.4, Hb level = 5.3 - 9.1 g/l uszluauld B thavHb £ (B~
thalassemia/Hb E uaz B -thalassemia/Hb E) $117% 11 718 WU /Py Globin mRNA ratio =
3.1 - 5.1, Hb level = 5.4 - 11.0 g/dl usnamntiuluawld Hb E traits 91191 8 378 WU o
Globm mRNA ratio = 1.71 - 2.65, Hb level = 12.0 - 13.5 g/dI M /B3 Globin mRNA luNU’JU
B-thaI!Hb E zJﬂ’lmﬂTﬂu B-thalf’Hb E ‘Iidummﬂ’nlu Normal control Liaz Hb E traits ‘LL‘LL
p1aiflasnna n Premature mRNA A liiafios uas mmﬂuaumm@amaamuu MRNA Wafias
nnmmu‘[muNMD pathway fnaluwmmmawﬁuw Activity Up3 NMD ﬂ@mnuaaﬂ'lﬂm'lmﬂm
75 Genotype \rilaunuuaian ouB Globin MRNA ratio UANGIRY wasfinawlafida o/f
Globin mRNA ratio 1% Normal control IUIU 6 50 YNNUYTTIAI 1.0 - 1.2 IWUM"‘H Hb level
TN 14.0 - 15.0 g/dl FI619NTIUVDI Smetanina ef. af (2) Fawuin ouB
Globin mRNA 11 Normal control Yszanmw 4.4 agnal3fi@nunismi mRNA 189MIRaInsciils
wailafienariu Fn1maasslasld Realtime PCR detection 'l@]un’:imwaaum’mnnmaﬂm

wiiume v Globin DNA ratio wuin Teéndszanm 1.9 ‘nanaaﬂﬂaamummuamwmu
Gene copies 299 O[3 DNA = 4:2
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1. unin
Lamdadlodulsamaiumnmuingldies  waduwlymindanludsanalnglaa
wite lapiadslszinsing Uszanm 3-9% (uwinzuaauei-mandidis (3)
L % s oo = U L At . = = ﬁl * ]
wen-saatille fenniemesimowd-inadusesdlulnsiululFunufidaunds

Und wisliahaaori imelnaiufbiianufiound (dumodadn-lnadu) JUSuoufiuga

L
= ©

manaﬁuﬁzﬁumag}mﬂmﬂmﬁammm Mildafaauasiinnuialnd uazgninaisiding
fiailu Hemolytic anemia Yinligihofiomnsda wies dudule Wigdulads Insaioda
RoauaaRuannningnd iRenaunwliadaauasfiuanyaily ldiAenisiouulsenas
nIzQn ﬁ'l'lﬁ'm:ﬂﬂ'luwﬂmﬂﬁw'lﬂﬁé’num:ﬁﬁuniﬂ “umwihraaTide”  uarfeviednd
IR guaIIMEEnnatsUT=nT (4)

Jagiunuinum-sdadilodnlng fiaanndundn (Mutation) saslaanadiduis
vasfwudr-lnadu (1) Iudszinalnowurfiavesnsdinaniretum-mardiloudruannii 20
sia @ulngidu Point mutation dpfinmswavuudasllvesriioveiua wisluasiwiutane
ool wiolRuAuuuais DNA (4-8) wen-maadiiiosulauAnainiusilnatuinuig
g riaroiuundamellonleslulaoy 8) FufiafanisiuvardansninalwUSuiueny
i-Inaduanasllong

Tulsmud-mdafiipdafiaannsHumeuUy Translation termination mutation W3a
Nonsense mutation (CUG —>UAG) fidiuniis Codon 39 vaaius-lnadufiu 3a3un4 B°-
39 Thalasssemia INIANEIWLIIYI N0 IUSEHANRY UasUSUNTATDY MRNA ARARIGAE
(9-11) FsluedafinsdnsmiFunaiwes mRNA Tavldinafia Northern blot hybridization 495
doiEnfio doold mRNA Unown dafludomilumsaia mRNA sn@aanulddadasls
FaatZunownn wananiudidasldmatuiuaiad (Radioactive probe) lunisaviasudain
UaTIY ua:i’ﬁ’lmdauﬂ'ﬂa@waamuﬁﬂmvm‘lum'sﬁ'nifﬂﬁa

Tudsznalnosmlnnfinueziiosnnan Nonsense mutation 1w Codon 17 wioifie
Frameshift mutation (4 Base-pair deletion) 14 Codon 41, 42 9=in715ad1slUseiuasss a1un 1y

wiotray mRNA - Selaiidufinsuuduau  sannlunis@nyiideneioiumi3ifonin 5%



aaanlunitidSuioe mRNA  3Nasdapodue-Inatinin Lﬁa@'jﬂmuﬁw-mé’as‘mﬁyﬁﬁ
Frameshift mutation %38 Nonsense mutation NWazlA®N"T Destabilization of MRNA %381y
e . o = cad A & x> P ' : .
wazM1s  Destabilization of mRNA fiiludsingmsalfiiedulémiluwialy (A universal
phenomenon) N sHnaTRas 199 luawld wér-maadly asnulunsanwsdsiianudn
Wufidaan i8Ry niniTaa@u (Simpler method)  uazazainlumisnidSuane mRNA luau
it LLa:mmsmﬁ,ﬂﬂﬂizqﬂm‘l’ﬁﬁ’um‘sﬁnmﬁﬁaomimmﬁoﬂ%mm WREAIULEDLTUEI MRNA

luauldrieduqladneqe

Real Time Detection PCR
Wosanmadalunimvndsinn mRNA woulnilagi® Real time detection PCR 3
mwugﬂﬁaauauujuﬁmiﬁ%ﬁu6"] wedauuulrifeinannisaai
I@Uﬁ‘ﬂﬂlu“ﬁ;u@auﬂ’]'SLﬁ'&Jﬁ’]WJu DNA lammeailanie Real time detection PCR
Uyznauaiy
1. Specific primers
2. Specific fluorescent labelled probes
3. RNA
Real tme PCR Iwanmavinufia Primers 7ltosfuuuulndnallée Specific
primers 9500wz F WS DNA/RNA template UeasTila &3 Probes filfaziiwuyy

G =

AidwdiiouanINIzldauiuagay (Complementary) NUAAUIUFRUMERALEUBUED Probes 1y

ONAARAIN (Ladbelled) lALEITWADBLIRITUR L Fluorogenic probes tatnlaisdu 5" end 9z

G

= =

ONAGAAINAIY A quencher fluorescent dye &udany 3" end ﬁ%:gﬂﬁﬂamnﬁﬁﬂ A reporter
flucrescent dye lauidia Probes 111 lUduny DNA target a7 Reporter ILaz Quencher ’«J:a%ﬂ.ﬂé’
ulusznefl Quencher vzldanuss Fluorescence fidauaanunain Reporter laslsingnisal

#l3un71 Forster resonances energy transfer through space
lapa1doni19vineuuad Taq DNA polymerase 14 PCR WUIIAENUF 5 nuciease

activity 289 Tag DNA polymerase &u1I10609 1% 5 end U949 Probe 16 ﬁﬂfu Quencher N
aapan vinlWlae Fluorescence 91N Reporter gnﬂéauaanmuﬁvmwwﬂ@? Fainlunmsuony
urnposdidualundazsoy Quencher xnNGRenyin W Detect WY Fluorescence 2N
Reporter I@ifnanniudas 9 luudszsovues PCR

qﬂmtﬁﬁ'l'ﬁ' fd ABI PRISM 7700 Sequence Detector lm“lunﬁ'fmwé’uwﬁaanm‘nué

(Fluorescent signal) stu3anmsiRndnuIn aduialuusazsoy



Real Time Methodology

i Parameter Cy (Threshold cycle) %qﬁﬁa Fractional cycie number i fg@lﬁ Reporter
fluorescence 183 Probe QnﬂéauaaﬂwﬂIﬂﬂdﬂui}‘@ﬁﬂqm (A fixed threshold) ﬁagmﬁa Baseline
G‘f{l‘lfu Lﬁaﬁ’tﬂ"} Log initial target copy number for a set of standards U1 plot nu Ct aelondu
A3 FIRUNITPIUSUIMDI RNA Aigans (Target) i Unknown samples 2:¥inlatauniel Cy
289 unknown LT IWHBUNY Standard curve Lﬁaammﬂ%aaﬁaﬁlfﬁﬂuﬂ‘mﬂﬁ Threshold cycle
eluumsft PCR amplification 506%]1% Exponential phase ﬁamfmﬂumgmaﬁa‘ﬁmﬁ‘lﬁ’hﬁﬂu
Cr ﬁdtﬂunﬁi{ﬂﬁiﬂﬂﬁ (Reliable measurement} lapmsia Starting copy UNNINITIA
Endpoint 289 PCR product AAAT T2 Exponential phase 3zliflgiudsznavuaalalu
ﬂﬁﬁ‘ﬁmﬁgﬂﬁﬂﬁﬂ e Cq Farfluend Reproducible ﬁﬁﬂ“i’uﬂﬁﬁmﬂﬁ Starting copy
number MIauUNY é’ufu%aL‘ﬂumsﬁﬂﬂ;jﬂ"ﬁﬂ%'uﬂjaﬁ‘mmﬁmﬁmma (Improved precision)
TunIwLSuntiwas DNA was RNA lunisasanudnunismidiunmeed PCR product 7ildlag
ﬁ"ﬂﬂﬁaga’m Product fuqmﬁ’m (End product) ADUAANNLTDITOUFAYNEIT Sensitive 6ans
Wanwsnioadntosvossusznoulud§isun vaiilesan Endpoint measurements 3t
'l'ﬁ'ﬁLi'ialJﬁr‘ﬁUﬂfuagLﬁun'h Exponential phase uazmsiaswidasluaiutssnauiiodn
wouvrNanL19NINGD Final amount of product

fmodnswey UL 1@ 15w nanifie Primer dimers arlfasluiiunmens 9 nwlu
udazmsnases sotmdululedn msarairefidvinauiusuan 2216 Product H1l3unonlas
namTeRatRUS Sy wilpundInuLand19TEnins End point L Real time detection

Advantages of Real Time

1. NMTLT Real time kinetics 189 PCR gl laidasly Competitor (in tube standard)
msmunuinldlaonisie3oy Standard curve Wazwt Unknown copy number lagii/3oy
WAnuML Standard curve WINWTYUINRLUNY End point measurements NS Cr BI02818NNT
wilRunouwsnzdoyaasgnazsu@niunng sauves PCR

Ve .4 = = o o
2. il Post-PCR processing TAUDUUNIIaA Carryover contamination uazidunisinie
error Ali@IN Post-PCR processing

3. wBNIINUU @1 Cr 03 Sensitive 68 PCR %aun31¢1 Endpoint Yaikiwistiuniiia
[} o ' o on - » a -~
INTN Exponential phase Feautlsznavluljidondsligniia

4. W Reproducible results
2. AEN1TNARDY
2.1 enpdaulnd (Normal control) 143U 6 A% Hb E traits $7UI% 8 au WA BO-

thalassemia/Hb E $7%74 20 au uaz 3 -thalassemia/Hb E $1%7% 11 A% annauil oL Globin

genotype UWULUNG



22 maaduy Cellular RNA Wizidaadszanm 5 mi ldlunasafiadaudas EDTA 9Ny
vamsafia RNA 1aoifved Chomezynski (12) wilauany Hematological data lauld
Automated cell culture LAz 5"5“7%1'5"1:1;’11‘1J (Routine procedure) ATz Hb anal;(sis lavls
HPLC (13) &Iun1IniaImny Clinic a:%ua;jiﬁ'umwwuswaamnﬁﬂTaﬁmmq aMuiivasnia
dipfaa nmassuidulath uazdhule

2.3 mssaenzdladlnfiaedlend vinsduassilwsuesdwiy o uaz [B-Globin
primers UM Ol Las B-Globin probe ey OL- Globin probe 32N Labeled 678 TET nadu
5' Tan Probes Y19 2 A19:0N Lebeled 67t TAMRA (Quencher) Aan @

2.4 One-step QC RT-PCR 'Lum‘sﬁ'lmimaaw'f':amwzgnmwaau (Assay) |u
MicroAmp optical 96 wells reaction plate L&YIN € ﬁ?ﬂﬂﬂd%:ﬁ’lﬂ’ﬁﬂﬂaau%ﬁﬁﬂuﬂ%a (Triplicate
assay) RNA ‘?llvl.ﬁi]’m Normal control i]:gﬂ'l"ﬁvﬁuﬁdmmgmﬁﬂﬂ%’um?mﬁmm Cl- uae B
Globin MRNA RT-PCR a:Wivlui5uias 50 Wi leoysznauday 1 x TagMan buffer (500 mM
KCI, 0.1 mM EDTA, 100 mM Tris-HCI, pH 8.3, U8z 600 nM passive reference), 5.5 mM
magnesium chioride, 300 UM dATP, dCTP, dGTP, 600 LM dUTP, 200 nM forward and
reverse primers, 100 nM fluorescent-labelled probe, 0.025 U/LLI AmpliTag Gold DNA
polymerase (5 U/LLI AmpliTag Gold DNA polymerase in 20 mM Tris-HCI, pH 9.0, 100 mM
KCI, 0.1 mM EDTA, 1.0 mM DTT, 50% glycerol, uar 0.5% (w/v) Tween 20), 0.25 U/mi
Multiscribe reverse transcriptase (100 U/LLl of recombinant Moloney Murine Leukemia Virus
(MuLV) reverse transcriptase in 20 mM Tris-HCI, pH 7.5, 0.1 mM Na,EDTA, 1 mM DTT,
0.01% (viv) NP-40, URr 50% (v/v) glycercl} uts 0.4 U/mi RNase inhibitor. Tunimeassezly
gAsfimanzEy (Optimized RT-PCR) é3fl RT-PCR ﬁqmnqi‘l 48°C Jutian 30 W ey
#71 AmpliTag Gold activation '71 95°C 10 w1l uad’ PCR amplification lavld Denaturation
temperature ﬁ 95°C 15 AU was annealing/extension step ﬁ 60°C 1 min (Iud1uu 40 J0U

laoU A3 avuaiifiaaueiuiaias ABI PRISM 7700 Sequence Detection System (PE

Applied Biosystem) Iﬂm:uuﬁd;&' AM15lunsAnyn Quantitative PCR (14-16) uas RT-PCR

(17) MNMUUHATIERHEANITNARD Y



3. HAMTNeaDd

3.1 Amplification plot L&z PCR detection 31NN1IYINNITNaRDI One step RT-PCR Han13
maamam'[ugﬂﬁ 1 ‘%{l Plot s2%i13 ARn (Reporter dye emission/Quencher dyé emission)
NU Amplification cycles &1W3U Serially diluted normal O-Globin (3-1J°?i 1A) wazr [3-Globin
mRNA standard (Eﬂﬁ 1B) wui1 aUSunm RNA anad Amplification plot smadsullnienan
uaedineeald Amplification cycles Walg g Tau Wal¥r1u Base line 91nLdu Base line 1 191w
N15%Y Threshold e ﬁnn‘yfu%:i’lm’luwaluzﬂ Cycle threshold (Cq) %JLTJ% Cycle ‘?‘1 Emission
28IF1I68LNHM Threshold Lamduunassiwly Normal control Al&9INNNT Plot s:mi196n
Cr Waz Log (Starting number) é’auﬁm'lugﬁ'?i 2 sd9lsimuwuinannsnnImasesdime
afiin o  Aldudazefisidruandrsiuliasyin ﬁaEmm:m‘ﬂﬁ'jﬁ%n'msﬂﬂuﬁ%miﬁﬁ
Highly reproducible &% PCR products @unsaasiadaylalasldinaiiania Electrophoresis
(EU'F'i 3) WUriuWIeUas OL-Globin mRNA il 71 bp usz vM19wa9 [3-Globin mRNA (Iu 74 bp

3.2 Quantitative analysis 283 OG- U’ B-Globin mRNA ﬁl’]ﬂﬂ’]‘iﬁﬂ‘ﬂﬁ%ﬂ?ﬂ B—
thatassemia/Hb E -?'iﬁmsnmuﬁuﬁemfj N WFTgUREUAY Normal control HANNTNARBINL
ot/[3 globin MRNA ratios 983 6 normal individuals HaUsz87 4 1.0-1.2 &% Hb levels 3:iidn
i 14.0 - 150 g/dl lusmzfgihe BC-thalassemiab E (B -thalassemia/mb E, B-
thalassemia/Hb E) 47474 20 A% 61 QU3 globin mRNA ratios Uszunm 2.4-9.4 uasziieiHb
levels 1Iu 5.3-9.1 g/dt wananiu wuitlugihe B -thalassemiartb E (B*%-thalassemia/Hb
E, B654-thalassemiale E, Hb E/Hb E ) 1w2u 11 an azdidh o/} globin mRNA ratios atilu
TIITENT 3.1-5.1 uaziidn HD levels 1T 5.4-11.0 g/d! @41y Hb E traits $1U9% 8 au 9256
o/ globin mRNA ratio Uszanm 1.7-2.6 uaz Hb levels 1Tu 12.0-13.5 g/dl uazanms Plot
521319 /3 globin mRNA ratios WAz Hb Levels Tty B-thalassemia/Hb E LLﬁﬂﬂuEU‘ﬁ 4
dmiudn /3 globin mRNA ratios Wuijtlan PB-thalassemiaHb E sfiadnaq finuriiy Normal
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Standard curve for alpha-mRNA
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QUANTITATION OF B -GLOBIN mRNAIN B -
THALASSEMIA/HEMOGLOBIN E

Vinwodee Worgnapokasin, Prancee Winichagoon, Prapon Wiliaivit, Suthat Fucharoen
Depurtment of Biochemisiry, Fucultv of Medicine, Srinadarimeirar Universiny, Thalassemia
Rescarch Cener: Instinuie of Science and Technology for Rescarely and Development. Depariment
of Biochemisiry, Fuculnv: of Science, Mahidol Universing Thailand

Thalassemia ts a widespread genetic disease. By the vear 2000,7% of the wor]d'sl
popufation will carry a globin chain mutation. B -thalassemia is a very heterogeneous
disorder due to the inactivation of the B - globin genes. Point mutation and small
deletion or mseriion in the nucleotide sequences are the main molecular defect
responsible for most f -thalassemia. The mability to synthesis B -globin results
in glohin chaln ymhalbanee Teading to the formation ol excess unmatched
u- globin chains. 11 is, however, not clear whether the level of B -
clobin mNA is also redoced. Using real time PCR detection sysiem for
gquantitation ol o B globhin miNA ratio in different genotvpes of Thai B
-thalassemia subjocts was performed. The o /B gloin mN\A ratios ohtained
in 8 subjects were as Jollows: B B Y1 case) 1.0, and B'" /B (4
case) 2. T2-108Y, B SBY(L case) 3T, BB case) 2.05 and BY/
B "] case) 1.14. These resultls support the contention that the
imbilance of protein svathesis in B - thalassemia reflects both
impairment of translation and reduced B -globin mRNA coptent.

This wark ix supported by The Thailund Research Furd and The Nutional Rexeareh Council of
Thailund.

CHARACTERIZATION OF THE IVS-1-1140 (h—)A) AND THE IVS-I1-1(G—A)
B-THALASSEMIA MUTATIONS IN THE JORDANIAN POPULATION

M FSadiy
A Dept.of - Biological Sciences. Yarmouk University. Irhid. Jordan

The two most common mutations causing f3-thalassemia in Jordan are thelVS-]-
110(G—A) and the IVS-1I-] (G—A). This study attempted 1o distinguish these two
mutations in the Jordanian population. All members of three families with the IVS-]-
110, two families with the IVS-I1-l and one family with both mutations were inciuded
in the study.

While blood films revealed no detectable differences between the two mutations.
analvsis of the hematological values in heterozvuotes of both mutations showed that
Hb A. and Hb F levels were significantly higher in 1VS-11-1 heterozyvgotes (P<0.0001
and P<0.05 respectively) compared 1o those of 1VS-1-110 heterotvootes.” Hb
conccmrauon MCV and MCH on the other hand were found to be significantly lower
“In 1VS-1i-] heterozyeotes ( p<0.05. P<0.025 and p<0.01 respectively) compared to
those of TVS-1-110 heterozygote. Examination of the ulrastructire of red cells in
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ANALYSIS OF mRNA IN 3-THALASSEMIA/Hb E BY REAL
TIME PCR DETECTION

Yuwadee Watanapokasin', Pranee Winichagoon®, Suthat Fucharoen®, Prapon Wilairat®
'Department of Biochemistry, Faculty of Medicine, Srinakarinwirot University, “Thalassemia
Research Center, Institute of Science and Technology for Research and Development,
’Department of Biochemistry, Faculty of Science, Mahidol University, Thailand

Reverse transcriptase-polymerase chain reaction (RT-PCR) has
been widely used to quantitate different types of mRNA. However, the
method still requires post-PCR manipulation which is labor- and time-
intensive. Therefore, in this study, real time RT-PCR has been
conducted to quantitate the o/B globin mRNA in [B-thalassemia/Hb E
patients as compare to normal control. Since patients with (-
thalasssemia/Hb E show remarkable variability in severity, thus, the o/
B mRNA was determined. - The result is shown in figure | supporting
that the imbalanced protein synthesis in (-thalassemia reflects both
impairment of reduced [-globin chain mRINA and translation.

alf mRNA

Hb level (g/dl)

Fig.1 Comparison of Hb levels and o/f mRNA in B—thalassenma/Hb E pauents coopared
10 normal controls
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GENOTYPE-PHENOTYPE INTERACTION IN B-’I‘HAL:’-LSSEI\HA.:
EXPERIENCE IN THAILAND

E_Winichagoon, Y Watanapokasin, P Wilairat, Ping Chen, Guifang - Long,
N. Sirttanaratkul, P Wasi, S. Fucharoen

Thalassemia Research Center, Instiuie of Science and Technology for Reseurch and Development, Department
of Bivchemisiry, Faculry of Science and Depariment of Medicine, Siriraj Hospital, Mahido! Universiry,
Deparimeni of Biochemistry, Faculry of Medicine, Srinakarinwirot Universiry, Thailand and Hemoglobin
Laboratory, Deparniment of Pediatric, Guangxi Unwversiry of Medical Sciences, Nunning, P.R. Ching

Beta thalassemia is a very heterogeneous disorder due 1o varatons in inactivarion mechanism of the 3-globin
genes, Point mutations and small deletions or insertons in the nucleotde sequence are the main molecular
deflects responsible for most P-thalassernia. Homozygous B-thalassemia und B-thalassemia/Hb E are major B-
thalassemic syndromes in S.E. Asia. In spite of seemingly identical genotypes, severity of [-thalassemic
patients can vary greatly. Heterogeneity in the clinical manifestaton of B-1halassemic diseases may occur from
the nature of f-globin gene muration, a-thalassemrua gene interaction and difference in the amount of Hb F
production which is parly associated with a specific P-globin haplotype.

A ro1al of 144 B-thalassemua patients, 116 Thai and 28 Chinese from Nanning, were divided into mild,
intermediate and severe cases according to clinical data and hemoglobin concentrauon. Clinical duta inciuded the
age onset of presentauon, age at first blood ransfusion, requirement of blood transfusion, hepatosplencmegaly
and growth development. Using these cnteria 46 pauents who had Hb 2 7.5 g/d! had a mild clinical symplom;
8 were BHp*-thalasserrua or P¥-thalassemia/Hb E and 38 pauents were B3+ -thalassemia or B%thalassemia/Hb
E, 17 of whom also had coinhentance of a-thalassemia genes. Of the 43 pauents with severe chinical symptom,
26 were fOB0-thalasserrua, 5 PP3*-thalassemia and 12 B%thalassemia/HbE. Cownheritance of a-thalassermia was

found in 8 cases of BOP%-thalassemua but it did not amenorate the seventy of e disease (Table 1)

Table | Summary of geneuc factors that may determune the seventy of B-thalasserma disease

Clinical symptom Homozygous P-thalassemia B-Thalassemia/Hb E
Genetic Factors Mild Intermedia | Severe Mild Intermedia | Severe
Total subjects (No.) 16 11 31 30 44 12
Br-That/f*-thal (Hb E) 4 0 0 4 0 0
BY-Thal/B*-thal (Hb E) 12 4 5 26 14 12
B9-Thal/f%-thal 0 7 26 0 0 o
a-Thal 1 tax 3 2 2 0 1 O
a-Thal Za-thal 2 1 0 1 0 0 0
a-Thal 2 trait 2 2 3 8 0 0
Hb Constant Spnng (C3) 0 1 0 4 2 o
Xmn 1, -- 1t 7 26 2 8 a
Xmn 1, ++ 8] 0 0 1 1 0
Xmn 1 -+ 4 4 5 25 32 g




Application of Real-time PCR detection for mRNA quantitation in

B-Thalassemia/Hb E
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'Department of Biochemistry, Faculty of Medicine,
Srinakarinwirot University, Bangkok 10110, Thailand
*Thalassemia Research Center, Institute of Science and Technology for Research and
Development, Mahidol University, Nakompathom, Thailand
3 Department of Biochemistry, Faculty of Science,
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ABSTRACT

B-Thalassemia and hemoglobin (Hb) E patients, with seemingly identical genotvpe, have
a remarkable variability in severity. As most of (3-thalassemia mutations normally
exhibit recessive inheritance resulting in a reduced or no [B-globin chain synthesis,
Therefore, many groups tried to quantify the amount of B-globin mRNA whether there is
a correlation with the reduced B-globin chain. Premature termination mRNA is also
unstable but no significant systematic attempts to look at mRNA stability among
different genotypes. In this work, the one-step real time PCR has been performed as it
detected the amount of mRNA in real time duning log phase of amplicon accumulation.
This circumvents many other problems associated with quantitation in the plateau stage
of a PCR amplification. The results show the increase in o/ff mRNA ratio (2.4-9.4) in

B°-thalassemia/Hb E patients with chain termination mutation as compare to P’

thalassemia/Hb E patients (3.1-5.1), normal controls (1.0-1.2) and Hb E traits (1.7-2.6).
This could be due to the pathway called nonsense-mediated mRNA decay (NMD) which
accelerated the degradation of unstable mRINA that could be toxic to cells and not be
translated along their full length in B-thalassemia /Hb E patients. The difference in the
o/B mRNA ratio of patients with the same genotypes could be due to the difference in

NMD activity in each individual.

INTRODUCTION
Thalassemia and hemoglobinopathies are widespread recessive, inherited

diseases. There are more than ],000 mutations, including frameshifts, deletions,

1
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insertions, etc have been detected in the human globin system. resulting in the synthesis
of structurally abnormal proteins or in thalassemic types of disorders. p-Thalassemia,
one of the most common single gene disorder, is characterized by abnormal (3-globin
gene function causing a decrease or absence of 3-globin protein (1-3). More than 180
mutations affecting almost every known stage of f-globin gene expression result in a
reduction (B") or complete absence (B°) of B-globin chain synthesis from the affected
alleles (1, 4). Such mutations may cause defects in transcription, RNA splicing and
translation. In B*-thalassemia, f-chain synthesis remains but at a markedly reduced rate
and there is a correspondingly reduced level of B-globin mRINA in reticulocytes (£, 6). In
B°-thalassemia, no P-globin chains are synthesized. There are three main clinical
phenotypes of B-thalassemia: thalassemia trait, thalassemia intermedia and thalassemia
major (1). Thalassemia traits with one allele are clinically asymptomatic. Thalassemia
intermedia is an ill-defined clinical term used to describe patients with phenotypes that
are more severe than the asymtomatic thalassemia trait but milder than the transfusion-
dependent thalassemia major. Most complications of B-thalassemia, including those
related to extramedullary haemopoiesis including orthodontic abnormalities, fractures
and spinal cord compression (7-9).

Hemoglobin E (Hb E) is the most common structural Hb vaniant among Southeast
Asian populations. It is a B-globin variant resulting from the mutation at codon 26, G=>
A (Glu>Lys). The mutation in codon 26 of the pF-globin gene can activate an adjacent
cryptic splice site located at codon 24 to 27 giving rise to an alternative splicing which
produces no B-globin chain whereas the normal spliced mRNA which corntains the exon

1 mutation at codon 26 can produce Sg-globin (10). Hb E traits have minimal



hematologic manifestations except for microcytosis. Individuals who are homozvgous
for Hb E usually shown to be clinically normal, however, compound heterozygote for B-
thalassemia and Hb E have a remarkable variability in severity and may have a severe j3-
thalassemia. The most severely affected individuals have an anemia similar to that of
homozygous [-thalassemia disease. Despite apparently identical genotypes, severity of
the patients can vary greatly, with Hb level ranging from 2.5 to 13.5 g/dl, in the steady
state, has been shown in 803 patients with B°-thalassemia/Hb E (11). The difference in
severity of B-thalassemia/Hb E has been affected by many confounding genetic factors.
Mutations causing p-thalassemia can produce either severe (e.g. mutation in IVS-1
position 5, G—=>C) or mild clinical symptom (e.g. mutation at codon 26. Hb E) (10, 12).
Co-inheritance of a gene for hereditary persistance of fetal hemoglobin (HPFH) or other
determinants which elevate Hb F expression can alleviate the severity of (B-thalassemia
(13). In addition, co-inheritance of «-thalassemia or rib Constant Spring significantly
ameliorates the severity of the disease (14). Recently, inheritance of a P-thalassemia
chromosome with Xmn I cleavage site (+) at position -158 of the yG-globin gene was
shown to be associated with milder anemia (15). Two copies of these alleles were
necessary to produce significant clinical effect. Why should patients with the same
genotypes have different phenotypes?

In this report, the one-step quantitative reverse transcriptase polymerase chain
reaction (QC RT-PCR) method has been used for quantitaion of B-globin mRNA in both
normal control and patients with B-thalassemia with many advantages: (1) as a one-step
assay, it requires less labor, and sample handling, which minimizes the risk of sample-

cross contamination; (2) no post PCR processing is necessary, quantitative results are



obtained in less time; and (3) the assay spans a large dynamic range, which eliminates the

"‘need for extensive sample dilution.
MATERIALS AND METHODS
Subjects

Six normal adults, eight hemogonbin E traits, and twenty B°Thalassemia/Hb E,

eleven B* Thalassemia/Hb E who have the normal a-globin genotype were studied.

Isolation of Cellular RNA

Five ml of blood samples were collected in vacutainers with EDTA as
anticoagulant and transported in ice to the laboratory. RNA was extracted from the
reticulocyte-enriched cells with the method of Chomezynski (16). Hematological data
were determined with automated cell counter and other routine procedures. Hb analysis
was performed during steady state by high performance liquid chromatographic
procedure (15). Clinical assessment was based on severity of anemia, blood transfusion

requirement and degree of growth impairment and spleen enlargement.

Oligonucleotides.
Synthetic oligonucleotide primers and the fluorescently labeled oligonucleotide

hybridization probes were synthesized by Perkin Elmer Applied Biosystem (Foster City,



CA, USA) (Table 1). The a-globin probe was labeled with TET at 5° end, whereas the p- (—TOB‘
globin probe was labeled with FAM at 5’ end. Both probes were labeled with the
quencher fluor TAMRA at the 3" end. Primers and probes were designed using.Oligo 4.0
software, following guideline suggested in Model 7700 Sequence Detection Instrument

manual.

One-step QC RT-PCR.

All samples were assayed in triplicate in a MicroAmp Optical 96-well reaction
plate that were frosted to prevent light from reflecting. Tube caps were similar to
MicroAmp Caps but specially designed to prevent light scattering (Perkin Elmer).
Reagents for the one-step RT-PCR were from the TagMan™ Gold RT-PCR Kit (Perkin-
Elmer, Norwalk, CT, USA) and the procedure recommended by the manufacturer. RNA
from a normal sample was used as standard for quantitation of both «- and B-mRNA.
The assay was performed in a 50 pl volume containing a mixture of 1 x TagMan buffer
(500 mM KCI, 0.1 mM EDTA, 100 mM Tris-HCI], pH 8.3, and 600 nM passive
reference), 5.5 mM magnesium chloride, 300 uM dATP, dCTP, dGTP, 600 uM dUTP,
200 nM forward and reverse primers, 100 nM fluorescent-labelled probe, 0.025 U/ul
AmpliTag Gold DNA polymerase (5 U/ul AmpliTag Gold DNA polymerase in 20 mM
Tris-HCl, pH 9.0, 100 mM KCI, 0.1 mM EDTA, 1.0 mM DTT, 50% glycerol, and 0.5%
(w/v) Tween 20), 0.25 U/ml Multiscribe reverse transcriptase (100 U/ul of recombinant
Moloney Murine Lé:ukemia Virus (MulV) reverse transcriptase in 20 mM Tris-HCl, pH

7.5,0.1 mM Na;EDTA, 1 mM DTT, 0.01% (v/v) NP-40, and 50% (v/v) glycerol) and 0.4



U/ml RNase inhibitor. The optimized RT-PCR reaction was performed at 48°C, 30 min
followed by AmpliTaq Gold activation at 95°C, 10 min then PCR amplification with the
denaturation temperaturetg?t QS‘JC, 15 sec and annealing/extension step at 60°C, 1 min for
40 cycles. RT-and cDNA amplification were carried out in an ABI PRISM 7700
Sequence Detection System (PE Applied Biosystemn). Reactions were programmed on a
Power Macintosh G3 linked directly to the ABI PRISM 7700 Sequence Detection
System. The probes used contain a fluorescent reporter dye, FAM or TET which is
covalently linked to the 5° end of the probe, and the fluorescent quencher dye TAMRA 1is
located near the 3’ end. In addition, the probe contains a 3’ blocking phosphate group to
prevent probe extension during amplification (17). When the probe is intact, the reporter
dyes fluorescent emission is suppressed due to the close proximity of the quencher dye.
During PCR, if the target sequence is present, the probe anneals specifically between the
forward and reverse primers. The 5°—3’ nuclease activity of the Tag DNA polymerase
cleaves the annealed probe between the reporter and quencher dyes, thereby releasing a
measurable increase in fluorescence. The cleaved probe is then displaced, and
polymerization of the strand continues (18-20). A detector monitors the increase in
fluorescent emission in real time without further post-PCR analysis. Since the Tag DNA
polyfnerase does not digest free probe and fluorescent emission requires that both primer
and probe are complementary to the target sequence, nonspecific amplification is not
detected (20). This type of sequence detection system has been used for both quantitative
PCR (21-23) and RT-PCR (18) for specific gene targets. The amplification plots were
obtained and the amount of mRNA was analyzed on the Macintosh computer. RT-PCR

amplifications were also examined by agarose gel electrophoresis. After ethidium



bromide stantng. bands were visible only at the expected molecular weights for the u-

and - mRNA products.

RESULTS

Amplification plot and PCR Detection in Real Time

A PCR amplificattion of a 71 and 74 bp of a- and - globin mRNA using primers
as shown in Table 1 Duning the extension phase of the PCR cycle, the 5'— 3 nucieolvtic
activity of the Tay DNA pelvmerase cleaves fluorescent hvbnidization probe releasing the
reporter dve. THT or FANML from the ¢- or B-globin probe. The expr ted motlecular
welghts for the a- and 3- mRNA products, 71 and 74 bp. respectively were also obtained

after the RT-PCR reaction on an agarose gel electrophoresis (Fig. 1),

Quantitative analysis of a- and B- globin mRNA

Patients with different types of fB-thalassemia/Hb E and normal samples
were studied as mentioned in matenals and methods. The o/f} globin mRNA ratios from
6 normal individuals are between 1.0-1.2, Hb levels are 14.0-15.0 g/dl, whereas 20
patients with f°-thalassermia/Hb L (B"‘hp-lhalassemia/Hb E, B”-lhalasscmiaf’Hb E) are
ranging from 2.4-9.4, Hb levels are 5.3-9.1 g/dl. In addition, 11 patients with pB”-
thalassemia/Hb E (B~*-thalassemia/Hb E, f®**-thalassemia/Hb E, Hb E/Hb E). the a/p
globin mRNA ratios are ranging from 3.1-5.1 and Hb levels are 5.4-11.0 g/dl. In § Hb E

traits, the a/f3 globin mRNA ratio is ranging from 1.7-2.6, Hb levels are from 12.0-13.3
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g/dl. The a/f} globin mRNA ratios in different types of B-thalassemia/Hb E patients as
compared to normal controls is shown in Fig. 2. The results indicated that tk!e average
P globin mRNA ratios in (°-thalassemia/Hb E (B™"*’-thalassemia/Hb E, B'’-
thalassemia/Hb E ) were higher than in B*-thalassemia/Hb E ($?®-thalassemia/Hb E, p**-
thalassemia/Hb E, Hb E/Hb E ) which were higher than that of normat controls and Hb E
traits. Previous work by Smetanina et al. (24) showed that the o/} globin mRNA ratios
of 5.2-10.5 in B-thalassemia intermedia due to combination of promoter mutations and a
classical type of B-thalassemia confirming the mild suppression of -mRNA synthesis.
They also showed the o/B globin mRNA ratios in two subjects with a °-thalassemia
heterozygosity of 8.3 and 7.3 were considerably higher than that for a normal control
(4.4). In addition, Smetanina er a/ (25) also showed that premature termination of B-
globin mRNA translation in codon 39 (C—T) nonsense mutation, results in mRNA
degradation products in the cytoplasm with the a/p globin mRNA ratio of approximately
8. They also showed that in IVS-I-110 (G—A) mutation containing base changes in an
intervening sequence may produce a stable but non-functional mRNA with the o/B
globin mRNA ratio of 6.0-7.0. They suggested that the differences in the quantitative
synthesis of B-mRNA, higher relative levels of the B-message are present in the patients

with a milder phenotypes.

DISCUSSION

Remarkable progress in molecular biology of the red cell, and methodology.has

been developed to evaluate the relative quantities of the different mRNAs in the

«— Ffa.?



reticulocytes present in a few milliliter of blood from normal controls and patients with
the various hemoglobin disorders. Although PCR has provided a powerful tool, it is
imperative that it be used properly for quantitation (21). Many previous studies of
quant.itative PCR and RT-PCR described quantitation of the PCR product but did not
measure the initial target quantity. In addition. these methods still require post-PCR
manipulation including gel electrophoresis, Southern blot hybridization etc which is
time- and labour-intensive, the sample throughput of some methods s limited.

In our study, the quantitation of o/ globin mRNA ratio in patients with p-
thalassemia/Hb E were carmied out using a new quantitative RT-PCR technique. The
method is based on the use of fluorescent hybridization probes and ABI Prism 7700
Sequence Detection System. The real time PCR method offers many advantages. First
of all, it 1s performed in a closed tube system and requires no post-PCR processing of
sample. Therefore, PCR contamination is reduced as the PCR products can be analyzed
and disposed off without opening the tubes. Secondly, this method supports the use of a
normalization gene for quantitative RI-PCR controls. The Cr value, used for
quantification, is performed in real time duning log phase of amplicon accumulation.
This circumvents many other problems associated with quantification in the plateau stage
of a PCR amplification (21). Finally, the sample throughput will be increased as no post-
PCR processing time, using 96-well format is highly compatible with automation
technology.

High specificity can be obtained by using the real time RT-PCR. The Taq DNA
polymerase enzyme requires that both probe and primers are complementary to the target
sequence for nucleolytic cleavage and releasing of fluorescence emission. In addition,

the use of Amplitaq Gold, which remains in an inactive state until a temperature well
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above annealing is reached, minimizes primer dimer formation and amplification of non-
specific products.

As compound heterozygotes for $-thalassemia/Hb E have a remarkable variability
in severity. The most severely affected individuals have an anemia similar to that of
homozygous f-thalassemia disease. However, wvariations in anemia, growth
development, hepatospleenomegaly, and transfusion requirements are also observed. As
it has been known that in f-thalassemia, a/f globin chain synthesis ratio affects severity
of the disease. Premature termination mRNA is unstable and the cells do not want
truncated proteins which are toxic to the cells, but no systematic attempts have been
made to look at mRNA stability among different genotypes of pB-thalassemia/Hb E.
Interestingly, determination by real time PCR detection method of the o/ globin mRNA
ratio in normal individuals are in the range between 1.0-1.2, which 1s different from the
previous study of approximately 4.3 (24) determined by two-step RT-PCR followed by
detection and quantitation of PCR products on a non-denaturing gel, and densitometric
scanning of the autoradiograms. For mRNA ratio determination to be vahd using an RT-
PCR based method, all measurement must be taken during the exponential phase and the
primer sets involved must have a very similar amplification efficiency. To confirm that
our protocol fulfilled these requirements, the o/} globin DNA ratio was determined using
the technique of real time PCR detection in normal sample and the results show that the
ratio is ~1.9 (data not shown) which correlates with the a/p globin gene ratio of 2. As
we know that individuals without globin gene abnormalities have 2 «-globin genes for

" every B-globin gene. Thus the technique 1s reliable, not an artifact. The ratio in normal

individuals are in the range between 1.0-1.2 could be due to a correction of the message
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at the transcriptional step. having the B globin gene as the rate limiting step, finally
leading to an equal a/3 globin chain synthesis.

Mutations that cause deletion or frameshift and premature termination, [3°-
thalassemia/Hb E (B~**"-thalassemia/Hb E, B'’-thalassemia/Hb E), the o/p globin mRNA
ratios in 20 patients show the increase in o/ mRNA ratio (2.4-9.3) as compare to P
thalassemia/Hb E patients (3.1-5.1), normal controls (1.0-1.2) and Hb E traits (1.7-2.6).
The increase in the o/f} globin mRNA ratios could be partly due to premature (truncated)
termination which leads to unstable mRNA that can not be translated along their full
length are rapidly degraded. This helps in reducing the accumulation of rouge proteins
that might be deleterious. The pathway that accelerated mRNA decay is referred to as
nonsense-mediated mRNA decay (NMD) (26). The difference in the o/p globin mRNA
ratios among PB°-thalassemia/Hb E patients with same genotypes could be due to the
difference in the activities of NMD pathway in each individual and the age of the red
blood cells in the circulation. As the proportion of mRNA decreases with erythroid
maturation (27). The results correlate with the work by Smetanina er a/ (24) showed
that the the /P globin mRNA ratios in two subjects with a 3°-thalassemia heterozygosity
of 8.3 and 7.3 were considerably higher than that for a normal control (4.4) confirming
the mild suppression of § mRNA synthesis. The work by Smetanina er a/ (25) also
indicated that the differences in the quantitative synthesis of B-mRNA, higher relative

levels of the B-message are present in the patients with milder phenotypes.
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Table 1. Primer and probes sequences of «- and B-globin gene

Oligonucleotide Sequence (5°—3’) Location
a-globin gene
a-globinF primer S’GAGGCCTGGAGGATGTTC 3° 95-114
a-globinR primer 5’CGTGGCTCAGGTCGAAGTG 3 165-183
a-globin probe SSTGTCCTTCCCCACCACCAAGACCTACTY’ 115-141
B-globin gene
B-globinF primer 5’GGGATCTGTCCACTCCTGATG 3° 190-210
B-globinR primer S’GGCACCGAGCACTTICTTG 3° 263-281
5’"TGGGCAACCCTAAGGTGAAGGCTCA3Z? 217-241

B-globin probe




Fig. 1. The «-and 3- globin ¢cDNA obtained from one-step RT-PCR (Real time

Fig. 2.

PCR detection) of nermal a-and B-mRNA using primers and probes as
listed in Table 1. Ethidium bromide stained 2.0% agarose gél was
visualized. The lanes are represented by lanel: DNA Mass Ladder (Gibco

BRL). lane7: (- globin ¢cDNA (74 bp), lane 8: a- globin cDNA (71 bp)

Comparison of the o/p globin mRNA ratio in subjects with P/

BE, B”/BE , BGM/BE , BzS/BE and BF’/BEas compare to normal control (BA/BA)
and Hb E traits (B*/p5). The one-step RT-PCR (Real time PCR detection)
was carried out as mentioned in methods using a-and -primers and
probes as listed in Table 1. The optimized condition used was 48°C, 30
min. for reverse transcription followed by Amplitag Gold activation at
95°C, 10 min. then PCR amplification with the denaturation temperature
at 95°C, 15 min. and annealing/extension step at 60°C, 1 min for 40

cycles

{(Legend)
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a/B mRNA in [3-thalassemia/Hb E

patients compared to normal control
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