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Detection of Hb Constant Spring, Hb Pakse and Hb Quong Sze by Real-Time PCR
and High Resolution Melting Analysis
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WANENFENELEN 33 real-time PCR uas HRM analysis 71 MfaI 134818170911 heterozygous Hb CS, Hb H
CS, homozygous Hb CS, heterozygous Hb PS ILa¥ homozygous Hb QS 28N NALEUEUNGR IH Nan1IAIIRdaL
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Abstract

Alpha thalassemia is one of the most common inherited anemia disorders in Thailand with prevalence at
30 to 40% . Compound heterozygous alpha-thalassemia 1 and non-deletional alpha-thalassemia gives rise to
severe Hb H (——/—(XT) disease. Thus, the rapid and accurate method for detection of non-deletional alpha-
thalassemia is important for thalassemia treatment and prevention. The aim of this study was to develop HRM
method for detection of non-deletional alpha-thalassemia including Hb CS, Hb PS and Hb QS. Two HRM primers,
which specified for alpha-thalassemia 2, were used to identify three non-deletional alpha-thalassemia, and the
optimized temperature was performed by gradient PCR. Next, real-time PCR and HRM analysis were established
with positive control DNA carried Hb CS, HB PS, Hb QS and normal that were determined by DNA sequencing
technique. After that, we examined 40 DNA samples from Thalassemia Unit, University of Phayao. The real-time
PCR and HRM analysis could be able to identify control DNA including heterozygous Hb CS, Hb H CS,
homozygous Hb CS, heterozygous Hb PS and homozygous Hb QS from negative DNA. 30 of 40 samples were
negative, 3 samples were heterozygous Hb CS while, PCR product was not detected in 7 samples, that were the
alpha-thalassemia 2 with 3.7 deletion. In conclusion, the real-time PCR and HRM method appears to be an

accurate and sensitive method for the rapid screening and identification of Hb CS, Hb PS and Hb QS.
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saagiedulsalaimnaainItane AN IR LENIINLLILERADE (autosomal recessive) uaz uanN1AWLD
L‘ﬂuﬁmmuﬁu‘llmﬁﬁqiﬂdﬁwuﬁmﬁm?rﬁmmﬁ’glﬂuwmmm alpha-thalassemia gene Lﬂmﬂ@ﬁfﬁuﬁﬁqq (Na-Nakorn &
Wasi,1970; Lemmens-Zygulska et al,, 1996) lun1s@nmyaainsuminendansien 123 91e wudl il unvzaes
uaannsnaadilanasenas 47 uazdaaas 8 wulil hemoglobin Constant Spring (Hb CS; CD142 T>C; HBA2: ¢.427
T>C) A1NN13ANEIA2838 real-time PCR $9uL HRM analysis (Suwannakhon et al., 2014) a1alfvesdssinalne
WU Hb CS5aaay 28.85, hemoglobin Quong Sze (Hb QS; CD125 T>C; HBA2: ¢.377 T>C) tauay 1.54, hae
hemoglobin Paksé (Hb PS; CD142 A>T; HBAZ2: c.429 A>T) Ya8ay 0.77 N1NT1TAN®A283T reverse dot blot
(Nittayaboon & Nopparatana, 2018) Im#l non-deletional alpha-thalassemia afia Hb CS nuldnnnlue@enzduaan
e l8 Hb PS wuldunnluszmaaouazing dau Ho QS wuldunnlulszinAau (Kalle Kwaifa et al., 2020) 195U
lutlszmalneifioranisafaindszans 60 Funu WuEftlae Hb H disease 271431 7,000 918 Ingl Hb H disease (i
Pivsannanmmesnssamelihiedaanuiaunfzesdusearinadu Fei1Hifn deletional waz non-deletional
Hb H disease mm‘mmﬁ’ﬂﬂfm non-deletional Hb H disease ﬁmmg‘mmmnnd%mu deletional Hb H disease
(Sanguansermsri, 2014; Kalle Kwaifa et al., 2020) Tnafisneanun1anunienluassf iy Ho H disease H81013
9Nt (Hb H hydrops fetalis) IngnulANNRALNATENI19 compound heterozygosity 184 alpha-thalassemia
1 4iin SEA deletion i1l Hb CS WAz compound heterozygosity 289 Hb Zurich-Albisrieden fiu Hb QS Tutlszansau
(He et al., 2015; Du et al., 2021) mmm%amﬁmmmwuﬁmﬂnﬁmmﬁuu@@WWTn@ﬁuﬁqﬁmm‘hﬁ’ryv%qmqé”]mmi
puainuftlalaaninmaniaonunalnfvestiu soutenisacuruuazilesiunisfinfilaaelud Inenismaaa
Aansaaiftavininzandlsa lunsnmageaumufindnfaed non-deletional alpha-thalassemia @a1:130%1 tHuane
38017 U amplification refractory mutation system-PCR (ARMS-PCR), reverse dot blot, DNA sequencing PRGN
HRM analysis %437 real-time PCR W@z HRM analysis 1TUN1991A1=WLLL post PCR analysis LW@“L%Tuﬂﬁiixunﬂi
wlasuntlasdduigresiiEweluBnuiaula edaanuuansiaadndese melting curve N1TANHIABU
Wi TlwunsmsaaaeL non-deletional alpha-thalassemia ¥4 Hb CS, Hb PS waz Hb QS lEwsauriu vidamaiiadild

1A Auitaeausaanu wazldnanuiulunisnmagal RS aRAIN kAR luN13 1493 real-time PCR WAz HRM

analysis &11fUATIA8aL Hb CS, Hb PS waz Hb QS lananri 1neAs real-time PCR uaz HRM analysis

AEALUUN5IAE
FaRENAIA LA

1911398 HUNNIRA1TUILAZN19TUIB9RINADIENIINN1993 899NN 939 TuN TN ANE AaneLan

o

wanFusaslansanns 30/011/59 faatemiduianinun141un199n real-time PCR uway HRM analysis wiaiflumifuie
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2aanguALAN IHuifaat1emiia Hb H-CS disease, homozygous Hb CS, heterozygous Hb CS, heterozygous Hb
PS 1ilunguArLANEILAN (positive control) wazABweIeIAULNG HunguAILANEIAL (negative control) Faifly
eenapLaueanaen wazaiian homozygous Hb QS 1iuR SualFannnisdanm L (artificial positive control)
flfarnniseanuuunanaiin DNA 184 Hb QS innisdatAsziuaziint3uimunataiin DNA laasianas
transformation lwiada8s DH50L-T1" E. coli fratnamduianguaidueniuanidsuanininisnmaseuaiinfioeis
sequencing UAX4NAALABNAIDENIFAL1NALEULE 40 Fting AE5UN"9MI993 0988 alpha-thalassemia 1 T8in SEA
WAz Thai deletion A28135 gap real time-PCR Waz non-deletional alpha-thalassemia €A Hb CS , heterozygous Hb
PS uwaz Hb QS #qed5 ARMS-PCR AanfiestjiAn19s18aTile unninendanzien 4MMiunsmaseuaIngnsieaes
32013 Taenflusesnedfuled ik sianseansiagenlse alpha-thalassemia 1 uadlins1uafia alpha-thalassemia
2 nevdaesnaadidly NMNAINENAENIEN AERINN1IMIIRARLTNATEY non-deletional alpha-thalassemia #2838 ARMS-
PCR ﬁfa@ﬂwﬁLﬁummnLﬁ@m'ﬁ'ﬁwﬂ%’mm‘mm@muifﬁmnmmﬁmEﬁfmﬂgmmﬁm E.Z.N.A.(R) Blood DNA Mini Kit
(Omega Bio-tek, Norcross, GA, USA)

Insiuesdaus HRM analysis

TN UIAE HRM &1915Umsagay 714 3 98a 789 non-deletional alpha-thalassemia Usznavufag
Hb CS. Hb PS uay Hb QS Tael¥ Insiues 2 iy Admnzsanaans1aadide 2 A Inswas CS-1 (Forward) (Wee
et al., 2009) warlnsiues R-ct-A (Reward) (Seeratanachot et al., 2015) zﬁﬁﬁ?ﬂlu‘fuMQuﬂﬁiﬁﬁ real-time PCR
Insiwef ‘1/13\1 2 1&u ﬁm"wLLWN‘?]Iﬂéﬂuu?mmmiﬂawﬁuﬁ: non-deletional alpha-thalassemia %qmﬂuﬁumm HBA2
jaanugiin inliaunsonmaaaau iy Ho CS, Ho PS waz Hb Qs Tu 1 Uisen Tnadrduilanalelnduay
Fruvtlereslnsiued ugrasan1s19R 1 LaznNd 1 29198 PCR Product AL Ae 244 bp Aduamnzaaslnsiues
inlaanisunatduionalendaeddnsinedldnseadey Tnaldldsunsn nucleotide BLAST luiwu a6

https://www.ncbi.nlm.nih.gov/tools/Primer-blast/

A15199% 1 avuiaadleng wazAuuiarasinnues N4 ln13n13WALIIE HRM analysis 195URTadaL

non-deletional alpha-thalassemia 1iia Hb CS, Hb PS uaz Hb QS

Primer Nucleotide (5" -> 3) Primer size (bp) Fuuieflwsinaian
CS-1 (Forward) CCTGGGCCGCACTGACCCTCTT 22 173440-173461
R-ct-A (Reward) ACCAGGAAGGGCCGGTGCAAG 21 173683-173663
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244 b
CS-1 (F) P R-ct-A (R)

Hb QS; CD125 CTG>CGG

Hb PS; CD142 TAA>TAT
Hb CS; CD142 TAA>CAA

N9 1 Awtsaasingawes Cs-1 warlnawad R-ct-A 1l lunnsmeagall Hb CS, Hb PS uwaz Hb QS

qufgmwgﬂﬁ‘mmmwm real-time PCR uas HRM analysis §1%51n1941u1n Hb CS. Hb PS uas Hb QS

n19%1 gradient PCR iflewgounnifimunzand 9533 HRM Tnel4isunau Bio-Rad CFX Manager 3.1
LAZAIATa gradient 784 annealing A% extension temperature 114199 58.0-66.5 84A1 T4 CRL Iy Tt
FIATLIANITNAL (negative control) lun1991 gradient PCR #43a1n%1 gradient PCR La%LL%QLﬁfaﬂqmmﬁﬁTW‘ﬁmﬁF
fnauldiiige dautlszneuveljiien PCR inlaawdanasazatafifllinons 25 lulnsdnade 1 Uffen
sznaufiemdueiiunms 5 lulnsans waz PCR mixture U3unmg 20 lulasams dauaes PCR mixture Usznaudiag
10x PCR buffer 15u1m9 2.5 lulasans 50 mM MgCl, 151159 0.75 lulasans 10 mM dNTPs 15unms 0.5 lulasans
5 uM CS-1(Forward) 131153 1 1uTAsaRs 5 uM R-ct-A (Reward) U3u1ms 1 lulAsdamns 50 uM SYTO9 1511m9 1
1ulAsamns 5U Platinum Tag polymerase 15113 0.1 Tulasang waziinsuams 13.15 Wulnsans uasiidueisunms 5
ulpsams wazinlyl Lﬁuﬂ?ﬁmmmwﬁuﬁ;nﬁﬂuam%ﬁq (real-time PCR) BnslLATaq Bio-Rad CFX96™ real-time
system (Bio-Rad Laboratories, Hercules, CA, USA) ﬁ’:\‘iﬁﬁﬂﬁ?ﬁ%‘ﬂum‘ﬂ\‘iLﬂ%@ﬂﬂmmﬂﬂﬁﬁ?‘ﬂ%ﬂu 5 FuneuAe pre-
denaturation Tigeuwgdl 94 asAnitaidaa iluaan 2 Wi 4u denaturation Hgnuuail 94 asrTadea e 15
Junit U381 annealing uaz extension saifludumauidaatufiguvnil 66 asenmaidea Whinan 30 Jund i
Fumend 2 uay 3 auAsy 40 sau Tnaiflaisadunay annealing Uaz extension TULAAZIAL asiinaseliieesena
fluorescent Aildand SYTO9 WinludufUASweane s uazndtamindudunewsian metting TnusernHiflgningd
95 aeAniTaidea et 10 Aundl uazduneugaiinufedunediasmsl melting curve fn1sifingaumgiiain 80-95
avALTATeA TmﬂLﬁ'u@mmﬁmnfqmmﬁGﬁﬁum%m: 0.2 9AEaTaa YN 7 10 U7 Waliianamidueusnaen
i 8 uen fluorescent 7ilEana SYTO9 n 7 10 3un?l figaumgiiiiiadu lunisin rea-time PCR 4 Usunsy Bio-
Rad CFX Manager 3.1 lun1s3tasnzsiuaiilunsisl melting curve 1098uUnA wazduaa1 non-deletional alpha-
thalassemia 1A Hb H-CS, homozygous Hb CS, heterozygous Hb CS, heterozygous Hb PS Wag homozygous Hb
Qs AeuninuafilElU3ias1esi HRM #aaTiunsy Bio-Rad Precision Melt Analysis 1515 lun 0 HRM profile

2995188 TuNguAILIAN
S —
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N1981594_non-deletional alpha thalassemia 7im Hb CS. Hb PS uag Hb QS #9835 real-time PCR WA

HRM analysis

waldianiazlunisiin real-ime PCR uay HRM analysis ansatngmiduialunguasuaui inm melting curve
RN (HRM profile) fia Hb CS, Hb PS kaz Hb QS A91n3tn17uazdunanii lElunnsn real-time PCR waz HRM

analysis #1A1393a2 U UFAYEENIALBWEAIUIL 40 AIBENNENARALAYINGNFEIIRIAENIT

WNANI52]8

HANIIM NN ATV IZALTEN real-time PCR uaz HRM analysis £1915Un1941uwn Hb CS, Hb PS uaz Hb QS

o

miqummﬁﬁ'mmmmm real-time PCR Wag HRM analysis 1%13Um792881 non-deletional alpha-
thalassemia 4#A Hb CS, Hb PS uaz Ho QS Tnaldlwsinadaiuaw 1 ¢ A CS-1 (Forward primer) way R-ct-A
(Reverse primer) 1ERudaurnemiBuaitaunn 244 bp gunyH annealing uaz extension T IO Iy BT e
Funannnsvin gradient POR Faflgnungfiviniu 66 asrnaaidea lunislimdueinsusissespauinnfiui
dunguasuau THun Adwevesaulng unguatuauideay (negative control) &MFUNENAIANLTILAN (positive
control) Af Hb H-CS, homozygous Hb CS, heterozygous Hb CS, heterozygous Hb PS LAZTNANERARALEULTRY HD
Qs 7%l homozygous Hb QS 2tA51¢3 HRM #aellsunss Bio-Rad Precision Melt Analysis lagiaanyinnng
'f“ammzﬁﬁmmmuqﬁ 88.4-92.1 BNANTALTHE FININT 2 () wuguuy melting curve fis Iy (HRM profile) 184
Hb H-CS disease, Homozygous Hb CS, Heterozygous Hb CS, Heterozygous Hb PS LLa & Homozygous Hb QS

%w:mmammn@@ﬂmngﬂLmummmuﬂnmfﬁﬁqLLamqlunﬁwﬁ 2 (q)

n il

Normalized, Temperature-Shifted Melt Curve T Shifted Diff Curve

T T T T T T T

0013.....:
DNA control

08 0.00

0.01 4
0.6 +-

0.02

04+ 003%...

Normalized RFU
Difference RFU

02 . 0.04 4
\ : 0.05
0.0 : soay T e, - - 008 i i : i i
89 90 91 92 885 89.0 895 90.0 90.5
Shifted Temperature Shifted Temperature

AINT 2 (N) NaNN33LATIZY melting curve #Eannne¥i real-time PCR 2996BELNRLEWANgN control AMFUNSILAIIEA
HRM Viﬁmquﬁ 88.4-92.1 aaALTaTud (1) HA melting curve analysis AINNNTALATITHALBUIANGNATLIANAILMATIA
HRM analysis FaiiAmeiBnaTilsunay Bio-Rad Precision Melt Analysis §iiLmelting curve fismny (HRM profile)
AduresauLng (A), homozygous Hb CS (B), Hb H-CS (C), homozygous Hb QS (D), heterozygous Hb PS (E),
heterozygous Hb CS (F)
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N1981594_non-deletional alpha-thalassemia 7im Hb CS, Hb PS uas Hb QS #9831 real-time PCR was HRM

analysis
NANTTATIRRLATIZH non-deletional alpha-thalassemia 1A Hb CS, Hb PS waz Hb QS Aq83% HRM

analysis Tusaed19adueliann uiiaendadile uvAIne1danzien AUl 40 et IENAAIT NuUA2eE N
ilu heterozygous Hb CS anuau 3 faating Andlubasaz 7.5 Aaatnefilfinaan a1uau 30 faatne Andlbesas 75
(N1 3) Arednei ldannsneunaliiiesann il product A uau 7 faetne Andlutesas 17.5 wazlinu

siaagineiiilu Hb H-CS disease, homozygous Hb CS, heterozygous Hb PS waz homozygous Hb QS

n il
Temperature-Shifted Difference Curve Temperature-Shifted Difference Curve
0.04 r T T 0.02 4 > - T T - —T
: : : ; : s Negative ] s -
0:02:F:ands . e e S AT A oV e A S A S e W B OV aaiat g 0.00 ¥-- 2 - - /
2 ; : : T2562-0010 2 : - :
& 001 s PRy At £ oondaiuoniim /'
§ 000d.. : -9 § ©0.02 : ;
e s e 5 HbCS trait
s : - ; : .
E 001 Foaiins B A i BT S SR S S 1 & 003 Losaiia 3
= Negative ) :
E B B N S S R Teeneiens o R T PR R RERRRES DL siadi v
0,03 g R R R R R R PR PR P RRREr 005 %..
885 89.0 895 90.0 905 885 89.0 895 90.0 90.5 91.0
Shifted Temperature Shifted Temperature

N9 3 Faeting melting curve NRAINN1531AT121ERERE HRM analysis Tufaeenapiduiaanniaan (n) melting curve
184520819 T2562-0010 A lfinansaafluay (1) melting curve 184520819 T2561-0304 A liinamnsaa

Heterozygous Hb i1 Hb CS

AANSNANNSIAE

Tunisiaendug wswas CS-1 (Fowaed) 7% lun13711 ARMS PCR §19151 Hb QS 104 Wee ef al., 2009 Way
R-ct-A (Reward) 1% 1un"9%1 HRM analysis 415U Hb CS 224 Seeratanachot et al., 2015 Li“;luﬂ"n‘l,ﬁ@ﬂﬁﬂwuu@%ﬁ
Qﬂﬂ‘ﬂﬂLLUUIﬁﬂf@NU?LQmﬁILﬁmﬂ’]iﬂ@ﬁﬂﬁuﬁ:unu non-deletional alpha-thalassemia sznaufag 3 4iin Aa Hb CS, Hb
PS Uax Hb QS Tumet annealing WAz extension sifludumeAgafilun1sii real-ime PCR titaiflunnsanlana
fnsmafaglususondilifeanis gnumndfimunzanlinnainnii gradient PCR Sseflgoumnfiviniy 66 asan
waidaa ne PCR product 1asgalnsmeiiawe 244 bp uazien T, IndiAssiu fuua melting curve 7ilFannnng
%1 rea-time PCR lU31As129 #2835 HRM analysis 19&1§ﬂ LUU melting curve fanmng (HRM profile) 1849 Hb H-CS
disease, homozygous Hb CS, heterozygous Hb CS, heterozygous Hb PS ka& homozygous Hb QS 4181 70Len

aanangluuuaesauln@ld (Nl 2) Wesann Hb H-CS disease Uay homozygous Hb CS H allele NilAuEALNG
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994 Hb CS 1114 1 allele wilouis 1iavin HRM analysis 3swudnil melting curve RAln&iAssiu Assfufedldnanis
R39a4all alpha-thalassemia 1 $auA28lun19a1UUN Taewudnfaesnenlduaifluninaes alpha-thalassemia 1
a1u17091uun &1 Hb H-CS disease dauat1efilinaifuasves alpha-thalassemia 1 @18150a1610 ba 1
homozygous Hb CS

AINUANITIATIATLATIEI non-deletional alpha-thalassemia 43 Hb CS, Hb PS uaz Hb QS #2835 HRM
analysis Tufaen9A e EaNIINEeNE AT 1Y NV ANENdanzin S1uIu 40 Frating 33 HRM analysis 18730
ATIRAQBUNU Heterozygous Hb CS AU 3 918 (”?@m: 7.5) ﬁﬁ melting curve LENAaNA1N melting curve 183
Faat9ALEWe ATLAN fiflafinAaunLnfflu Hb H-CS disease, homozygous Hb CS, heterozygous Hb PS LAz
homozygous Hb QS aginedaian lunusetnefiianufinnfassduneaniinatiugfia Ho PS uas Hb QS Fanaiilé
aanAReIiuNANIIATIAT A dEfiaedT ARMS-PCR 2afiastJuRn1suiae snaadiiy Nunninendenzien wuil
@qﬁﬁmimﬁlﬂ&’lﬁmﬁuﬁmﬁ:ﬁmﬂmuluqmmmmwﬁwmzﬁ’wum (5euay 5) SLumﬁﬁmmri@wﬁﬁ?:wumw
AanAzewia Hb PS uaz Hb QS lEtiaslulszinalng (Nittayaboon & Nopparatana, 2018) wstlaqiiunisidinnizes
Usssaumnaaiauazsnavlun amitesesinefifiniu faflunnsindeutingrestunsandog fafunssenianis
pamasdadide linsanuazaseunquaiapEnnAsalaanduiu lunsdnenasiillifeedn i B weiiios 40
F081a A9n992lNe Hb PS WAz Hb QS anadaadinnsdnenlus uouiagnfinnnay 29azms9ant Hb PS uae Ho
Qs 1uﬂ@:mnﬁw%w:meﬂmiﬁwuqaﬁmmmﬁq Hb PS waz Hb QS fiatl uanannildanuesined lianansn
gunaliiilesannlsiil product §1uau 7 faedne esannwnsime sl lunsinmafsiasuniedismdauretu
HBA2 faiiulunsdifiAuaaLnAuLL deletional alpha-thalassemia a¥lsig1s190 oA ueTunn lidn
az1il1 compound heterozygosity $£%11914 alpha-thalassemia 1 Wanila SEA ua e Thai deletion 394 L alpha-
thalassemia 2 FAULIL 3.7 WAY 4.2 deletion vieLfluaAduAALINALLL homozygosity alpha-thalassemia 2 1@ 3.7
deletion %138 homozygosity alpha-thalassemia 11 A 4.2 deletion ﬁqﬁeuadiﬁﬁﬂﬂ’]m 79491Aa deletional alpha-
thalassemia %'wmr;mmmm@mumimwﬁuﬁ:ﬂi:mw deletional alpha-thalassemia Tusnatingdlainy product
Fn8dT real-time gap PCR (Suwannakhon, et al., 2014) uaz3s Delta delta (AA) CT Tneldqn Inwswed A, B uaz C
(Seeratanachot et al., 2015) WU A INRAUNAWL Y deletional alpha-thalassemia 1 THm SEA deletion (alpha-
thalassemia 1) Waz 3.7 deletion (alpha-thalassemia 2) AMNATAL oﬁ’qfuiumﬂ%% HRM analysis lun1smsnaaa L
non-deletional alpha-thalassemia 2 11l Hb CS, Hb PS uas Hb QS A2TNNITATIAARUTINA Y deletional alpha

o =3

thalassemia LW@ﬂ'ﬁNgﬂﬁ@ﬂl&ﬂﬁ?ﬁl?'ﬁ%ﬁ@@ﬂ Winlf3138n17 real-time PCR Waz HRM analysis Tun1smsaaay Ho

CS, Hb PS uaz Hb QS lunsAneaisil ilunisnsageunia 3 mniindni inseuriulu 1 Uffsen PCR uazldioa

'
4

lunnsdiasziines 80 il AeliAnlddnagnnduleiiauiy ARMS-PCR Mfiasld Insmelunteindisen 3 4

aa

Tunismsaseundueniauiiaing uarldlnameian 3 ¢ Tunisnsmsasumiduelnd awinnisduunatiamau

RaUnAls waziileFaufauiuas DNA sequencing Hsanunaias aa1unuunnnan
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agluanisian

aal L Ay o g @ adaa % o o aa o A o

3% HRM analysis 7 lHWeunTunn Wwisndanugniesuazanulodmiunisamadiadeiiadnnsaqlu
nguszransauunIn ieen939n5uarn1sa1uun Hb CS, Hb PS uaz Hob QS linsaniu G93sn1sdunlilunng
RM39AA91 non-deletional alpha-thalassemia i1 35113 ARMS PCR aiflusiaslflnsimadanuaunineg anusiuaumsiin
~ o eaa . = aal Ao o ' % P
naneug 38019 DNA sequencing H31ATUNG WAZTE reverse dot blot Nidduaautsen Muaiuu uazluitlanae
aeinglsim1nlunnsatiade non-deletional alpha-thalassemia AY3HN17ATIadaL deletional alpha thalassemia $93

FaeiaAnnugniiedlisni?auun deletional waz non-deletional Hb H disease

nnAngsNUsznA
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