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The Molecular Basis of the Thalassemia Syndromes

Takashi IMAMURA
First Department of Medicine, Faculty of Medicine, Kyushu University

Summary This symposium is concerned with recent studies that have
attempted to define the molecular basis of the defects in globin synthesis
which produce the hematologic manifestation of thalassemia. There have
been two basic approaches to this problem. Analysis of the structure
and synthesis of the various mutant globin chains in patients has permit-
ted the formulation of a genetic hypothesis by which deletion of specific
structural or regulator genes could produce the various forms the
thalassemia. The second approach involves direct search for defects in
the biochemical processes by which each structural gene directs the
synthesis of a specific globin chain. The recent developments of these
studies are reviewed and discussed bhriefly.

The thalassemia syndromes are a heterogeneous group of inherited he-
matologic disorders characterized by reduced or absent synthesis of the a-
and non-w-globin chains, which form the apoprotein portion of hemoglobin.
The cumulative results of all the various studies lead to the conclusion
that the underlying basic genetic defect in the nucleus causes the decreased
production of a globin chain-specific messenger RNA(mRNA), which in
turn leads to a decreased amount of the globin chain, resulting in the
unbalanced synthesis of globins, Thus, the major defects in the regulation
of hemoglobin synthesis are transcriptional.

In wa-thalassemia, a-chain specific mRNA is deficient because of gene
deletion which has been demonstrated by in vifro synthesis of the com-
plementary DNA(cDNA), followed by hybridization experiments to mRNA
and DNA. On the basis of these studies, a gene deletion model may be
proposed to explain the various forms of a-thalassemia and the hetero-
geneity of the population for the number of a-chain loci.

In p-thalassemia, the basic defects for the deficient 8 mRNA production
remain to be clear. Although the ¢cDNA-DNA hybridization experiments
do not show actual §-chain gene deletion, a partial gene deletion includ-
ing regulator genes that are predicted to be linked to the structural loci
could be the basis of some cases of 8- and dS-thalassemias.
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BEERBCOWTE RS, LHEIT 5 &, KEROER L2 B, Ait4@E
DafBBETEREL, o« HESAERIILEDOH 20~25% BE L5, ThTLh?
2, W—ofEEc Hb A ofttic Hb ] Buda & Hb G Pest®™ k3541 Hb Rumpa &
Hb Koya Dora® rIEigh s 2 O « FERMEPRETHHAXLEE IR T2, o
IO BIX 2 BEMNHREE ST L0THB. —F, mEEAR T2 HhAnLbhi
Hb Tongariki O Fh 51X, E—EAFBE IR S50, cofiic, Hb] Cape Town
(33%) D X 5 i 2th D 1/3 B 5D BRI O 2 B L Bl a ~F v B
PHEIRBY, L, 20X 5 nHEERMIAENO gene activity EA e\~ C L &H
L T5B,

2. $FEITOREELS

H 52 7T BEOKMII~E /e € VERENDRL, BAREIREENORYE
T35, chii~esrw e vOBELABEYRETSLOTHSE, FERRCRMBROIZE
BB bRR L, PEAMBRFGIEML, BNEIRDSLhS. ZOX5CH T+
37 CIMEERENEREA & & b TESEM] &85 Bl O RAFREN©H
5P, BEOEANIHENRS L Hb A oEERLZ A TERAREBEAMEZET Z L1eikd
N, —7, BHOEANEEINDE, HETH - F—%d i« BITHENECE
Fleinsn. HHED o PEIEREMEL EhDTREER D, BHCMENTIEL, M
JalE A BE L OBE, BRATETS. I, ~20EHY b7 dlR~0g%k
WERRETI LTS, avV I3 TEROWTLaBEOESLMETL, HbA 1234
w HbF oA dBEESH, DTV s 7 LAROREAEENEZ OIS, DEE
WTaE, ¥5¢ 3 TEADNAENEENIT a il SEOAK LOERN NEE (un-
balanced synthesis) iCEET3 L E 2 bhtaP.
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Fig. 2. Globin synthesis by intact reticulocytes from heterozygote for
B-thalassemia; markedly decreased incorporation of leucine
into B-chains relative to a-chains.
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Fig. 3. Globin synthesis by bone marrow cells from the same patient

as in Fig 2. After incubation in the presence of *H-leucine,

hemolysate was prepared, followed by gel filtration on Sephadex

G75 column.
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Fig. 4. CM-Cellulose column chromatography of globin from fraction I

(Fig. 3) with normal carrier globins. Fraction II corresponds
to monomeric a-chains.
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REeE—EFOFTHMEE AV CRBOERY T, BOUEEERLLOL, 755
v 7 A G5 I3 2 BNTFAFPERTFIE, ~EXvEVOXEEY - 2R -TERL
VOTFTEONIVHD 2 v s ahmsHInic (Fig. 3). CoORSEEDT e EvEy
EBLL, WIEFERa e S HEET L &, BRHESER L s v 7 X aBiTAD T E
RE It (Fig. 4). D EOERML Y52 3 7Tk BEOEAP ISR, Lo
BN o SHOBREENE D, HHEO o« EX—HEHARAZL S - rEhTwb 2 L
P b9, Hb H disease T3, AHOERR I D aHEOSEIBEINTWE T L
DR & 7o,

3. e HTRITEH

FERHEE 7 O 7B RO SROEFADEHERRCE S Ca 72 3 7 DR
SETHE, eI ITRARFHILC2E, T7bb athal. 1 ¢ a-thal. 2 4T HH
5, a-thal. 1 X a-thal, 2 WiE LU CEERERZE L, a-thal. 1 © homozygote
iz Hb F # Hb A oEEREL A b3, Hb Bart’s-Hydrops fetalis ## LEIER
<H% (Table 1).

Table 1. The a thalassemias

Gene Homozygote Heterozygote
o thal. 1 hydrops fetalis mild anemia
Hb Bart’s & Portland and birth 5-10% Hb Bart’s at birth
no Hbs A and F
« thal, 2 —_— no red cell changes
1-2% Hb Bart’s at birth
Hb Constant Spring mild anemia no red cell changes
(CS) 5% Hb CS and 95% Hb A Hb CS 0.5-1%
Hb H disease* severe red cell changes as « thal. 1 trait or
10-15% Hb H and 85-90% Hb A a thal. 2 trait of
and/or 2-3% Hb CS Hb CS trait

* g thal. 1/a thal. 2, or « thal, 1/Hb CS combination (Weatherall, 1974).

Hb Constant Spring & /¥ 585k « SERELEA N a7 = 3 TRE L THRE
Bah 5™, Hb Constant Spring 3O BEERI LB h, BELENERCLE
THbHId a-thal, 2 LEHEDOF T+ 3 7HERTS. ke Hb H disease TiX a-thal.
1, a-thal, 2 D~F v EERINE W F R B CILIZ L A & silent carrier THABERK LT,
BohnBnmEgimnabhs. Hb H disease REFREZEORROBELZNEN b a-
thal. 1 & a-thal. 2 D2E~F e ERRALE2Z bR T\W5.

EE7 o 7Rk, Hb Constant Spring gene 2EMO4 B dEL, EhEHE
& bh s Hb H disease FEFIO#25~50% 1 Z OEREAEE LT3 2 38 HhT
w51, Hb Constant Spring @ « 8813 CHEBRC X LRIED 7 3 » BB MShi
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EXTENDED HEMOGLOBINS

140 141
a A Thr - Ser - Lys - Tyr - Arg ~Term. (+ 31 residues)
a CS Thr - Ser - Lys = Tyr - Arg - GIn - Ala ~ Gly - Ala - Ser ~ Val - Ala - -

o Icaria Thr - Ser - Lys - Tyr - Arg - Lys - Ala - Gly - Ala - Ser ~ Val - Ala - -

o Koya Thr - Ser - Lys - Tyr - Arg - Ser - Ala - Gly - Ala - Ser ~ Val - Ala - ~
Dora

Normal ACU UCU AAA UAC CGU UAA GCU GGA GCC UCG GUA GCA

Frame |
Frame ACU UCA_ AAU ACC GUU AAG CUG GAG CCU C€GE UAG CA
Shift ¥

(U) Deletion
141 146
o Wayne  Thy - Ser - Asn - Thr - Val - Lys - Leu - Glu - Pro - Arg - Term.

Fig. 5. Partial amino acid sequence and proposed base sequence of the a-chain of
hemoglobins A, Constant Spring (CS). Icaria, Koya Dora, and Wayne,

BRECRCAYF F#EEX o8 (PHOBERIER), o«fHCREO KK =D point
mutation XY, BEEARIhIZV a2 VB a0 —HL LTRARIALLID LMK
BT 5®, Hblcaria®, Hb Koya Dora® i oU 3 B{iEOTENE 2 LT\ 5
(Fig. 5). Hb Wayne %=z ¥ vo—3 2 deletion #i# 1L, frame shift B 1L 724 D
LRI NTHAED, X dhBEAMCL - Tb e bInbiBiML, e viE
EENELDTHIBTHDERT, ~TrERECIIThLOELBILT I CE~2
EvDl~3%% 8531 TE . Z0D, a¥ Ik 3 7TEEF (o-thal. 2) LFEE
DFHRERT D LERIA TS,

BKE2FPVvoEBRZLY, 0L 5BRC - CEETER (gene activity) 23814
BNBZERRZO0, BRAHTEID, HEOEEHNLafE mRNA OBEBEFIC
1T, TRz FYEB[ERVTEBRAR I ES (untranslational base sequence)
By, ALK e e vESARHBEL NS Z E23E L bh, mRNA oL T
HkpHcMEEBbLhs.

a¥ Il 7 ORNEBEFHEY o BOB N, BEEEMLETALCHTEIDTRRT
%5 &, Fig. 6 X 5/ d®, ¥F, B—EMHK IAIE a-thal. 1 & «-thal. 2 ©
2BEOVF 2 : THRHEELLT T biwva, 2EMETE, 1EBEOBRTRHEE
L, REBOEEEILav I« I TEBTOR—EFCST 2REE»OHM NS, at®
gene Tl a HEABENSLBELTWAZ LLERL, ot gene 1%, HFaidh
LafEORRBHEONDB L WEERTH Y, BEEBO LT a-thal. 1 & a-thal. 2 Y
243D TCHS. Hb Constant Spring gene {3 a™* gene F AEOCHELYHE L T\ 5
23, Fig. 6 o Hb H disease-Hb Constant Spring %3 Hb Constant Spring Dfliic.
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Fig. 6. One-gene and two-gene hypothesis for a-thalassemia
(Wasi, 1973; Benz and Forget, 1975).
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Hb A BEFELCW5 DT, 2EMEIETEEHR%. Hb Constant Spring & F#EoD
Z5A Hb Koya Dora &+ %12 Hb Rampa (o $iBEZER), Hb A 2\F—EE

FET22Ld, Z0BE D LI BAHETH 5.

R, a% 713 70ORELE LT gene deletion MERRICIFH Xkt (Bh), 2
VEATER % b hE, Hydrops fetalis Tix524&7: o 88 gene @ deletion, Hb H disease
TEE 4 BELD 5 % 3 EEAr D deletion, a-thal. 1 Tl 4 B0 5 % 2 FEAr @ deletion 73

Zzbhb. Ticbb, a™® gene (T afk locus @ deletion 25 Z 2 5B,
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BBV ~VORBEFEYE-C, B BETFOELYBEALFERENEEIR, v
IT7OWRSRECZ VA7 VXL DRENDEBE LV SADFHFEA-THEDDH 5.

EEcffnE»badlil 85 7 = © v mRNA 258X h, ¥ { AL AD reverse
transcriptase 2{# - T, +hFho mRNA TR complementary DNA (¢cDNA
EIET) BEHERBE, OB ABBEEZO—HE T AV P —FTISLLTE
&, 2rZhic cDNA BEFENBLD, X3l TE LI cDNA L, a, 8-
reeVvEGETERUEBREAEZL - TwbIEks. O L5 LTERI AL
cDNA % H\~, molecular hybridization & X - T mRNA 2 EE T2 2 L2 T& 5.

Table 2. Comparison of the a/f globin synthesis ratio by intact cells and
a and f mRNA content by hybridization (Ramirez e¢f al., 1975)

ool S, ERARE

Normal

Peripheral blood 10 1.0

Bone marrow 1.0 1.0
Heterozygous g% thalassemia

Peripheral blood 2.0 3.8

Bone marrow 1.0 3.7
Homozygous S+ thalassemia

Peripheral blood 5.5 12,0

Bone marrow 1.9->20 5.
Hemoglobin H disease

Peripheral blood 0.55 0.29

Bone marrow 0. 55 0.29

PlEo X 5 i EBfEE (Table 2) 225, EHEMEARMKTE f mRNA: « mRNA ol
iz 1:1, Hb H disease Tt S mRNA it LT a mRNA 34E L8 bhT,
FOREIT 1:0.3~0.1 WP L%, &k Hydrops fetalis Tz a mRNA 133 &
AEZELEHEEL TV Z EREHINS. CoRR, ¢ 7/r EvEHOBEEEEL o
MmRNA OE2RAARARCEELTWA Z LB bhc i, Table 3, o, 8 cDNA &
53 TREOF, BHEED DNA & oo hybridization RER O R A 328730,
Hydrops fetalis B3 0% DNA 1213, « cDNA iH#H7: DNA sequence 23M% &
A EFRRIL T 5 (RTFHIERT30% P50 hybridization 235 bh 2D, &L
T cDNA @ contamination & k% : &% bR T\35). Wiz Hb H disease & 2w~ Tk
3L, afl gene o deletion 1% Hydrops felalis X v#:<, by 5 FIEE M DNA @
Hydrops DNA (a 4% gene deletion) % FhFh 1:3 DElI&TATHCES LA DNA
sample * [F@&EE® hybridization AR bhizZ &b, £ adld gene O 3/4 BD gene
deletion 2L TV 5 = LA GFHE I3, X LREE, o-thal. 1 BEOHAERE DNA
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Table 3. Saturation hybridization values of cellular DNA. to purified « and § cDNA

To a cDNA To B cDNA

Source of DNA % hybridization % hybridization Reference
Normal liver 70 [€))]
Hydrops fetalis liver 40
Normal liver 60 70 2)
Hydrops fetalis liver 20 75
Normal spleen 39-54 45-61 (3)
Hydrops felalis liver 24-33 48-60
B* Thalassemia homozygote spleen i35-49 40-59

(1) Ottolenghi et al., 1974; (2) Taylor et al., 1974; (8) Ramirez et al., 1975

Ancestral
populations ¢]] || ¢

Duplication and Deletion

Later , ]
populations ¢ X‘ ”U X: Deletion
[/4
Mutation
Contemporary ) S Q
populations * X‘ aO alla

Fig. 7. Proposed scheme for the evolutionary development
of human a-chain genes (Nute, 1974).

X o $HRIETF O 50% deletion 2EEFENicDT, a2 Eiit ) bOTAEETH
5%, —J, Table 3 ©RT IO, a¥Jx 3 7HEEOMEE DNA ik S84 gene
BEELTWE L IRRE D, O LiTall gene DLD deletion #BW%T 3. =0
X3 BRI, b OBERCOWT, ERBRAYK gene deletion AT IR ORE
THD, ELDTEENEMETS 5.

BT gene deletion 2383 L { &Ik, W 2oahiFbh s, hThLaforR
BEXNC I HBETORVBLEEIRIZLLTL, RO L AT gene duplica-
tion Az LY, BEREBMIhS (Fig. 7). Hb H disease = Hydrops fetalis 73
EBRECALRLERE7 7B, Fig. 708 TBEZRT I 51E, afbgene © dele-
tion ¥ BB T FRETFLSEMLRL, ChbOMARR LT, athal. 1, Hb H
disease, Hydrops fetalis in X% %B T340 E 2 5h 5.
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4. p HTITEH

B¥ T I TEETFIL, KFILT 8°-thal. gene & S*-thal. gene it SR T3,
BB L T, EEERTERRTI/RIBOA TRV, f'-thal. = 2EEE&T
HbF & Hb Ay L A ABRALEEOEE L Hh A BEHEh B 0B 1,6, 87
EDIFa HEEREETIX intact B THEELTWB e HEEERS (Table 4). B°-
thal, @2\ Ti B EBETF OHSMmw Led o deletion 23580 - TV A HEEE S S
5%, R TH Hb Ay BB 7w 3 7R LBEERRMIALRT, xv 7V
XU OFES DILEETORLE M AR LFEN DB bhic. 38 53 TILp
FTe 3 7OHBCHEH, HbF BELZRL, 70 Hb Ay VARERTHLERHE
BE+5 (Table 5). zodic Hb Lepore fEEEAE *h 5%, Hb Lepore 11f%%k7s
SEa EHETRITH DA, EERNBECHENTORCEDEERC 85+ 1 78
BOEREERTS. HbLepore BETOR=HAR I HbA L Hh A BREBL T3
ZEmD, BEHL J8K gene @ deletion 7o LIXESLHHAE - T B EE 2 bh 5.

Table 4. The § thalassemias

Type Homozygote Heterozygote
B thal® Cooley’s anemia mild apemia*
Hb F+A, raised Hb A,
B thalt Cooley’s anemia as above¥
Hb F+A+A,
B thal* (African) thalassemia intermedia as above*
Hb F+A+A,
B thal* (high Hb F) thalassemia intermedia as above
Hb F+A+A, Hb F in 5-10% range
Excess o chain production not described thalassemia intermedia

dyserythropoiesis
inclusion bodies

* Found in association with B chain mutants, Hbs S, C, E, D, etc. (Weatherall, 1974).

Table 5. The §8 thalassemias

Type Homozygote Heterozygote
88 thal® Cooley’s anemia or mild anemia
thalassemia intermedia Hb F 5-15%, Hb A, normal
Hb F only
88 thal* —_— mild anemia
Hb F 8-9%, Hb A, normal
0 Lepore* Cooley’s anemia midle anemia
Hb F+Lepore Hb Lepore 5-10%, Hb A, normal

* Three molecular varieties (Weatherall, 1974).
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FUSION HEMOGLOBINS
9 12 22 50 86 87 116 117 124 126
§ Chain +-+->+>->~+ Thr Asn Ala Ser Ser Gln  Arg Asn Gln Met
g Chain ++->+> Ser Thr Glu Thr Ala Thr His His Pro val
Lepore-Hollandia ) B

Lepore-Baltimore 5 B

Lepore-Washington N -}
(Boston)

Miyada 8 5
P Congo 8 [}

P Nilotic B8 J

1 80 81 - 86 87
y Chain +++-++ @Gly Asp Leu Ala GIn

8 Chain =+ ~+=»++ Val . Asn Leu Ala Thr

Kenya ' Y. B

Fig. 8. Structure of fused globin chains.

Hb Lepore ®3fa BBy, NIRMA 08, Cuifln SO 7 3/ BELF%
BoTWwT, (8L fHEBETHORICESLBERTF FEThs (Table 8). =z
X5 BETFHOXZTXEEE, KAL®R L »THBE I Hb Miyada ® Hb P-Nilo-
tic* DFE a $82% Lepore g4 L HOBEEL L - TV B 2 LHAAEIWHER, I bIEER
LD & o7z, Hb Miyada % Hb P-Nilotic DJFa 813 NI B4, CUiist d84%x
hElY, Z®i=® anti-Lepore B~z 7 r ©v bR T%. Hb Lepore 12~5 uig
BTOEARILEDS ~10%Th YD, SHERECILELLPETHS. Hb Miyada
% Hb P-Nilotic 33 h zoEEBI L&~ /e E VBERTHHERIDT 12~20
T T E o\

OgRE BERIX 146 B 7 1 BRELZIF, TR I0FIOBECE VAR b 5 O &
T, EREIZ gene D X OIWH THEX R - TWABIEFEICIIIRD biic\. ZO&IT 7,
DXL - T A—DE L HT5% Hb Lepore gene 2L I3 2 L 2 EWHR T3
HDTH5. FNEIG1~IFEHF COBREM XA EIIE Lepore SEITIER B85,
anti-Lepore SMIXEH 0L A—D7 3/ BEEY LS, L EEBRTED S5
CHNRTECE WS BRATHEINS.

Fig. 9 i« Baglioni® w X 2%X 5 A% RT. K bBEMEIh3 X 51 Hb Lepore
D& EEAT T Hb A, Hb A, 2EA IR, intact 7¢ 084, BEURET D deletion
BEZDLNDD, IOEFMIELIERET L SEEETORSIEFIRERIhS X
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§ 8-8 8
- - - - - - -

5 8 Miyada
= C
- - . - ~
8 B \\\\k

(anti-Lepore)

- - U - -
Lepore

Fig. 9. Proposed scheme for the formation of Lepore and anti-Lepore
genes, and deletion of 8- and B-loci by unequal cross-over
(Baglioni, 1962).

Nonhomologous

Cross—over Gy Ay P 8
Gy Ay s 1342
R S— -
&, A 5 ~ 6y M 5 g
1. p* thalassemia _rGY . A)’ 3
2. B° thalassemia
G A -
3. 4P thalassemia . A ._._.a 5
4. Hereditary persistence of fetal Gy Ay—ﬂ Lepore type
hemoglobin _:I_Il(e-—ﬁy-a—type
5. Hereditary persistence of fetal Gy
o S———
hemoglobin

Fig. 10. Regulator genes and a deletion model. Regulator genes are assumed to be
intercalated among structural loci indicated. It is possible to derive genotype
entirely consistent with the findings in 8°-, 8*-, § f-thalassemia, various forms
of hereditary persistence of fetal hemoglobin, Hb Lepore, and Hb Kenya by

deletion of the appropriate regulator and/or structure genes.

57bDTHD L EWRTS. Lepore §8d anti-Lepore $8d HEUERT LS BlTH
D, TOEATFHMARCEOL TONT MARORTIEEIhRVI EFEHIATH
%3%~40  anti-Lepore BETFIINSAK A2 /e © VKO initiation w5324
OFGERELSIL A 88 gene DL DTH Y, Lepore gene TIiTZ DOFFEIRI 084 gene D
DTHHELRRNLBEINLD, 0L EBEEETF L, FOWEL L 8L
BEAT U ey, WhIRLOPHOEEARAY T LA ERE SRS, UEOEED
5, 084 gene » B#4 gene DEOARIBFERZN (nonhomologous crossover) & X o TH:
Ut BET Tl /e EVEEDNEEIR TS 2 EPERI RS,

B A H = XA DWTERSEOMETHIB Y, TXDEL £ % f#E gene D
BRI PEAREOXLBERTHB L bE L Db, Hb Lepore, Hb Miyada, Hb
Kenya (r-8 Bi&BET) e T58R%3 sl T ko ERETHOC ST 2 EE
BIXDAH=RAy, BEEEGTOBEYHRICTS L, Fig. 10 @R$X 57 gene
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Hybridization of Hydrops
fetalis liver DNA to puri-

Normal spleen DNA B+ Thalassemia spleen DNA  fied « and 8 cDNA

ot ot s ol_
S 20 201 h 20 T\, « cDNA
‘-- } - a

DNA . A

N 40} 0 \\\‘“; i o
2 ¢t : DN “.. 3 cDNA
= R e 1 N,
g 60 T \\.:,_.,__‘160' A‘A'-- 60' :--_;-
T - B cDNA - 3 cDNA A
¥ 80 80F 80}

100 102 10° 10° 100 10¢ 10° 10¢ 10 10¢ 10° 10%
Cot Cot

Fig. 11. Hybridization of (A) normal and (B) B-thalassemic spleen, and (C) hydrops fetalis
liver DNA to purified « and 8 ¢DNA (Ramirez ef al., 1975, with permission).

deletion XA R I > T ¥ 5+ I 7OREREBORPLTETH 5. RREXAB LS
7s. deletion model 1=k % & B* thal. Tik B BHOBEEETIX intact THB2, *0D
FEEETF D deletion MHEE X R 5. B°-thal, TRHEMBETF & L1 IC SEBEBET
O—E T 2ED deletion 7D, BEOERITEEB IR,

0B %3 3 7 DWTiL Hb Lepore tEHED A =X aimX b, B#H, 0854 gene
O deletion, HFEOBEUERIE~E 7 v £ VER r B ETO—WL 8, § HARET
D deletion 23 2 B b,

AR MER D DEBE L S B3 htc mRNA 2 formamide-acrylamide gel &5 k&L T
2HBERASTHAZHD, CD200RSEAEHRB L, cell free system ¥ B\WT%
DBEEVPRAENDICRER, BCZEHELRTFoBEIR a7 r €y mRNA, BWEHE
RTSHOBEIZ B/ m ¥y mRNA THr oI, EFNBEA MR «
mRNA ¢ SmRNA :ABIEREZRD LN, S-thal. s eEAHCIL § mRNA 23
132 AELBIT, ¥ Hb H disease TIXHIR D a cDNA-mRNA hybridization #&#
LB, o mRNA OEHLBLZALNTHS.

Fig. 11 iz ¢cDNA » g+ 5« 3 7oA DNA @ hybridization RBROERTH
280, B+thal, homozygote D#IkZE: DNA 121k 8 cDNA iE#8i97: DNA sequence
X, EREEEERABHLNLT EHNFINT w5 (Table3). T /i, S-thalassemia
iR B B mRNA OETHAED LR BT L kb 57, B-gene @ deletion X3
HanihotleZ &S, 20X 57% fthal. wkiF s DNA 25 mRNA ~0EE
WRTORBILERH LM IR T, —F, BH#EE § oS OB bHE
END LR BHERET L I BERT OB, AL, BcDNA L iEEETF L
DX (cross hybridization) DOWEEMIEE TE IR\, X BT, probe & LTHH
Ehd cDNA DEEFEEEINE /e ¥ VEEBRETFONENLOKEITELLE D
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Tie<, 7r v ONRAICHE TS gene DBEOE L BRI LGV R ELE
BENB0DT, PHEHEETFO partial deletion OFEERIZLT LIBEE TERVD, LlE
DX SBT3 7 TIE, gene deletion (X8 5Tl BEEBET O partial dele-
tion OFEEHEITEINTWEE D LR LIV, i, Z DI A 55 transcriptional
level DEFWHEETAEL0L 55 LEBbhL. 5B Z0BOEBE L, k< mRNA
% DNA OBEOHROERIC LV ChbDOEBHLNC IS EBbh 3.

5 L ¥ v

7k 3 TEEFICIGE OREBELRL, F 4 re CvEiEE O mRNA ORE, (2)
FThicE S /e CVEDOEATE, X, afllFadioRNREECENTE 5.

a Y Z e 37T BHhvin gene deletion EEBI & ey, B9 Fw I TRELTULE
DEPIEBHFETR, —2DHREE: L LT, FEBETLET, BEEETF D deletion
model R 7%,

TR, avSFEITRBYT I TO—HROVWTERERTBEEETERCERTS
LORBH5.

i, SEFE, OSBRI, VI I TREFOERBREREYEHTIL0L LT
translational level ki 2« DERNRE 2 bR L. Zhbd ¥ LBAEOEENETRL
HOLARDT, +7€ ITHERORBEYEREC L T IEREELLRLDT, SHBOE
Br#FELELRS.
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