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TEIT-1ERAOREBRE--SEA RHPFEL 2. ANLKRERICHRHES A AKRIETR
CICEREHOHEREBED a Y5t I THEERL o-Constant Spring (0 ) DA ES
F o-Paksé (oF¢) WEHELE ZOEDLSL, 44 THHEEH 3 HHIEICIE,
--SEA/0%So X°--SEA/o** o DBGEFRIEFEET D EZBAONE. £, 2871, C
DB TEL AS5N 3 HEFEDFRETEHH > 1.

COMHEIE, oS PHHEDOEREL>TWVWARERET7Z I 7HE (24, NMF L4,
HoERST, 714VECEE) PLAXRICBELTVEISEDALDAEITOE L BEE
DEFICERTHD D EEDN. CPE164E118 9 HZH)

Gene Analysis of o-Thalassemic Abnormal Hemoglobin, Hb Constant
Spring, Possessing a Mutation at the Terminal Codon of a-Globin Gene.

Keiko HARANO

The red cells isolated from 10 Thai subjects, who had been diagnosed as carriers of Hb
Constant Spring with a mutation at the terminal codon of the a-globin gene, were used for analysis
of the o~globin gene.

Hb analysis was performed using the IEF and HPLC (BioAssist Q-HPLC and HLC-723G7)
methods of the hemolysates prepared from the red cells. After extraction of DNA by a simple
method using a kit, detection of the deletion type of o~thalassemia-2 or o~thalassemia-1 mutation
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was performed by the Gap—PCR method and that of the non-deletion type of a-thalassemia muta-
tion was done by PCR-sequencing of the a-globin gene.

Hb analysis revealed subjects with low or high abnormal Hb content close to Hb A,. These
were deduced as Hb Constant Spring and Hb E. Additionally, a few subjects were with Hb H at the
anodic site. The deletion type of two kinds of a-thalassemia-2 mutation, -0, 37 and -o %2, was
not present. That of the oi—thalassemia-1 mutation was of only one type, ——SEA. The non-dele-
tion type o-thalassemia-like mutation possessing a mutation at terminal codon found in the sub-
jects had not only the o—Constant Spring () gene but also the o-Paksé (of*) gene.
Therefore, the genotypes of patients diagnosed as having Hb H disease in Thailand might be
—-SEA/0a or ——SEA/af™q.. Two subjects were carriers of Hb E, which is the most common
hemoglobin variant in Thailand.

This study may be useful for the analysis of hemoglobinopathies in the many people
immigrating from Southeast Asian areas to Japan, especially Thailand, Vietnam, Cambodia, and the

Philippines, since the o°® gene is the common o.—thalassemia-like mutation causing Hb H disease

(5530% %E2%5 2004)

in these areas. (Accepted on November 9, 2004) Kawasaki Igakkaishi 30(2) . 153161, 2004
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VB OEBEABE (wBH+1) I2XoTHE
FTLHRENT I I T (tha) TH5. ar 0
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othal-15 5 EE L EKRZ 2§ Hb HIE R L E
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VTHBALOBEEE LRNTS. ZoH
B2 13 B thal 25 54k o {112 o thal 8 B AR D JE
RIEEDOHbCS R #E B % { HbHIE B F1Z
LI LIS E N 599, 44 Hb CS £ H
BIHEBTHIBEDS 2 LTPHENS. &
[F], 413 HbCS{REF LBW SNA10A(F
A N) OFRMIMAEA & 53-8 U 72 mERER 2 AT L
B 2R LT, SEEBLAKHE (EF)
2 & % Hb 37, B4 & v A4 E HPLC %
S HE)Hb SATEBIC L 5 Hb DENE - B85
MEATV, SHICDNAZHIM L, REHO
othal DZWEITH) L diza2B Lol s o
YV EIETF OEERS OB H S o EiEF
REDMD o 7O Y Y EEFOIET F 142
TAA OEBRKDFEIEIZ OV T OB LT AAT.

mHEFE

1. AR 54 - FagurarkKFEE
HANMZHETH CSHREE L SR S h
7o BB ORI A & 758 S 7z Bk %
B, IR D DR,

2. WIMEORE  EEAK20uLDOAo72<
A7 0F 2 —TIZMIRS0 u L 2 558 <4,
PUIEALRFS0 u L 2 M2 CTHL S L 22
f&, 12000 rpm, 5 ;RO L, EiE%E
MmE e LTHED.

3. FEAESIKEE EF) 12X 2% Hb 4047
IEFEF v ) 7—T A9 P EEDLR
V7 Z7INT I FFIV (16%X11%X0.1cm,
pH 6 ~9) #FABL, T|ARHICO0. 2mol/L
KERALF FY 7 & (&) &£0.2mol/L 1
YEREW (Fhs) 2R L7z, ki ki
IS0 u LIZ5 % KCN B 1 u L 200
ZTER L. 10u L %27 VRO KRB A
5 5mm OMBEIZEAL, 5008V~ (—
%), 15C, 15:HEE LY.

4. BA T U RBBREREAR I o< TS
74— (HPLC) 2t 2 HbOEM - €&
7T © BioAssist Q 7 5 A (4.6 X 50 mm,
Tosoh Corp, Tokyo, Japan) %\, Bk

#1220 mmol/L b V) X — 3§/ (pH 8.25)
(A) &0.5mol/L3 bF bV w & —20
mmol/L VA -5 (pHS8.0) (B) kI
577V MEH B%:0—30%/
2057) WC ko CHEMAHERZIT o7, T
0.5mL/ %, #HIZ4150m TiT- 72, &
®Hid, BT 5 Hb ¥— 7 HEELES LK
Lol

. ZHE Hb M E (HLC-723G7, Tosoh

Corp.) X2 HbDEM - TESH | &
HOBYZEITEZEMHAY T LB LUK
ErHW, BY I EIT7TE—Fv=a7
WIZE o THHr L7z, i, B+ s
Hb ORFFREH 2 $ & 12TV, ERIZEH
Hb ¥ — 7 AR SEH LY.

. DNA i 1} : Quiagen #t @ i 5 DNA Hh 1 ¥

v I (QlAamp DNA blood mini kit, Quiagen,
Tokyo, Japan) % F\v», HLER#ER100 4 L A
S & 17 o 72, il & 1172 DNA i3,
260nm (2B HWIGEED S 1 X OD g4 =
40 ug/mL & LCEHE L 7.

. RAHA o thal D#ART#HT (Gap-PCR )

totha2Z BAKD-adk -at2BEF
Rl othal-1% 5 1K » —-SEA, --MED,
--Thai 2 --Fil D Bz TR OMEZ, Fh
ERH L THERENLZPCR 754 v —%
9 % Gap-PCR #: % J& i L72. PCR X
MBS STRRIZ L7225 TITW, ZBRE&O
MMIE 1 %7 Hu— X7 VESIKE) (ki
W: 1 X TAE, 65K b, 604) D%,
IFTVTATUI FRAEL, RIMTICE
B L7, AR LZDNANY P94 X
W B BARDAFIE & fRAT L7210,

.07 VEETFOMRNT Bl als

OEYVEET 2 RFRNICHEET % PCR 7
FAX— AL CEETHEZIT- 7.
PCR B OBHD 720 1% T Ha— 2R
FIVESRIKEIL, HIY A XD PCREY
WAL 2. BEPCREYW & PCR 7 5
AR—RERTIA~—FHH AL 7L
¥ —7% A (ABI Prism : BigDye Termina-
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tor Cycle Sequencing Ready Reaction Kits,
Japan Applied PE Biosystems, Tokyo, Japan)
RS % 4T v, & O ¥ % ABIDNA se-
quence analyzer (Model 3700, Japan Applied
PE Biosystems, Tokyo, Japan) T 5 #3875
NER SR ACH % s L7210,

9. BEZ O ¥ VBT O 1P F 2642
AEL LI ICREENLPCR T T4 < —
I & o T 5 7z PCR MG % HIFREESE
Mnl 112 & o THALRR, KUTZ7UNT
7V ERKE) — gtk 2T o 72, Mnl
IR OFEEICL TR Fu v
ETOHERHE L7221,

] ES

SERELFA - F250 T VREPD
D104k (CS-1~10) 129 XC Hb CS DIRA
LW IS DOTH B P, othad-2, o
thal-1d % Wi HhHIEIZ DWW TIZH L TR
Motz rEEMERA & FHE U7 MR o 558
BEAKBOKERIE, (@ :Hb A, Hb A L ag-
ing Hb NV Fa oMk (CS-2, CS-3, CS
-5, CS-6D 4 #fK), (b) iHbA, /N> NI
ELTCE¥Hb A, (Hb CS) Elbh BNy F
E oMk (CS-1, CS-7, CS-8, CS-9, CS
-100 5 #fk) %, (c) :HbA X ) Bz Bl
B Hb H N FOFFET S Hb HIEDEE S
n A Kk (CS-4 7, CS-8, CS
-100 3 #fk), 512, (d) Hb
AL A LB %2R 2% Hb (Hb
E) 27EL, Hb CS OFFAEDH
ENHEE R Bk (CS-4, CS-9D
2 MK 2 AFEFE L 72 (Fig 1).

@ &, Zo&EErsH, 4%
bk LK 7 V7 #h TRl
BRI ENS Hb ELHES N
A b DK EIL, BioAss
istQA T LEMATHEAL L ¥
¥R IE HPLC 12 X - T b A4+
oA, FOHPLCZ7 uw

(830% 25 2004)

I ARLOHbA EE EELEEATE
2.2~3.5%) WX T HREH A, ERITEE
BAE L, AEEL othal BFEIRZ R EE
HbCS ¢ % 2 5/ IEFCHbEDFIED
Bebh s CS-4k CS-9DMARIZDOTIZHb A,
FLEIZERV N > A Hb CS OfEfRIZBH &
P TEXLos (Fig. 2). Hh HY—Z7 O
W% D7 3 Kefk (CS-4, CS-8, CS-10) 2
HSMICH HIEICERDON LR FEHb NV F
(CS-4 : Fig. 1 T HRHEH) »FFEL 7.
H #4547 2 HLC-723G7TD BH 5L I 7E—F
12X % Hb 0HF O — i ¥ & — i3 Figure 3-
AIRT LI, BXF14MHEICHD F, 3.2
SAFIEIZHD A, 4 FFEICHb A, ¥ — 7 28
BB D5, CS-4% CS-9% Bk MR IEgFIC R
FHbE —Z i3t s nd, HhCSrEHA D
ru b —VREENRY—VERTIHIC
Hbh (Fig. 3-B). LA L, Figure 3-B®
HbA, ¥ — 273 2 %2R L, HhA, &I
HEBELTEEETHHLIELHLHDCSIZL S
boriEEEn. CS-4& CS-9IZiZ Hb A,ll

MHUTLHE—7 0T CHBICBELRTIRER
F—ZZHEWZLLABDTHY, CS-4% CS
-8 (Fig. 3-C, D) A 5N A HbF X DR
BHEhEEY—7 0.5 FREANES
TEYHb HIZX B bDEHERMEINZ. Thb
10MFICIEHbCSIRAFCTH Y =A% 5, Hb
EfE Td & v, othal-2, othal-13 X UFHb

Fig. 1. IEF of the hemolysates (CS-1~10) prepared from red cells of Thai
subjects on a polyacrylamide gel containing carrier ampholites (pH range
6-9). After IEF, the gel was stained with Coomassie Brilliant Blue R 250,
since the concentration of hemoglobin was low.
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Fig. 2. Anion exchange (BioAssist Q) column HPLC patterns obtained from Thai subjects. 1 : Normal control. 2 : Case
(CS-1) with abnormal Hb A, 3 : Case (CS-4) with Hb E, Hb F and Hb H. 4 : Case (CS-8) possessing lower

content of Hb A , and abnormal Hb A ,, and Hb H.

F 0.8% EF 3 1. 2% F o G. 4% F ¢ 5. 2%
A2 2.5% A2: 1.7% A2: 14. 7% EAZ: 0. 0%
o } & Y L <—mor o <— HbH
1olf «—— mbF 1Ol -— HbF 10 <— HbF . +— HbF
- 20t = 2.0t X
2.0 :’7‘—:- _ t;'z HbA == HbA 2.4 HbA
3.0 3,01 — 30 S T e——
] . :
40 ﬁ<— HbA2 40 'f\‘_ HbA2 49 : Hbﬁzl— 4017 HbA2
1
5.0 f 5ot 5.0f HbE 5,@1
6.01 6.0 % 6.0 6.01
5 70t 7.0 7o

Fig. 3. Chromatograms of hemolysates analyzed by an automated Hb A, analyzer, HLC-723G7. A : Normal control. B :

Case (CS-6) with a Hb A, peak split into two peaks. C : Case (CS-4) with Hb E, Hb F and Hb H. The Hb A, peak
can be seen in front of the Hb E peak. D : Case (CS-8) with Hb H and lower content of Hb A,

HEEXREDLN. X512, WTFholikizd
HhADY — 27123y any—f 717
Va DR LN DL DIITEEN D 5 (Fig. 3).
XHEICR 5N 5 Hb CS DERKE 7 1< b
797 4 —=TOFEHIZ HA, X D slow-
moving & L THHEN TS,

DNA # #7 Tid, otha Z B AE O K H & Hb
EZBETLRE /Ul VEETORET-
7z. BF o ¥ VBRI PCR-HIMREESE (Mnl
D HEIZX->THEL, CS-4% CS-9TiE Mnl 1

TEHSAL ORI S BE 70 ¥ v BIEF DIEAE
MR 5N 1218 Gap-PCR 12 X % o thal
ERAKOMZETIE, othal-2ZERED- o7&
~u M IEREKORFOFHEEIR DN Do
72. o thal-1%5 B 4K 00 —-SEA 53 CS-4, CS-8¢&
CS-10IC /% &b N7z 2%, & Ot ®--MED,
--Thai, —-FilZE KB I NLd o7 (Fig
4)19, Hb CS DZERBET (o) OB,
FNFNERENIC B L Mol Za ¥ Y EET
ZPCREIEL, Y4 27NV —4 vy v FHEIC
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¥ 2.02kb: -037 mutation
1.80kb: Normal
i 1.35kb: --SEA mutation

Fig. 4. Screening the deletion type of o-thalassemia mutation with the Gap-PCR method. Detection of the

o-thalassemia-1 mutation having genotype . -—SEA.

codon 137 138 139 140 141 Term
gACC’I‘CCMA‘EACCGTTAAGCTGGAGCCTCG!
isc

(8] 1860 170

L, IEFRHPLCTEB & & h
7HbH @ 17 £ » & —-SEA/
oo 5 F B o Hb HYE & #
% b7 (Fig. 5-A,B)1~17,

F72, CS-9D 027 B ¥ VEIR
F T, codon 142TAA & I Ik
RADHE 1 MoEEITT/CO
ANTURTHY, HIMDOE
ERFATONTFOREIRL
7= (Fig. 5-C). o02codonl42 1%

Fig. 5. Sequencing of the terminal region of the 0.2 globin gene. A : The se-

160 + T 170
b ¢ ;

CAA (Gln) & TAT (Tyr) 2
B L 720" Lo2-Paksé @ 2
EATFOKRTHELEEZLN
72. 02-Paksé 1 L E L \»
othal fEEfE T ZEZ SN TV
%18),19).

L EO10AEIZDWTOD

quence appeared in the case of normal subjects or heterozygotes for the o:—

thalassemia-1 mutation of ——SEA. B . The sequence appeared in the case
of heterozygotes for the 0o gene. C : The sequence appeared in the case

of double heterozygote for oS and 0" genes.

Yo THEERFZRDLZLIZE s TITo 72

ZORE, TRTCOBED o171 ¥ EET
DOWIEEEZES Z LIZTERD, HERGICE
RO ehos. LIL, a2y
SEAZFBEIRAR D codon 142TAA (&1 K V)

13 CAA Gl)WADOERZFHE S oS yob v
BIEFH CS-9% B TRTOMRICHIEL 7.
CS-1, CS-4, CS-8& CS-10TlE, oS ym ¥
VEETOREREAEERD L) ITHALNT,

CS-4, CS-8& CS-101213--SEA % BAK M FEAE

IEF & 47, &4+ v s ig
HPLC f##r, #{5F O PCR/Hl
FREZ 25302 & B Hb E JE R Gap
-PCR #: 12 & % o thal 28 K
MBI Poruo Y#IEFOY =Ty
TJHEIZEB S Fu v EEFORITEREE
Table 1 |2F & &7-.

Z =

Hb Constant Spring (Hb CS : codon 142TAA
— CAA) o270 v EETORIET F YT
CAADOZWVF I (Gln) T KVIZEDLY, 31
o7 IV BFEEDERLI-REH TH 5
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Table 1. The results of analyses of 10 Thai subjects diagnosed as carriers of Hb Constant Spring (Hb CS) by the high per-
formance liquid chromatography (HPLC, BioAssist Q-HPLC and HLC-723G7) and isoelectric focusing (IEF) met-
hods and by gene analyses (PCR-Gap and PCR-sequencing) .

HPLC IEF a-thal mut/Gap. Genotype/Seq.
Name Slow-A, Abn-A, Hb EHb H  Abn-A, Hb E Hb H -o®7 --SEA genotype  a20l/a2al
¢S-1 + + - - + = - = ac/ao a%a/ao
cS-2 = - - = = - - - ao/ac o%a/ao
cS-3 = = = - - - = = oo/oc o%a/aa
CS-4 s ? + + ? + -~ + —/aa —SEA/a%a//Hb E
CS-5 - &= = = = = = = ao/oo o®a/aa
CS-6 - - - - - = = . ao/oo oo/
Cs-7 - + - ~ + - s = ao/ao o%a/aa
CS-8 + + = + + - - + —/ao —SEA/ o®a
€S-9 + ? + = 2 + - — ao/co o%a/ o®a//Hb E
CS-10 + + = + + = = + —/oo —SEA/ a®a
1. The symbols, +, — or ?,indicate the presence, absence or uncertain.

2. “Slow-A,” means the presence of peak having shorter retention time than Hb A, on HPLC, and “Abn-A," does that of Hb

peak or band close to Hb A, on HPLC and IEF.

3. o and o indicate the genes of ov—Constant Spring and oi—Paksé.

M, FOraCORREERPpI O VL
D 4 BIRDOTBEA LD A% E Hb IR L
SEITHIERZEL, FoEARDEMEEZR
FEunbiTws (EANEZBY VHD0.3~
0.8%) 979, %72, 027/ 0¥ VEEFIFT ol
OV VBEFICER 2~ 3EOEWERME 2R
FTIEALLER 27O VBIETFIHEE
TARLGEZOTE Y (BHDHWVIIAEEHD) 12
I ITERITEBICRZSLEZONT
WD, 4l fE 8k % R & 17z Hb Paksé (02
codon 142TAA —»TAT) 3 a2/ 0V VEZFD
I R4 TAT Fa L v (Try) 2 K72
ZAL$ B2 212X 5 THbCS & ABRIZILAD
TIBBREORE LZIT2RE,» O % 5 RE
o 7BV VHiEEOREHbTH Y, 142D
73 BOENE BRTIENT OSSR EIIE
BPLTWE., CORDERKBRL 77U NI
T4 —TORHITET, ZEEH D HbA,
LD DOFPIEST-BEELZ S > THRIES NS
», BIZZFoRGREOOBEshinwZ k
75;‘&)620).
HLC-723G7B ¥ 5t I 7E— FIZ L AL
WOHb AT D70~ b7 5 413, Hb AyDE
BN Hb EOBRF Y- 2 - EET 5

ZENWEETH o722 LAY, Hb CSERE
ZIIZEREMICHD AV — 2 B L THENMIE
EEREC Y a vy —f v TV o ar®
myrzu~< b A%RLA: (Fig. 3). 20
BEY—rorul  HlRICETAERERMR
AT LI TE o775 HbCS AR
WZEERRZ DO THNITRB TR LTHEES
ZHbo0r%A).

HbCS %, AT THRHDEHE I HB NS
FERBA O athd RERK L DR TED,
BICHEE 7 V7 T, KRIEEO othal-148 214
(b — R EREKDS--SEA) L oS 7oy
VEETOR AL Hb HiE (Bfz TR
:—SEA/0%a) & LCTHZIZBZEINLTY
2.2 UL, othal-2i2 %9 2 oSSa /o
o Bl EFARR E R o thal-112 A% 4 % aSa /
aSa oo /-odTEEFRRREE O KM
X, o 7o ¥ v asihwv athal #RIEIRZ2 /R
Lidwvz, EER~BREOBREEZRBTLIL
&, % OEE % Pthal HE L HE % o thal
@O Hb HIEBBOHFET A TIIHEETH A
AL, T/, RESNLEFr—AVEL R A9,
thal ® A 7 V) — = ¥ 7 A HESHr 28 HLC-723G
TOYSEITE—RFCTH AERMNELT S
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ZEIZE 5T, Btha OMIZHbCS H 5 i
HFOOERKOMBATRRE 2B LER LN
%9,

4@ Hb CS DMFEIX, § TITREZ AR
EENTVBELEDIIOVWTITo72. S L
ol RET I T 5 OBEROMEKED
Hol A, TOMmMITE, #% HbjE
DEWERTTHIEEHENIAT- 2720,
HbCS ®» o 7 1 ¥ ¥ # & T O # i ik PCR-
V= Iy FERERRA LN, SR L5
HE7 V7ICb HbPaksé REEAEZ L R bh
5% &9 ThHhIFI oMb BE S hz i
Ehbhwv, ZOLDICIERFRTIA v —% M
Fi L7z PCR JURNZ & o THER I 2 H L ELS %
bOPCREWZIERL, HIRBEETESIIKR
M3 b X9 % FFH, mismatched polymerase
chain reaction-restriction fragment length po-
lymorphism (mismatched PCR-RFLP)2) % % HY{
DANDZEBMFF LTI L OB
%9, SEOI0MAEIZT X CH CSREHE &

X
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